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Abstract
Since the onset of the industrial revolution, manufacturing companies have
contributed significantly to the degradation of the natural environment. Over the
last two decades, businesses have been increasingly required to consider the impact
of their activities on the environment. This trend comes as a response to the
mounting market and legislative pressure experienced by manufacturing companies
in the developed world.
Small and Medium sized Enterprises (SMEs) play an important role in the economies
of most developed countries. The combined environmental impact of SMEs is
thought to be very significant. This has been estimated to be as high as 70% of total
global pollution.
However, manufacturing SMEs face significant barriers in adapting to the growing
requirements for improved environmental performance. In comparison to large
companies SMEs have limited resources for voluntary improvement initiatives and
lack specialist sustainability expertise. Existing environmental improvement methods
are not suited to the characteristics and requirements of SMEs.
Given the particular challenges faced by manufacturing SMEs, these companies have
generally taken a defensive approach to environmental improvement. In order to
make significant progress towards global sustainable development, SMEs need to
improve their capabilities and achieve ‘managed’ and ‘integrated’ business
sustainability maturity levels.
The aim of this PhD was to develop framework elements for manufacturing SMEs to
progressively implement and integrate environmental sustainability strategy into
their business. The research design involved three phases and used a triangulated
action research approach.
The Baseline Research Phase had the aim of developing a framework to progress
manufacturing SMEs to a proactive maturity level. A systems model of the
relationship between SME characteristics and the barriers to the uptake of voluntary
environmental improvement initiatives was developed. A conceptual Baseline
framework was conceived to overcome the uptake barriers. The Baseline framework
used a combination of existing strategic business tools (such as SWOT and
stakeholder analysis) and approaches developed in this research (e.g. environmental
improvement project prioritisation) to address the specific barriers of SMEs. The
framework was tested in an action research study of a New Zealand furniture
manufacturing SME. As a result of the framework implementation, the
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owner/managers of the company exhibited increased support for environmental
improvement.
The Strategising Research Phase had the aim of developing a strategic framework to
progress manufacturing SMEs from a ‘proactive’ to a ‘managed’ environmental
sustainability maturity level. Implementation of an Environmental Management
System (EMS) is known to facilitate a managed approach to continual improvement
of environmental performance. However, a literature review and survey of ISO
14001 certified manufacturing companies identified the particular barriers that SMEs
experience in the implementation of an EMS in comparison with large companies. An
EMS strategy framework was developed and subsequently tested in an action
research study to address the barriers. A generic ecoWheel for the wood panel
furniture industry was conceived based on the implementation of the framework in a
second case study. The EMS strategy framework successfully mitigated the key EMS
implementation barriers.
The Integrating Research Phase involved the development and testing of an
information technology infrastructure, ecoPortal, to facilitate the integration of the
EMS strategy into the culture and day-to-day activities of manufacturing SMEs.
Requirements for the ecoPortal system were based on a review of the literature and
the implementation of an eco-design programme in an action research study. The
ecoPortal was tested in a case study of a product stewardship project at a textile
manufacturing SME. The ecoPortal provides a communication, knowledge
management and collaboration platform for manufacturing SMEs to implement their
EMS strategy.
Future research should focus on the wider implementation of the framework
elements and ecoPortal infrastructure in manufacturing SMEs. In addition to this, the
framework could be expanded to integrate health & safety and quality management
systems.
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Chapter 1 – Sustainability in SMEs –
Research Context and Objectives
1.1

Introduction

Sustainable development is most commonly defined as development that meets the
needs of the present, without compromising the ability of future generations to meet
their own needs (World Commission on Environment and Development 1987). Today it
is widely recognised that the responsibility for sustainable development needs to be
shared between businesses, governments and consumers (Shrivastava 1995; Jimenez
and Lorente 2001; Jordan, et al., 2004).
The role of manufacturing businesses is in the design of products and production
systems which have insignificant or optimally low impacts on the natural environment
in terms of resource depletion, waste emissions and energy usage, etc. (Sarkis 2001;
Michaelis 2003). Some experts even suggest that product manufacturers should aim to
have an overall positive impact on the natural environment (Mcdonough and Braungart
2002). For the vast majority of production firms, to achieve this level of
environmentally sustainable manufacturing, still requires much research, development
and organisational and cultural change (Michaelis 2003).
Over the last decade however, an increasing number of manufacturing organisations
have started to integrate environmental considerations into their product design and
manufacturing processes (Sarkis 2001; Da Silva, et al., 2009; Esty and Winston 2009).
This trend is particularly apparent in many countries in Europe, where it has been
driven by the introduction of more stringent environmental legislation, a developing
understanding in industry of the financial cost of waste, and the increase in consumer
awareness and demand for environmentally friendly products (Allen, et al., 2002;
Biondi, et al., 2002). In Europe, environmentally sustainable manufacturing practices
and eco-friendly products are thus fast becoming order-qualifying factors (Johansson
and Winroth 2010). This means that customers are less inclined to consider purchasing
products from companies that do not take a proactive approach in reducing their
environmental impact (Shahbazpour and Seidel 2006).
The pursuit of more environmentally sustainable practices is therefore already ranked
highly amongst the competitive objectives of most European manufacturing companies
(Acur, et al., 2003). However, many firms in other parts of the world, in particular in
Asia, South America and Australasia, are lagging behind, as the main external drivers
towards sustainability are still developing (Vives 2005; Williamson, et al., 2006; Collins,
et al., 2007). In many of these economies, care for the environment does not yet carry
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enough weight in the market, and there is also often an absence of effective
environmental legislation.
Small and Medium-sized Enterprises (SMEs) dominate most industrialised countries in
terms of their sheer number, and are often said to be the backbone of modern
economies (Wattanapruttipaisan 2002; Lukács 2005). As a combined group SMEs have
a vast impact on the environment, however, in comparison to large organisations,
these companies are facing difficulties adapting to the growing demands for improved
environmental performance (Hillary 2000).
International research has found that SMEs are failing to adopt even the most basic
requirements of environmentally sustainable manufacturing (Anglada 2000; Borga, et
al., 2006; Aiyub, et al., 2009). This is due in part to limitations of existing environmental
improvement methods available to industry, coupled with the fact that these
companies often have limited access to financial and skilled resources. These are not
ideal circumstances for encouraging companies to voluntarily reduce the
environmental impact of their products and processes.
This PhD research aims to identify and model the drivers, challenges and key success
factors involved in the implementation of an environmental management strategy in
manufacturing SMEs. This model will be used as a foundation to develop strategy
framework elements for the successful integration of environmental management in
manufacturing SMEs.
Existing research has generally focused on quantitative survey methods to capture the
drivers and barriers to the uptake of environmental improvement practices in SMEs. In
this PhD research a triangulated research design is used as the basis for the
development of the model and framework elements in three research phases.
Elements of the research methodology include an extensive analysis of the existing
literature, a qualitative action research study in a New Zealand SME setting, a survey of
ISO 14001 manufacturing companies in New Zealand, and the implementation, analysis
and comparison of the success of the framework elements in two other local
manufacturing SME case studies.
This chapter summarises the relevant existing literature related to this PhD research.
An argument is made for the necessity to develop further knowledge and to build on
existing methods and frameworks to facilitate the implementation of environmental
sustainability improvement practices in manufacturing SMEs.
Section 1.2 provides an overview of environmentally sustainable manufacturing in the
global context of sustainable development. Section 1.3 presents a critical perspective of
the existing literature relating to sustainable manufacturing in SMEs. This includes a
discussion of the drivers and barriers faced by SMEs when introducing environmental
improvements into their business operations. The discussion of these barriers
highlights the requirement for more extensive research in this area.
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Section 1.4 provides an overview of existing business tools for environmental
improvement. More detailed information from existing literature is presented in
subsequent chapters of the thesis.
The key objectives and contributions of this research are described in detail in Section
1.5. In summary the key objectives of this research were to:


Model the characteristics of SMEs and develop a link between these
characteristics and the barriers to the implementation of environmental
improvement practices.



Develop a baseline framework to encourage the uptake of environmental
improvement practices in SMEs.



Develop a strategy framework for implementing a managed approach to
environmental improvement.

 Develop an infrastructure for the implementation and integration of an
environmental sustainability strategy in manufacturing SMEs.

1.2

The Growing Importance of Sustainability

With a growing worldwide understanding of the implications of critical environmental
issues such as toxic pollution, climate change, increased waste volumes and resource
depletion, ’sustainability’ has emerged as a new paradigm in most areas of society
(Gladwin, et al., 1995; Sterling 2001; Banistera 2008).
These global environmental problems have progressively developed since the
beginning of the industrial revolution. They largely stem from agriculture,
manufacturing, extraction, transportation, housing, energy, and services – all driven by
the demand of consumers, commercial entities, and government.
The first definition of the sustainable development concept which appeared in the 1987
Brundtland report was inherently vague. Since the development of this initial definition
more than 20 years ago, over 300 variations of ‘sustainability’ and ‘sustainable
development’ have appeared in publications around the world (Johnston, et al., 2007).
Most of the definitions of sustainability agree that the principle aims to satisfy social,
environmental and economic criteria or goals. These goals are often referred to as the
three pillars of sustainable development (Kemp, et al., 2005).
While there are strong discussions on the definition of sustainability, the general
essence of preserving the environment while taking into account social and economic
considerations is clear. The term sustainability is now widely recognised by policy
makers (Rammel and J. van den Bergh 2003), businesses (Springett 2003), scholars
(Lourdel 2005) and designers (Klöpffer 2003) around the globe.
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One of the key challenges for engineers in this century is the confrontation with the
paradigm change to provide improved standard of living while preserving the resources
and quality of the natural environment (Seliger and Kim 2008). Sustainability in
engineering can be defined as the application of science and technology to satisfy the
requirements of humanity without compromising the environment and the ability of
future generations to meet their needs (Seliger and Kim 2008).
Scholars and professionals committed to the advancement of sustainable development
have urged a refocus of engineering related research in this area (Ashford 2004). Many
of the world’s environmental problems are due to advancements in technology and
engineering, and therefore it is important that the profession adapts towards achieving
sustainable transformations. In order to achieve this, engineering research needs to
focus on multi-disciplinary and trans-disciplinary scholarship and pedagogy to apply
science and social aspects in the development of sustainable competitive products and
processes (Ashford 2004).
In the development of a new product, the engineer’s role is to specify materials and
shape the product through design, determine the process by which the product will be
made, and consider the interface between the product and its users and the wider
community. Engineers therefore have a significant influence on the environmental
impact of products throughout their life cycle. Technology and organisational practices
needs to be adapted to take into consideration the criteria and principles of
sustainability.
This PhD thesis focuses on the environmental pillar of sustainability. This being said, it
is not possible to separate economic and social aspects when considering
environmental sustainability. For example, cost factors and employee involvement are
important factors in the uptake and integration of environmental sustainability in
business.
The following section provides a background and review of existing literature in
environmentally sustainable manufacturing. This is a topic of significant importance to
sustainable development and will be the focus of this PhD thesis.

1.2.1 Environmentally Sustainable Manufacturing
There are still few examples of companies who have been successful in implementing
environmentally sustainable design and production practices. Industry best practice in
this area is strongly dominated by large multinational companies (Bos-Brouwers 2009)
such as Hermann Miller, Interface, Toyota and IKEA (Esty and Winston 2009; Miles, et
al., 2009). One of the reasons why more progress in this field has been achieved with
larger companies is due to the public pressure historically put on large manufacturing
enterprises (van Hemel and Cramer 2002). This was based on the belief that they were
the major contributors to environmental degradation (Tilley 1999).
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Activities and research towards sustainable manufacturing began in the 1980s with
efforts to reduce production waste. Focus then shifted to increased energy efficiency
and reduction in resource use. These activities are known as cleaner production or
pollution prevention (Stone 2006). Today the sustainable manufacturing paradigm has
increased focus on the product itself. Eco-design considers the use of non-toxic
materials in product design, and the increasing move to develop products which can be
recycled at the end of their useful life (Westkämper, et al., 2000). This is also known as
extended producer responsibility or product stewardship.
While cleaner production has a focus on manufacturing activities, product stewardship
extends the environmental considerations to the entire value chain (Albino, et al.,
2009). This includes both internal and external stakeholders such as product designers,
suppliers, retailers and customers (Rusinko 2007). Environmentally sustainable
manufacturing practices can be referred to as a combination of the principles of cleaner
production and product stewardship which includes the entire scope of the product
life-cycle.
The product life cycle begins with the design of the product followed by raw material
extraction, manufacturing, use or consumption, end of life activities such as disposal or
recycling, as well as transport and distribution between the phases (Figure 1).
Environmental impacts occurring due to the processes and activities in a manufactured
product’s life cycle include consumption of non-renewable resources, emissions into
the environment, waste disposal and land use etc.

FIGURE 1: SCHEMATIC OF A GENERIC PRODUCT LIFE CYCLE (REBITZERA, ET AL., 2004)

To move towards environmentally sustainable manufacturing it is clear that a multidisciplinary approach is required. Engineering research needs to combine with business
management to change the cost and profit paradigm to innovation, competitiveness
and sustainability.
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The characteristics of what constitutes environmentally sustainable manufacturing will
depend on the specific industry. Some of the general elements required in
environmentally sustainable manufacturing include (O'Brien 1999):






Environmental consciousness is ingrained in the culture of the whole
organisation.
Products and processes must engage sustainability principles through
incorporation in design.
The use of recycled and reused materials in products is optimised.
Clean technologies are used wherever possible.
Systems and processes are in place to support extended product life
cycles and end of life product recycling.

Given the lack of progress by industry and the complexity of environmental
sustainability issues it is argued that there is significant potential to extend and exploit
sustainability in engineering research and practice through the development of
effective models, tools and implementation frameworks.

1.2.2 Models for Sustainable Business and Environmental
Management
The range of definitions of environmental sustainability has led to research into
different phases of business performance and motivation (Dobers and Wolff 2000;
Epstein and Roy 2001; Keijzers 2002). Keijzers (2002) identifies three phases and
motivations for business sustainability:




Sanitize – legislative compliance driven maintenance of a minimal level of
environmental performance.
Control – eco-efficiency or cost driven environmental management.
Integration – business competitive advantage driven where sustainability
factors are taken into account in all business decisions.

Bansal and Roth list three motivating factors for firms which influence their level of
uptake of environmentally sustainable practices (Bansal and Roth 2000):





Legitimation – the desire to improve the suitability of the firm’s actions
within an established set of regulations, norms and values (Schuman 1995).
Moral responsibility – the desire that stems from the concerns a firm has
for its social obligations arising from its self-perception as a functional
entity within the macro economical, social and natural environments
(Garvey 2003).
Competitiveness – the desire to improve the potential for profitability
through developing resources and capabilities that are difficult to imitate
(Hart 1995; Menguc and Ozanne 2005).
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The sustainability maturity level of an organisation relates to management
commitment and environmental performance. Baumgartner and Ebner (2010) refer to
four strategies where the company progressively develops from risk mitigation to
active integration of sustainability principles in all aspects of the business. The four
corporate strategies are termed as:





Introverted – risk mitigation and defensive strategy with a focus on legal
compliance.
Extroverted – legitimating strategy with a focus on external compliance.
Conservative – efficiency strategy with a focus on cleaner production and
pollution prevention.
Visionary – holistic and integrated strategy where sustainability is
considered in all business activities through which the company derives
competitive advantage.

Kolk and Mauser (2002) evaluated 50 existing models of environmental management
phases for business. The study identified that the models generally refer to between
three and five phases of business sustainability or environmental management
maturity. Different terms are used to classify the various levels or stages, however,
models of sustainability in business generally refer to companies moving from
‘defensive’, to ‘proactive’, to ‘managed’ and ‘integrated’ maturity levels (Kolk and
Mauser 2002).
Cagnin, Loveridge and Butler (2010) propose a five level business sustainability maturity
model. The authors developed the criteria for the various levels of the model based on
the core activities and competences of a firm (Cagnin, et al., 2010). Key activities
include: strategy, operations, motivation, technology, communication, partnerships
and competences. They argue that if an integrated sustainability strategy is to be
achieved, it must be aligned to a common strategy and shared vision amongst
stakeholders in a wider ‘sustainability net’. The sustainability net includes the company,
its customers, suppliers, partners and interested stakeholders within society.
Table 1 provides a summary of environmental sustainability maturity levels based on
the existing models in the literature (Kolk and Mauser (2002), Bansal and Roth (2000),
Cagnin, Loveridge and Butler (2010) and Baumgartner and Ebnar (2010)). The four
levels presented in Table 1 were used as basis for this research. In depth evaluation of
the drivers and barriers associated with the specific maturity levels will take place
throughout the thesis.
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TABLE 1: BUSINESS SUSTAINABILITY CAPABILITY MATURITY MATRIX

Stage/Phase
/Maturity
Level

Main drivers

Main barriers

Characteristics

Defensive



Legal compliance




Perceptions of cost
Limited drivers




One-off compliance
focused initiatives
End of pipe

Proactive




Cost savings
Compliance




Human resources
Knowledge and
experience
Organisational culture






Ad hoc
Pollution prevention
Cleaner production
Eco-efficiency

Documentation
Existing tools not
suitable to company
structure
Internal communication



Systematic and
repeatable
Environmental
management system

Stakeholder
engagement
Knowledge
management





Managed





Customer
requirements
Cost savings
Ethical principles





Integrated



Competitive
advantage








Holistic
Life cycle orientated
approach
Collaborative

In their evaluation of models for business environmental management, Kolk and
Mauser (2002) describe the contribution of such models as being their broad and
conceptual nature. However, they argue that such models therefore have limited
suitability for specific situations and do not take into account organisational
complexities (Kolk and Mauser 2002). For example, it is very conceivable that an
organisation will fit into the ‘integrated’ sustainability maturity level in some categories
and not in others. For instance, the design and development team in a company may
actively integrate environmental principles into their operations, whereas the
marketing department still focuses only on its core business (Kolk and Mauser 2002).
However, while there are limitations to these models, phase-wise descriptions have
become a generally accepted and convenient method to improve the practice and
understanding of environmental management (Kolk and Mauser 2002).
Studies have shown that the integration of environmental sustainability principles into
a business leads to improved competitiveness (Burke and Logsdon 1996; Waddock and
Graves 1997; Menguc and Ozanne 2005). However, exactly how seriously a firm
considers sustainability amongst its set of competitive objectives depends on the
specific market, industry and society that the firm operates in (Acur, et al., 2003;
Shahbazpour and Seidel 2006).
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For instance a manufacturing company in an environmentally conscious society such as
Germany will probably classify sustainability as a hygiene factor - one that the firm
must possess in order for its products and services to be considered by the customer
(Schaltegger 2010). A company operating in such a market is likely to have a ‘managed’
or ‘integrated’ sustainability maturity level.
However, in countries such as New Zealand, sustainability does not yet carry as much
weight in the market and environmental legislation is in an early stage of
implementation. Most companies operating in such a market will most likely have a
‘defensive’ maturity level. Therefore, only a small minority of companies prioritise
gaining environmental certifications or implementing voluntary environmental
improvement initiatives. In the context of this PhD thesis, voluntary environmental
improvements are defined as:
“(voluntary) changes in technology and practices which reduce the
current level of negative impact on the environment.” (Parker, Redman
and Simpson 2009)
Details of the market and environmental practices of New Zealand companies are
discussed in the following section.

1.3

Environmental Sustainability in Manufacturing SMEs

The previous sections have presented a background to environmentally sustainable
manufacturing with an aim of providing a research context as well as to frame an initial
scope.
Section 1.3 builds on this scope in order to define more specifically the area of research
for this PhD. In particular an overview of the New Zealand context for sustainability is
provided as well as a summary of the relevant research into the drivers and barriers
that affect SME uptake of voluntary environmental improvement practices – both in
New Zealand and overseas.

1.3.1 Environmental Manufacturing Practices in the New Zealand
Context
The New Zealand economy is dominated by tourism, agriculture and meat and dairy
exports which rely heavily on a ‘clean and green image’ (Aerni 2009; Connell, et al.,
2009). However, this has not really translated into a significant increase in the uptake
of voluntary environmental improvement practices. In a survey comparison of the
trends in environmentally sustainable business practices between 2003 and 2006 in
New Zealand, there was an average of 10% increase in the uptake of environmental
practices (Collins, et al., 2009). However, this improvement was generally limited to low
level initiatives which do not put the respective companies (or the country as a whole)
in a position to derive significant competitive value from sustainability.
9
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A recent survey on the uptake of sustainability practices of New Zealand companies
suggests that at that stage around half of them did not yet experience any external
pressure to improve their environmental performance (Collins, et al., 2007). This
indicates that environmental legislation, customer demands and competitive forces to
move companies towards improving their environmental performances, are all still in
the early stages of development when compared with some European countries.
The New Zealand Government has so far largely adopted a voluntary approach to the
regulation of business practices in terms of the environment (Stone 2006). Until
recently, New Zealand companies have had no real legislative incentive to adopt
preventative measures, although the effects of industry activity were somewhat
controlled by the Resource Management Act.
In 2008, the Waste Minimisation Act and Climate Change Response (Emissions Trading)
Amendment Act came into force. The Waste Minimisation Act aims to reduce industrial
waste by introducing progressive levies on waste sent to landfill and encouraging the
development of product stewardship schemes (Ministry for Environment 2008). The
Emissions Trading Scheme (ETS) has been set up to limit emissions by individual
industries. High intensity emitters can buy emissions units and thus have their
contributions offset by emission reductions of other industries (Ministry for
Environment 2008).
The New Zealand consumer market in general is lagging behind Europe in terms of
providing drivers for industry to adopt environmental improvement initiatives. It seems
that New Zealand’s reputation for being a ‘clean and green’ country may be leading to
complacency in the public domain (Tong and Cox 2000).
Nevertheless, some studies in particular industries suggest that there is a consumer
demand for more sustainable products. For example, in New Zealand, wine drinkers
seem to have a preference for wine which has been manufactured using
environmentally sustainable practices (Forbes, et al., 2009). However, other studies
suggest that the legislative and consumer pressure in such industries is more
demanding overseas than in the local New Zealand market (Gabzdylova, et al., 2009).
Media coverage highlighting the importance of climate change issues has increased
significantly in New Zealand over the last few years (Boykoff 2009). Boykoff (2009)
analysed the trends in newspaper reporting on global warming or climate change. The
research, which included the main newspapers published in New Zealand (The New
Zealand Herald, The Dominion Post and The Press), indicated that climate change
stories in Oceania peaked in June 2008 with over 1100 articles. Whether the increased
public awareness due to media attention will translate into more perceived pressure by
product manufacturers in this country to adopt environmentally sustainable practices
remains yet to be seen.
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Competitive pressures have an important influence on organisational change in all
areas of business. Thus far, few New Zealand companies feel pressure from
competitors to improve their environmental performance (Collins, et al., 2007).
However, in certain industry sectors (such as paint and building products), there seems
to be an increase in the uptake of eco-label certifications (e.g. Environmental Choice),
benchmarking tools (e.g. Green Star NZ, ecospecifier etc.) and EMS programmes (e.g.
Resene EcoDecorator, Enviro-Mark etc.) and the subsequent advertising of products
around their environmental benefits.
Business-to-business pressures are among those which are playing a major role in
driving the implementation of environmental improvements in SMEs in Europe. In New
Zealand, business-to-business pressure is so far likely only applicable to exporting
companies.
It seems that New Zealand companies are at this stage not yet perceiving significant
pressure to move in the direction of environmental sustainability. The most significant
driver at this time may in fact be the risk of future legislative, customer and competitive
requirements. New Zealand manufacturing companies need to think strategically and
embrace a voluntary approach in order to avoid these risks and to make the most out
of the significant opportunities of the international sustainability trend.
This problem is not specific to New Zealand as many developing economies experience
similar challenges to those described above. Finding suitable frameworks and practical
approaches to introduce and integrate environmental improvement practices in
manufacturing SMEs operating in these economies can, therefore, significantly
contribute to the global quest towards sustainable development.

1.3.2 Research in Environmental Manufacturing in SMEs
When compared with a large multinational company it is true that individually, a typical
SME will most likely have a relatively limited impact on the environment. However,
since the vast majority of enterprises operating around the world are SMEs, their
cumulative impact makes them very significant contributors to the world’s
environmental problems (Schaper 2002). Jenkins notes that while the total
environmental impact of a large company is likely to be greater than that of an SME,
the combined impact of SMEs measured per unit of economic output will be greater
(Jenkins 2004).
While there are no quantifiable figures available, it has been estimated that SMEs
contribute up to 70% of global pollution (Groundwork 1995). It has also been reputed
that SMEs are responsible for 60% of commercial waste and 60% of all carbon dioxide
emissions in the UK (Marshall Report 1998; Strokes and Rutherfoord 2000). This impact
is likely to increase, as SMEs become more and more prevalent in global production
systems due to reduced trade barriers, declining costs of transportation and improved
communication technology (Jorgensen and Knudsen 2006). In order to make significant
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reductions in humankind’s negative impact on the environment, it has thus become
increasingly apparent that SMEs need to drastically improve their environmental
performances.
In the past, environmental concerns in business have generally centred on large
manufacturing organisations whereas small and medium sized firms have been largely
neglected (Biondi, et al., 2002; Bos-Brouwers 2009). It has been said that this is
because:
“… small businesses are written off as a group that is too expensive to
reach, while attention is concentrated on the easier to reach large
businesses.” (Rutherfoord, et al., 2000)
Nevertheless, over the past decade or so, the important role of SMEs in terms of
environmental impact has become more widely recognised in the scientific literature.
While earlier research concentrated on large organisations, an increasing number of
papers have emerged concentrating on the drivers, benefits, and barriers involved in
the adoption of environmental practices in manufacturing SMEs (Table 2).
One of the key trends of existing research in this area has been the reliance on
quantitative survey and interview research methods. Of the empirical journal papers
researching environmental issues in SMEs published up until now, few studies use a
qualitative research approach. Condon (2004) states in her paper that she used an
action research methodology in the study of SME drivers and environmental education.
This involved engaging a group of SMEs in a series of workshops and facilitating the
implementation of action plans to reduce the environmental impacts of individual
companies. Castka, et al. (2004) conducted action research in a UK SME to study the
implementation of Corporate Social Responsibilitity (CSR). The results of the action
research study were compared to a wider industry survey on CSR practices.
These examples differ in comparison to the other studies as they offer a longer term
perspective with insights into the effect of interventions on the success of sustainability
programmes in the SMEs. In contrast, the quantitative studies provide a series of
instantaneous responses to present situations of businesses in terms of their
sustainability uptake and performances. While this is clearly important, quantitative
research methodologies do not provide a deep level of insight into the approaches and
means by which manufacturing SMEs can overcome barriers and improve in
environmental management over time.
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TABLE 2: SUMMARY OF RECENT LITERATURE IN SME ENVIRONMENTAL MANAGEMENT
Journal Article
(Aiyub, et al., 2009)

Country
of Study
UK

Definition of
SME
SME< 250
employees,
independently
owned
Small = 0 - 49
Medium = 50
- 249

Research Method

Topic

Survey (135
companies, 59 of
which SMEs)

Environmental performance of SMEs
certified to ISO 14001

Interview (112 SMEs)
Survey (15 small, 40
medium)

Policies for SME to adopt climate
change and energy initiatives

Survey (1415 workers
in SMEs)
Survey (166 SMEs)

Environmental education and elearning in SMEs
Environmental awareness
implications on practices of SMEs
Environmental performance of
Slovenian SMEs

(Bradford and Fraser
2008)

UK

(Cloquell-Ballester, et
al., 2008)
(Gadenne, et al.,
2009)
(Knez-Riedl 2008)

Spain

SME = 1 - 250

Australia

SME = 1 - 200

Slovenia

Survey (302 small, 146
medium)

(Lee 2008)

South
Korea
Australia

Small = 10-49
Medium= 50249
SME = 21-499
SME = 1-200

Survey (120 SMEs)

Canada

SME= 20-249

(Collins, et al., 2007)

New
Zealand

(Malmborg 2007)

Sweden

Small = 0-9
Medium = 1099
Not defined

Interview 136
manufacturing SMEs
Survey (226 small, 324
medium, 193 large)

(Studer, et al., 2006)

Hong
Kong
UK

SME = 0-99

Europe

SME<500

(McKeiver and
Gadenne 2005)
(Condon 2004)

Australia

SME < 200

Survey (166 SMEs)

Drivers and barriers

Australia

SME = 1-200

Drivers and environmental education

(Hillary 2004)
(Peters and Turner
2004)
(Pimenova and R. van
der Vorst 2004)
(Simpson, et al., 2004)

Europe
UK

SME = 1-249
Not defined

Action Research (18
SMEs)
Survey (120 SMEs)
Interview (62 SMEs)

UK

SME = 10-249

Survey (9 SMEs)

UK

SME< 250

Survey (63 SMEs)

(Ammenberg and
Hjelm 2003)
(Lefebvre, et al., 2003)

Sweden

SME =0-249

Interview (23 SMEs)

Canada

SME< 500

Survey (368 SMEs)

(Friedman and Miles
2002)
(Hansen, et al., 2002)

UK

SME < 250

Europe

SME < 250

Interview (61 SMEs, 21
stakeholders)
Interview (20 SMEs)

(Rutherfoord, et al.,
2000)
(Castka, et al., 2004)

UK and
Holland
UK

Small < 50

(Tilley 1999)

UK

Small < 50

(Redmond, et al.,
2008)
(Roy and Thérin 2008)

(Williamson, et al.,
2006)
(Hitchens, et al., 2003;
Hitchens, et al., 2005)

SME< 250

Not defined

Survey (142 SMEs)

Interview (22 SMEs)
Survey (32 SMEs, 23
large)
Interview 31
manufacturing SMEs
Survey (844 SMEs) and
interview (294 SMEs,
320 advisers)

Interview (40 small
companies)
Action research
Interview (60 small
companies)
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Drivers of SME participation in green
supply chain initiatives
Owner/manager attitudes and waste
management
Knowledge acquisition and
environmental management
Stakeholder network influence on
uptake of environmental practices
Stakeholder networks with local
authorities
Barriers and drivers
Drivers
Competitiveness and environmental
performance

EMS drivers and barriers
Voluntary initiatives and policy
drivers
Support programmes and policy
Benefits of environmental
management
Networks and joint EMS
Drivers, barriers, benefits of
environmental performance
Stakeholders and dissemination
Innovation capabilities
Approaches to environmental
regulation of small companies
Benefits of corporate social
responsibility
Owner/manager attitudes influence
on environmental performance
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Welford has described the importance of a critical approach to environmental research,
thereby moving away from the more traditional research methods (Welford 1997). The
critical research approach suggested by Welford, differs from more established
methods in that it recognises the interconnectedness of the actors, cultures,
behaviours and structures involved in the system. It also emphasises the importance of
considering the action that should be taken as a result of the research. In other words,
one of the results of the research should be an agenda for change.
Another key element to consider in the published literature in this area is the wide
range of definitions used to define ‘SME’ in the research. Studies from around the
world tend to utilise the classification chosen by the country in which the research is
being carried out and these are all based on the number of employees. This variation in
definitions makes it impossible to effectively compare the results of the different
studies. The definition of SME used in this PhD will be outlined in the review of SME
characteristics in Chapter 3.2.

1.3.3 Barriers to Successful Uptake of Voluntary Environmental
Improvement Practices by SMEs
It is argued that the barriers to the implementation of strategic improvement projects
such as environmentally sustainable manufacturing in SMEs are due to the combination
of behavioural and structural characteristics of these companies. The process of moving
towards environmentally sustainable manufacturing is thus inherently complex
(Shrivastava 1995).
In 2008, the Small Business Advisory Group (SBAG) which advises the New Zealand
Ministry for Economic Development (MED) on SME policy issues, published a report
entitled ‘Growing Competitive SMEs’ (Agnew, et al., 2008). A key element of this report
was a section on sustainable business practices in New Zealand SMEs which
recommended that:
”publications be produced that give practical and implementable
advice and support for SMEs to improve their environmental
performance and to derive business benefit from the recognised or
certified environmental sustainability of their products and processes.”
Previous research has identified some of the difficulties that SMEs typically face in the
uptake of voluntary environmental improvement practices. The major impediments to
the uptake of environmental improvements by SMEs are summarised in Table 3 and
analysed and discussed in further detail below.
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TABLE 3: BARRIERS FACED BY SMES TO UPTAKE OF ENVIRONMENTAL PRACTICES
Barrier faced by SMEs

Examples of literature references

Undeveloped organisational
environmental culture

(Petts, et al., 1998; Biondi, et al., 2002; Kerr 2006)

Ignorance of own environmental impacts

(Tilley 1999; R. Hillary 2000; Friedman and Miles 2001;
NetRegs 2002; Ammenberg and Hjelm 2003; Simpson,
et al., 2004; NetRegs 2005)

Lack of knowledge and experience with
environmental issues

(Groundwork 1995; Tilley 1999; Hoevenagel and
Wolters 2000; Biondi, et al., 2002; Perez-Sanchez, et al.,
2003; Pimenova and R. van der Vorst 2004; Willard
2005; Masurel 2007; Bradford and Fraser 2008; Roy and
Thérin 2008; Collins, et al., 2009)

Absence of environmental legislation or
market drivers

(Rutherfoord, et al., 2000; Biondi, et al., 2002; van
Hemel and Cramer 2002; Studer, et al., 2006;
Williamson, et al., 2006)

Lack of awareness of trends or not
believing that sustainability will benefit
the company

(Groundwork 1995; Shearlock, et al., 2001; Schaper
2002)

Limited financial and staff resources
available for environmental projects

(Tilley 1999; Shearlock, et al., 2001; Biondi, et al., 2002;
Pimenova and R. van der Vorst 2004; Willard 2005;
Collins, et al., 2007),

Perceived
conflicts
between
environmentally friendly practices and
other business objectives (quality,
functionality, delivery)

(Gerstenfeld and Roberts 2000; van Hemel and Cramer
2002; Shahbazpour and Seidel 2006)

An important barrier to improving environmental performance in SMEs is their
undeveloped organisational culture with regard to environmental issues (Biondi, et al.,
2002). This barrier relates to the extent which SME owner-managers and employees
believe they have a responsibility to engage in environmental improvement. Without
an organisation-wide affinity for environmental issues (and in particular from a
owner/manager perspective), companies will most likely make very limited progress in
this area (Petts, et al., 1999).
As mentioned earlier, manufacturing SMEs as a group play a significant role in the
degradation of the natural environment. However, a survey into the environmental
practices of SMEs in the United Kingdom has revealed that the vast majority of these
organisations are ignorant of their own environmental impacts (NetRegs 2002). For
example in 2002, 86% of SMEs questioned in the survey believed that their activities
did not have a harmful impact on the environment. Past surveys by the UK organisation
‘Envirowise’, even highlight an increasing level of ‘head in the sand’ attitudes by SMEs:
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22%, 33%, and 48% of the businesses questioned in 1995, 1998, and 2000 respectively,
felt that they did not have a negative impact on the environment (Envirowise 2000). A
similar trend is evident from the follow-up survey to the NetRegs (2002) study, which
revealed that in 2005 only 7% of the surveyed UK businesses thought that they
performed activities that could cause harm to the environment (NetRegs 2005).
Consistent with this international research, Collins, et al. (2007) found that small firms
in New Zealand did not believe they had a significant environmental impact. It is
obvious that this misjudgement by SMEs of their environmental impact does not bode
well as a driver for increasing their level of environmental performance.
Owner-managers of SMEs typically have very limited ‘ecoliteracy’ or in other words,
knowledge and understanding of environmental issues and how they relate to their
company (Tilley 1999). This is a major concern as owner-managers in small firms
typically have significant power and influence, and thus are the source of most strategic
initiatives and decisions. In cases where this lack of knowledge with regard to
environmental issues exists, owner-managers are unlikely to put into place systems or
initiatives to make improvements. In addition to this, environmental information for
business is sometimes provided by government officials or Non Government
Organisations (NGOs) who do not have in-depth experience with small business
management. They therefore lack appreciation of the problems faced by these
companies in interpreting environmental information, guidelines and tools. Small firms
have expressed a need for information that is specifically targeted at them, and can
therefore be more easily applied (Tilley 1999).
Past studies have shown that environmental legislation is one of the most important
reasons why SMEs invest in environmental developments (Bansal and Roth 2000;
Masurel 2007). SMEs will often state that they will not invest in environmental
improvements unless they are forced to by law (Williamson and Lynch-Wood 2001;
Masurel 2007). A European Commission study involving six European Union Member
States also suggests that there are few specific allowances made for SMEs in terms of
environmental legislation (Berends, et al., 2000).
Another major barrier for SMEs is the apparent lack of awareness as to the
international trends in legislation and markets with regard to the importance of
environmental aspects to business (Schaper 2002). It is true that with the onset of
information technology and globalisation, SMEs now have increased exposure to
international business influences, opportunities, threats, and imperatives (Rodriguez
2003). However, it seems that even in the 21st century, many SMEs (especially in less
developed economies) struggle to use the available information to respond quickly to
the competitive pressures from abroad (Hitchens, et al., 2003).
This inability by SMEs to be flexible and adaptable to the increased significance of
environmental issues in the market, is likely caused by their general lack of available
financial and time resources. SMEs will usually not consider investment that does not
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present a significant short-term financial benefit (Biondi, et al., 2002). SMEs tend to
have shorter pay back periods from any investments they make when compared to
larger companies (Palmer and Vorst 1998). This characteristic means that any strategic
initiatives (such as adopting ISO 14001) will create higher risks for the company without
offering any benefits in the short term (Aiyub, et al., 2009). This is a particular problem
in countries without stringent environmental legislation, which effectively rely on
manufacturing companies to voluntarily adopt environmental practices.
While cost is often seen as a barrier to the adoption of environmental improvement
initiatives in SMEs, some manufacturers are also worried about trade-offs with other
manufacturing performance objectives (Shahbazpour and Seidel 2006).
Environmentally sustainable manufacturing practices are sometimes perceived to
create trade-offs with quality, cost, delivery etc. in areas related to resources, energy
usage, materials and waste emissions. While this issue can be a concern for all
manufacturing companies, larger organisations are in a better position to mitigate
these problems compared with their SME counterparts due to their greater availability
of resources.
It is clear that for one reason or another, manufacturing enterprises in New Zealand
and in other developed economies, will increasingly be forced to develop strategies and
improvements in order to decrease their environmental impact. Larger organisations
are, in general, in a better position to improve their environmental performance when
compared to SMEs.
The limited uptake of environmental improvement practices by manufacturing SMEs
due to the barriers identified in this section indicates that there is a requirement for
further research in this field. The development of a strategic framework for
environmental improvement in SMEs in this research aims to enable these types of
firms to make significant environmental improvements while considering resource
limitations and other barriers.
Effective research into the implementation of environmentally sustainable
manufacturing practices needs to take into account the specific characteristics of SMEs.
Of particular importance is the need to establish clearer links between the barriers
experienced by manufacturing SMEs in decreasing their environmental impact and the
behavioural and structural characteristics of these companies. This link will create a
foundation for enabling implementation frameworks and methods to be better suited
to SMEs.
The environmental performance of SMEs and their long-term commitment to managing
their environmental impacts must be increased and supported through simple,
effective and strategic support systems. Strategies such as visual assessment and
evaluation tools, need to be developed and put in place to initiate, assist and sustain
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SMEs on their path towards environmental management and sustainability (Zorpas
2010).

1.4

Existing Business Sustainability Tools

Existing frameworks and tools used by industry to make progress towards
environmentally sustainable manufacturing include: Environmental Management
Systems (EMS), Life Cycle Assessment (LCA), The Natural Step (TNS) and Eco-mapping.
With the exception of eco-mapping, these tools are almost exclusively used by large
companies while SMEs have thus far been slow to implement them. The following
sections provide overviews of these tools and more detailed discussion is presented in
the relevant areas of this thesis.

1.4.1 Environmental Management Systems
An EMS is the organisational structure, procedures, processes and resources for
determining and implementing an environmental policy (Netherwood 1998). EMS
standards are based on the continual improvement cycle which closely resembles the
approach of quality management systems (Figure 2).

1

FIGURE 2: ELEMENTS OF AN EMS BASED ON THE CONTINUAL IMPROVEMENT CYCLE (BALZAROVA
2003)

The ISO 14001 standard comprises of five key elements and is based on the Plan-DoCheck-Act (Deming) cycle (Figure 3). The key elements of the standard include the
establishment of management commitment through the development of
environmental policy; planning the system through evaluation of internal processes
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that affect the environment; implementation and operation of improvement initiatives;
checking and monitoring of progress, and management review (Tibor 1996).

FIGURE 3: THE ENVIRONMENTAL MANAGEMENT SYSTEM FRAMEWORK FOR ISO14001

The effective implementation of an EMS in manufacturing organisations has been
found to provide a sound organisational infrastructure for systematic management of
environmental improvement initiatives (Melnyk, et al., 2003). However, as described in
the detailed literature review in Chapter 4, SMEs generally struggle to effectively
implement EMS. This is due in part to their lack of resources and the misalignment of
their organisational systems and processes with the requirements of EMS standards
such as ISO 14001.

1.4.2 Life Cycle Assessment
Life Cycle Assessment (LCA) is also known as life cycle analysis, cradle to grave analysis
or eco-balance. It is a well established approach used to investigate and evaluate the
environmental impact of a given product (Hauschild, et al., 2005). An LCA determines
the input and output contributions of resources, waste, energy and emissions at the
various stages of the product life cycle in order to get an accurate understanding of the
environmental impact of a given product.
ISO 14040 and ISO 14044 describe, respectively, the principles and framework, and
requirements and guidelines of LCA (ISO 14040 2006; ISO 14044 2006). According to
the standards, there are four phases involved in an LCA (Figure 4):
1. Goal and scope: this stage involves setting the objective, system boundaries,
required accuracy and extent of the LCA.
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2. Life cycle inventory (LCI): this is the data collection stage and involves an
analysis of the inputs and outputs of the processes within the defined system
boundaries.
3. Life cycle impact assessment (LCIA): this stage involves the evaluation of the
data collected in the life cycle inventory for its contribution to environmental
impact categories such as global warming, climate change and acid rain etc.
4. Interpretation: this final stage involves the interpretation of what conclusions
can be drawn and whether the goals of the LCA have been met.

FIGURE 4: FRAMEWORK FOR LIFE CYCLE ANALYSIS (REBITZER, ET AL., 2004)

The LCA process is shown in Figure 5. The theories of Industrial Ecology (Bohne 2005)
and Material Flow Analysis (Bringezu and Moriguchi 2002) support this approach.

FIGURE 5:THE METHODOLOGY OF LIFE CYCLE ASSESSMENT (PFLIEGER, ET AL., 2005)

Undoubtedly, LCA is currently the most comprehensive tool for environmental impact
assessment (Epstein and Roy 2000). It is therefore an important starting point of
sustainability initiatives in business organisations. However, so far it has been mainly
applied in larger organisations; and manufacturing SMEs generally find the use of LCA
too complex, time consuming and expensive (Le Pochat, et al., 2007). Given the lower
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resource availability in SMEs, their product life cycle initiatives are usually partial,
limited or incomplete in their scope (Lefebvre, et al., 2001).

1.4.3 The Natural Step
The Natural Step (TNS) was founded in 1989 by Dr Karl-Henrik Robѐrt as a framework
to enable organisations to develop and align their sustainability strategies with
scientific principles (Nattrass and Altomare 2001). TNS framework has been described
as the ‘compass’ to guide the direction of an organisation’s EMS. Four ‘system
conditions’ form the foundation of TNS framework (Table 4). The four system
conditions are based on the principles of thermodynamics and natural cycles.
TABLE 4: SYSTEM CONDITIONS OF THE NATURAL STEP FRAMEWORK (NATTRASS AND ALTOMARE 2001)

The Four System Conditions...
In a sustainable society, nature is not
subject to systematically increasing:
1. concentrations of substances extracted
from the earth's crust
2. concentrations of substances produced
by society
3. degradation by physical means

4. and, in that society, people are not
subject to conditions that systemically
undermine their capacity to meet their
needs

. . . Reworded as The Four Principles of Sustainability
To become a sustainable society we must...
1. eliminate our contribution to the progressive buildup of
substances extracted from the Earth's crust (for example,
heavy metals and fossil fuels)
2. eliminate our contribution to the progressive buildup of
chemicals and compounds produced by society (for
example, dioxins, PCBs, and DDT )
3. eliminate our contribution to the progressive physical
degradation and destruction of nature and natural
processes (for example, over harvesting forests and paving
over critical wildlife habitat); and
4. eliminate our contribution to conditions that undermine
people’s capacity to meet their basic human needs (for
example, unsafe working conditions and not enough pay
to live on).

TNS is implemented using a four staged approach (Figure 6):
1. Awareness - Developing a common understanding of sustainability and
how it relates to the organisation. This is based on the four system
conditions and the funnel.
2. Baseline - Conduct a ‘sustainability gap analysis’ based on the four system
conditions to understand the status quo.
3. Creating a vision - Analysing what the organisation would need to look
like to be sustainable. This is the basis for developing a strategy to
progress.
4. Down to action - Action planning and setting priorities to progressing
towards the vision.
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FIGURE 6: THE NATURAL STEP SUSTAINABILITY FUNNEL AND A-B-C-D PROCESS (NATTRASS AND
ALTOMARE 2001)

A recent study of TNS implementation in eight New Zealand organisations was
conducted at Lincoln University (Anstey, et al., 2009). The study found that while TNS
provided a complementary addition to an EMS, it was difficult for some organisations
to conceptualise. The absence of documentation and the lack of support and structure
were particularly difficult for small organisations. The lack of documentation
requirements also led to problems with knowledge management. This was particularly
a concern in organisations which were reliant on an individual sustainability champion.

1.4.4 Eco-mapping
Eco-mapping is an environmental management tool to understand and locate
environmental impacts of a company (Perez-Sanchez, et al., 2003). Eco-mapping was
specifically developed for SMEs to support them in developing visual awareness
relating to their environmental issues. The tool is based on the premise that a total of
80% of environmental information is location based (Koroljova and Voronova 2007).
The approach requires the development of ‘map-plans’ (Figure 7) of the company in
the areas of water, waste, energy, material flow etc. (Zorpas 2010).
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FIGURE 7: VISUAL APPROACH TO IDENTIFYING AND EVALUATING IMPACTS USING ECO-MAPPING
(KOROLJOVA AND VORONOVA 2007)

The visual approach provides a shared language for SME staff who generally have no
experience with environmental management. Eco-mapping also facilitates a shared
learning process which enables immediate action and results (Koroljova and
Voronova 2007).
However the eco-mapping approach is restricted in that it considers only the
environmental aspects of the company’s own operations. It therefore limits the
potential of SMEs to expand their scope and evaluate wider life cycle environmental
impacts.

1.5

Chapter Summary and Research Objectives

This chapter has presented a summary and background into the existing literature
relevant to the research topic of environmentally sustainable manufacturing in SMEs.
Sustainable development is becoming an important consideration in all areas of society
due to impending global environmental problems such as climate change, water and
land pollution, and non renewable resource depletion. The role of the engineer in
environmental sustainability is to effectively engage with other disciplines and apply
their skills to develop technologies, processes and products that are functional and
competitive while preserving or enhancing the natural environment. Environmentally
sustainable manufacturing is a key element in the global pursuit of sustainable
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development. Manufacturing companies around the world need to undergo significant
organisational changes in order to make progress in this area.
Existing literature describes four general maturity levels of business sustainability:
‘defensive’, ‘proactive’, ‘managed’ and ‘integrated’. While large organisations in some
parts of the world, such as in Europe and Japan have made some good progress, many
SMEs are struggling to integrate the principles of environmentally sustainable
manufacturing into their organisations. Most New Zealand manufacturing companies
can be classified as SMEs and previous research has shown that they have been slow in
the uptake of environmental improvement practices.
The goal of this PhD research was to create academic and practical contributions to
progress the development of manufacturing SMEs through the sustainability maturity
levels. The key contribution of this research is the development of an environmental
sustainability strategy framework for manufacturing SMEs. The framework elements
progressively build on the knowledge and tools developed in the three research phases.
The strategy framework integrates existing environmental management methods (in
particular EMS) available to industry with insights and approaches developed in this
research. The framework elements provide SMEs with a practical strategic ‘roadmap’ to
enable them to effectively establish, implement and take advantage of environmentally
sustainable manufacturing practices. The research methodology and structure of this
thesis align with the overall goal in progressively building a strategic environmental
sustainability improvement framework for SMEs. The following sections provide a
detailed overview of the objectives of the research.

1.5.1 From Defensive to Proactive
Most New Zealand manufacturing SMEs are in the ‘defensive’ maturity phase of
sustainability. They exhibit a reactive approach to environmental legislation and market
opportunities in relation to sustainability. It was argued that there is a correlation
between the SME barriers to the uptake of a proactive approach and the peculiar
characteristics of these companies. This PhD research will address the problem of
limited voluntary uptake of environmental improvement practices in manufacturing
SMEs by:


Identifying the barriers to the uptake of voluntary environmental improvement
practices and the characteristics of SMEs.



Testing and verifying a systematic methodology to overcome the barriers to the
uptake of voluntary environmental improvement practices. This results in the
development of a framework to facilitate the progression from a ‘defensive’ to
‘proactive’ sustainability maturity level.



Developing a systems model of the dynamics and interconnectedness of factors
involved in the uptake and implementation of environmental improvement
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practices in manufacturing SMEs.

1.5.2 From Proactive to Managed
One of the important reasons for the lack of organised environmental management
progress by SMEs is that existing research, tools and methods have focused on, and
been developed primarily for larger companies. Environmental management and
sustainability improvement methods (such as EMS) in their current state are not
working effectively for manufacturing SMEs and there has consequently been a very
slow uptake of these tools in New Zealand.
It is argued that SMEs have specific characteristics and requirements that make these
existing implementation and improvement methods impractical for SMEs. In order to
successfully reduce the environmental impact of the production processes and
products of individual manufacturing SMEs, effective mechanisms to successfully
implement and utilise methods and tools such as EMS need to be developed. These
frameworks need to take into account the specific characteristics of SME
manufacturing companies and their implementation barriers.
This PhD research will address the issue of the lack of applicability of existing
environmental management tools for SMEs by:


Developing and testing theoretical and practical framework elements for the
effective and structured management of environmental sustainability in SMEs, and
in particular facilitate the implementation of Environmental Management Systems.

The furniture manufacturing sub-sector was chosen as the primary case sector due to
the broad nature of SMEs and the subsequent understanding that research in this area
needs to compare organisations within a more specific group to allow valid analyses
and conclusions to be drawn (Hillary 2000). The furniture industry is a traditional
manufacturing sector with a relatively large environmental impact.
Significant areas of environmental impact in this industry include resource depletion (in
terms of wood raw material usage), waste wood and dust sent to landfill, energy usage
and the use of potentially harmful materials such as adhesives and vinyl in the furniture
production. This PhD research will address specific problems of this sector and make a
contribution by:


Developing a specific strategy framework to reduce the negative impact that wood
panel furniture manufacturing SMEs have on the New Zealand natural environment.

1.5.3 From Managed to Integrated
Having developed the support and management framework for environmental
sustainability the third major objective involves the development of the technological
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and culture infrastructure to communicate and integrate environmental management
into the core business objectives of manufacturing SMEs.
This PhD research will make a contribution to practitioners and academia through:


The development and testing of a web-based environmental management and
communication infrastructure to facilitate the integration of sustainability into the
organisational culture and day-to-day activities of manufacturing SMEs
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Chapter 2: Research Methodology
2.1

Introduction

Chapter 1 provided a background to the PhD research which has the overall goal of
developing an environmental sustainability strategy framework for manufacturing SMEs.
The framework aims to progress manufacturing SMEs from ‘defensive’ to an ‘integrated’
sustainability maturity level. The strategy framework was progressively developed and
tested through the three phases of research.
This chapter begins with an overview of the researcher’s philosophical stance which leads to
the conclusion that a triangulated research approach is appropriate to study organisational
sustainability and environmental management. As noted in Chapter 1, there has been
limited use of qualitative and holistic research methodologies in existing literature on SME
environmental management and sustainability issues. It is argued that this focus on
‘breadth’ rather than ‘depth’ has contributed to the limited academic and practical progress
in this area. The three phases of the triangulated research design used in this PhD are
subsequently described at the conclusion of this chapter.

2.2

Philosophical Stance and Triangulation

There are a wide range of philosophical views adopted in research. The philosophical stance
chosen by a researcher will have implications on the research methodology. The research
methodology will in turn influence the types of insights gained by the researcher.
Sustainability and environmental management research involves complex issues which
require the research community to think beyond their traditional boundaries. An
interdisciplinary approach aims to integrate different research perspectives and approaches
to better understand complex problems and in doing so developing new knowledge which
would not have been possible through traditional single-disciplinary viewpoints.
One of the key challenges in integrating research from different disciplines has been the
mismatch in the philosophical stances of researchers in the different areas of science.
Differences in worldviews can result in misunderstandings and unwillingness of parties from
various disciplines to work together to solve the complex issues involved in sustainability.
There are two contrasting stances (positivism and interpretivism) which lie at extreme ends
of the gradient of philosophies (Table 5).
Positivism (also known as objectivism) is generally the basis for the philosophical
perspectives of researchers in the natural sciences. Traditionally, environmental research
has been dominated by the philosophical worldview of the natural sciences. The assumption
behind positivism is that an objective reality independent of human perception exists in the
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world (Meredith, et al., 1989). To a positivist, research and science provides an objective
account of the world to observers which is separate from human intention and purpose. It is
this account of the world and its values of external validity which drive the natural sciences
in their choice of research methods.
On the opposite extreme of the continuum of philosophical stances lies interpretivism (also
known as subjectivism or relativism). In contrast to positivism, interpretivism emphasises
the importance of considering the influence of human perception on reality (Meredith, et
al., 1989). To an interpretivist, it is the individual’s perception of reality which is of
importance as this drives his or her behaviour. The interpretivist seeks to understand the
depth and variety of individual human perceptions and experience, whereas positivists try
to distinguish causal relationships. Interpretive research is typically inductive, less
structured, more subjective and requires a closer interaction with the environment in
comparison to positivist research. Interpretivists reject hypothesis testing and seek to
include qualitative methodologies.
TABLE 5: THE CORE ONTOLOGICAL ASSUMPTIONS GUIDING POSITIVISM AND INTERPRETISM (EVELY, ET AL.,
2008)

Extreme Interpretivism/Subjectivism

Extreme Positivism/Objectivism

Perspective on
reality

The social world and what passes as
“reality” are a projection of human
perception and an act of people’s
creative imagination. In its extreme,
there may be nothing outside of
oneself: a person’s mind is the world.

The social world is a concrete, real
thing that affects everyone. It can be
thought of as a structure composed of
a network of causal relationships
between its essential parts. The social
world is as concrete and real as the
natural world.

Perspective on
the researcher

Reality cannot be fully understood, as
human processes interpret events in
consciousness
before
fully
understanding its structure or
meaning. The researcher will explicitly
state what they believe to be their
influence on the results of the
research, taking into account that they
cannot be objective.

Reality is an objective phenomenon
that lends itself to accurate or
inaccurate—depending on variance—
observation and measurement. “Any
aspect of the world that is not in
some form of observable activity or
behavior must be regarded as being
of questionable status”.

Perspective on
humans

Humans use their intuition and
experience to make the world into a
meaningful form. Human beings shape
the world using their own immediate
experience.

Human beings behave and respond
to stimuli in predictable ways.
Although perception may play some
role in response, behavior remains
lawful and rule governed and is a
product of the world (and stimuli to
which they are exposed).
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On the basis of the philosophical stance of the researcher, different research methodologies
are appropriate. Meredith, et al. (1989) propose a framework of research methods based on
the philosophical perspectives (Table 6). Evely, et al. (2008) describe a continuum of
philosophical stances from extreme positivism to extreme subjectivism. The five
intermediate stances (structural realism, critical realism, transcendental realism,
hermeneutics and nominalism) lie between extreme positivism and extreme subjectivism.
TABLE 6 : FRAMEWORK FOR RESEARCH METHODS BASED ON PHILOSOPHICAL STANCE (MEREDITH, ET AL.,
1989)

People’s Perception
of Object Reality

Artificial
Reconstruction of
Object Reality

Approach to Knowledge
Generation

Direct Observation
of Object Reality

Logical Positivistic/

Field Studies

Structured Interviewing

Prototyping

Empiricist

Field Experiments

Survey Research

Physical Modeling
Laboratory Experimentation
Simulation

Interpretive/Subjectivism

Action Research

Historical Analysis

Conceptual Modelling

Case Studies

Delphi

Hermeneutics

Expert Panels
Intensive Interviewing
Future Scenarios

Several researchers have criticised the traditional positivist focus of research in organisational
sustainability and environmental management (Welford 1997; Ählström, et al., 2007; Fahy
2008). Welford (1997) criticised the “oversimple and modernist categorizations” and the
“emphasis on positivism and rationality” in academic and industry approaches to corporate
sustainable development and environmental management. More recently, it has been argued
that the lack of critical perspectives in environmental management research continues and
that this has led to only minor improvements and a ‘business as usual’ situation (Ählström, et
al., 2007).
Much of the existing corporate sustainability and environmental management literature
focuses on a rational and functional view of organisations which doesn’t take into account
their social, political and cultural practices (Fahy 2008). It is argued that in order to understand
the realities and complexities of the integration of environmental management and
sustainability principles in business, research in this area needs to consider these human and
subjective aspects.
Critical realism incorporates the role of human perception of reality (Evely, et al., 2008). Like
positivism, it acknowledges that there are objectively knowable realities, but the influence of
human cognition and perception in shaping this reality is taken into account. For example the
uptake of sustainability by the owner/manager of an SME cannot be based solely on objective
arguments, rather the influence of his or her education, background and sense of what is right
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and wrong also need to be considered. A critical realist therefore seeks to include an
understanding of these social and psychological systems (Evely, et al., 2008). Combinations of
methodological approaches which include qualitative and quantitative data enable these
insights of human perception to be considered. In this PhD, the researcher takes the
philosophical stance of the critical realist.
The main theme of the design of this research project is therefore methodological
triangulation. Methodological triangulation in research is broadly defined as:
"the combination of methodologies in the study of the same phenomenon."
(Jack and Raturi 2006)
In studies of organisational development and behaviour, researchers can develop a more
complete understanding (and improve the accuracy and applicability of their findings) by
collecting different kinds of data of the same phenomenon (Jick 1979). Methodological
triangulation allows weaknesses inherent in a particular approach to be counterbalanced by
strengths of a complementary method (Jack and Raturi 2006). It also allows the researcher to
gain a richer perspective of the investigated phenomenon (Blaikie 1991).
A number of publications on research into environmental sustainability related areas,
advocate a triangulation methodology (Welford 1997; Elfors 2006). In arguing for a critical
approach to environmental research, Welford (1997) suggests that the researcher should
ideally ‘immerse him or herself in the subject’ and integrate a combination of quantitative and
qualitative methodologies in order to develop new knowledge. In his book chapter ‘Towards a
more critical dimension for environmental research’, Welford suggests that:
“Sustainable development requires much more systemic thinking and
interdisciplinary approaches.” (Welford 1997)
This PhD research makes use of a range of different research techniques in its three phases.
Elements of the triangulation research methodology include literature research, participatory
action research, case studies and systems thinking. Qualitative and quantitative data was
obtained through site visits, themed interviews, informal discussions, documentation reviews
and a targeted survey of New Zealand ISO 14001 manufacturing companies. The following
sections outline the methods used in this research.

2.3

Participatory Action Research

Participatory action research is a method whereby the researcher is directly involved, and
explores the effects that his actions and interventions have on the performance or
improvement of a problem (Zuber-Skerritt 2002). Action research is characterised by:
“the active and deliberate self-involvement of the researcher in the context of
his/her investigation.” (McKay and Marshall 2001)
Action research involves a cyclic method of planning, acting, observing and reflection (Figure
8), after which a secondary cycle is performed (Mills, et al., 1998). The aim of action research is
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to understand how change in actions can affect an organisation or group of practitioners. It is
through this cycle of action and reflection that new academic knowledge emerges (McNiff and
Whitehead 2005).

FIGURE 8: CYCLIC ACTION RESEARCH PROCESS

In this PhD research, the researcher’s actions and interventions have the goal of overcoming
the barriers that the case study SMEs face in adopting and maintaining environmentally
sustainable manufacturing practices.
Traditional research methods assume that the scenario is controlled and static, whereas, in
fact, organisational environments and those of SME manufacturing firms in particular, are of a
complex and dynamic nature (Zuber-Skerritt 2001). Organisational change in manufacturing
SMEs involves a range of interrelated variables (such as organisational culture, management
structure and style, strategic direction, processes and politics etc.) which are not easily
influenced, controlled or accurately documented by a researcher external to the organisation
(Shahbazpour 2010).
Action research has already been found to be effective in the New Zealand SME context
(Massey 1997). Massey describes two critical components of SME development: research and
consulting. Researchers aim to help the wider sector whereas consultants generally provide
support to the needs of individual SMEs (or more accurately those of the owner/manager).
Massey (1997) argues that given the particular challenges of the SME sector, the traditional
separation between consultants and researchers needs to be reviewed. By integrating these
two components, benefits can be achieved for all parties: the individual SME, the SME sector,
the research community and the economy.
One of the arguments against qualitative research methods such as action research is that
individual organisations are diverse in their structures and processes. Antagonists of the
method argue that any conclusions or theories developed, based solely on a single case
experience, may not necessarily be generalised for other situations (Eisenhardt 1989;
Checkland and Holwell 1998). This perceived problem with action research is in contrast to
studies in for example the natural sciences, where the repeatability of results developed allows
knowledge creation in this area to be relatively easily defended or verified. Researchers
investigating phenomena in a social or organisational context are unable to match the
replicability of methods and experimental happenings of natural sciences.
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In order to give the results sufficient credibility, the action researcher needs to ensure that his
research approach is recoverable by interested outsiders (Checkland and Holwell 1998). This
means that the research methodology, context and background need to be adequately
documented to allow transparency and to enable it to be recoverable.
One of the core components of this research is an in-depth longitudinal participatory action
research study at CML, a New Zealand furniture manufacturing SME. The researcher obtained
the position of Environmental Manager at the company, which provides the required degree of
influence on aspects of strategic decisions and organisational development related to
environmental sustainability. This would not be possible from an external position and the
depth of insights gained would also be lower. To ensure that the research was carried out
without bias, this was an honorary position and research funding was provided independently
from the New Zealand Foundation for Research Science and Technology (FRST).

2.4

Case Study Research

Case studies are rich and empirical descriptions of particular phenomenons that are usually
based on a variety of data sources (Yin 1994). Case study research consists of a detailed
investigation where collection of data often occurs over a long period (Hartley 2005). Case
studies are widely used in the social sciences and in particular in organisational research.
Case study research is particularly suited for research questions which involve or seek to
understand complex organisational processes (Hartley 2005). While laboratory experiments
isolate the phenomena from their context, case studies use the rich, real life context in which
the phenomena occurs (Eisenhardt and Graebner 2007).
Case study research is similar to action research in terms of dealing with context related
knowledge development. Case study research relies on participants as sources for data and
evidence (Blichfeldt and Andersen 2006), whereas action research offers a greater role to
participants of the research in defining the issues to be addressed (Blichfeldt and Andersen
2006).
In addition to the primary action research study at CML, the researcher conducted
complementary research in two New Zealand manufacturing SMEs case studies (DBJ and AIL).
These additional cases provided the researcher with an opportunity to implement and verify
the results, models and framework elements tested at CML. This approach also allowed the
researcher to gain multiple research perspectives: from an internal perspective (Action
Research: Environmental Manager at CML), from the perspective of an external researcher
(investigating DBJ) and from a consulting perspective (consultant to AIL).

2.5

Systems Thinking and Causal Loop Modelling

Systems thinking is an approach to research which views individual component parts of a
system in the context of relationships with other systems rather than in isolation. This enables
a more holistic understanding of the impact that a solution may have on the organisation in
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the short and longer term. Systems thinking, for example through the application of causal
loop models, captures the relationships and feedback between various influencing factors, and
has been found to be effective in understanding and solving complex problems in the
organisational context (Sterman 2000; Maani and Cavana 2007).
In contrast with other methods, systems thinking acknowledges the ‘messiness’ of the world
and sees the problems in the context of their internal and external environments (Maani and
Cavana 2007). Solutions that seem sound in the short term, may in fact amplify or merely shift
the problem elsewhere, costing an organisation significantly more in the longer term (Senge
1990).
In his book ‘The fifth discipline’, Senge describes five disciplines necessary for cultivating
successful organisational learning (Senge 1990). The five disciplines described by Senge are
personal mastery, mental models, shared vision, team learning, and systems thinking. Systems
thinking is seen as the cornerstone which fuses the other disciplines into developing a holistic
and coherent body of knowledge and practice. Senge argues that in the organisational context,
managers often focus on solutions that are closely related to the problem and that seem to
create immediate short term (usually financial) benefits. However, when these short term
solutions are viewed in the systems context, they can often be seen to be the cause of
significant long term costs.
The systems thinking modelling approach has been identified as a very suitable research
method in the environmental sustainability context (Kelly 1998). Systemic thinking takes into
account the interrelatedness and interdependency of all factors involved in a complex system
(Tilley 1999). The integration of environmentally sustainable manufacturing practices in the
operations and strategy of an SME is complex. Without an explicit understanding of the
underlying causes of barriers and events related to sustainability issues within an organisation
or community, any solution will often create another event and an endless stream of causeand-effect relationships will develop (Doppelt 2003). Therefore, to develop an effective
framework for overcoming the barriers towards sustainability in manufacturing SMEs, it is
therefore important that we sufficiently understand and model the various factors (and their
interrelationships) that have an influence.
Managerial decisions made with regard to environmental initiatives, innovation and solutions
in organisations are so far usually made based on “mental models” (Jones 2005). Mental
models are the ideas and understanding of the system that the decision-maker has in his/her
head. However, in complex organisational situations, these mental models are often burdened
with a lack of understanding of the relationships, feedback, interactions, time delays and other
features of the variables involved in the system. By modelling the systemic structure that
shapes and influences the behaviour of SME manufacturing firms in relation to environmental
issues, it will become possible to see what creates the actions we observe.
Many internal and external drivers, barriers and other variables have a dynamic influence on
the success or failure of the integration of environmental initiatives in SMEs. Internal factors
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include ownership and management structure, organisational culture and politics, leadership
capabilities, shared vision, financial position, management and strategic processes, etc. These
internal influencing factors are interrelated and dynamic, as opposed to controlled and static,
which traditional research methods use as an assumption.
In addition to the internal organisational factors, an SME is also influenced by its external
business environment. External factors that have an influence on SME organisational change in
the environmental sustainability context can include: changing market requirements,
competitive pressures, legislation and the general economic situation of the business
environment in which the company is operating.
It is thus quite clear that in the SME context nothing is ‘black and white’; decisions are often
made based on what the decision maker believes to be the best means by which the company
can remain in business from one day to the next. Systems thinking methods are appropriate to
capture this complex scenario. In the context of this research systems thinking will be used as a
foundation to develop knowledge and models for overcoming the barriers to the adoption of
environmentally sustainable manufacturing practices in SMEs.

2.6

Research Design

This section provides more detail into the phases of research involved in this PhD project.
Three phases of research are aligned to the business sustainability maturity levels identified
and defined in Chapter 1 (Figure 9). The research phases progressively aimed to develop and
embed tools, strategy and infrastructure for sustainability into SMEs by developing framework
elements to overcoming the barriers faced at each level:
1. Research Phase 1 – ‘Baseline’ – taking the company from a reactive, defensive,
compliance focused strategy to a repeatable maturity level.
2. Research Phase 2 – ‘Strategising’ – taking the company from one off ad hoc
environmental improvement projects to a defined and managed systematic
approach to environmental management.
3. Research Phase 3 – ‘Integrating’ – developing infrastructure for the holistic
integration of sustainability into the activities and culture of the business.
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FIGURE 9: TRIANGULATION RESEARCH STRUCTURE

The details of each Research Phase are discussed in the following sections and are intended to
be read in combination with Figure 9.

2.6.1 Research Phase 1– Baseline
A key goal of the Baseline Research Phase was to develop a model of the relationships
between SME characteristics and the barriers to the uptake of voluntary environmental
improvement practices. This phase also aimed to develop tools and mechanisms to progress
SMEs from a defensive sustainability maturity level. Research Phase 1 included three key
elements: Literature review, systems modelling and action research.
A review of the literature was used as a foundation for the action research and systems
modelling elements of this phase. This included an examination of existing environmental
sustainability tools and approaches for manufacturing organisations along with an evaluation
of the associated weaknesses, strengths, barriers and drivers for their use. Another aspect of
the literature review was the development of a sound basis of knowledge of SME
characteristics.
The second element of Research Phase 1 was the action research conducted at the primary
case company. The action research began with the project initiation and documentation of the
CML case study. This included documentation of the historical context and familiarisation of
the status quo with regard to the company’s sustainability position. The conceptual Baseline
framework tools were tested and optimised for the manufacturing SME sustainability
situation. The researcher also supervised and conducted a number of operational
environmental improvement projects. Insights generated through the implementation of the
tools and interventions were observed and documented. This included recording
comprehensive field notes of observations, documentation of project reports, archiving
minutes of environmental meetings as well as conducting interviews with key staff.
The culmination of the primary action research cycle involved the collation, reflection and
analysis of the knowledge and insights gained from the literature review and the action
research at the primary case company. A systems model was developed to illustrate the
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influences and interrelationships between important SME organisational characteristics and
barriers to the uptake and implementation of voluntary environmental improvement
initiatives.

2.6.2 Research Phase 2 - Strategising
The aim of the Strategising Research Phase was to develop a systematic implementation
framework for progressing manufacturing SMEs to a ‘managed’ sustainability maturity level. In
particular, the framework facilitates the implementation of EMS in manufacturing SMEs. The
furniture manufacturing sector was used as a case industry to develop and verify the
approach. Research Phase 2 involved four elements: Literature review, survey, action research
and case study.
A survey of existing ISO 14001 certified manufacturing SMEs in New Zealand was conducted in
partnership with the Ministry for Economic Development (MED). Information generated from
this study contributed to a presentation for the International Standards Organisation (ISO) on
the implementation of EMS in New Zealand. The survey results provided a means to verify the
EMS implementation barriers for SMEs identified in the literature review. In addition it allowed
quantitative data from a wider range of organisations to be compared with the action research
experiences in the case companies. A conceptual EMS strategy framework was conceived to
address the implementation barriers.
The action research element of this phase involved the implementation of an EMS at CML. The
scope of the environmental programme was expanded from Research Phase 1 (where
interventions focused on the manufacturing phase of the product life cycle) to include design
and supply chain aspects. The aim was to verify the barriers identified in the literature and
survey, and to test that the framework elements to facilitate the effective implementation of
an EMS.
A second furniture manufacturing case company, DBJ, was used as means to test and
consolidate the EMS strategy framework for furniture SMEs. This case study was included to
iterate the framework to accurately represent the conditions and requirements of the New
Zealand furniture manufacturing SME sector.

2.6.3 Research Phase 3 – Integrating
The aim of the Integrating Research Phase was to develop the infrastructure for the effective
integration of the EMS strategy framework in manufacturing SMEs. Research Phase 3 resulted
in the development of a web-based information technology platform to facilitate on-going
knowledge management, collaboration and learning for sustainability. Research Phase 3
involves four elements: Literature review, action research at CML, development of an
infrastructure for ‘integrated’ sustainability, and testing the platform in a case study.
The literature identified a range of barriers to ‘integrated’ sustainability maturity and effective
environmental management. At an ‘integrated’ sustainability maturity level the environmental
management strategy needs to be effectively operationalised in the SME.
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An eco-design project was conducted at CML in the final action research cycle. A systematic
approach was used to evaluate the level of integration of the strategy at CML using the ecodesign project as a case study. Several limitations and barriers to integrating environmental
management were identified.
The barriers to integrated and effective environmental management identified in the action
research and literature were collated. The combined barriers became the basis for the
identification of functional requirements of an infrastructure for integrated environmental
management in SMEs. The information technology platform to implement the EMS strategy
framework was subsequently developed using an iterative approach.
A third case company from the textile product sector was introduced into the research to test
the effectiveness of the information technology platform in facilitating the implementation of
the EMS framework. A product stewardship project was used as a case study.
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Chapter 3: Research Phase 1 –
Baseline
3.1

Introduction

The research methodology for this PhD project was introduced in Chapter 2. One of the aims
of Research Phase 1 – ‘Baseline’ (Figure 10) was to model the relationships between SME
characteristics and the barriers to the uptake of voluntary environmental improvement
practices. In addition a Baseline framework was developed and tested to overcome the
barriers to the progression of a manufacturing SME from a ‘defensive’ to a ‘proactive’ maturity
level.

FIGURE 10: ELEMENTS OF RESEARCH PHASE 1 - 'BASELINE'

This phase provides a knowledge platform for the subsequent research phases. In particular,
the Baseline Research Phase involves three key elements:
1. Literature review of characteristics of manufacturing SMEs and the barriers to the
uptake of voluntary environmental improvement practices. Research and
identification of suitable tools to meet requirements for overcoming the barriers.
2. Action research study to test the success of the conceptual Baseline framework to
mitigate the barriers to the uptake of environmental practices. Implementation of
environmental improvement projects to gauge the affect of characteristics on
barriers.
3. Systems modelling to link the SME characteristics identified in the literature and
action research to the barriers to uptake of voluntary environmental improvement
practices.
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3.2

Characteristics of SMEs

This section identifies the peculiar characteristics of SMEs compared to large companies. It is
argued that the characteristics of SMEs are closely linked to the barriers that the companies
face in the uptake of environmental improvement practices.
There are varying definitions for what constitutes an SME in different places around the world
(OECD 2004; Ayyagari, et al., 2007). Enterprises are usually defined by the number of people
they employ, or by their turnover and ownership characteristics. In the European Union SMEs
are defined as having up to 250 employees and an annual turnover not exceeding 50 million
Euro (European Commission 2003). In the United States, SMEs are defined as organisations
with less than 500 employees, and around half of that nation’s employment comes from these
companies which make up 99.7% of all firms (U.S. Small Business Administration 2009). Using
the definition of having less than 500 employees, over 85% of all manufacturing firms in the
continent of Asia have been classified as SMEs (Bras 2006).
Even within New Zealand there are varying definitions of SMEs. The Ministry for Economic
Development (MED) defines SMEs as having fewer than 20 employees and/or an annual
revenue of less than $1 million (Ministry of Economic Development 2010). The Energy
Efficiency and Conservation Authority uses criteria based on energy consumption, with SMEs
defined as those businesses with energy costs under $300,000 per annum. Others in New
Zealand have defined SMEs as having less than 100 employees, and 98% of employment
comes from these organisations (Collins, et al., 2007).
With this large range of definitions from around the world and the diversity of companies
often classified under the SME category, it becomes difficult to effectively group and compare
results in SME research (Ayyagari, et al., 2007). The classifications used to define SMEs are
usually chosen for information availability reasons so that they can easily be used for statistical
purposes and the needs of economic indicators and government policy.
From a research perspective, SME categorisation based upon staff numbers does not
necessarily provide the best means to understand the characteristics and behaviour of smaller
companies. Storey argues that by defining SMEs based on employee numbers, an invalid
comparison is made by viewing smaller firms as ‘scaled down’ versions of large companies
(Storey 1994). Penrose uses the metaphor of small firms being like caterpillars and large firms
like butterflies (Penrose 1959).
When researching environmental sustainability in manufacturing SMEs, it is important to
understand their special features. SMEs cannot simply be taken as ‘smaller large companies’ as
their characteristics create barriers which are not as apparent in larger organisations (Rothwell
and Dodgson 1991; O’Regan, et al., 1998; Hudson, et al., 2001). Environmental management
approaches for SMEs need to be developed which take into account their distinct
characteristics compared to larger companies (Hillary 2000; Jenkins 2004; Williamson, et al.,
2006).
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An example of the mismatch in SME research in sustainability can be found in two survey
studies conducted by Cassells, et al. (2008) and Zutshi and Sohal (2004). The researchers used
different classifications to define the sizes of organisations. Zutshi and Sohal (2004) chose a
‘small business’ classification as a company employing fewer than 500 people, whereas
Cassells, et al. (2008) used the more common definition of companies with less than 100 full
time employees. These differing classifications make it impossible to effectively compare the
results of the research projects. The classification used by Zutshi and Sohal (2004) is commonly
used in the United States and Asia; however, it is inappropriate for studying New Zealand
SMEs.
A common assumption made about the SME sector is that it is homogeneous and that the
deﬁning characteristic explaining its behaviour is its staff size (Wilkinson 1999). However, one
of the main characteristics that SMEs have in common is that they are not homogeneous
(Gerstenfeld and Roberts 2000). The behaviour and performance of SMEs is largely dictated by
their particular internal and external characteristics rather than by their staff numbers (Jenkins
2006). For example, the key influence of the owner/manager on the performance and
behaviour of an SME is not taken into account using definitions based on staff numbers.
Massey and Cameron define an SME as:
“a business that is independently managed by the owners, who own most of
the shares, provide most of the finance and make most of the principal
decisions.” (Massey and Cameron 1999)
This definition provides a solid foundation to understand the characteristics of SMEs and the
particular challenges they face in moving towards environmentally sustainable manufacturing.
This PhD research uses the classification of SMEs as defined by Massey and Cameron (1999),
which will provide a clearer basis to develop knowledge in this field.
Prior research has been conducted to investigate specific characteristics of SMEs including
organisational structure, systems and processes, decision making, culture, knowledge
management and human resources (Spence 1999; Wong and Aspinwall 2004; Lepoutre and
Heene 2006). The following sections analyse existing literature to describe relevant aspects of
SME characteristics in comparison to large companies.

3.2.1 Ownership and Management Structure
The ownership and management structure plays an integral role in influencing organisational
strategy and behaviour of an SME. SMEs tend to have flat organisational hierarchies in
comparison to large companies. This leads to greater flexibility in work but with a limited or
less clear division of responsibilities (Supyuenyong, et al., 2009).
Most owners of SMEs also play the role of manager and primary decision maker within the
organisation (Jenkins 2006). In larger organisations, the ‘power base’ is more evenly
distributed amongst the managers of various departments. Studies of SME change and
innovation processes frequently refer to the significant influence of the owner/manager
(Gagnon, et al., 2000; Barnes 2002; Scozzi and Garavelli 2005). To understand the relationship
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between SME characteristics and ethical behaviour such as environmental management it is
therefore imperative that the peculiarities of owner/managers are taken into consideration
(Jenkins 2006; Lepoutre and Heene 2006).
The background, character, values, beliefs and education of the owner/manager have a
significant impact on the strategic direction of the firm (Mandl 2005; Vives 2005). SME
owner/managers are often depicted as having a continual lack of time as they are usually
heavily involved in the day-to-day operations of the business (Spence 1999; Lepoutre and
Heene 2006). Owner/managers are usually responsible for a wide variety of operational and
strategy tasks in the SME with a lack of functional expertise and specialisation (Verhees and
Meulenberg 2004). The level of knowledge, skills and expertise of the owner/manager are a
key factor in the success of the SME. In addition, the owner/manager often plays a significant
role in the ability of the company to recognise and take advantage of the opportunities outside
the organisation (Cohen and Levinthal 1990).
The organisational and management structure of SMEs also influences other important
characteristics such as organisational culture (Section 3.2.5). Given the central decision making
role of the owner/manager of an SME, he or she will have a significant influence on the uptake
and success of environmental improvement in an organisation. This is a key consideration in
the development of an environmental strategy framework for SMEs.

3.2.2 Financial Resources
It has been reported that compared to large companies, SMEs have significant limitations in
cash flow (Dean, et al., 1998). SMEs do not typically have large cash reserves to invest in long
term development or projects not seen as immediately central to the firm’s survival.
The lack of available financial resources has been described as a key inhibitor of environmental
improvements in SMEs (Noci and Verganti 1999; Ludevid Anglada 2000; Hitchens, et al., 2005).
However, some studies of SMEs who have successfully implemented environmental
sustainability initiatives have found that these companies did not have more financial
resources available (Hitchens, et al., 2005). For example, a research project by the UK
Department of Trade and Industry established that most of the barriers to the uptake of
environmentally responsible practices by SMEs were built on perceptions of unmanageable
time and cost requirements (Department of Trade and Industry 2002). SMEs that have actually
implemented sustainable business practices do not consider financial limitations as a major
barrier (Castka, et al., 2004).
While there are different viewpoints in this respect, it can be said that in comparison to large
companies SMEs will have more difficulty in implementing environmental sustainability
improvements that do not provide immediate returns (Lepoutre and Heene 2006). The
limitation in financial resources of SMEs is therefore an important consideration in the
development of an environmental strategy framework.
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3.2.3 Customers, Markets and Stakeholders
The majority of SMEs are not exporters, rather they serve local or regional markets
(Supyuenyong, et al., 2009). SMEs usually have relatively small customer bases and generally
have close relationships with their customers. They can therefore be less exposed to
international sustainability trends when compared with larger multinational corporations, as
local markets may not represent market expectations overseas in terms of legislation and
public perception.
One of the key reasons for the lack of progress by SMEs with environmental sustainability
initiatives is their limited public visibility and scrutiny compared to larger companies (Spence
and Rutherfoord 2003). This means that compared to larger organisations, SMEs experience
less significant external drivers to implement improvements in this area.
SMEs are often reluctant to adopt voluntary regulation and are distrustful of bureaucracy
(Jenkins 2006). SMEs have also been found to be less responsive to institutional pressures such
as competitor benchmarking, legislation, government agencies and public and private interest
groups (Dex and Scheibl 2001).
SMEs have significantly less negotiating power with suppliers and customers in comparison
with larger organisations. Many environmental improvement methodologies and approaches
(e.g. closing material loops – product stewardship) rely on external cooperation with other
parties in the value chain (Theyel 2000; del Brío and Junquera 2003). The limitation in SME
external relations is a disadvantage for these companies in terms of achieving environmental
sustainability improvements (del Brío and Junquera 2003).
The relatively limited influence of SMEs in the market compared to large companies may also
inhibit the ability or desire of these companies to go against accepted industry norms
(Lepoutre and Heene 2006). SMEs owner/managers may believe that by implementing
voluntary environmental improvement practices they put themselves at a competitive
disadvantage due to the perceived costs.
Overall, SMEs have limited visibility and experience less external drivers to adopt
environmental improvement practices in comparison to large companies. Framework
elements need to be developed which facilitate the identification and involvement of external
stakeholders in the environmental improvement initiatives of manufacturing SMEs.

3.2.4 Human Resources
SMEs tend to have severe human resource limitations in terms of management and
manpower. Environmental sustainability improvements are heavily reliant on human resources
and this requires the development of tacit skills from employee involvement (Hart 1995).
Several studies have found that there tends to be a very limited level of environmental
awareness amongst SME employees (Azzone and Noci 1998) and owner/managers (Tilley
1999; Gerstenfeld and Roberts 2000).
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One of the consequences of the multitude of tasks and time pressures on the owner/manager
is their inability to detach from day-to-day activities and think about longer term strategy
(Spence 1999). SMEs thus often concentrate on short-term problem solving, as opposed to
taking a longer-term strategic approach (Epstein and Roy 2000). This day-to-day focus on
urgent tasks necessary for immediate survival is often termed ‘fire fighting’ (Ates 2008; Pansiri
and Temtime 2008). Fire fighting inhibits the ability of SMEs to make progress with voluntary
environmental improvements.
In SMEs, job descriptions are often not as well defined and there can be a significant overlap in
responsibilities with staff members taking on a number of different roles (Willard 2005). The
overlap can lead to misunderstandings and duplication of work. The accountability of
individuals is therefore often lower than in larger firms, and initiatives sometimes ‘tend to
fizzle out’.
SMEs have significant limitations in human resources and in particular lack specialist
environmental knowledge and skills. In addition, human resources are often dedicated to
reactive, operational activities rather than proactive strategic improvement initiatives.
Environmental improvement approaches for SMEs therefore need to be developed which are
simple and can be applied easily by owner/managers and staff with no sustainability
experience.

3.2.5 Organisational Culture
Organisational culture can be defined as a characteristic of the day-to-day environment as
seen and experienced by the employees who work there (Balzarova, et al., 2006). SMEs often
have an informal, unified and organic culture (Supyuenyong, et al., 2009). This characteristic
stems from the relatively small size of the organisation meaning that the company tends to
operate as a whole rather than as individual departments and functions.
In addition to this there tends to be an ability to have dialog and management without the
barrier of bureaucratic and formal processes (Spence 1999). This can lead to easier and more
direct information flows (Aragón-Correaa, et al., 2008; Supyuenyong, et al., 2009). However,
while the shorter communication lines and informal organisational culture may facilitate a
shared understanding, problems may develop due to the intensity of personal interactions if
the shared vision and values are not sufficiently strong (Aragón-Correaa, et al., 2008).
Hill and McGowen emphasise the significance of the owner/manager on the organisational
culture of SMEs (Hill and McGowan 1999). The culture is strongly influenced by the owner and
it can be difficult to change the culture if the owner does not correspondingly make changes.

3.2.6 Systems, Processes and Procedures
SMEs often have fewer, less structured procedures in place for strategic development, and the
communication and information flows are usually less formalised. Barnes (2002) determined
that in SMEs managerial plans are not usually expressed using a formalised approach. This
means that details regarding strategic initiatives are sometimes inclined to lack follow-up and
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can ‘fall through the cracks’. Formal management practices such as written procedures,
performance measurement and problem identification methods are used infrequently in SMEs
(Bras 2006).
Existing literature has determined that knowledge management practices in SMEs differ
significantly from those of large companies. In SMEs knowledge is usually generated based on
experience (implicit knowledge) and is often in the head of the owner/manager (tacit
knowledge) rather than formally documented (Nooteboom 1994). Desouza and Awazu
determined that socialisation is the predominant form of knowledge and information transfer
in SMEs (Desouza and Awazu 2006). SMEs usually have an absence of systems and processes
to manage explicit knowledge (Supyuenyong, et al., 2009). SMEs do not approach knowledge
management in a structured manner and use human based mechanisms to develop, manage,
transfer and apply knowledge, as opposed to technological based systems which are more
prevalent in large companies. McAdam and Reid conclude that knowledge management in
SMEs is much less advanced than in larger companies because it is viewed as a resource
intense system which does not contribute directly to competitive advantage (McAdam and
Reid 2001).
In a discussion on environmental practices and experiences in SMEs, Burke and Gaughran
establish that SMEs shy away from formal projects and long-term initiatives and instead only
participate in small-scale, one-off initiatives (Burke and Gaughran 2004).

3.2.7 Summary of Characteristics
In the preceding sections, a number of key SME characteristics have been highlighted from the
existing literature. Table 7 presents a summary of the general characteristics of SMEs in
comparison to large organisations. Existing literature has drawn some conceptual relationships
between individual SME characteristics and the barriers to environmental improvement.
However, no overall model of the combined influence of the characteristics on the uptake of
voluntary environmental improvement practices exists.
It is argued that these characteristics have an important influence on the uptake of voluntary
environmental improvement practices. They therefore need to be understood in the
development of environmental sustainability tools, approaches and frameworks for SMEs. An
important contribution of Research Phase 1 is the development of a systems model (Section
3.5) based on the action research implementation of environmental improvement projects at
CML (Section 3.4.4 and 3.4.5) and the characteristics of SMEs identified in the literature.
The following section provides an overview of a conceptual Baseline framework to facilitate
the uptake of environmental improvement practices in SMEs. The tools incorporated into the
proposed framework were specifically chosen based on their suitability for use by SMEs, and
their potential to overcome or mitigate the identified barriers.
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TABLE 7: SUMMARY OF SME CHARACTERISTICS IDENTIFIED IN THE LITERATURE

Category
Ownership and Management

Financial Resources

Customers, Markets and
Stakeholders

Human Resources

Organisational Culture

Systems, Processes and
Procedures

Characteristic


Central power base where the owner/manager dominates decision
making



Management and decision making focuses on short term rather
than long term strategic issues



Lack of management expertise



Limited cash flow



Short term investment focus



Limited customer base, close contact with customers



Often serve local and national markets with limited export



Limited visibility



Lack of market influence



Lack of negotiation power with suppliers



Limited staff numbers



Limited environmental skills and expertise



Informal training



Human resources used for ‘fire fighting’



Informal culture



Organic



Act as a whole rather than segmented departments



Influenced by the personal characteristics of the owner/manager



Use of formal systems and management processes such as written
procedures is limited



Flat management structure with few hierarchical layers



Socialisation is predominant form of knowledge management



Lack of bureaucracy
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3.3

Conceptual Baseline Framework

The initial SME barriers to the uptake of environmental practices were identified in the
literature in Section 1.3. The characteristics of SMEs identified in the literature (Section 3.2)
were considered in proposing suitable requirements to overcome the barriers (Table 8).
TABLE 8: CONCEPTUAL REQUIREMENTS TO OVERCOME THE BARRIERS TO THE UPTAKE OF VOLUNTARY
ENVIRONMENTAL IMPROVEMENT PRACTICES IN SMES

Barrier faced by SMEs

Proposed requirements

Ignorance of own environmental impacts

 Simple environmental impact evaluation method
considering multiple perspectives

Perceived conflicts between
environmentally friendly practices and
other business objectives

 Method to assess operational impacts (such as cost,
quality, functionality etc.) of environmental improvement.

Absence of environmental legislation and
market drivers

 Highlight internal business case for environmental
improvement

 Quantification of operational and strategic impacts

 Facilitate the application of a longer term strategic vision
Lack of awareness of trends or not
believing that sustainability will benefit the
company

 Tools to evaluate external market situation and facilitate
accumulating and disseminating company specific
environmental information

Limited financial and staff resources
available for environmental projects

 Identification and engagement of external stakeholders to
take advantage of shared resources and knowledge

Lack of knowledge and experience with
environmental issues

 Progressive development of tacit knowledge and
involvement of external stakeholders

Improvement tools are developed for large
companies

 Simple, inexpensive, efficient tools that do not require
expert knowledge

Undeveloped organisational environmental
culture

 Gain owner/manager support by identifying and
prioritising opportunities for projects that will lead to early
financial successes - ‘picking the low hanging fruit’

The tools to be tested as part of a conceptual Baseline framework include (Figure 11):
 Stakeholder analysis,
 SWOT (strengths, weaknesses, opportunities, threats) analysis,
 Qualitative life-cycle inventory, and
 Prioritisation of environmental improvement opportunities.
The tools identified in this section were proposed as a sequential framework for overcoming
the initial hurdles faced by SMEs in the uptake of voluntary environmental improvement
initiatives (Seidel, et al., 2009).

FIGURE 11: CONCEPTUAL SME BASELINE FRAMEWORK FOR THE UPTAKE OF VOLUNTARY ENVIRONMENTAL
IMPROVEMENT
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The conceptual Baseline framework tools were chosen because they:
 are fast and easy to apply;
 require little sustainability-specialist background knowledge;
 address specific SME barriers;
 express information in usable business terms;
 require few financial resources;
 are complementary, build on each other, and provide multiple perspectives; and
 quantify the impacts of likely future requirements.
The following sections provide an overview of the tools selected in the conceptual Baseline
framework and their applicability to SME environmental improvement. Section 3.4 presents
the first action research cycle at CML which tests the conceptual Baseline framework through
the use of the tools and the implementation of two environmental improvement projects.

3.3.1 Stakeholder Analysis
The lack of perceived drivers from external stakeholders is one of the main reasons for the
limited uptake and defensive approach of SMEs. In addition to this, SME owner/managers
generally have little time to scan the external business environment, collect information,
interpret the situation and develop the necessary solutions (Section 3.2.4).
Stakeholder relationships have a significant influence on the success of environmental
improvements. It was therefore deemed essential that the environmental sustainability
strategy framework included mechanisms for SMEs to easily and quickly understand and
engage potential partners.
A stakeholder is any group, individual or organisation who can affect or is affected by the
achievement of an organisation’s objectives (Freeman 1984). Stakeholder analysis is a
technique used to identify and assess the importance of key people, groups of people, or
institutions that may significantly influence the success of a particular initiative or project
(Post, et al., 2002). Stakeholder analysis was identified as having potential benefits in the
environmental sustainability context for SMEs because:


It can be used to identify the stakeholders that can be involved, affected or have
an interest in the firm’s environmental performance.



For SMEs, one of the most important means of overcoming the problem of lack of
adequate knowledge and experience with implementing environmental
improvement initiatives is the uptake of networking. The stakeholder analysis
identifies the parties that should be involved in this network.

From an environmental sustainability perspective, the impact of a manufactured product
needs to be considered throughout its entire life-cycle (Rusinko 2007). This means that an SME
manufacturing company, given its generally central position in the product life-cycle, needs to
deal with a range of stakeholders up and down the value chain. By developing ‘sustainability’
partnership networks with external organisations, the SME can gain invaluable knowledge,
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transfer their own experiences, pool resources, and develop mutually beneficial environmental
improvement projects (Biondi, et al., 2002).
Research on sustainability in SMEs in Europe has concluded that the wider the stakeholder
network of a company, the more likely it is to overcome the barriers and constraints that it
faces in achieving environmentally sustainable manufacturing practices (Biondi, et al., 2002;
Friedman and Miles 2002). This is mainly because knowledge can be shared between the
members of the network, and companies therefore do not need to ‘reinvent the wheel’ every
time they encounter knowledge barriers.
If SMEs have proactive mechanisms for understanding market requirements and
communicating with customers and other stakeholders they are more likely to perceive the
developing drivers for enhancing their environmental performance. Once the relevant
stakeholders have been identified, an SME can develop relationships with the various parties
and share knowledge and resources that can lead to the development of innovative
environmental sustainability solutions.
The stakeholder analysis tool is used to different extents in many companies. In the context of
this research, a low cost and fast analysis was desirable in order to enhance its applicability to
resource deficient manufacturing SMEs. A stakeholder analysis was conducted at CML (Section
3.4) and in two other case studies (Appendix A and B) using the approach summarised in the
following list of steps:
1. Development of a working group of 5 people to carry out the interviews and
analysis. The working group consisted of a combination of members from within
and external to the organisation.
2. Development of a list of all possible internal and external stakeholders who may
have an interest in the environmental performance of the company.
3. Identification of the impact and role of each stakeholder with respect to
environmentally sustainable manufacturing.
4. Categorisation of the stakeholders and development of a contact list.

3.3.2 SWOT Analysis
Given their limited financial resources, SMEs are generally concerned with the short-term
economic implications when they are considering investment in voluntary environmental
improvement practices. However, the short term payback period of a particular project should
not be the only factor in the capital investment decision-making process (Epstein and Roy
2000). Strategic and technical factors are also very important, although these are often
difficult to quantify. For example, the strategic significance of improved vendor reputation
obtained as a result of environmental improvements is substantial in the long term, but
difficult to put a number to (Epstein and Roy 2000).
SWOT (Strengths, Weaknesses, Opportunities and Threats) analysis is a strategic business tool
commonly used in organisations to assess the relative internal strengths and weaknesses of an
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organisation, which will have an effect on the success of a project. It also identifies the
external opportunities and threats to the company relating to the implementation of a
particular project or business venture. SWOT analysis was developed based on the research
conducted at Stanford Research Institute from 1960-1970. This analysis can be carried out for
a wide variety of organisations, products and projects (Srivastava, et al., 2005).
The SWOT analysis was identified and tested as a tool to help SMEs to identify strategic
performance variables related to environmental projects. The first step in a SWOT analysis is to
define clearly the objective of the analysis. In this case, the SWOT analysis has the aim of
identifying important strategic considerations in improving the environmental performance of
the SME. From this position, data can be collected from the organisation's internal and
external stakeholders. The data can then be evaluated and categorised in the following four
areas:


Strengths: The attributes of the SME that will likely contribute to a positive
outcome with regard to the company’s environmental aspirations. For example,
a company employee may have experience in environmental issues.



Weaknesses: The attributes of the SME that will likely have a negative effect on
the success of the environmental project. For example, lack of resources of the
company in any area would be identified here.



Opportunities: External factors that will likely result in a positive or value
creating effect on or from the success of the project. It is usually a trend or
change of some kind or an overlooked need that increases demand for a product
or service and permits the firm to enhance its position by supplying it. For
example, there may be a developing market in a particular country for
environmentally friendly products.



Threats: External factors that will likely have a negative effect on the success of
the project. The threat may be a barrier, a constraint, or anything external that
might cause problems. For example, the local Government may be planning to
introduce stricter environmental legislation.

3.3.3 Life Cycle Inventory
Having developed an understanding of the market and identified potential collaborators, an
SME needs to gain an understanding of its own environmental impact. A key SME barrier
identified in the literature was that in general they have a limited understanding of
sustainability and their own environmental impact. SMEs are unlikely to adopt voluntary
environmental improvement initiatives if owner/managers do not perceive that the company
has a significant environmental impact.
A large organisation may at this point have the resources to carry out a complete LCA to
understand the environmental impacts of its products and activities. However, as described in
Section 1.4.2, manufacturing SMEs generally find the use of an LCA too expensive, complex or
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time consuming (Le Pochat, et al., 2007). Given the lower resource availability in SMEs, their
product life cycle initiatives are usually partial, limited or incomplete in scope (Lefebvre, et al.,
2001).
By conducting a qualitative LCI, the SME will have a relatively cost and time efficient means of
developing a solid understanding of the environmental impacts within its manufacturing
operations. It will however not provide the SME with detailed information on the contribution
of those environmental aspects to global warming or climate change etc.
An LCI usually involves the modelling of the product system, data collection, as well as
description and verification of data. The qualitative input/output analysis of material and
waste streams provides a sound basis for insight into the key areas of environmental
degradation of a manufacturing firm’s products and processes.
In the context of SME manufacturing firms, it is not usually feasible (at least at this early stage
of the company’s environmental programme) to consider the life cycle phases for the LCI
beyond those of its own internal production processes. This being said, the stakeholder
analysis can provide the company with contacts up and down the value chain. Having used
these tools an SME thus has the opportunity to extend its environmental programme to
incorporate the entire life-cycle of its products (see Chapter 4).
An LCI usually comprises of four phases:
1. Development of a flow diagram of the processes being evaluated: A flow diagram
is a tool to map the inputs and outputs to a process or system. Having defined the
system boundary as the SME’s own production system, this phase of the LCI
involves the development of a flow diagram of the processes within the
manufacturing process.
2. Development of a data collection plan: This phase involves selecting sources for
data to complete the LCI. An LCI data collection plan ensures that the quality and
accuracy of data meet the expectations of the decision-makers. In the SME
context the sources of data may include, suppliers, production floor analysis,
procurement staff, waste invoices and energy meters.
3. Collection of data: This phase involves the collection of the data as per the plan.
4. Evaluation and reporting of results: This final phase involves the evaluation of the
data collected during the LCI.

3.3.4 Environmental Improvement Project Prioritisation
The LCI can provide an organisation with a basic understanding of its environmental impacts.
However, without further analysis, neither LCA nor LCI offer insights of the influence that
environmental improvement initiatives will have on other key elements of organisational and
business parameters.
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The literature suggests that a key barrier for SMEs to adopt voluntary environmental
improvement practices is the perceived tradeoff with for example cost, quality and time. In
addition, the limitation in legal drivers experienced by SMEs suggests that the internal business
case for environmental improvement needs to be apparent for owner/managers to initiate
voluntary improvement initiatives. Therefore, in order to encourage the uptake of
environmental improvement in SMEs, particular projects need to be prioritised which have
both environmental and overall organisational benefits.
Before a project is established the identified waste streams need to be systematically
evaluated to determine those with the highest priority. Factors that need to be taken into
account included short term cost considerations, quantity of waste stream, severity of
environmental impact and the future development of market requirements and legislation
(Table 9).
TABLE 9: WEIGHTED CRITERIA FOR THE EVALUATION OF PRIORITY ENVIRONMENTAL PROJECTS

Possible
Financial
Benefits

Quantity

Severity of
Consequence

Future
Development

Very High

10

5

5

5

High

8

4

4

4

Moderate

6

3

3

3

Low

4

2

2

2

Very Low

2

1

1

1

None

0

0

0

0

The proposed evaluation approach has the aim of ensuring that an SME’s limited resources are
applied effectively and the probability of achieving visible and commercially relevant
improvements is maximised:


Possible financial benefits: Most SMEs operate under constant economic
pressure, resulting in the criterion ‘possible financial benefits’ having the highest
ranking score. In order to develop momentum for environmental projects, it is
important that early financial successes are achieved. For this reason, a higher
weighting was allocated to the ‘possible financial benefits’ criterion.



Quantity: The ‘quantity’ criterion is relative and expresses how much waste or
energy etc. is created or used compared to the highest observed volume or
quantity of one particular environmental impact.



Severity of consequence: This criterion considers the impact of the particular
aspect on the environment, and is based on duration and range of the
consequences. Without carrying out extensive research, this may be seen as a
relatively subjective comparison. However, using some common sense and by
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developing a background understanding of materials with significant
environmental impacts, SMEs should be in a position to make relatively sound
judgements for this criteria.


3.4

Future development: The future development criterion considers the expected
development of the legislation, costs and market requirements of a particular
environmental impact. An understanding of these issues can be developed
through Government websites, research of overseas market trends (SWOT
analysis), and contact and discussion with environmental groups (Stakeholder
analysis).

Action Research Cycle 1: Testing of Baseline Framework

This section describes the first cycle of action research conducted at the primary case company
in the context of the Baseline Research Phase. For privacy reasons this company will be
referred to as CML throughout this thesis. Action research cycle 1 had two key aims:
1. Test the effectiveness of the conceptual Baseline framework developed in Section
3.3.
2. Document and analyse insights into the relationships between SME characteristics
(Section 3.2) and the barriers to the uptake of voluntary environmental
improvement practices.
This section begins with an introduction to CML, including company history and an overview of
the background context. This is followed by an overview of the outcomes of implementation of
the conceptual Baseline framework elements. Finally, the implementation of two
environmental improvement projects at CML is described in Section 3.4.3 and 3.4.4.

3.4.1 Introduction to CML
CML is a successful, medium sized wood panel furniture manufacturer based in Auckland, New
Zealand (Figure 12). CML manufactures and distributes its garage storage, office,
entertainment and kitchen furniture products for the local and international markets.
When comparing CML in relation to the SME characteristics discussed in Section 3.2, it is clear
that the company has structures and characteristics that fit into the SME definition used in this
thesis (Massey and Cameron 1999). The company was founded in 1964 when two brothers
began making speaker cabinets in their garage. Over the first 20 years the company developed
quickly based on the opportunity to capture a large part of the US market for speaker cabinets.
However, during the 1980s the US audio cabinet market shifted radically and at the same time
the New Zealand Government’s economic policies changed. The reforming Labour
Government of 1984 removed the export incentives that had helped to fuel CML’s growth. This
meant that CML had to change its business direction and expand its array of products to
include different types of furniture ranges.

52

Chapter 3: Research Phase 1 – Baseline

FIGURE 12: VIEW OF THE PRODUCTION FLOOR AT CML

In contrast to the craft mode of furniture production, CML manufactures Ready to Assemble
(RTA) or flat pack furniture. Medium Density Fibreboard (MDF) and particle board wood panels
are transformed to attractive furniture on a high-volume and low-cost basis using flexible
machinery. The machinery is integrated into a manufacturing system capable of producing a
wide range of products and finishes. A roller system ensures fast and simple flow of materials
and components through the plant.
Since the late 1990s the company increasingly experienced heavy competition from Asian
manufacturers which limited and even reduced its market share in New Zealand. The company
found that it was very difficult to compete with these products based solely on its traditional
order winning factors of cost and quality. It was clear that in order to remain in business the
company needed to seek opportunities to enhance its competitiveness.
At the time of the project, the company was still owned and managed privately by the two
brothers. The company’s key decisions were made by the brothers, one of whom was the CEO,
while the other had the title of Executive Director. The company was structured into a group of
small departments including a manufacturing facility, sales and marketing, design and
development, IT and accounting. Each of these departments had a manager who reported
directly to the CEO. When the research project began in 2007 the company was employing
around 220 staff in its New Zealand manufacturing plant. However, during the recession
period in 2009-10, approximately 40 staff from the factory were made redundant.
CML’s key competence was considered to be its ability to produce large volumes of panel
furniture components in its manufacturing plant. The factory was laid out in a process centred
manner and incorporated a combination of state of the art and old production machinery.
Other elements of the manufacturing system included: production staff, a customised
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Enterprise Resource Planning (ERP) system, as well as production planning, procurement,
engineering and quality assurance staff.
Since the middle of the 1980s CML has had a successful history of collaboration in technology
and manufacturing improvement projects with the Department of Mechanical Engineering at
The University of Auckland. Over the years, around two dozen students had worked on various
projects at the company as part of their undergraduate and postgraduate degrees.
The sustainable manufacturing project at CML was initiated based on a synergy of drivers. A
key influence was the effort of Manufacturing Analyst, Mehdi Shahbazpour, who was
researching for his PhD on ‘Strategic manufacturing system and process innovation in SMEs’
(Shahbazpour 2010). He initiated the internal drive for the project in late 2004. This work
highlighted the initial indicators from CML’s target export markets in Europe that
environmental sustainability criteria were increasingly becoming an order qualifying factor
(Shahbazpour and Seidel 2006).
The strongest driver was the interest from academic staff of The University of Auckland, who
convinced the company to allow students to conduct an initial evaluation of the potential
benefits of sustainability. In 2005, two undergraduate engineering students, Marco Oudshoorn
and Peer Molnar, began working on introducing a foundation for the environmental
sustainability project (Oudshoorn 2005).
One of the most significant environmental impacts identified during this foundation work was
the use of polystyrene in the company’s packaging. As an undergraduate student in 2006, the
researcher of this PhD became involved in the first operational environmental improvement
project at CML: “Environmental packaging for ready to assemble furniture” (Section 3.4.3). It
was during this project and related research that the potential for a more in-depth study into
environmental sustainability strategy in manufacturing SMEs in New Zealand became apparent
(Seidel, et al., 2007).
In early 2007 the researcher obtained the position of Environmental Officer at CML and set out
on a three year action research project. The job description of the Environmental Officer
position was defined as “the responsibility of managing the company’s environmental aspects,
implementing its environmental management system, and developing the company’s
environmental strategy”.
During the tenure as Environmental Officer at CML the researcher supervised a range of
environmental sustainability improvement projects at the company. This began with a number
of ‘student’ projects in environmental sustainability related areas (Appendix C). In addition to
this, the researcher led a number of internal initiatives in which CML staff carried out a variety
of projects in their specific job contexts. These projects included waste management, energy
management, environmental packaging, eco-design and knowledge management. Where the
project was not directly supervised or carried out by the researcher (the projects conducted by
Oudshoorn, Molnar and Hucafol), data was obtained and critically analysed through inspection
of project reports and interviews with project students and CML staff.
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3.4.2 Implementation of Conceptual Baseline Framework
The following sections outline the CML implementation of the conceptual Baseline framework
proposed in Section 3.3.
3.4.2.1 Stakeholder Analysis
A stakeholder analysis was conducted at CML using the approach described in Section 3.3.1.
Table 10 summarises the stakeholders identified in the initial analysis (note that the specific
names of suppliers and customers have been omitted).
Based on this analysis, the researcher contacted and established close relationships with
several of its external stakeholders. As a result, during the course of the PhD project a range of
joint environmental improvement initiatives were instigated and carried out with suppliers,
recyclers and sustainability organisations.
TABLE 10: STAKEHOLDERS IDENTIFIED IN THE CML ENVIRONMENTAL MANAGEMENT PROJECT
Internal
stakeholders

Stakeholders
along the value
chain

Stakeholders in the local
community

Societal stakeholders

Owner/Manager

Customers
(Australia and
New Zealand);

Local government

Non-governmental Organisations (NGOs)

Employees
–
office,
management and
administration.

International
electronics
manufacturers
(customers);

Neighbourhood
companies

New Zealand Government Departments –
(e.g. Ministry for the Environment, Govt3
initiative)

Marketing

Customers
(Asia, USA and
Europe);

Neighbourhood
communities.

Retailers

Natural environment

Employees
production

–

civilian

International Governments (Queensland
etc.)
Landcare Research - Enviro-Mark®

Suppliers

National and international competition

Recyclers

Customer organisations (e.g. Consumers
Institute New Zealand)

Waste
companies

Local University (University of Auckland)
Sustainable Business Network (SBN)
New
Zealand
Eco-Labelling
(Environmental Choice)

Trust

Banks and other lending institutions

For example, a relationship was established with the supplier of wood panels used by CML to
manufacture its furniture products. Material waste from CML’s furniture manufacturing was
sent back to the supplier to re-use in its process. CML also engaged with a third party recycling
company to investigate the possibility of using the sawdust and off-cut waste to create
compost from bio-waste. Through these initiatives, there was a potential to achieve significant
savings in landfill costs and transport, in addition to the obvious environmental benefits of
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diverting waste from landfill. This improvement project is discussed in more detail in Section
3.4.4.
In addition to the collaborative projects resulting from the stakeholder analysis, CML
established an understanding of the developing requirements of its overseas customers. For
example, the interaction with electronics manufacturers led to awareness of the European
legislative directive on the Restriction of Hazardous Substances (RoHS) for electronic products.
This directive restricts the use of heavy metals in electronics products. Furniture products are
not generally covered by this legislation and without communication with the customer it
could have appeared that the directive would have no effect on CML. However, several large
electronics manufacturers who were Original Equipment Manufacturer (OEM) customers of
CML’s television entertainment stands were planning to put in place environmental
procurement policies for their suppliers. A defensive approach in this case may have led to a
delayed response to this requirement and a potential loss in sales.
In summary, in the CML action research the stakeholder analysis had the following benefits:




Enabled the researcher and company management to identify external parties
interested in the environmental performance of the company. The subsequent
interaction with stakeholders highlighted the market trends towards increased
significance of environmental management and sustainability issues. The use of
the stakeholder analysis tool therefore successfully addressed the uptake barrier
of lack of awareness of trends.
The collaborations resulting from the contacts made through the stakeholder
analysis enabled CML to take advantage of pooled resources in the
implementation of a number of environmental improvement initiatives. The
stakeholder analysis therefore addressed the uptake barrier of limited financial
and staff resources.

3.4.2.2 SWOT Analysis
Having identified the relevant internal and external stakeholders of CML using the stakeholder
analysis tool, the researcher established contact, developed relationships, and began to
accumulate information.
Using the SWOT analysis (Section 3.3.2), data was collected and evaluated from a series of
informal interviews, group discussions and brainstorming sessions with the stakeholders.
Recent relevant literature and case studies of leading sustainable furniture manufacturing
companies (such as IKEA and Hermann Miller) were reviewed as part of the analysis (Nattrass
and Altomare 2001; Lee and Bony 2008).
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Table 11 provides an overview of the SWOT analysis conducted at CML in the context of the
action research.
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TABLE 11: OUTCOME
PERFORMED FOR CML
Strengths




Weaknesses

Opportunities












Threats











OF

THE

ENVIRONMENTAL

SUSTAINABILITY

SWOT

ANALYSIS

High standard of production and information technology, quality management
(ISO9001) and health and safety management (Primary Level ACC WSMP);
Availability of internationally accepted and locally proven cleaner production
methodology;
Flexibility of production machinery and manufacturing processes;
Lack of experience and resources;
No strong drivers for sustainability within the company (other than from the project
champion);
No quantified short and long term benefits as yet.
High degree of support from representatives from territorial authorities, regional
councils, central government, business groups and industry associations;
Cost reduction (energy, waste disposal, raw materials, etc.);
Increased market shares in New Zealand, Australia and USA;
New market opportunities in Europe and Asia;
New product ranges for environmentally conscious customers;
Early alignment with future environmental legislation, avoiding costly ad hoc
initiatives;
Powerful branding and marketing tool.
Opportunity to take part in Envirosmart pilot initiative
Growing low cost competition from Asia reducing margins and opportunities for
sustainable production;
Long term benefits hard to quantify;
Loss of market share if no progress on sustainability;
Competitors faster in development of sustainable brand;
Global economic crisis could stifle demand for sustainable products;
Upcoming local legislation with unforeseen impacts, e.g. New Zealand Packaging
Accord, Waste Minimisation Act, Emissions trading scheme etc.;
New international trade barriers based on new environmental legislation e.g. CARB

An effective strategy for environmental manufacturing is one that takes advantage of the
organisation's opportunities by employing its strengths and mitigating threats by avoiding
them or by correcting or compensating for weaknesses.
Having completed the SWOT analysis, CML had a more strategic understanding of the business
environment in which it was to implement its environmental manufacturing programme.
Specific benefits of the SWOT analysis in relation to the barriers were:


The results of the SWOT analysis provided clear evidence to the owner/manager
of the developing trends in the market place with regard to sustainability.



The factors identified in the SWOT analysis were of a strategic nature, enabling
the company to identify future threats and opportunities. While there was
currently no stringent legislation in New Zealand, the SWOT analysis highlighted
the impending regulatory changes from a local and international perspective.
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3.4.2.3 Life Cycle Inventory (LCI)
The Stakeholder and SWOT analysis tools provided CML with information and insights relating
to the business environment, potential partners and the drivers, benefits and opportunities
etc. involved in implementing voluntary environmental improvement practices. Having used
these tools, the owner/managers and CML staff had an improved understanding of the
developing external trends. The company was therefore in a better position to begin to put in
place proactive environmental initiatives.
A qualitative LCI (Section 3.3.3) was conducted at CML which gave the organisation an
overview of the environmental impacts of its manufacturing operations. The scope of the
evaluation was limited to the arrival of raw wooden panels at the manufacturing facility (board
storage), until the packaged Ready-to-Assemble furniture products left the factory (packaged
furniture). Figure 13 provides an overview of the environmental issues identified in the LCI of
the company’s manufacturing processes.
Key
CML system
boundary for
Life Cycle
Inventory

FIGURE 13: BASIC LCI PROCESS DIAGRAM OF CML’S MANUFACTURING SYSTEM
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3.4.2.4 Environmental Improvement Project Prioritisation
The waste streams identified in the LCI within the CML manufacturing system were used to
trial the environmental project prioritisation approach proposed in Section 3.3.4. Table 12
summarises the rankings of waste streams at CML, normalised to a maximum score of 100.
The final scores were grouped in four categories (0-25, 26-50, 51-75 and 76-100) and colours
were used to visually represent their priority level (Figure 14).
TABLE 12: EXCERPT OF RANKING OF WASTE TYPES AT CML

Polystyrene
Wood panel off-cuts
MDF and particle board dust
PVC laminate
Chemicals
Rest waste
Crates/wood
Plastics
Waste air
Water
Cardboard

Possible
financial
benefits
9
10
8
6
2
2
4
2
0
0
2

Quantity

Severity of
consequence

Future
development

Total

Total (x4)

5
5
4
3
3
3
2
1
3
2
2

3
3
3
4
5
3
1
3
3
3
1

4
3
5
3
3
3
1
1
1
1
1

21
21
20
16
13
11
8
7
7
6
6

84
84
80
64
52
44
32
28
28
24
24

The evaluation process identified polystyrene in the furniture packaging and board off-cuts as
contributing significantly to the company’s environmental footprint. Importantly,
improvement in these areas would provide significant environmental and economic benefits
for a comparatively low initial investment.
The project to reduce the environmental impact of CML’s packaging was therefore a
strategically sound project to begin the company’s environmentally sustainable manufacturing
programme. Appendix D provides a more detailed account of the evaluation process for
polystyrene packaging and the wood panel/dust waste.

60

Chapter 3: Research Phase 1 – Baseline

FIGURE 14: INPUT/OUTPUT PROCESS DIAGRAM WITH SHOWING IMPACT AND PRIORITY OF WASTE STREAMS
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The LCI and the environmental improvement project evaluation process provided a framework
element which enabled CML to easily identify and prioritise its key environmental issues. The
barrier of ignorance of the company’s environmental impact was overcome through the
qualitative input-output analysis of the manufacturing processes and systematic evaluation of
the waste streams.
3.4.2.5 Summary of Framework Implementation
The stakeholder, SWOT, LCI and environmental improvement project prioritisation tools
provided a successful framework for overcoming the uptake barriers to environmental
practices. The tools were found to be simple and effective for the SME context (Figure 15).

Stakeholder
Analysis

SWOT
Analysis

Qualitative Life
Cycle Inventory
(LCI)

Environmental
Improvement
Project
Prioritisation

•Identify relevant stakeholders
•Understand expectations of customers and the market
•Engage external partners to pool resources and knowledge

•Identify internal capabilities and weaknesses in relation to sustainability
•Identify strategy benefits of environmental improvement
•Identify market requirements and existing and impending legislation trends

•Identify environmental impacts of company operations

•Understand operational and strategic implications of potential environmental
improvement projects
•Prioritise projects with short term cost savings

FIGURE 15: BASELINE FRAMEWORK FOR UPTAKE OF VOLUNTARY ENVIRONMENTAL IMPROVEMENT PRACTICES
IN MANUFACTURING SMES

Two of the key environmental issues identified in the implementation of the Baseline
framework were polystyrene packaging and waste off-cuts/dust sent to landfill. The
environmental improvement projects carried out to mitigate their impact are briefly
summarised in Section’s 3.4.3 and 3.4.4. The description focuses on the affect of company
characteristics on project success.
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3.4.3 Environmental Improvement Project: Eco-packaging
At CML RTA furniture components are assembled, stored, and shipped to the customers in
corrugated cardboard boxes. Expanded Polystyrene (EPS) blocks were used in the furniture
packaging to prevent movement of panels relative to one another and to provide protection
against impacts exerted during transport and handling. The drawback of this packaging
method is the large volume of polystyrene that eventually ends up in landfill. The ecopackaging project at CML had two phases: research and design of feasible packaging
alternatives, and implementation of the reduced polystyrene option.
3.4.3.1 Project Details and Outcomes
The researcher was directly involved in the research and design of the packaging alternatives.
The researcher worked with a small CML project team for six months in the context of an
undergraduate mechanical engineering degree. As a result of the research and design phase,
four alternatives to the existing EPS packaging method were developed.
An important barrier to be addressed was the perceived trade-off between the eco-packaging
and other business objectives. Each packaging alternative was therefore critically analysed and
compared with the EPS packaging method in terms of functional performance (protection of
product), environmental impact, logistics as well as customer and cost considerations. Figure
16 is a spider diagram illustrating the performance of the various packaging solutions with
respect to the chosen criteria.
The overall characteristics of the packaging alternatives identified in the research and
development phase are summarised in Table 13. Based on this analysis of alternatives the best
solution for CML from a holistic perspective was to pursue the reduced polystyrene option.

FIGURE 16: SPIDER DIAGRAM WITH QUALITATIVE COMPARISON OF PACKAGING ALTERNATIVES

In 2007, the researcher (now acting as the Environmental Officer of CML), led the
implementation of the reduced polystyrene option. The packaging design changes were
implemented across the entire range of products, leading to a 15% reduction in polystyrene to
landfill, approximately $75,000p/a cost savings, and a 7% increase in the number of products
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that can be shipped in each shipping container (which led to further cost savings and reduced
carbon emissions).
TABLE 13: MAIN CHARACTERISTICS OF PACKAGING ALTERNATIVES
EPS foam
(existing method)

Functional
Performance
and Test
Results

- Minor scratches
from vibration
and impact.
- Minor flute line
impressions in
bottom panel.
- No chipping or
bruising of panel
components.

Reduced
polystyrene
package
- Results were
deduced from
control package
(EPS foam) and
shrink
wrap/reduced
polystyrene
package due to
identical
parameters

Shrink-wrap/Reduced EPS
package

Corrugated
Cardboard
package

- Package sustained least
damage of four tested
packs.

- Similar damage
as control
package.

- Slight scratching from the
impact testing.

- Minor scratch
damage from
vibration and
impact.

- No flute line impressions
- No scratching due to
vibration testing.
- No chipping or bruising of
panel components.

- Minor flute line
and panel
impressions
from
compression

Corn Starch
package

- Most scratch
damage due to
vibrations and
impacts caused by
the higher relative
movement of the
panels.
- Increase in
material density is
required.
- No chipping or
bruising of panel
components.

- No chipping or
bruising of panel
components.
Environmental
Factors

- Worst option in
terms of the
environment.

- Reduction in
polystyrene
volume from
current
package.
- Reduced carbon
emissions
(smaller pack)

Organisational
and Cost
Factors

- Restricts CML
from
establishing
itself on the
European
market due to
impending
environmental
legislation.

- Same volume of
polystyrene as in the
reduced polystyrene
package.
- A secondary polymer is
introduced to the package,
as the shrink-wrap foil,
however, this is low
volume and less
destructive than
polystyrene

- All packaging
components can
be collected by
kerbside
recyclers
throughout New
Zealand.

- The best option in
terms
environmental
factors.

- Provides a vast
improvement to
the polystyrene.

- Customer can
dispose of the
corn starch
material in the
compost and let it
biodegrade.

- Material cost
savings of
~$100,000 p.a.

- Requires the investment in
a shrink-wrap packaging
system.

- Would allow
CML to export
to Europe.

- Would allow CML
to export to
Europe.

- Additional
savings in
freight cost.

- Efficiency and labour
savings in packaging
process.

- Much more
expensive than
the polystyrene.

- Cost of this
material is not yet
known.

- No changes to
the current
packaging
system are
required.

- The foil used in each
package will make the
material cost slightly higher
than the stand alone
polystyrene package.

- Material
availability not
certain

As a result of CML’s eco-packaging project, the company was awarded the Keep New Zealand
Clean prize at the 2007 Packaging Council of New Zealand Environmental Awards. In addition,
the project was awarded the runner up in the ‘Reduced Environmental Impact’ category.
Executive Director of the Packaging Council of New Zealand stated:
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“CML particularly impressed the judges at this year’s awards with their
commitment to improving transport efficiency and reducing waste throughout
the entire packaging – shipping process.” (CML 2007)
Several print articles in local newspapers were written and the company CEO was interviewed
for a story on national television news. In the context of this interview, the CEO of CML
proclaimed:
“Although CML cannot compete with Asian furniture importers on cost, we are
taking an environmental approach in an aim to gain a competitive advantage.”
(TV3 2007)
3.4.3.2 Effect of Company Characteristics on Project Success
One of the key aims of the first action research cycle at CML was to evaluate the effect of the
SME characteristics on the success of the implementation of the environmental improvement
projects. The following paragraphs describe the experiences of the action researcher during
the packaging project in relation to the SME characteristics identified in Section 3.2.
Ownership and Management Structure
During the packaging design phase, the project team was largely left on its own without major
influence from company owner/managers. Their limited interest at this stage can be
attributed to the relatively limited visibility of the project as well as the company’s lack of
direct financial investment (the project was initiated by The University of Auckland staff and
funded by the Foundation for Research Science and Technology (FRST)).
However, at the conclusion of the packaging design phase when the solutions were presented
to the management team the centralised structure of decision making at the company became
evident. The owner/manager brothers made the decision to go ahead with the
implementation of the proposed packaging solution based on the evidence of a clear business
case.
The owner/managers had a direct influence on the operational decisions during the ensuing
implementation process.
Resources
The project was the first operational environmental improvement project conducted at the
company. As mentioned above, the researcher was an external participant during the research
and design phase. The researcher later became the Environmental Officer and led the
implementation of the solution as an internal staff member of CML.
The project team for the research and design phase consisted of the researcher and student
project partner, who at the time reported to the CML Manufacturing Analyst and Design
Engineer. The company did not commit direct financial resources to the project although the
Manufacturing Analyst and Design Engineer provided on average two hours of advice and
support to the students per week.
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For the project team the focus was to reduce or eliminate polystyrene from the packaging.
However, based on the discussions with CML staff during the design phase, it became clear
that in order for a solution to be feasible it would need to either provide direct and immediate
cost savings or at least be implementable at the same cost as the status quo. This was a clear
indication of the limitation of resources within the company and the unwillingness to commit
resources to strategic improvements.
There was no internal expertise in terms of knowledge and experience with environmental
issues. Research into comparative environmental impacts of the different packaging materials
and mechanisms to reduce, reuse and recycle was conducted by the students using University
library databases and resources.
Customers, Markets and Stakeholders
At the time of the packaging project, CML exported around 70% of its products to Australia,
Singapore and the United States. There was a lack of stringent environmental legislation to
control polystyrene packaged products in New Zealand and in the company’s existing export
markets. In New Zealand there was no legislation to govern packaging requirements. However,
the Packaging Accord (MfE 2004) and the Packaging Council of New Zealand Code of Practice
(PAC.NZ 2005) were voluntary guidelines that recommended courses of action to improve
environmental performance of packaging.
The European Union was in the process of putting in place strict directives to manage
packaging and packaging waste. However, given that Europe was not a current market for CML
products this was not perceived as a significant driver for the project. It is unlikely that this
legislation would have become known to the company had the student research project and
SWOT analysis not taken place.
In this project context the relationship with The University of Auckland meant that CML had
access to up-to-date technical knowledge as well as the use of the students as cost-free human
resources. In addition to this, the company benefitted from the use of various material testing
facilities of the Engineering Faculty. In return, the university lecturers and students benefitted
from having a case company in which they could conduct their research. This win-win scenario
was identified as a key success factor of the packaging project. The lack of internal capabilities
in this area meant that had the research and design phase not been carried out in
collaboration with the university, the company would likely have needed to invest in external
expertise – most likely inhibiting or halting the project.
Another key stakeholder group which provided value in the context of this project were local
packaging producers and suppliers. The companies involved in the project included two
corrugated cardboard manufacturers, a shrink wrap machine supplier, as well as a
manufacturer of a new cornstarch-based packaging material. The incentive for the packaging
company stakeholders to assist in the project was the potential for picking up a supplier
contract to CML. By utilising the samples and advice from the suppliers, CML was able to limit
research and development expenditure.
66

Chapter 3: Research Phase 1 – Baseline
Culture
Internally, the primary mechanism for communication of project progress was the monthly
environmental meeting. The commencement of the packaging project coincided with the start
of the regular environmental meetings. The environmental meetings were chaired by the
Manufacturing Systems Analyst. Other meeting members at this stage were the CEO,
Procurement Manager, Chief Financial Officer, Engineering Manager and the Manufacturing
Manager.
Based on the documented minutes taken from the meetings and discussions with the
Manufacturing Systems Analyst, it was established that the meetings were not well attended
during this period. In particular the CEO and Manufacturing Manager often were not able to
attend. In several cases environmental meetings were cancelled due to lack of availability. This
signified that environmental issues were at this point not the priority of senior management at
CML.
Systems, Processes and Procedures
The reliance on the environmental meetings as a communication channel for disseminating
information on the project progress significantly affected the awareness of staff who were not
participants of the meetings. The minutes of the meetings were consistently documented and
stored in a shared intranet folder and therefore available to all office staff. However, most
people were either unaware of their existence, too busy, or not interested in reading them.
This limited the potential for employees not directly involved in the project to contribute ideas
to facilitate and enhance the project success. In addition, this situation meant that company
management was not optimally informed with regard to the trends in the market in terms of
environmental requirements of packaging.
3.4.3.3 Summary of Project Success Factors
The researcher and the other members of the project team critically analysed the project. The
project resulted in environmental improvements, cost savings and media attention and was
therefore deemed a success by all those involved. The project findings were documented in
internal company and university project reports and after further analysis were published as a
conference paper (Seidel, et al., 2007). Analysis of the approach taken in this project revealed
the following factors as key contributors to its success:


Government funding: Given the limited financial and human resources available at
CML, dedicating internal resources to this initial project was not viable since
sustainability was not yet a priority at CML. Acquiring Government funding was a
critical requirement to undertake this project.



Collaboration with stakeholders: Students proved to be a great affordable
resource. Their independent and scientific point of view also ensured that CML
would consider ideas outside of those pre-conceived by its internal stakeholders.
The relationship with the university also provided CML with access to relevant
literature as well as experimental equipment. Collaboration with packaging
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stakeholders also provided the company with expertise and cheap material
resources during the research and design phase.


Holistic and systematic approach: Although environmental improvement was the
main objective of the project, other dimensions of performance such as cost,
functionality, user-friendliness, availability, speed of the packing process as well
as the pack’s aesthetics were also considered. The systematic and holistic
evaluation of potential solutions using the spider diagram provided a good
platform to make an informed decision as to the best overall option.

 Nature of the recommendations: It was of critical importance that the project
yielded solutions that had both short-term (cost savings from reduced materials)
and strategic (improvement of reputation from awards and media attention)
benefits.

3.4.4 Environmental Improvement Project: Management of Wood Panel Offcuts and Dust Waste
The project to reduce the impact of wood panel off-cuts and wood dust was the second
voluntary environmental improvement project to take place at CML. The main aim of this
project was to identify and develop opportunities for reducing, reusing or recycling the panel
off-cuts and recycling the wood dust created in the furniture manufacturing process. Details of
the evaluation of wood waste using the environmental improvement project prioritisation tool
developed in Section 3.3.4 are in Appendix D.
3.4.4.1 Project Details and Outcomes
The options for the diversion of dust and off-cuts from landfill were identified as third party
incineration, composting, in-house incineration (co-generation), and the use as filler for wood
plastic or cement composites. From a technical perspective, elimination of PVC laminate
contaminants was essential in order to successfully implement any of these alternative
recycling and disposal options.
The spider diagram for holistic evaluation of alternative options in the packaging project
provided the opportunity to make a systematic and informed decision on the best option.
However, the spider diagram approach to selecting an appropriate solution was relatively
subjective and a more quantitative method was therefore desirable.
Epstein and Roy (2000) propose a framework to systematically evaluate capital investment
options for environmental projects. Their framework is a multidimensional capital investment
selection method which considers strategic, technical and financial of alternative options. This
approach is similar to spider diagram approach in that it evaluates multiple objectives.
However, it uses a weighting factor to assess each category and aims for quantifiable
outcomes. In this way, the payback period is still of central importance, while the other
important impacts on the company can also be practically considered.
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The strategic factor evaluates long term benefits such as improved image, legal compliance
and competitors. Opportunities and threats identified in the SWOT analysis were included in
this category. The technical factor was divided into environmental and operational
requirements. The environmental factor evaluates the options in terms of the environmental
benefits such as reduced waste, energy usage and air emissions. The operational aspect
considers the impact of the solution on day-to-day issues such as time, product aesthetics and
functionality.
The multidimensional environmental project selection methodology by Epstein and Roy (2000)
was modified by incorporating the Candidate Solution Assessment into the tool (Parnell, et al.,
2008). The environmental, financial, strategic and operational implications of the alternative
solutions were reviewed using this approach (Table 14). Evaluation of the various options took
place via discussions with senior CML production, engineering, design and marketing staff. For
the detailed evaluation of the solutions refer to Appendix D.
TABLE 14: MULTIDIMENSIONAL ASSESSMENT OF WASTE RECYCLING OPPORTUNITIES

Weighting
External
Incineration
Wood Plastic
Composite
Cement
Composite
Composting
In-house
Incineration
Landfill

Environmental
Impact
(Out of 10)
30%

Strategic
Impact
(Out of 10)
20%

Operational
Impact
(Out of 10)
15%

Financial
Impact
(Out of 10)
35%

5.5

8.0

3.0

5.5

68.40

5.5

6.5

3.0

4.5

60.51

5.5

6.5

3.0

4.5

60.51

4.5

6.5

3.0

4.5

56.85

5.5

6.5

1.5

4.5

57.77

2.0

2.0

7.0

3.0

37.76

Total Score
(Out of 100)
100%

The stakeholder analysis had revealed a local company who produced compost from ‘bio
waste’. As a result of contact and discussions, a trial took place to investigate the feasibility of
using CML wood panel dust to make compost. Thin plastic edge-band trimmings were found
mixed in the wood panel dust. This created a problem in the compost company’s processes as
the PVC material does not biodegrade and is not able to be filtered from the compost product.
At this point, CML would have needed to make an investment to separate the PVC
contaminated dust from the ‘pure dust’. This did not go ahead for reasons discussed in Section
3.4.4.2 (see Resources section).
CML’s raw material supplier of MDF and particle board wood panels was contacted by the
researcher during this project in an effort to establish a take-back system for wood panel offcuts. A number of email communications and subsequent meetings took place between the
supplier and CML. Discussions centred on the technical requirements and ability of the
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supplier to chip the panels and reuse the segments in its manufacturing process or as a fuel for
an incinerator.
It quickly became apparent that due to technological constraints in the supplier’s production
process the re-use of MDF off-cuts was not feasible. However, this was not a problem for
particle board off-cuts because it was possible to chip material into small enough segments. A
recycling trial was thus initiated for particle board (Figure 17). This involved separating raw
particle board off-cuts at CML from MDF and decorated wood panels. To achieve this, bins
were set up in the factory and the supplier paid for bins to be transported to their plant. While
this was initially a success, PVC contaminated wood panels included in bins led to the
termination of the trial by the supplier (see Culture and Behaviour section below).

FIGURE 17: PARTICLE BOARD OFF-CUT BINS FOR WASTE RECYCLING TRIAL

Unfortunately the local production plant of the supplier was closed in 2009 due to reduced
demand and overcapacity in the industry. This meant that it was no longer feasible to revisit
the project given the significant distances and transport costs associated with sending the
material to the next closest plant.
3.4.4.2 Effect of Company Characteristics on Project Success
The following paragraphs discuss the experiences of the action researcher during the waste
project in relation to the SME characteristics identified in Section 3.2. A summary of the results
of this evaluation are presented in a matrix in Section 3.5.
Ownership and Management
The waste panel and dust recycling initiative with the wood panel supplier was affected by the
SME ownership and management characteristic apparent at CML. The researcher had engaged
in a number of promising negotiations with the raw material supplier. This included site visits,
email communication and telephone conversations. A meeting was arranged between CML
and the supplier to finalise details of a potential recycling partnership. Representatives from
CML included the CEO, Business Development Manager and the Environmental Officer (the
researcher). The wood panel supplier was represented by the local Plant Manager, the
Procurement Manager and the Quality and Environmental Manager.
Discussions during the meeting initially centred on the technical requirements and barriers to
implementing a collaborative recycling system. This included discharge consent issues and the
process for separating PVC contaminated waste from raw material. As the meeting progressed,
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the CEO of CML conveyed that he was seeking a fee from the supplier in exchange for the
panel and dust waste. To the CEO this seemed fair given that the supplier would benefit from
either reprocessing the waste as a cheap raw material or as fuel for the incinerator. In turn,
the supplier felt that the company was already doing CML a favour and was not willing to pay
for the waste material. This circumstance stopped the potential partnership in its tracks.
This example of owner/manager influence on project success can be attributed to the typical
SME short term focus, personal mental model and perception as well as the limitation in
knowledge and understanding of sustainability issues and trends. The central decision making
and powerbase of the CEO had a significant influence on the success of the project in this case.
Resources
As Environmental Officer at CML the researcher was the project manager for the wood waste
improvement initiative. Other CML staff members who contributed to the project included the
Engineering Manager, Business Improvement Manager and the Production Manager. In
addition, the researcher was the mentor for two mechanical engineering students who
provided additional human resources for the project. Limitations in human resources and
technical capabilities did not impact on the project success.
From a financial resource perspective, the in-house incineration solution was not implemented
due to the significant investment requirements for purchasing the burner and associated
technology. The compost, external incineration and wood plastic composite solutions were all
inhibited due to the lack of funds available to separate the PVC contaminated dust from
uncontaminated dust. While the payback period for this investment was not overly significant,
the owner/managers of CML were unwilling to proceed without obtaining absolute guarantees
from the third parties that the solution would be implemented based on the investment. Cash
flow limitations therefore significantly affected the success of the project outcome in this case.
Customers, Markets and Stakeholders
The Waste Minimisation Act was set to come into force in New Zealand at the time of the
project. This legislation effectively meant that manufacturers would progressively be forced to
pay levies for disposal of waste to landfill. This development was well publicised and CML
owner/managers were aware of its impending affect on the cost of waste disposal. This
situation was considered a key driver for the panel and dust recycling project.
Culture and Behaviour
At the management level, internal communication of project progress continued to take place
at the environmental meetings. In contrast to the packaging improvement project, the wood
panel and dust waste project necessitated the inclusion of factory staff in communication
channels. In the particle board recycling trial, decorated and raw panels needed to be
separated to avoid problems in the supplier’s processes due to contamination. CML factory
staff were informed and trained about the importance of this. In addition, colour coded
reminder notices were put in place on the bins. However, this particular communication
mechanism failed which ultimately led to the trial being abandoned.
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Systems, Processes and Procedures
At the time of the initiation of the project, the company did not have systems in place to
accurately understand and measure waste volumes. Invoices from the waste company were
based on the number of bins collected and there was no process in place to track the waste
disposal trends. This limitation in the systems in place at CML at that time had a number of
implications in terms of the success of the project.
The lack of a clear understanding of the waste volumes and disposal cost limited the
understanding of management and staff as to the significance of the company’s environmental
impact. It also affected the perception of the owners with regard to the financial implications
of putting in place a solution. If the company owners had been aware of the significant cost of
waste generation and disposal, it is unlikely that they would have perceived the need to charge
the supplier for the waste.
3.4.3.3 Summary of Project Success Factors
The wood panel and dust waste project was the first internally funded environmental
improvement project at CML. The project was supported by the owner/managers of CML after
having experienced the success of the packaging improvement project. The external recycling
of wood panel and dust waste was ultimately not successful due to the technical and political
reasons described in the preceding sections.
Nevertheless, internal reduction and reuse initiatives led to a significant reduction in the costs
of wood panel waste sent to landfill. These initiatives included the development of an off-cut
management system and the opening of a factory shop to sell products made up of material
overages.

3.5 Systems Model of Manufacturing SME Dynamics for Environmental
Sustainability
This section summarises the findings of the Baseline phase of the PhD research. During the
action research cycle the researcher identified relationships between the characteristics of
SMEs and the barriers to the uptake and implementation of voluntary environmental
improvement practices. Examples of the relationships were described in Section’s 3.4.3.2 and
3.4.4.2. A matrix summarising the links between SME characteristics and the barriers
experienced in the environmental improvement projects is presented in Table 15.
The relationships presented in the matrix and the associated insights derived in the action
research and literature review contribute to the development of a systems model to capture
the dynamics of the situation.
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TABLE 15: RELATIONSHIPS BETWEEN SME CHARACTERISTICS AND BARRIERS TO UPTAKE OF ENVIRONMENTAL
PRACTICES

During the first cycle of action research there was a noticeable shift in the level of
owner/manager and staff commitment to sustainability. The first cycle of action research at
CML presented a situation where the company didn’t initially perceive or act on the
developing external drivers to improve environmental performance.
At the start of the research, management knew little about sustainability and at best
maintained compliance to basic legislation. By the end of the first action research cycle, the
owners exhibited increased support for environmental projects. This buy-in was considered
the result of the cost savings achieved in the packaging project and the owner/manager
awareness of external trends and benefits of embracing sustainability through the
implementation of the Baseline framework.
When comparing this to the literature, CML seemed to progress from a ‘defensive’ to a
‘proactive’ maturity level (Bansal and Roth 2000; Keijzers 2002). The model presented in this
section relates to the situation where the company is moving between the ‘defensive’ and
‘proactive’ levels of sustainability.
One of the most important characteristics of SMEs described in the existing literature is the
significance of the owner on the decision making process (Section 3.2.1). The action research
experience with CML was in line with the literature in highlighting the significance of
owner/manager support in terms of the initial uptake, implementation and overall success of
the environmental improvement initiatives. Thus, the first significant causal relationship
described in the systems model is the ‘Owner/manager influence’ loop (Figure 18). This loop
highlights the influence of owner/manager on decisions in SMEs, where increased support
leads to an increase in the availability of resources for sustainability initiatives. The increased
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availability of staff and financial resources leads to an increase in proactive environmental
improvement initiatives and thus further cost savings.

FIGURE 18: OWNER/MANAGER INFLUENCE LOOP

However, the SME characteristic in relation to short term focus (Section 3.2.4) was apparent in
the action research, and the owner/managers needed to be convinced of the immediate
financial benefits of improved environmental performance before they were willing to invest
time and resources. This illustrates a ‘chicken and egg’ problem because in order to achieve
the cost savings to get the support for environmental improvement initiatives, improvement
initiatives to prove the financial benefits needed to be put in place. In order to overcome this
problem, the eco-packaging project was initiated and funded by external sources (Figure 18).
The cost savings and marketing benefits achieved as a result of the eco-packaging project led
to a clear increase in support of the CML owner/managers for environmental initiatives. This
was highlighted by the willingness of the owners to dedicate internal human resources for the
second environmental improvement project. The success of the wood waste project
contrasted with that of the eco-packaging project because the direct financial benefits to the
company were not clear to the owners. This was one of the reasons why the project was
ultimately not successful.
The lack of ‘Resource availability’ in SMEs’ (Section 3.2.2) creates a vicious cycle working
against the integration of sustainability issues in business management (Figure 19). The lack of
human and financial resources prevents SMEs from having access to and taking advantage of
information about the external requirements in relation to sustainability. In the CML situation,
there were no processes or resources dedicated to understanding the market situation.
Company management was not aware of developing environmental legislation and market
trends and therefore had a defensive/reactive approach, instead of anticipating changes. This
situation where management is ill-informed causes them to focus on short-term problem
solving (fire-fighting) which is not efficient from a cost and human resource perspective. This
brings us back to the lack of resources and the need to treat short-term issues as they arise.
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FIGURE 19: RESOURCE AVAILABILITY INFLUENCE LOOP

The stakeholder and SWOT analysis tools were used to provide the organisation with an
inexpensive and simple mechanism to gain an understanding of the external market
environment. In addition to this, the SWOT analysis provided the company with an
understanding of its existing capabilities and resources which could benefit the sustainability
programme. This contributed to reducing the perception of the owners that the company did
not have human resources and skills available.
The most significant balancing loop is the ‘Sustainability cost loop’. Given the general lack of
financial and staff resources available in manufacturing SMEs, the cost of implementing
environmental improvement initiatives was identified in the literature as being among the
most significant barriers. The CML action research also strongly highlighted the link between
the owner’s perception of the significant costs associated with sustainability and the support
for environmental initiatives. In order to overcome this barrier, the action researcher
developed and trialled the use of the environmental project prioritisation tool (Section 3.3.4
and 3.4.2.4). The approach prioritised improvement projects which had the potential for short
term cost savings as well as reduced environmental impact (Figure 20). As time goes by, the
influence of this loop will decrease, after having made the required initial investments and
overcoming the perception of insurmountable costs.
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FIGURE 20: SUSTAINABILITY COST LOOP

Another significant reinforcing loop is the ‘Organisational culture development loop’ (Figure
21). Existing research in SME characteristics highlights the influence of the owner/manager on
the organisational culture of the organisation (Section 3.2.5). The action research experience
verified that the motivation of employees was strongly linked to the level of owner/manager
support.
Having captured the interest and backing of the owner/managers of CML, their increased level
in support was evident through positive reinforcing comments during environmental meetings
and informal communication with staff. This seemed to have a strong correlation to motivation
of other members of the environmental team and led to an increase in the effectiveness of the
organisational environmental culture. Thus, the loop is again strongly influenced by
owner/manager support for environmental initiatives.
An increase in effective environmental culture led in an increase in ‘environmental
competence‘, or in other words the ability of employees to unconsciously instigate and
implement environmental improvement practices. An increase in environmental competence
of the company again leads to an increase in cost savings.

76

Chapter 3: Research Phase 1 – Baseline

FIGURE 21: ORGANISATIONAL CULTURE DEVELOPMENT LOOP

The increased introduction of environmental improvement initiatives leads to an increase in
the experience and tacit knowledge of SME staff with environmental issues (Figure 22). This
can lead to an improvement in the effectiveness of the organisational environmental culture
and understanding of the environmental impact of the SME. A key barrier to the uptake of
voluntary environmental improvement is the lack of experience and knowledge in SMEs.
Because every company is different the best way to gain knowledge is most likely through
‘learning by doing’.
+
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FIGURE 22: KNOWLEDGE AND EXPERIENCE LOOP

With an appreciation of the barriers that are faced by SMEs in voluntarily adopting
environmental improvement practices, it can be understood why these organisations are often
reluctant to take a proactive approach to environmental management. However, in the action
research experience, many of the problems that the company had in getting started were due
to initial perceptions rather than insurmountable hurdles.
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Several of the barriers to the uptake of voluntary environmental improvement practices can be
attributed to misunderstandings and preconceptions of owner/managers in SMEs. While the
investment capital problems related to environmental projects cannot always be dealt with
easily, there are opportunities to widen the horizons of decision-makers in SMEs. The
interventions and solutions to progress SMEs from a ‘defensive’ maturity level by overcoming
the barriers to the uptake of voluntary environmental improvements are presented in Table
16.
TABLE 16: BASELINE FRAMEWORK ELEMENTS TESTED IN PHASE 1 TO OVERCOME BARRIERS TO UPTAKE OF
ENVIRONMENTAL IMPROVEMENT PRACTICES

Barrier faced by SMEs

Baseline Framework element

Ignorance of own environmental impacts

Quantitative Life Cycle Inventory (LCI), environmental
improvement project prioritisation

Perceived conflicts between environmentally
friendly practices and other business objectives

SWOT, spider diagram, multidimensional assessment
of waste recycling options

Absence of environmental legislation and market
drivers

Low hanging fruit to highlight cost savings

Lack of awareness of trends or not believing that
sustainability will benefit the company

SWOT and stakeholder assessments

Limited financial and staff resources available for
environmental projects

Collaboration with tertiary education institutes and
other stakeholders, Government funding

Lack of knowledge
environmental issues

with

Stakeholder Analysis, collaboration with 3
such as universities and suppliers

large

Simple tools for beginners – Stakeholder, SWOT, LCI,
environmental improvement project prioritisation and
multidimensional decision making

Improvement
companies

tools

are

and

experience

developed

for

Undeveloped organisational environmental culture

Low hanging fruit
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3.6

Discussions and Conclusions

Chapter 3 provided a summary of the Baseline Research Phase which included a review of the
literature on SME characteristics, barriers to the uptake of voluntary environmental
improvement practices and the identification of potentially suitable interventions. A
conceptual Baseline framework was proposed to facilitate the progression of manufacturing
SMEs from a ‘defensive’ to ‘proactive’ maturity level.
The action research cycle subsequently involved testing the Baseline framework at CML. The
interventions were assessed for their effectiveness and analysed in relation to the existing
literature of barriers to the uptake of environmental practices in manufacturing SMEs. As a
result of the first research phase, the SWOT, stakeholder, LCI and environmental project
prioritisation analysis tools were refined and integrated into a Baseline framework. The
implementation of the Baseline framework at CML mitigated the barriers to the uptake of
environmental improvements (Seidel, et al., 2009).
Two voluntary environmental improvement projects were carried out and supervised by the
researcher as part of this action research cycle. These projects were chosen based on the
outcome of the environmental project prioritisation analysis which helped to identify potential
reductions to environmental impact, risk and costs. The eco-packaging and wood waste
recycling projects were presented in this chapter to investigate the influence of the SME
characteristics on the success of environmental improvement practices.
Systems models were developed and presented in the last section of this chapter to visually
illustrate the relationships between the systemic factors observed in the action research cycle
and the literature study. The systems models emphasised the significance of the
owner/manager on strategic direction of SMEs and on the motivation of staff – which both
affect the uptake and successful implementation of environmental improvement initiatives.
The primary action research cycle at CML was characterised by a lack of awareness and doubt
over benefits of implementing environmentally sustainable practices. This is a typical barrier
that SMEs face in getting started with sustainability. This barrier was largely overcome through
the successful use of the Baseline framework and implementation of environmental
improvement projects (Seidel, et al., 2009). The tools and interventions allowed the company
to identify and take advantage of ‘low hanging fruit’ which in turn succeeded in highlighting
the benefits of improved environmental performance to the owner/managers.
Chapter 4 will present the results of Research Phase 2 – ‘Strategising’ which builds on this
platform to enable SMEs to systematically manage the implementation of environmental
improvements. This is achieved through the development of framework elements to facilitate
the successful implementation of environmental management systems in SMEs.
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Chapter 4: Research Phase 2 –
Strategising
4.1

Introduction

The Baseline Research Phase described in Chapter 3 resulted in the development of a model of
the relationships between the barriers to the uptake of voluntary environmental improvement
practices and the peculiar organisational characteristics of manufacturing SMEs. The Baseline
framework was developed in parallel and as a result of the model. The aim of the Baseline
framework was to facilitate the uptake of environmental improvement practices in SMEs.
Having reached a ‘proactive’ maturity level, SMEs need to develop a defined and managed,
systematic approach for improving environmental sustainability performance. An EMS (Section
1.4.1) is the most recognised means of achieving this. Research Phase 2 – ‘Strategising’
therefore aims to develop a strategy framework to facilitate the implementation of an EMS in
SMEs (Figure 23). An effective EMS strategy framework needs to be suitable for the SME
context while integrating with established and credible industry approaches.

FIGURE 23: ELEMENTS OF RESEARCH PHASE 2 – ‘STRATEGISING’

The Strategising Research Phase included the following elements:
1. Literature review of EMS implementation (Section 1.4.1 and 4.2) in order to identify
the current state of knowledge in this area.
2. Survey of ISO 14001 certified manufacturing companies in New Zealand (Section
4.3). This had the aim of complementing the literature review by identifying the
specific SME barriers to adopting an EMS.
3. Action research at CML (Section 4.4) to design, develop and certify an EMS to the ISO
14001 standard. This had the research aims of verifying the barriers identified in the
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literature and survey as well as testing the effectiveness of the conceptual EMS
strategy framework elements to mitigate them.

4. Case study at DBJ (Section 4.5) to implement the EMS strategy framework in a
second furniture manufacturing SME. This had the aim of developing a wood panel
furniture industry ecoWheel and verifying that the framework facilitated EMS
implementation in the wider sector.

4.2

Environmental Management Systems (EMS)

The aim of an EMS is to enable the effective development, implementation, monitoring and
management of a company’s activities to mitigate its environmental aspects (Melnyk, et al.,
2003). By establishing an EMS an organisation should achieve continual improvement of
environmental performance (Zutshi and Sohal 2004). Committed and effective implementation
of an EMS has the potential to provide the basis for sound environmental improvements in an
organisation, in a similar way that a quality management system, such as ISO 9001, can
improve the quality of manufactured products (Karapetrovic and Willborn 1998).
Globally, ISO 14001 is the most frequently used EMS certification standard (Hillary 2004). The
implementation of an effective EMS is the most accepted means by which companies can
systematically reduce their environmental impact (Hillary 2004). Figure 24 shows the rapid
growth in the global implementation of ISO 14001 (International Standards Organisation 2006;
International Standards Organisation 2007; International Standards Organisation 2008).
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FIGURE 24: GLOBAL CERTIFICATIONS OF THE ISO 14001 STANDARD

A range of international studies have found that the development and implementation of an
EMS can lead to, for example, financial benefits, reduced waste, better product quality,
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improved market share, reduced lead times and improved reputation (Klassen and McLaughlin
1996; Melnyk, et al., 2003; Nee and Wahid 2010).
However, while EMS standards such as ISO 14001 purport to take into account the specific
needs of SMEs, many of these types of companies struggle to overcome barriers in effectively
implementing and taking advantage of such a system (Hillary 2004). EMS frameworks need to
be developed and tailored to suit the resources, scale and other characteristics of SMEs
(O'Laoire and Welford 1998).
Hillary (2004) conducted a comprehensive evaluation of SME barriers to EMS implementation
and maintenance. In her review of a range of research reports she distinguishes between
internal and external barriers. Internal barriers are related to resource limitation,
understanding, implementation and company culture issues (Hillary 2004). External barriers
are classified as challenges with verifiers/certifiers, economics, institutional weaknesses and
support and guidance. Based on the classifications by Hillary (2004) the researcher conducted
an updated review of the literature of SME barriers to adopting and implementing an EMS
(Table 17).
TABLE 17: SME BARRIERS TO SUCCESSFULLY IMPLEMENTING ENVIRONMENTAL MANAGEMENT SYSTEMS

Classification

SME barrier to adopting an EMS

References

Resource
limitation

Cost of implementation and auditing

(Zutshi and Sohal 2004; Aiyub, et al.,
2009)

Lack of Human resources, knowledge and skills

(Biondi, et al., 2000; Hillary 2004)

Understanding
and perception

Lack of knowledge of regulatory requirements

(Smith and Kemp 1998; Zorpas 2010)

Uncertainty about the market benefits

(Halila 2007)

Implementation

Difficulties with internal auditing

(Hillary 2004)

Difficulty with determining environmental
aspects and assign significance

(Biondi, et al., 2000; Hillary 2004; Burke
and Gaughran 2007)

Sporadic progress, limited scope and
innovation
Defining objectives and programmes

(Könnöla and Unruh 2007)

Raising awareness amongst employees

(Aiyub, et al., 2009)

Problems with document requirements and
record retention

(Balzarova and Castka 2008; Cassells, et
al., 2008; Aiyub, et al., 2009)

Lack of effective communication

(Balzarova and Castka 2008)

Lack of effective organisational culture

(Balzarova and Castka 2008)

Lack of owner/manager support

(Tilley 1999; Williamson and Lynch-Wood
2001; Cassells, et al., 2008)

Lack of sector specific guidance and tailored
material
Lack of external drivers

(Hillary 2004; Zorpas 2010)

Attitudes and
company
culture

External
Barriers
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The barriers to adopting an EMS are negatively affecting the ability of SMEs to develop
manageable and systematic processes for business sustainability (Zorpas 2010). Burke and
Gaughran (2004) found the lack of customer demand to be the key barrier for Irish SMEs,
whereas Hillary (2004) identifies the limitation in human resources as the major inhibitor.
Zorpas (2010) identifies the lack of sector and regional specific material as a key barrier to
progress.
Aiyub, et al. (2009) conducted a survey of the environmental improvements of SMEs who have
implemented an EMS to the ISO 14001 standard in the UK. The survey established that while
UK SMEs certified to ISO 14001 achieved some cost savings, these were generally much lower
than those recorded by larger organisations (Aiyub, et al., 2009). Of the 135 survey
respondents, 59 were SMEs, which seems to indicate a disparity between the ratio of SMEs
operating in the UK economy (over 99%) and those who have adopted an EMS. The responses
of the survey indicated that SMEs faced a range of problems in the ISO 14001 implementation
process. The key EMS implementation difficulties faced by the SMEs in the study are
summarised as follows (Aiyub, et al., 2009):





Raising awareness amongst employees
Documentation time and high level of paperwork
Lack of management support
Limited resource availability and high implementation costs

New Zealand companies have been particularly slow to become certified to the ISO 14001
standard. The official ISO survey showed that 180, 182, 155 and 148 New Zealand companies
were certified to ISO 14001 in 2005, 2006, 2007 and 2008 respectively (International Standards
Organisation 2006; International Standards Organisation 2007; International Standards
Organisation 2008). In 2009 and 2010 the Joint Accreditation System of New Zealand and
Australia register (JAS-ANZ) listed 213 and 236 New Zealand companies certified to the
standard respectively (JAS-ANZ 2009; JAS-ANZ 2010). The limited uptake of ISO 14001 in New
Zealand organisations (Figure 25) is a concern given that an EMS has the potential to assist
companies to systematically improve their environmental performance.
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FIGURE 25: NEW ZEALAND COMPANIES CERTIFIED TO THE ISO 14001 STANDARD

There have been several studies investigating the implementation of EMS in New Zealand
companies. For example, Zutshi and Sohal (2004) carried out a survey to research the
implementation of EMS in Australasian companies. In this study, small companies were
defined as having 0-500 employees, medium companies as 501-1000 and large companies as
more than 1000 employees. This classification of firm sizes is not in line with the official
definitions used by either Australia or New Zealand (Section 3.2). The majority of responding
companies were from the manufacturing sector, of which 25 were based in New Zealand. The
survey sought to investigate the drivers, benefits and barriers to EMS implementation as well
as the measures taken by the organisations to overcome the obstacles faced. One of the key
findings of the research was that the cost of ISO 14001 implementation was an overarching
barrier faced by the responding companies. As a conclusion to the survey the researchers
suggest that companies should actively collaborate with internal and external stakeholders (in
particular employees and suppliers) to achieve successes in the implementation process
(Zutshi and Sohal 2004).
Cassells, et al. (2008) conducted a survey of the certified companies in New Zealand to
determine the motivation, perceived benefits, barriers and key success factors to the adoption
of ISO 14001. Of the responding companies 47% were SMEs, which were defined as firms who
have less than 100 employees. One of the findings of the survey was that the barriers faced by
the SMEs differed to those of the large companies. SMEs indicated that problems with
documentation, lack of specialist support and management involvement were key difficulties
experienced during implementation (Cassells, et al., 2008). The study found that in comparison
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to large firms, small firms perceived document preparation and maintenance as a more
significant barrier.
Another New Zealand EMS study conducted at Lincoln University aimed to analyse the
environmental performance of ten companies in Canterbury certified to ISO 14001 (Alexander,
et al., 2008). Of the organisations participating in the study, five companies were listed as
manufacturing enterprises. These manufacturers were all defined as ‘large’ companies based
on the criteria of having more than 100 employees. The interview-based study found that the
elements of the standard were implemented relatively easily into these companies without
significant external guidance. However, the inability to put into practice key EMS requirements
(such as gaining support from staff and setting appropriate performance targets) limited the
capacity of the organisations to substantially reduce their environmental impact.
There is a general acceptance in the academic literature and in practice that the particular
barriers faced by SMEs are leading to a low level of adoption of ISO 14001 within this group
(Hillary 2004). As a result, the European Commission issued a mandate to the European
Committee for Standardisation (CEN) in 2004 to develop a guideline for phased
implementation of EMS. CEN delegated the task to ISO under the Vienna agreement and in
2006 work began on the ISO 14005 standard. In 2008 the Draft International Standard (DIS
14005) was published for feedback. Initial feedback on ‘DIS 14005:2008 - Guidelines for the
phased implementation of an EMS’ has been negative. For example, the European Office for
Crafts, Trade and Small and Medium Enterprises for Standardisation (NORMAPME) states that:
“SMEs believe the draft international standard is a document that is still too
complex and difficult to understand for them. The current version of the
standard fails to provide clear guidance to SMEs on how to implement an EMS
in their business operations.” (NORMAPME 2009)
NORMAPME members have agreed that the concept of phased implementation of EMS for
SMEs has merit. However, the organisation believes that the draft standard focuses on the
concept of phased implementation rather than providing a useful framework for implementing
and maintaining an effective EMS (NORMAPME 2009).
Assessment and feedback of the DIS 14005 standard from a New Zealand perspective is the
responsibility of Standards New Zealand. Standards New Zealand convened a New Zealand
International Review Group which is represented by a mix of industry and government. The
Chairperson of this group, Howard Markland, from the Ministry of Economic Development
(MED) presented the New Zealand viewpoint of the DIS 14005 guidelines to an ISO technical
committee in Mexico in July 2010:
“ISO 14005 will do little to help SMEs in New Zealand to implement an ISO
14001 EMS.” (Markland 2010)
The researcher of this PhD thesis was asked to provide comments and insights on the
presentation slides based on the literature review and action research that had been
conducted. As a result of this interaction, the researcher and the MED thought it appropriate
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to further enhance the knowledge platform in this area by conducting a survey of ISO 14001
implementation by SMEs in New Zealand (see Section 4.3).
The staged approach to EMS implementation has been adopted by a number of programmes
around the world (for example BS8555, Acorn, Eco Action 21 and Enviro-Mark). Enviro-Mark®
is a New Zealand EMS programme which is operated by Landcare Research. Enviro-Mark
promotes itself as a five step programme which aims to provide organisations with a
manageable means of developing an effective EMS (Enviro-Mark®NZ 2010).
The Enviro-Mark programme was designed so that it aligned with the requirements of the ISO
14001 standard. The Enviro-Mark programme essentially breaks down the 18 clauses of ISO
14001 into five auditable levels.
Table 18 outlines the objectives of each step within the program. At Diamond level the
company is ready for an ISO 14001 audit.
TABLE 18: THE ENVIRO-MARK ENVIRONMENTAL MANAGEMENT SYSTEM FRAMEWORK (ENVIRO-MARK®NZ
2010)

Enviro-Mark Level

Organisational Objective of Standard
Compliance with relevant health, safety and environmental legislation

Production of an appropriate environmental policy based on the identification of
environmental aspects and impacts

Implementation and monitoring of continuous improvement targets and objectives

Documentation of operational procedures and systems used to manage environmental
aspects and impacts (e.g. work instructions, practices, training and communication,
management review)
Implementation of an internal management and audit programme to correct and drive
continual improvement

At the time of the PhD research project approximately 170 companies in New Zealand were
active members of the Enviro-Mark programme. Enviro-Mark was therefore the most widely
known and used ISO 14001 implementation scheme in New Zealand (Markland 2009).
However, anecdotal evidence from interviews and certification trends suggest that the
programme was not ideally facilitating the implementation of EMS in New Zealand.
While the companies certified to the scheme appreciated the staged progression of their EMS
in the five levels, the programme did not directly supply implementation tools for companies.
The programme provided checklists to help companies understand the requirements of the
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various levels. The owner/manager of a local furniture manufacturing company (referred to in
this research as DBJ) stated:
“We like to use the Enviro-Mark logo to market ourselves from a sustainability
perspective; however the programme itself hasn’t really made it easier for our
company to develop an EMS.” (Menon 2008)
The following section provides an overview of the New Zealand survey of ISO 14001 certified
manufacturing companies.

4.3

Survey of Companies Certified to ISO 4001 in New Zealand

One of the overarching themes of this PhD research project was methodological triangulation.
This approach was adopted to broaden the applicability of the findings and to provide a means
for comparing the outcomes of the different research methods.
The aims of the survey element of the Strategising Research Phase were to:






Determine whether New Zealand manufacturing SMEs experienced the same
barriers to implementing EMS as those identified in the international academic
literature.
Compare the experiences of New Zealand manufacturing SMEs to those of large
companies.
Provide deeper insight into the practicalities of ISO 14001 implementation in the
New Zealand context.
Acquire data to relate ISO 14001 implementation to existing and complementary
systems and structures of SMEs and to gain an understanding of the level of
integration of ISO 14001 into the culture and day-to-day operations of the
companies.

4.3.1 Background and Approach
The ISO 14001 survey in this PhD research was conducted in partnership with the EcoVerification initiative of the MED. The Eco-Verification initiative was put in place as an element
of the Labour Government’s ‘sustainability six pack’ to enable firms to measure and reduce
their environmental footprints in a business-sustainable and cost-effective manner (Markland
2009). This goal was complementary with the primary aim of this PhD research.
At the time of the survey, 236 New Zealand companies were listed in the JAS-ANZ register as
being certified to ISO 14001 (JAS-ANZ 2010). By evaluating the content of each of the
organisation’s websites, the researcher determined that 93 of the certified companies were
product manufacturers.
Letters were sent out to the 93 New Zealand ISO 14001 certified manufacturing companies.
The letters were addressed to the person directly responsible for the management and
implementation of the EMS (Appendix E). In the cases where this information was not
available on the JAS-ANZ website, the letters were addressed to the owner/manager or CEO of
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the company. The MED introductory letter was followed up with a phone call. Of the 93
manufacturing organisations identified by the researcher, 72 were reachable for a telephone
conversation. A subsequent email with the survey attached was sent to the 69 manufacturing
companies who indicated they would be willing to participate in the survey. In total, 25
responses were received from the 69 questionnaires sent out to certified companies, resulting
in a response rate of 36%.
The survey was divided into four parts: Company characteristics, Motivation and Awareness,
Implementation Experiences and Complementary Systems:


Company Characteristics: This section aimed to classify companies by, for
example, ownership, number of employees and whether the company was an
exporter of products.



Motivation and Awareness: This section aimed to determine the drivers for the
companies to adopt an EMS and the reasons for choosing ISO 14001. This part of
the survey also sought to understand the level of awareness of the various EMS
options.



Implementation Experiences: This section of the survey aimed to determine the
barriers and benefits experienced by the certified companies in implementing
their EMS. Other important elements of this section of the survey included
questions relating to the nature and scope of the EMS as well as the level of
involvement of various people within the company.



Complementary Systems: This section sought to determine the use and extent of
integration of complementary management systems such as quality and health &
safety with EMS. Respondents were also asked to indicate whether they had
implemented any advanced sustainability approaches such as LCA or product
stewardship.

The following sections summarise the results of the four parts of the survey. The full
questionnaire and graphical results of the participant responses can be found in Appendix E
and Appendix F respectively.

4.3.2 Characteristics of Respondents
The Massey and Cameron (1999) definition of SME (Section 3.2) was found to be difficult to
put into practice in the context of this survey. While it was possible to distinguish those
organisations that were privately owned, the shareholder and decision making characteristics
of individual companies were less freely available. This reinforces the difficulty researchers and
policy makers have in effectively classifying SMEs based on their organisational characteristics
rather than more quantifiable factors such as staff numbers and turnover (Section 3.2).
An evaluation of the 25 New Zealand manufacturing companies responding to the survey
resulted in 17 companies being classfied as belonging in the SME category. The remaining
eight companies were classified as large.
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In the SME category 88% of the respondents were exporters. Similarly, a significant percentage
(87%) of the large companies exported their products. Exporters are highly represented in this
survey when compared to the overall percentage of New Zealand manufacturers who export.
In 2010, only 41% of manufacturing companies in New Zealand had export sales (Ministry of
Economic Development 2010). This result indicates that companies exposed to international
legal and market conditions may be more likely to experience drivers to adopt an EMS. More
details of the characteristics of the respondent companies can be found in Appendix F.

4.3.3 Motivation and Awareness
The most significant drivers for EMS implementation for SMEs were organisational ethics
(53%) and improved image (59%). Other notable drivers for the SMEs were customer pressure
(47%), new market opportunities (47%) and compliance with legislation (35%). For large
companies the most significant drivers for EMS adoption were compliance with legislation
(75%) and new market opportunities (63%). Other significant drivers for the large companies
were competitive pressure (50%) and organisational ethics (50%). Overall, more drivers were
experienced by large companies (4.4 identified drivers per company) compared to SMEs (3
identified drivers per company).
The second question sought to understand the reasons the survey participants elected to
formally certify their EMS to ISO 14001. The most significant reason for choosing ISO 14001 for
both large organisations (88%) and SMEs (71%) was to align their EMS with other ISO
certifications the company had. This outcome suggests that companies are more likely to
develop a certified EMS if they already have a certified quality or health and safety system in
place. Increased credibility and international recognition were also significant reasons for both
large companies (63% and 63%) and SMEs (71% and 65%) respectively.
Respondents were asked to identify the means by which they implemented their EMS. Half of
the large organisations used internal resources and capabilities and a significant percentage
(63%) of these companies also had the support of external consultants. In the case of SMEs,
59% of respondents used internal resources and capabilities while only 35% had support from
an external consultant. This indicates that large companies are more able or willing to invest in
external support whereas SMEs usually develop their EMS in-house.

4.3.4 Implementation Experiences
Respondents were asked to indicate the various internal and external stakeholders who were
actively engaged in the EMS. Management (82%) and staff (82%) were involved in the EMS of
most SMEs. In 35% of the SME responses the business owner was directly engaged in the EMS.
Contractors (6%) and suppliers (12%) did not have a role to play in the EMS of most of the SME
survey participants. Management (100%) and staff (75%) were engaged in the EMS of the large
companies. In contrast to the SMEs, the business owner was only engaged in the EMS in one of
the large companies (12.5%). Large companies engaged their contractors (63%) and suppliers
(63%) to a much greater extent than the SMEs.
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The respondents were asked to identify the perceived barriers experienced by the organisation
in implementing their EMS. The results indicated that for SMEs, knowledge and experience
with environmental issues (71%), lack of knowledge of regulatory requirements (65%) and
paperwork (65%) were the most significant implementation barriers. Limited staff resources
(59%) and cost (41%) were also notable barriers for SMEs. While SMEs experienced problems
with internal/external auditing (41%), none of the large companies perceived this as a barrier.
For large companies, limited staff resources (63%) and lack of knowledge and experience with
environmental issues (50%) were the most notable EMS implementation barriers. Overall,
large companies (2.6 identified barriers per respondent) on average experienced a lower
number of EMS implementation barriers than the SME respondents (4.2 identified barriers per
respondent).
Respondents were asked to indicate the benefits they had experienced through the
implementation of their EMS. Reduced costs associated with energy consumption (71%),
reduced organisational risk exposure (65%) and improved legislative compliance (65%) were
the most common benefits experienced by SMEs. SMEs experienced limited external
competitive benefits such as increased market share (12%) and new customers (12%). Large
companies identified waste reduction (75%), improved compliance with legislation (75%) and
new customers (63%) as the most significant benefits experienced through EMS
implementation. Overall, large companies (3.5 identified benefits per company) experienced
on average more benefits from EMS implementation than the SMEs (2.9 identified benefits per
company).
Respondents were asked to specify how they managed their EMS documentation. Most SMEs
used a hybrid solution of hardcopy documents (53%) and intranet spreadsheets and databases
(65%) to manage EMS documentation requirements. Most large companies relied on intranet
based systems (87.5%) to manage their document requirements while only 25% used hard
copy documentation.
A higher percentage of large companies (63%) required environmental performance
information from their suppliers than SMEs (53%). Similarly large companies (50%) were much
more likely to require their contractors to inform them of their environmental performance
than the SMEs (12%). The customers of large companies (50%) were also more likely to
understand their environmental credentials than those of SMEs (18%). These results are in line
with the literature in terms of the limited market and supply chain influence of SMEs in
comparison to large companies (Section 3.2.3).

4.3.5 Complementary Systems
Respondents were asked to indicate whether their organisation had certified Health & Safety
(H&SMS) and Quality Management Systems (QMS). Most large companies had a certified
H&SMS (88%) and all had a certified QMS (100%). A significantly smaller percentage of SMEs
had a certified H&SMS (35%), while a large proportion (71%) of the SMEs also had a certified
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QMS. This is in line with the responses in the survey question relating to EMS drivers which
indicated that companies certified their EMS to align it with their other ISO systems.
Respondents were asked to answer whether their EMS was integrated with H&SMS and QMSs.
Interestingly, the survey results indicated that SMEs were more likely to have integrated their
EMS with their other management systems. Over half (59%) of SME respondents had
integrated quality and EMS, whereas this was the case in only 38% of large companies.
Similarly, a higher percentage of SMEs (71%) had integrated their H&SMS with their EMS than
large companies (38%). This may be because large companies have separate staff members
responsible for managing the systems, whereas in SMEs one person is more likely to be
responsible for all systems.
The final question sought to identify the extent that the surveyed companies had integrated
sustainability tools, programmes and certifications to complement and enhance their EMS.
Overall, there was limited use of such advanced approaches in both large companies and
SMEs. However, large companies (1.5 per respondent) on average had more than twice the
number of advanced tools and approaches integrated into their business than SMEs (0.7 per
respondent). An LCA had been conducted in 25% of the large companies whereas the
percentage was comparatively smaller in SMEs (12%). Sustainability reporting was being
conducted in several of the large companies (38%) whereas none of the SMEs was doing so.

4.3.6 Summary of Survey Results
The survey of New Zealand manufacturing companies certified to ISO 14001 aimed to provide
insights into the motivation, implementation experiences and the complementary systems of
the respondents. Due to the limited sample size of respondents to the survey in relation to the
overall population of companies in New Zealand (476,588 in 2009), it is important that the
results are taken in this context. This being said, the 25 respondents represent around 10% of
the overall number of companies with a certified ISO 14001 EMS in New Zealand. By
triangulating the data with the insights from the action research and by comparing the results
with studies in the international literature some useful overall conclusions can be drawn.
The percentage of exporters represented in the ISO 14001 survey was very high comparatively
to the overall percentage of manufacturing companies in New Zealand who export. This may
be an indication that exporters are more likely to experience drivers to adopt an EMS.
A key finding of the survey was that organisational ethics and improved image were major
drivers for SMEs to implement an EMS (i.e. self-motivation). By comparison, larger companies
reported external drivers (competitive pressure, compliance with legislation and directives
from parent company) were more significant in their decision to implement their EMS. Given
the lack of apparent external drivers experienced by SMEs in comparison to large companies,
there may be an opportunity for local and central Government to increase incentives for SMEs
to adopt EMS.
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Both large companies and SMEs surveyed stated that they felt ISO 14001 certification
increased their credibility and they therefore worked to align their EMS with existing
management systems such as ISO 9001.
SME respondents generally relied on internal resources and capabilities to implement their
EMS, whereas large companies were more likely to use input from external consultants. For
SMEs, owners, management and staff tended to be involved in EMS development and ongoing
maintenance, whereas external parties such as contractors and suppliers were generally not
engaged. By contrast, contractors and suppliers to large companies were more likely to be
involved in their EMS, while the business owner usually was not engaged.
SMEs experienced more implementation barriers than the large companies. Dominant
implementation barriers cited by the SME respondents were the lack of knowledge of
regulatory requirements, understanding of environmental issues, paperwork, cost and limited
staff resources. These barriers are consistent with those identified in the existing international
literature.
Predominant benefits perceived by the SME respondents were reduced energy costs, reduced
organisational risk and improved legislative compliance. By contrast, large companies reported
significantly higher external competitive benefits, such as generating new customers and
increasing market share.
SMEs used both paper-based and shared intranet systems (spreadsheets and Microsoft Office
software) to manage their EMS documentation. Large companies usually relied on intranet
solutions to meet documentation requirements. Given the difficulty that SMEs experience with
documentation and paperwork, it should be investigated whether online systems help to
reduce this barrier.
Overall, most respondents had an existing certified quality management system in place.
Interestingly, SMEs had aligned their EMS with their QMS and H&SMS to a greater extent than
large companies. Advanced sustainability and life cycle approaches and tools (LCA and product
stewardship etc.) had not been integrated into the programmes of respondent companies to a
large extent.

4.4

Conceptual EMS Strategy Framework

The implementation of an effective EMS is the most recognised means of managing
environmental performance for business. The key goal of the Strategising Research Phase was
to develop and test an EMS strategy framework for SMEs to systematically manage progress
with environmentally sustainable manufacturing. The following insights from the literature
review and survey were identified as being significant considerations in the development of the
EMS strategy framework for SMEs:


The credibility of the ISO 14001 standard and alignment with existing ISO 9001
systems was determined to be a key driver of EMS for manufacturing companies
in New Zealand. Therefore the framework should take advantage of the ISO
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14001 standard while ensuring the requirements are conveyed clearly, are
straightforward to implement and do not demand extensive background
knowledge of environment management.
The DIS 14005 guidelines were developed to facilitate the phased implementation
of an ISO 14001 EMS in SMEs. As discussed above, SMEs have not found the
current DIS 14005 guidelines useful; however, they recognise that the concept of
phased implementation is sound. Therefore, the framework should utilise a
phased approach to EMS development.
New Zealand manufacturing companies certified to ISO 14001 have failed to
integrate the system into the culture and day-to-day activities of their
organisations. The framework should therefore facilitate the development of
effective organisational culture through communication and interdepartmental
collaboration.
New Zealand companies certified to ISO 14001 have not been successful in
reaping complete life cycle environmental benefits from their EMS. Therefore, the
framework should use a holistic approach which helps the SME to build
capabilities in environmental management issues across the product life cycle.

Table 17 presents a summary of the SME barriers to the adoption and maintenance of an
effective EMS. The barriers are based on the collated findings of the literature review and
survey results. A range of conceptual requirements were proposed to overcome the barriers.
TABLE 19: SME BARRIERS TO ADOPTING EMS WITH PROPOSED FRAMEWORK REQUIREMENTS

Classification

SME barrier to implementing EMS

Proposed requirements

Resource
limitation

Cost of implementation and auditing

Project planning, phased approach

Lack of human resources, knowledge and skills

Involve external stakeholders

Understanding
and perception

Uncertainty about the market benefits

Low hanging fruit, Baseline framework

Implementation

Sporadic progress, limited scope
Lack of knowledge of regulatory requirements

Use holistic approach
Access to tailored checklists

Difficulty with determining environmental
aspects and assign significance
Difficulties with internal auditing
Defining objectives and programmes
Raising awareness amongst employees
Problems with document requirements and
record retention
Lack of effective communication
Lack of effective organisational culture

Adapt environmental improvement
prioritisation tool for ISO 14001
Simple templates and tools
Gap analysis
Visual approach, roles and responsibilities
Knowledge management, electronic
system
Visual approach
Collaboration and communication, clear
roles and responsibilities
Low hanging fruit, Baseline framework
Develop and test industry specific
framework elements
Low hanging fruit, strategic thinking

Attitudes and
company culture

External Barriers

Lack of owner/manager support
Lack of sector specific guidance and tailored
material
Lack of external drivers
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There is a certain degree of alignment between the barriers to SME uptake of voluntary
environmental practices (identified in Chapter 1 and addressed in Chapter 3) and the barriers
to the adoption of an EMS. For example, the lack of external drivers inhibiting the general
uptake of sustainability practices is also an SME barrier to the adoption of an EMS.
The lack of owner/manager support is an issue that needs to be addressed prior to the
development and implementation of an EMS. This particular barrier has an influence on
several of the other barriers and was a key issue addressed by the Baseline framework.
Without the support of the owner/manager an EMS will not be successful in the SME context.
A conceptual framework for overcoming the key EMS implementation barriers was developed
by the researcher (Figure 26). The following sections provide an overview of the conceptual
EMS strategy framework elements to address the ISO 14001 implementation barriers. The
framework is subsequently tested at CML through the development of an EMS (Section 4.5).
Scope of EMS

Legal requirements

Aspect and impacts

• Expanded life cycle scope
• Limited scope of direct SME operations to be expanded at a later stage
• Develop legislation register
• Identify and document legal requirements applicable to the organisation
• Take advantage of contacts established through the stakeholder analysis in the Baseline
framework
• Identify environmental aspects and impacts within the defined scope of the EMS using the
LCI input-output technique of the Baseline framework
• Evaluate each aspect/impact based on the 5 criteria of financial impact, controllability,
quantity, severity of consequence, and legal and market requirements

Programmes and
objectives –
ecoWheel

• Establish suitable programme elements for the company
• Define best practice performance objectives in each programme e.g. ISO 14001 for EMS
Certification programme or Zero Waste to Landfill for Waste Management programme
• Establish understanding of status quo in each programme. This can be facilitated through
the use of the Baseline framework developed in Phase 1
• Perform a gap analysis to identify the project based objectives required to achieve best
practice in each programme
• Establish suitable targets for each objective

Roles and
Responsibilities

• Allocate staff members as programme champions of the ecoWheel
• Depending on the size and structure of the SME, several programmes can be allocated to
one staff member
• Responsibilities for the objectives and targets can be managed by programme champions
or others staff members

Documentation and
Record Management

• Establish an electronic system to manage EMS documentation and records

FIGURE 26: CONCEPTUAL EMS STRATEGY FRAMEWORK FOR MANUFACTURING SMES

4.4.1 EMS Scope
In the Baseline action research cycle, environmental improvement initiatives were focused on
the manufacturing phase of the product life cycle. The projects carried out in the first research
phase were therefore primarily of a cleaner production nature. The approach of ‘low hanging
fruit’ was purposefully planned to gain the buy-in of the owner/manager of the SME. The
competitive benefits of implementing voluntary environmental improvement practices needed
to be proven to move the company from a ‘defensive’ to a ‘proactive’ maturity level. The cost
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savings and marketing potential achieved in the Baseline action research led to a clear change
in attitude of the owner/managers.
However, in order to provide strategic benefits to an organisation and in fact move the SME
towards environmental sustainability, the scope of environmental improvement activities
needs to be holistic and life-cycle-orientated. The limitation in market and supply chain
influence is an important characteristic of SMEs identified in the literature (Section 3.2.3).
SMEs also tended to have less engagement of external stakeholders in the ISO 14001 survey
(Section 4.3.4). Controllability was therefore a key consideration in the defining of an EMS
scope and the development of a method for aspect and impact evaluation (Section 4.4.3).
The DIS 14005 guidelines state the following regarding the scope of EMS:
“An organisation is only expected to address those aspects which it can control
and those that it can influence. For example, while an organisation probably has
control over how much electricity it buys from a supplier, it may not have control
or influence over the way in which that electricity is generated.” (International
Standards Organisation 2008)
Nevertheless, the DIS 14005 guidelines do not adequately address the issue of EMS scope for
SMEs and their limited ability to influence activities and processes that are not in their direct
control.
The researcher proposed that the EMS strategy framework encourage step-wise expansion of
the scope and environmental improvement activities in SMEs. Having gained the support of
the owner/manager through the application of the Baseline framework, it could be useful to
define the scope to include the full life cycle activities in the design of an EMS. The
prioritisation of controllable aspects within the expanded scope then becomes an important
consideration for the aspects and impacts evaluation process. However, this being said, the
scope could continue to be restricted to the direct operations of the manufacturing SME and
redefined at a later point.

4.4.2 Legal Requirements
Knowledge of legal requirements and compliance is a particularly important issue for
manufacturing SMEs. The results of the ISO 14001 survey and the literature review indicate
that SMEs consider their lack of knowledge of regulatory compliance as a key EMS
implementation barrier. This highlights a potential problem in the communication mechanisms
of regulators in effectively conveying legal obligations to small businesses.
The DIS 14005 guidelines address the identification and evaluation of an organisation’s
environmental aspects and impacts prior to the legal requirements. However, legal
requirements should be taken into consideration in the evaluation of the significance of a
particular aspect. It is therefore argued that an SME needs to understand the legal
requirements applicable to its operations prior to identifying and evaluating aspects and
impacts.
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The Enviro-Mark programme provides a list of 16 generally applicable legal requirements
which its certified members need to comply with. This list is supplemented by checklists which
summarise the requirements of the various pieces of legislation. However, each organisation is
different and the legal requirements provided by Enviro-Mark are only applicable to New
Zealand companies.
The Enviro-Mark Silver level requires the development of a legislation register. The programme
therefore requires the development and formal documentation of a legal register after having
already evaluated compliance with the legislation in Bronze. This was seemingly counter
intuitive and inefficient given that the goal of an EMS is to implement a systematic approach to
environmental management. A more efficient approach would be to evaluate compliance
levels after the requirements have been identified, documented and understood.
In contrast to Enviro-Mark, DIS 14005 uses this logic and it is also the approach chosen for the
EMS strategy framework in this research. A legislation register should be developed that lists
the legal requirements relating to the organisation and allocates responsibility to specific staff
for understanding and complying with the legislation. It is argued that having developed a
central register of applicable legal requirements, the company will be in a better position to
systematically evaluate legal compliance.
The issue of the identification of legal requirements is a complex one and will vary in different
industries and countries. The SWOT and stakeholder analyses conducted as part of the
Baseline framework will provide a starting point. The Enviro-Mark guidelines may also prove
useful as will access to information from industry organisations such as the Employers and
Manufacturers Association (EMA). Alternatively, some SMEs may have the resources to use a
specialist consultant to conduct the evaluation on their behalf.

4.4.3 Aspects and Impacts
An understanding of the environmental impacts of an organisation is the basis upon which the
other elements of an effective EMS are built (Zorpas 2010). However, according to the existing
literature, many SMEs find this initial environmental analysis phase the most difficult part of
EMS implementation (Burke and Gaughran 2007). Biondi, Frey and Iraldo noted in their study
of European SMEs that the common difficulty in EMS implementation was in identifying and
evaluating environmental impacts (Biondi, et al., 2000). In a pan-European survey of SMEs
certified to an EMS, the environmental review and aspects and impacts assessment was cited
as the most challenging and time consuming element of EMS implementation (Hillary 2004).
The same study also cited this issue as the one where SMEs required the most additional
guidelines and support.
Existing evaluation methodologies are based on a risk approach which consider the scale or
severity of the impact and the likelihood of occurrence (Labodova 2004). Eco-mapping was
developed specifically for SMEs to identify and map the location of environmental problems in
their business (Section 1.4.4). The approach is useful in visually representing the direct
environmental issues of a manufacturing company. However, the wider (indirect)
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environmental impacts occurring as a result of supply chain and end of life activities are not
considered in Eco-mapping.
Environmental aspect/impact identification and evaluation is a critical element of EMS
development and SMEs have difficulties with using existing methodologies (Wenk 2005;
Zorpas 2010). The DIS 14005 guidelines do not provide any supporting framework or
methodological approach for SMEs to evaluate their aspects.
A new aspect evaluation methodology therefore needed to be developed and tested to
facilitate comprehensive and systematic evaluation of the identified environmental aspects in
SMEs.
In Research Phase 1: Baseline, the researcher identified and evaluated the basic waste streams
of CML within the scope of its own manufacturing system (Section 3.4.2.3 and 3.4.2.4). Based
on an input-output analysis and the use of the environmental improvement prioritisation
approach two voluntary environmental improvement projects were carried out. The
environmental improvement prioritisation tool developed for the Baseline framework used
four criteria to assess the priority of improvement initiatives.
The ISO 14001 standard requires that organisations identify and evaluate the significance of
environmental aspects. O’Laoire and Welford (1996) list four key issues which companies
should be aware of as a first step in EMS development:
1. Legal and regulatory requirements of their operation
2. Direct, indirect and potential financial implications associated with the
environmental aspects
3. Extent of growing customer pressures and market requirements
4. Competitors achievements in implementing environmental improvements
The researcher critically evaluated the prioritisation tool developed in Phase 1 for its
applicability to ISO 14001. The tool provided systematic criteria for the evaluation of the
environmental impacts of CML’s manufacturing activities. In evaluating the environmental
improvement project prioritisation method, the researcher identified three key areas for
improvement of the tool for the purposes of aspect and impact evaluation for ISO 14001:
1. Controllability criteria: The tool did not take into account the organisation’s
level of control over the impact. For example, indirect environmental impacts
occurring due to a supplier’s processes are more difficult to control than those
that arise directly in the company’s production processes. This is in particular
the case for SMEs who generally have limited purchasing power and influence
on their supply chain.
2. Subjectivity: The score allocated to a criterion for a particular waste stream was
subjective. The four evaluation categories provided a framework for ranking
significance, however, for a given impact two different people could potentially
97

Chapter 4: Research Phase 2 – Strategising
chose quite diverse figures. This was due to the individual person’s
understanding of the environmental aspect and their particular mental model of
what should be considered significant in the various categories.
3. Legal requirements: The original prioritisation tool took into account legal
requirements in the ‘future development’ criterion. However, the literature
review and survey highlighted the difficulty SMEs experience with legal
requirements. The aspect and impact prioritisation tool therefore needed to put
more emphasis on the importance of legal requirements in terms of evaluating
aspect significance.
Subsequently three changes were made to the original tool in order to improve its
effectiveness and applicability to manufacturing SMEs implementing ISO 14001. A
‘controllability’ criterion was added to the evaluation matrix in order to incorporate the ability
of the SME to influence the impact (Table 20). This meant that the weighting of the ‘possible
financial benefits’ criterion was halved to ensure the totals still added to a maximum
significance ranking of 100.
The weightings of the five criteria outlined in Table 20 can be manipulated to suit the
individual priorities and situation of specific SMEs. For example, a company or practitioner
may decide to put a higher emphasis on financial considerations while the SME is in a
‘defensive’ stage and review the weightings once it has reached a ‘proactive’ or ‘managed’
sustainability maturity level.
TABLE 20: REVISED EVALUATION MATRIX FOR ASPECTS AND IMPACTS ANALYSIS
Financial
Impact

Controllability

Quantity

Severity of
Consequence

Legal and
Market
Requirements

Very High

5

5

5

5

5

High

4

4

4

4

4

Moderate

3

3

3

3

3

Low

2

2

2

2

2

Very Low

1

1

1

1

1

None

0

0

0

0

0

A second improvement was the development of a matrix of standard criteria of various scores
for the five categories (Table 21). This ensured that the outcome of the aspect and impact
analysis would be less subjective.
The final modification to the original tool was the revision of the ‘future development’
criterion to ‘legal and market requirements’. The modified criterion meant that if there was an
existing legal requirement associated with a particular environment aspect (i.e. a score of 5 in
this category), the aspect should automatically become ‘significant’ – regardless of the scores
in the other criteria.
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TABLE 21: MATRIX OF EVALUATION FOR ASPECTS AND IMPACTS

Dimension
Financial impact

Quantity

0-None

1 – Very low

2 - Minor

4 - High

Significant investment
costs associated with
reducing impact make it
unrealistic to do so in the
foreseeable future

It is expensive to
No financial benefits Funded schemes Initial investment
reduce this impact but of reducing this
exist to reduce
required leading to
realistic to do so
impact
this impact
medium term benefits
within the next 12
months

Insignificant quantity or
volume

Very low quantity or
volume

No direct environmental
Severity
(=environmental consequences
risk)

Minor quantity or
volume

Aspect can be
addressed resulting
in moderate
environmental
impacts in other
areas
There are currently no Law or market
Legal and Market No laws or market
requirements exist or are laws in other countries requirement exists
Requirements
likely to exist in the future or industries
for this aspect for
other industries

Controllability

3 - Moderate

The specific
process/action is
unavoidable and there is
currently no viable
reduction mechanism

Environmental aspect
can be addressed with
minimal consequences
on other issues

This impact is in the
domain of third parties
and is difficult to
control

Potential to engage
or influence a third
party to reduce the
impact
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5 – Very high
Direct and measureable
short term financial benefits

Moderate
quantity or
volume

High quantity or volume Most significant
material/impact quantity or
volume

Aspect has
moderate
environmental
consequences

Aspect has high
environmental impact.
E.g. Waste which has to
be sent to landfill

Law or market
requirements
associated with
this aspect exist
in another
country
The company
can modify the
materials or
process causing
impact

Aspect occurs as a result
of the company’s
activities and can be
controlled with a some
effort

Aspect has immediate and
obvious environmental
consequences.
Environmental aspect occurs
regularly or is highly likely to
occur.
Competitors have
A legal requirement exists or
prevented/mitigated that is about to be introduced
particular impact and
gain some form of
competitive advantage

Aspect occurs as a direct
result of the company’s
activities and is easily
controllable
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4.4.4 Programmes, Objectives and Targets
Biondi, et al. (1997) identified that SMEs encounter barriers in defining their environmental
programmes. The researchers noted that this difficulty was due to a gap in the environmental
culture as well as the lack of infrastructure to develop detailed plans and programmes for their
activities. This was in particular because sustainability or environmental management issues
were outside the scope of their “core-business” (Biondi, et al., 1997).
Defining specific objectives and programmes for achieving environmental sustainability
improvements is not aligned with the infrastructure and processes of most SMEs. Balzarova
and Castka identified a similar problem in UK case study SMEs where objectives and targets
were not clearly defined and the focus was on ISO 14001 compliance rather than continual
improvement (Balzarova, et al., 2006).
Given the barriers identified in the existing literature, it was deemed essential that the
proposed EMS strategy framework integrated an effective mechanism for SMEs to define and
review their programmes, objectives and targets.
Several authors advocate the use of a gap analysis in the implementation of an EMS (Bowern
and Mortensen 1999). A gap analysis can be used by an organisation to benchmark its status
against the world class performance level.
The radar (also known as spider web) diagram was used during the packaging project in the
Baseline Research Phase to compare the various design alternatives. The radar diagram
method was first introduced as a gap analysis visualisation strategy tool to enhance the
flexibility, competitiveness and responsiveness of an enterprise (Kasanen, et al., 1991).
In the context of EMS design and development the radar diagram was identified as a means of
enabling an SME to visualise the gap between the current status and the target levels of
multiple environmental programmes and objectives (Figure 27).

FIGURE 27: SPIDER WEB DIAGRAM GAP ANALYSIS TOOL (AHMED AND RAFIQ 1998)

Strategy implementation is challenging for any organisation because it requires a consistent
understanding across the company and staff need to be willing and able to take action.
Pellegrinelli and Bowman (1994) suggest a project-based approach to implementing strategy
which takes advantage of a programme management methodology. A programme is a
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framework to manage existing and future projects to achieve a common goal (Pellegrinelli and
Bowman 1994). A programme has multiple objectives and an indefinite time horizon.
The ecoWheel was proposed by the researcher as a visual representation of programmes and
objectives of the EMS (Figure 28). The segments of the framework are the programme
elements of the company’s EMS which take account of the complete product life cycle.
The ecoWheel was designed to facilitate the development of a shared vision of the wider
scope of sustainability and to provide a holistic view of environmental management in the
company. SMEs in the ‘defensive’ and ‘proactive’ stages of environmental sustainability
maturity may still focus on their efforts on a limited scope. However, it was deemed important
that specific programmes and objectives were viewed in the wider life cycle context. The
ecoWheel provides a visual representation for individual actors, functions and departments
within the SME to understand how their actions fit in to the overall environmental
management strategy.

FIGURE 28: ECOWHEEL STRATEGY FRAMEWORK ELEMENT

The progressive development of the SME in the various programmes of the ecoWheel is
represented by the shading of the objectives. Figure 28 demonstrates an organisation that has
strong capabilities in its ‘EMS Certification’ and ‘Manufacturing Efficiency and Waste
Management’ programmes. Contrastingly the organisation has only achieved one objective in
the ‘Eco-Design and Product Stewardship’ programme and the ‘Green Supply Chain
Management’ programme respectively. From a visual perspective it can be seen that the
company is most likely at a ‘managed’ sustainability maturity level because it has an EMS and
has achieved a range of internal environmental improvement objectives.
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The environmental objectives will largely be specific to each individual organisation, however
some generic milestones can be derived for particular industries (see Section 4.5). The projectbased structure of the ecoWheel aligns closely with the ISO 14001 criteria of establishing,
implementing and maintaining programmes and objectives for environmental improvement.
The process for developing an ecoWheel for managing programmes and objectives is as
follows:
1. Establish suitable programme elements for the company based on the aspect
and impact categories.
2. Define industry best practice or world class performance objectives in each
programme, e.g. ISO 14001 for EMS Certification programme, or Zero Waste to
Landfill for Waste Management programme.
3. Establish an understanding of the current performance of the company within
each programme. This can be facilitated through the use of the Baseline
framework tools developed in Phase 1 and the aspect and impact analysis.
4. Perform a gap analysis to identify the project-based objectives required to
achieve best practice in each programme.
5. Establish suitable measureable and short term targets for each objective.
Targets are a sub category of environmental objectives which have a more quantifiable
outcome. The ISO 14001 standard requires that the organisation commit resources and
establish timeframes to ensure that targets are met efficiently. The ecoWheel treats objectives
as projects and targets as milestones which need to be completed to finish the project. The
visual theme of the ecoWheel is continued through the use of a traffic light system to indicate
the status of a particular target: Complete - green, active - yellow or unstarted – red (Figure
29). When all the targets for a particular objective are complete the ecoWheel objective is
achieved.

FIGURE 29: TARGET REGISTER FOR PLANNING OBJECTIVE OF EMS CERTIFICATION

4.4.5 Roles and Responsibilities
One of the solutions proposed for overcoming the lack of organisational culture barrier was to
assign clear responsibilities while enabling the effective collaboration within the organisation.
The literature review of SME characteristics highlighted the trait that lines of responsibility are
often unclear in these companies. Some studies suggest that this approach to human resource
management can facilitate innovation in SMEs (Hayton 2003). However, the experience in the
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action research indicated that if environmental improvement projects and audits etc. were not
directly specified as the responsibility of an individual, they were very unlikely to be achieved.
Pellegrinelli and Bowman (1994) note that projects are vehicles for change and, as with any
vehicle, they require a driver.
This experience is in line with research by Balzarova, et al. (2006) who found that the lack of
clear definition of responsibilities in their case companies led to limitations in their ability to
maintain an effective EMS. The limited capacity of core environmental team members to
understand their role in the EMS led to a lack of involvement of employees (Balzarova, et al.,
2006). Given this scenario, it was deemed essential that this particular issue was addressed
directly in the EMS strategy framework.
Individual staff members are assigned ‘programme champion’ responsibilities for the elements
of the ecoWheel (Figure 30). In allocating the responsibilities, existing capabilities and
experiences of individuals should be utilised. Depending on the structure and individual size of
the SME, one person may be assigned responsibility to multiple elements. Using this approach,
one staff member maintains overall responsibility for the ecoWheel.

FIGURE 30: SCHEMATIC OF ECOWHEEL WITH PROJECT CHAMPION RESPONSIBILITIES

4.4.6 Documentation and Communication
Documentation and communication of procedures and other environmental information is a
key element of an EMS. Companies traditionally use paper-based manuals to fulfill this
requirement. Paper-based systems were found to be the predominant document control and
record management approaches used by the New Zealand SMEs in the ISO 14001 survey.
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The problem arising from this traditional documentation approach is that procedures and
other EMS records and documents are usually not effectively utilised by employees. There is a
growing perception amongst practitioners that paper-based documentation processes are not
efficient and are simply an old fashioned bureaucratic approach necessary only from a
compliance perspective.
Watson and Emery describe the ISO 14001 conformance requirements as exercises in “paper
chasing” and “box ticking” (Watson and Emery 2004). Other researchers note that this type of
approach shifts the attention from making improvements to completing a procedure and
getting a box checked (MacLean 2004). The authors of a Swiss study of ISO 14001 describe:
“an over-emphasis on compliance and conformance to standard requirements
often does not support the intended improvement process.” (Hamschmidt and
Dyllick 2001)
Kraus (2004) points out that the traditional, document-focused approach to EMS
implementation does not facilitate meaningful environmental performance improvement.
Kraus goes on to suggest that the document-focused approach is at odds with how managers
actually deliver results.
The barriers to EMS identified in the literature review and survey suggest a misalignment
between the documentation requirements of the ISO 14001 standard and the processes and
procedures of SMEs. The effective incorporation of EMS documentation and record
requirements was therefore a key consideration in the strategy framework.
Based on this situation the researcher set about developing and testing a documentation and
knowledge management platform for SMEs. The development of an electronic system for
documentation and communication occurred using an iterative approach. Section 4.5.5 and
Chapter 5 discuss the development of an intranet portal and its subsequent progression to an
information technology infrastructure for implementing and integrating the EMS strategy
framework.

4.5

Action Research Cycle 2: Testing of Strategy Framework

The action research in the Strategising Research Phase involved the development and
implementation of an EMS at CML in line with the requirements of the ISO 14001:2004
standard. The research aims of this action research cycle were to:
1. Verify the barriers to EMS implementation and compare with the survey and
literature.
2. Test the conceptual EMS strategy framework elements and tools in facilitating
the implementation process.
It was deemed appropriate that the ISO 14001 implementation process at CML use the EnviroMark programme to align the experiences in the action research with those of other New
Zealand companies. Findings from the action research at CML (and the DBJ and AIL case
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studies) may therefore be useful in the further development of the effectiveness of the EnviroMark programme. In addition, the five stages of the Enviro-Mark programme provided the
opportunity to reflect on the success of the implementation of the EMS strategy in between
each level.
The following sections outline the development of an EMS at CML on the basis of the
conceptual EMS strategy framework. The researcher observed and documented the process of
EMS implementation as part of the action research. Additionally, insights from informal
interviews with CML staff and the comments of independent auditors were taken into account
in the analysis.

4.5.1 Enviro-Mark Bronze
To meet the criteria for Enviro-Mark Bronze level, the company should define and document
the scope of its EMS. In addition to this, a company must identify and comply with all
applicable health & safety, environmental and other legislative requirements. These
requirements of Bronze level correlate with the following sections of the ISO 14001 standard
(International Standards Organisation 2004): Section 4.1 (General requirements – EMS scope),
4.3.2 (Legal and other requirements) and 4.5.2 (Evaluation of compliance).
The cleaner production initiatives in action research cycle 1 facilitated the owner/manager
support for an expanded scope for environmental management at the company. This meant
that the scope of the EMS at CML could be expanded to incorporate the pre and post
production elements of the system (Figure 31).
The researcher thus mapped the life cycle phases of a typical CML product at the outset of the
EMS design and development. The scope from the Baseline Research Phase was expanded to
include: “CML operations at the Auckland plant as well as the controllable processes of the up
and downstream value chain”.
While the company had direct control of its own processes, limitations were experienced in its
ability to influence upstream and downstream value chain stakeholders. A reason for this was
that a number of CML’s key suppliers were large manufacturing companies in Asia. In addition,
several customers of CML were major New Zealand retailers of furniture products who did not
necessarily see benefits of adopting sustainability practices. This issue was addressed in the
implementation of the aspect and impact evaluation methodology (Section 4.5.2).
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Extraction of raw
materials

Manufacturing
Packaging and
distribution

Initial Scope

Disposal
Extended Scope

Product use

FIGURE 31: LIFE CYCLE PHASES OF A FURNITURE PRODUCT AT CML SHOWING EXTENDED SCOPE OF THE EMS

An initial investigation of applicable legislation and evaluation of compliance levels of CML was
conducted by the researcher. This involved research of the Government legislation website
and use of the Enviro-Mark guidelines. The researcher also contacted a range of external
Australasian organisations specialising in legal compliance. However, the cost for a consultant
to simply identify applicable legal requirements for CML was quoted as approximately 1% of
annual turnover. This was not seen as a financially viable option by the company.
Through the existence of a H&SMS at CML, a number of key legal requirements of Bronze level
had already been met. However, no systematic process for managing legal compliance existed
at the company prior to EMS development. The key element which was missing was a process
for evaluation, documentation and formal verification of compliance to the various legal
requirements.
An electronic ‘legislation register’ spreadsheet was developed and stored on the intranet to list
the relevant legal requirements of the company. The legislation register documented the
responsibilities for compliance with the identified legal requirements (Figure 32). The
spreadsheet used links to electronic documents that provided evidence that CML was
compliant.
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FIGURE 32: EXCERPT OF THE CML LEGISLATION REGISTER

The systematic documentation of the legal requirements at CML made the process more
efficient from the beginning. The action research experience also highlighted the following
benefits from the introduction of the legal register at this point:




Responsibility for managing the various legal requirements was divided amongst a
range of staff in the company. This allowed the significant workload to be shared
by a group of employees.
Central access to evidence of compliance made external audits efficient. The
register was a simple spreadsheet accessible to all employees via the company
shared intranet. This allowed staff members to conduct legal compliance checks
more efficiently.

However, from a staff resource and cost perspective, it was difficult to meet the requirements
of the standard in terms of conducting the compliance review process on a regular basis. Given
that at CML there was no Compliance Manager or specific person who had overall
responsibility for maintaining legal compliance, this important aspect of an effective EMS was
an ongoing difficulty.
Internal legal compliance audits were usually conducted shortly before an external ISO 14001
audit. The barrier of internal auditing was in line with the problems faced in SMEs in the
literature and ISO 14001 survey. While the legislation register was available to all staff, it did
not have a reminder function for staff responsible for specific legal obligations to regularly
conduct compliance audits. This was identified as an issue to be addressed in the development
of a web-based system for integrating environmental management in Research Phase 3.
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In summary, the following conclusions were drawn from the implementation of the EMS
strategy framework elements during the Enviro-Mark Bronze stage of EMS development:
1. The identification and evaluation of compliance with legal requirements was a
significant barrier. This was in line with the findings from the survey of ISO 14001
companies. The development of a legal register in the first phase of compliance
rather than during Silver level was determined to be a more efficient and
systematic approach. It was recommended to Enviro-Mark that this finding be
considered in the redesign of the programme.
2. Ad hoc, short term compliance audits prior to external audits were found to be a
problem. This was determined to be due to the typical fire-fighting culture and
practices of SME’s due to their resource limitations. This was a barrier to be
addressed further in the development of a web-based EMS integration
infrastructure in Research Phase 3.

4.5.2 Enviro-Mark Silver
In order to progress to Enviro-Mark Silver level, companies need to develop an in-depth
understanding of their specific environmental aspects and impacts within the defined EMS
scope. This requirement is in line with Section 4.3.1 of ISO 14001 and is considered a key
element in the development of an effective EMS (Balzarova 2003). In addition to this, Silver
level also requires the development and communication of a formal environmental policy for
the company.
An evaluation of the aspects and impacts at CML (Appendix G) using the framework and
guidelines developed in Section 4.4.3 showed that the three limitations identified with the
environmental improvement prioritisation approach had been resolved. Environmental
committee members were able to independently rank the environmental aspects and impacts
in a consistent and systematic manner. The methodology was evaluated by Enviro-Mark and
ISO 14001 auditors in addition to undergoing an internal assessment by the researcher and
CML staff.
The subsequent ISO 14001 auditor’s report provided positive feedback on the effectiveness of
the aspect and impact tool:
“The aspects and impacts tool used at CML is an innovative and user friendly means
of evaluating the identified aspects. The tool considers all of the important issues in
the systematic evaluation of the organisation’s environmental risks throughout the
life cycle.” (Church 2009)
The second major requirement of Silver was to develop and document a formal Environmental
Policy for the company. This was not a significant barrier identified in the literature or survey.
CML did not experience any difficulties in defining and developing an appropriate policy.
However, the researcher noted that it may be more appropriate to develop and communicate
an environmental policy after the programmes, objectives and targets of the organisation have
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been established. In doing so, it would become possible to effectively and accurately
communicate the company’s approach to managing its environmental aspects in the policy.
ISO 14001 requires that the environmental policy provides the framework for setting and
reviewing objectives and targets. The environmental policy is developed prior to the
programmes and objectives in the DIS 14005 guidelines. In the Enviro-Mark programme the
policy is required before the company has understood its aspects/impacts and developed its
objectives and targets. The order of environmental policy development was identified as an
issue to be reconsidered in the further development of DIS 14005 and Enviro-Mark.
In summary, the literature review highlighted the significant barriers SMEs face in identifying
and prioritising aspects and impacts. The aspect and impact evaluation tool was proposed
based on a critical assessment of the environmental improvement prioritisation method
developed in the Baseline Research Phase. The method was tested at CML during the action
research implementation of Enviro-Mark Silver requirements. The approach accounted for the
limitations in the influence of SMEs in controlling environmental impacts outside of their direct
operations. The evaluation criteria for determining the significance of the identified aspects
also effectively considered the legal and market requirements. The improved tool was found
to provide a systematic and less subjective approach to evaluating the life cycle environmental
aspects of CML’s activities.

4.5.3 Enviro-Mark Gold
The Enviro-Mark Gold level requires that the company establish programmes, objectives and
targets to manage the significant environmental aspects and impacts identified in the
evaluation. In addition to this, there is a requirement for putting in place effective processes
for reviewing that the objectives and targets are achieved. These requirements are in line with
section 4.3.3 and 4.5.1 of the ISO 14001 standard.
Within the defined scope of the EMS, eight programme elements were identified as essential
in developing the environmental management platform for CML (Figure 33).
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FIGURE 33: PROGRAMME ELEMENTS OF THE CML EMS

These programme elements of the CML EMS were defined as:


Environmental Management System certification: Certification to an
internationally recognised standard for its EMS provides customers with
assurance that the company is effectively monitoring, measuring and improving
its environmental performance.



Stakeholder Management: The effective management and communication of
sustainability achievements, aspirations and product credentials to external
stakeholders is central to fostering knowledge development and shared learning
for sustainability (Buysse and Verbeke 2003; Borga, et al., 2006).



Training and Culture: In order to be successful, environmental management and
sustainability needs to be ingrained into company culture. Training and culture
are fundamental to obtaining support and commitment from staff to drive
objectives and targets to enable an organisation to achieve continual
improvements towards sustainable manufacturing (Powell 1995; Stone 2006).



Eco-Design and Product Stewardship: This programme focuses on the reduction
of the environmental impacts of products and the development of the
organisation’s ability to accept responsibility for their products from the time
they are produced until the end of their useful life and disposal (Bovea and Vidal
2004; Cinar 2005; UEA 2009).



Green Procurement: This programme involves the integration of environmental
criteria into raw material procurement and the active collaboration with
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suppliers to reduce the environmental impact of the supply chain (Walton, et al.,
1998; Bovea and Vidal 2004; Michelsen, et al., 2006).


Manufacturing Efficiency and Waste Management: This programme seeks to
eliminate waste in the manufacturing phase of the product life cycle through the
optimisation of processes and the reuse or recycling of excess material
(Envirowise 2001; WRAP 2003; EAO 2005).



Energy Efficiency: This programme involves the effective management of energy
intensive processes and the development of staff awareness in relation to energy
use (Ross 1991).



Eco-Packaging and Distribution: This programme involves the design of
packaging and distribution processes to enable the products to be transported
and delivered to the customer with the minimum overall impact on the
environment, while fully preserving the integrity of the products it contains (MfE
2004).

Green procurement and product stewardship considerations were beyond the scope of the
first action research cycle in the Baseline phase. The expanded scope of the EMS led to the
inclusion of these additional programmes. Furthermore, the significance of effective external
stakeholder management and internal training & culture issues were emphasised through
their inclusion as EMS programme elements.
The researcher subsequently developed communication slides for a strategy meeting with the
aim of establishing an agreed direction in each area of the EMS. The direction of each
programme element was discussed in an environmental strategy meeting which included the
owner/managers as well as management representation from the manufacturing, marketing,
engineering and design departments.
As a result of this discussion, visual strategy roadmaps were put together for the eight
programme elements of the EMS. The CML strategy roadmaps and discussions are included in
Appendix H. The strategy roadmaps benchmarked the status quo in each programme at CML
against the world class performance standard in the furniture manufacturing industry.
Each ecoWheel programme was broken down into a series of step by step project-based
objectives. The eight CML environmental strategy roadmaps were mapped onto the segments
of the ecoWheel to represent the world class performance objectives for the EMS (Figure 34).
This project approach was chosen to enable CML to establish clear and achievable milestones
in each programme.
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FIGURE 34: CML ECOWHEEL EMS STRATEGY FRAMEWORK

The ecoWheel was introduced to CML owner/managers and staff at an environmental meeting
with immediate success. Feedback from the meeting was overwhelmingly positive in terms of
the power of the ecoWheel in communicating the EMS strategy to the team:
“I think your framework is now getting fairly comprehensive in painting a great
story in picture form. It details out the areas where focus is required to move the
company towards operating and delivering product in an environmentally
sustainable way. Well done. I especially like the eight sector diagram you have
developed.” (CML Executive Director 2009)
The ecoWheel was subsequently communicated on company notice boards in the factory,
office and cafeteria areas. Staff members who previously had no interest or understanding of
the environmental initiatives at the company were beginning to actively engage and
communicate their ideas with members of the environmental team.
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“Just a note say I was impressed to see the work you had done, and to confirm
that we would like you to update us on Monday the 11th at 11.30am in the
production meeting room, on the environmental plan for the company.“ (CML
Design Manager 2009)
The action research of Enviro-Mark Gold implementation at CML found the ecoWheel process
to be a very effective approach to visually communicating and managing EMS programmes and
objectives. The ecoWheel enabled a shared vision of the life cycle elements of the EMS to be
developed and communicated amongst management and staff of CML. The ecoWheel
approach uses the phased EMS implementation philosophy whereby environmental
improvement programmes consist of sequential objective-based projects which progressively
move the organisation towards industry best practice.

4.5.4 Enviro-Mark Platinum
Having implemented the ecoWheel and established the programmes, objectives and targets
for environmental improvement, the next requirements for achieving Enviro-Mark Platinum
and ISO 14001 are to:


Assign responsibilities for managing the EMS and achieving objectives and
targets.
 Develop and implement a procedure for internal and external communication
in relation to the EMS.
 Implement mechanisms to monitor and measure the performance of the EMS.
The researcher in his role as Environmental Officer retained overall responsibility for
management of the EMS. In addition to this, the ‘programme champion’ roles were defined
for the various elements of the EMS. Individual staff members of CML were assigned
responsibility to one or more EMS programmes of the ecoWheel. Programme champions held
the responsibility for managing and reporting on the project-based objectives within their
programme.
Wherever possible, the programme roles were chosen based on the best match with existing
job responsibilities in the company. For example the Procurement Manager was assigned to
‘Green Supply Chain Management’ and the Engineering Manager assigned to ‘Energy
Efficiency’. This programme champion approach with clear lines of responsibility facilitated
the understanding of the individual roles and responsibilities of staff at CML.
“The next step in or out on the ecoWheel (I suppose that depends if you are an
optimist or pessimist) is RoHS compliance – I would like to discuss this and get an
action plan to achieve this. When can you spend some time to talk this over?”
(CML Procurement Manager 2008)
During the Baseline action research cycle, a range of environmental improvement projects
were conducted at CML. In some cases the communication of the project objectives and
results was not wide spread or effective within the company. This meant that the solutions
and improvements were not implemented to an optimum extent. This relates closely to the
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problems identified by Kraus and Grosskopf (2008) in effectively implementing management
systems. They found that functional elements of management systems and associated
projects tend to be managed individually which results in information being lost in a “vacuum”
(Kraus and Grosskopf 2008). This is in line with the common phenomenon of the ’silo effect’
which refers to a lack of communication and common goals between departments and
individuals in an organisation.
At CML, internal EMS communication was occurring during monthly environmental meetings.
Other internal EMS communication was disseminated using the factory and cafeteria notice
boards. The relative limitation in communication mechanisms at the company was identified
as a barrier for gaining stronger support and involvement of staff. The ecoWheel was
deliberated conceived as a mechanism for communicating the status of objectives, targets
and programmes of the EMS. Management and employees from across the company were
quickly able to understand the scope of the EMS. However, given the critical significance of
effective communication, the development of a web-based EMS portal to expand the
communication and collaboration capabilities of the organisation was a key area to be
addressed further (Section 4.5.5 and Chapter 5).
Thus far, external communication relating to the company’s EMS was mainly limited to
contact with suppliers and collaborators (such as The University of Auckland) in the project.
Marketing communications relating to environmental achievements were relatively
conservative due to the fear of ‘greenwash’. Greenwash is a term used to describe situations
where companies disclose positive and not negative aspects of their environmental profile
(Lyon and Maxwell 2011). Companies engaging in greenwash risk being embarrassed in the
media by activists who attempt to punish them by encouraging consumers to boycott their
products.
An environment section was made on the CML webpage to communicate the company’s
commitment to sustainability through its environmental policy. The website also
communicated CML’s progress towards meeting its objectives in the eight ecoWheel
programmes of the EMS.
The ecoWheel provided a simple visual mechanism for progress with the EMS programme and
objectives to be reviewed. The traffic light system for tracking progress with EMS targets
(Section 4.4.4) provided a clear overview of the status of the various improvement initiatives.
Environmental performance measures were developed for waste, energy and packaging.
These quantifiable measures were graphed and stored on the company intranet.

4.5.5 Enviro-Mark Diamond
Enviro-Mark Diamond is the final level of the Landcare Research Enviro-Mark programme.
Having achieved Diamond level, companies are in line with the requirements of the ISO 14001
standard. Diamond level requirements include achievement of all proceeding levels as well as:


Developing and implementing a document control and record retention
process.
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Implementing a process for regular and planned management review of the
EMS.
 Developing and implementing an internal audit programme and procedures.
At the time of EMS development, CML had an existing QMS and H&SMS. Both systems were
primarily paper-based and the QMS had been certified by a third party as compliant with the
requirements of the ISO 9001:2000 standard. The existence of other formal management
systems prior to ISO 14001 implementation is common with other New Zealand SMEs (refer to
Section 4.3.5). New Zealand SMEs also generally used paper-based or intranet spreadsheets
and documents to manage their EMS.
The EMS at CML was initially designed as an intranet system where soft copy procedures and
records were established and maintained (Figure 35). A hard copy manual of EMS procedures
was also created based on the electronic versions.

FIGURE 35: EMS PROCEDURES STORED ON THE COMPANY INTRANET

To be effective, this platform needed to be simple, accessible and useful to staff members of
the company, while meeting the requirements of the standard. Taking these considerations
into account, an intranet based web portal interface was developed for CML (Figure 36).
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FIGURE 36: SCREENSHOT OF CML INTRANET EMS WEB PORTAL

The EMS portal was conceived as a knowledge management and communication platform for
staff to access environmental information relating to the company. Existing soft copy
procedures and records of projects, meetings, audits and other useful resources stored on the
company intranet were included as links in the web-portal interface. In addition to this, the
portal provided an up to date feed of internal and external environmental news to stimulate
interest amongst staff.
Feedback on the CML intranet web portal was very positive. The platform was useful as a
central resource for EMS related information. The web-portal simplified the bureaucratic
documentation control and record retention requirements of ISO 14001 for ‘identification,
storage, protection, retrieval, retention and disposal of records’. Office staff had access to the
web-portal through their personal workstations, and a computer was made available for use
by factory staff in the production meeting room.
However, it became apparent that the portal in its current state had limitations in facilitating
two-way communication and the ability of staff to contribute and take part in the system. The
portal did not utilise the ecoWheel in the web interface and the visual power of
communicating the EMS strategy was therefore not available. Given the success of the
ecoWheel and the potential of the web portal to communicate the strategy on a company
wide basis the further development of the information technology EMS strategy
implementation infrastructure was to become a central element of the Integrating Research
Phase (see Chapter 5).
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Management review of the EMS was delivered in the form of monthly meetings involving the
environmental team and representatives from management. The agenda for these meetings
included review of progress with objectives and targets, discussions on existing and pending
legal and market requirements and the status of corrective actions relating to audit results. In
addition to this, quarterly environmental strategy meetings were held to evaluate the general
effectiveness of the EMS and review and iterate the elements of the ecoWheel. The effective
management review of the EMS did not pose a problem in the context of the action research
study.
The internal audit requirements of ISO 14001 proved to be significantly difficult in the action
research experience at CML. The researcher had been externally trained as a management
systems auditor and conducted an internal auditing training session for programme
champions. In addition to this, a spreadsheet calendar was put in place to document the
responsibilities and dates for conducting the internal audits of the various EMS elements. This
spreadsheet was made available to all EMS members via the intranet web-portal. However,
internal audits were still not being carried out by those responsible. This seemed to indicate a
misalignment of company culture with the internal audit requirements. For the purposes of
effective functioning of the EMS, the researcher carried out internal audits that were behind
schedule.
Similar problems were apparent in the case studies of DBJ and AIL in that one staff member
had near exclusive responsibility for internal auditing. This is in line with Hillary (2004) who
found that SMEs often have difficulty achieving internal auditor independence. The issue of
effective internal auditing needed to be addressed further in the development of the
information technology infrastructure for EMS implementation (Chapter 5).

4.5.6 Summary of EMS Implementation
An EMS was designed and implemented at CML in alignment with the requirements of ISO
14001. The five stages of Enviro-Mark provided intermediary points for the evaluation of the
success of the implementation. The EMS was designed based on the conceptual EMS strategy
framework (Section 4.4) which considered of the SME barriers identified in the literature and
survey. As a result of the EMS development, CML was certified by a third party as compliant
with the ISO 14001:2004 and Enviro-Mark Diamond standards.
The evaluation of legal compliance was an important barrier in the action research. The early
development of a documented legislation register in Bronze level rather than Silver facilitated
a more systematic development. However, based on the action research experience and the
responses in the ISO 14001 survey it is recommended that Government and policy makers put
more emphasis on the development of legislative guidance material for manufacturing SMEs
in New Zealand.
The environmental improvement prioritisation tool developed in the Baseline Research Phase
(Section 3.4.2.4) was adapted as an environmental aspect and impact prioritisation tool for
SMEs (Section 4.4.3). Five evaluation criteria were proposed and tested: Financial impact,
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volume, severity, controllability and legal/market requirements. The introduction of the
method at CML decreased the subjectivity of determining aspect and impact significance. The
environmental aspects and impacts within the expanded scope of the CML EMS were
systematically identified based on the evaluation criteria in the five categories.
The ecoWheel was conceived as a visual tool to establish and manage the success of EMS
programmes and objectives. The approach was based on the development of a shared vision
in each of the eight EMS programmes towards industry best practice. A gap analysis was then
used to identify the objectives required to meet the vision, given the current status. The
ecoWheel objectives were established as project-based milestones with subordinate,
quantifiable targets.
At CML the ecoWheel proved to be a powerful tool in creating a shared understanding of the
scope and vision for the EMS. The approach facilitated the establishment of EMS programmes
and objectives and allowed the management review team to monitor progress. The success of
the visual approach used in the ‘traffic light’ system to manage the status of targets at CML
was also apparent.
The environmental policy of CML was subsequently developed based on the clear
understanding of the environmental aspects and impacts and the programmes, objectives and
targets of the company. Responsibility for ecoWheel programmes and objectives facilitated
the development of an effective infrastructure and culture to achieve improved
environmental performance. Staff members understood their roles in achieving the objectives
and there was evidence of increased support for sustainability.
The owner/manager of CML concluded the following in reflecting on the development of the
EMS using the ecoWheel strategy framework elements:
“Sustainability is something that we knew we had to do something about – but we
were moving too fast in other directions. Sustainability has been integrated right
across the organisation and it is now a critical success factor for our business. I can
be a measure for how successful this approach has been.” (CML Executive Director
2008)

4.6

Case Study: ecoWheel for the Wood Panel Furniture Industry

The ecoWheel EMS strategy framework element is a project-based process to communicate
and progress the development of EMS programmes and objectives in manufacturing SMEs.
The approach was conceptually developed based on the barriers identified in the literature
and ISO 14001 survey (Section 4.2 and 4.3). The conceptual EMS framework was implemented
through action research at CML and iteratively improved based on observations from the
researcher and feedback from company staff and independent external auditors.
The goal of the next element of the research was to develop a generic ecoWheel for the wood
panel furniture industry. This had the aim of overcoming the barrier of the lack of sector
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specific guidance material for SMEs. A second New Zealand furniture manufacturing SME
company was approached for inclusion as a case study. The involvement of the second case
study provided insights from a wider industry group and ensured that the success of the
framework was not specific to CML.
In this case study, the researcher supervised the application of the Baseline framework
(developed in Phase 1 of this research) and the subsequent implementation of the EMS
strategy framework at DBJ (Menon 2008). This provided consistency with the approach used
at CML.
A series of informal meetings and workshops were conducted with company management to
determine DBJ’s existing capabilities and to establish project goals. The owner/managers of
DBJ identified their personal beliefs as the key driver for improving their environmental
performance. DBJ was in the process of developing an EMS using the Enviro-Mark
programme. At the time of the project, DBJ was already certified to Enviro-Mark Gold level
and had a publicly available environmental policy statement. In addition to this DBJ had put in
place a number of environmental improvement initiatives such as a cutting optimisation
system to reduce waste off-cuts in its manufacturing processes.
DBJ was more advanced than CML had been at the beginning of the Baseline Research Phase
because the owners did not need to be convinced of the environmental and competitive
benefits of sustainability. DBJ was therefore classified as being in the ‘proactive’ level of the
capability maturity model.
Nevertheless, the Baseline framework implementation highlighted the alignment between the
situations of CML and DBJ in terms of the barriers and drivers for sustainability. Appendix A
presents the detailed results of the SWOT and stakeholder analyses conducted at DBJ. The
owner of DBJ described the following barriers to progressing environmental sustainability at
the company:





Lack of guidance and specialised knowledge on to how to move forward in an
organised and efficient manner to effectively improve environmental
performance.
Limited financial and staff resources for implementing environmental
improvement practices.
Quality versus sustainability is a potential trade-off. As superior quality is of
utmost importance to the customers in the market in which DBJ operates.
Lack of strong external drivers in DBJ markets.

The following drivers for sustainability were identified during the application of the Baseline
framework:
 Personal values and beliefs of the owner/managers.
 The opportunity to offer additional value and ‘feel good’ factors to customers.
 Complying with existing and future Government legislation.
 Customer demand was only a very weak driver, but the company was
anticipating this trend to change in the near future.
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Subsequently an ecoWheel was developed for DBJ using the approach developed in Section
4.4.4 (Appendix I). The ecoWheel instances from the CML and DBJ case studies were
compared based on their content. In particular the similarities and differences of the
programmes and objectives of the two ecoWheels were analysed (Table 22). The goal of the
comparison of the two instances of the ecoWheel was to determine which objectives and
programmes could be incorporated into an overarching wood panel furniture industry
ecoWheel for SMEs.
TABLE 22: COMPARISON OF THE ECOWHEEL INSTANCES DEVELOPED IN THE ACTION RESEARCH AND CASE
STUDY

ecoWheel Instance

Characteristics and peculiarities of instance

Notable features of the CML ecoWheel include:
 Eco-Packaging has its own segment because it plays
an important role in terms of environmental impact in
this case.
 Furniture Eco-Design segment is specific to this case
company and will need to be modified in a generic
wheel.
 Many of the milestones in the Manufacturing
Efficiency segment are very specific to the CML case.
 The EMS Certification programme was comprised of
CML ecoWheel (see Figure 34 for larger
version)
Enviro-Mark level objectives.
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DBJ ecoWheel (see Appendix I for
larger version)

Notable features of the DBJ ecoWheel include:
 There are 10 segments in this example of the
ecoWheel in comparison with the 8 in the previous
versions.
 Reduced Carbon Footprint and Eco-Labels are new
programmes included in the DBJ ecoWheel.
 Eco-Packaging and Distribution are not represented as
a specific programme.
 Eco Design and Product Stewardship are separate
programmes whereas the CML ecoWheel combines
them.

The evaluation and comparison of the ecoWheel instances at the two furniture companies
indicated the alignment of the following programmes: EMS certification, Stakeholder
Management, Training and Culture, Energy Efficiency, Furniture Eco-Design, Green Supply
Chain Management and Waste Management. ‘Eco-Labels’ and ‘Reduced Carbon Footprint’
were specific to DBJ, whereas the ‘Eco-Packaging’ programme was not required as the
company did not package its products. The seven programmes apparent in both cases were
chosen as the basis for the generic wood panel furniture industry ecoWheel.
Based on the comparison and evaluation of the two cases the researcher proposed a generic
wood panel furniture ecoWheel (Figure 37). The generic ecoWheel can be adapted by
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individual SMEs in the wood panel furniture industry to efficiently and cost-effectively develop
an understanding of their pathway to sustainability.

FIGURE 37: GENERIC ECOWHEEL FOR THE WOOD PANEL FURNITURE INDUSTRY

The world class performance objectives (the outer objectives) in the overlapping programmes
of the two companies were identical. In addition to this, there was an alignment of the initial
objectives which were all based around an analysis to achieve a baseline understanding for
each programme. Given that the two companies were both operating in the wood panel
furniture industry, there was some alignment in the objectives of the green procurement, ecodesign and waste management programmes.
For example, Forest Stewardship Council (FSC) Chain of Custody (CoC) is a supply chain
certification specific to wood product manufacturers (Forest Stewardship Council 2010). FSC
certification ensures that wood used in products is sourced from ethically and
environmentally responsible forests. Another green procurement example specific to the
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wood panel furniture industry related to formaldehyde emissions. In 2009, the California Air
Resources Board (CARB) had put in place stringent restrictions on the formaldehyde emissions
of wood panel products (California Air Resource Board 2010). At the time of the project, this
restriction was limited to products sold in the United States. However, there were indications
that the European Union would in the near future adopt similar legislation.
From an eco-design perspective, Polyvinylchloride (PVC) laminate is used almost universally in
the wood panel furniture industry due to its technical properties, durability and low cost.
However, there has been a concern about the environmental impacts of PVC. For example,
during manufacture and end-of-life incineration of PVC products, dioxins are formed which
are harmful to human health and the environment. Alternatives to PVC do exist, but they are
more expensive and not as flexible from a manufacturing perspective.
From a waste management perspective, the ‘reduce, reuse, recycle’ philosophy in the
furniture industry relates to cutting optimisation, off-cut management and recycling of wood
panels. Both CML and DBJ had already put in place processes and procedures for optimised
cutting and internal management and reuse of their off-cuts. However, the external recycling
of wood panel products was an industry problem to which there was currently no viable
solution.
The objectives in EMS certification, Training and Culture, Stakeholder Management and
Energy Management programmes of the ecoWheel were not specific to the wood panel
furniture industry. These programmes and objectives can therefore be used as the basis for
the development of other industry ecoWheels. Specific objectives for eco-design, green
procurement and waste management can be selected based on the industry context.
Based on the feedback from DBJ management, the implementation of the Baseline framework
and ecoWheel was a clear success:
“It (the ecoWheel framework) has certainly given us immediate points to start
from whereas previously we had done so much and then sort of ‘got stuck’ as to
how to progress things and didn’t have the right structure to do so. It has also
given us an overall conceptual framework within which we can plan and manage
our environmental actions.” (DBJ Director 2009)
An important point of note was that the framework was implemented by the management of
the company with the support of the researcher and a Masters Student intern (Menon 2008).
This contrasts with the action research case at CML where the researcher had the overarching
responsibility for implementing the framework. This was significant because in order for the
framework elements to be useful to the wider SME context, they need to be implementable
with limited support from consultants or other external parties.
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4.7

Discussions and Conclusions

The aim of the Strategising Research Phase was to develop an EMS strategy framework to
facilitate the progression of SMEs from a ‘proactive’ maturity level to a ‘managed’ and
systematic approach to environmental sustainability. The chapter began with a review of the
literature of EMS and the existing barriers SMEs face in implementing and maintaining such a
system.
A survey of New Zealand manufacturing SMEs certified to ISO 14001 verified that the barriers
to EMS implementation identified in the international literature were in line with the market
situation, culture and experiences of companies in New Zealand.
A conceptual EMS strategy framework was proposed on the basis of the barriers to EMS
implementation identified in the literature and survey. In addition, the limitations of the DIS
14005 guidelines and the Enviro-Mark programme were taken into account.
The action research cycle in the second research phase involved the development of an EMS
at CML using the conceptual EMS strategy framework. The key barriers to implementing and
maintaining an effective EMS were eliminated or significantly mitigated with the introduction
of the EMS strategy framework (Section 4.5). In particular, the ecoWheel was useful in
facilitating the development and communication of a shared organisational strategy for
sustainability. As a result of the EMS strategy framework implementation, CML was certified
to the ISO 14001 and Enviro-Mark Diamond standards.
The success of the framework elements in mitigating the EMS barriers in manufacturing SMEs
was confirmed through the introduction of a second furniture manufacturing case study. The
Baseline and EMS strategy framework elements were introduced at the company. A generic
wood panel furniture ecoWheel was conceived as a basis for other SMEs in this industry to
develop their specific strategies.
While the action research and case study implementation of the EMS strategy framework
were undoubtedly successful, several barriers to fully integrating environmental management
into the companies still remained. These barriers involved limitations in communication and
collaboration, keeping track of documents and managing paperwork, knowledge management
and internal auditing. These areas were to be addressed further in Research Phase 3:
‘Integrating’ through the development of an IT infrastructure for implementing and
integrating the EMS strategy framework.
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Chapter 5: Research Phase 3 –
Integrating
5.1

Introduction

The Strategising Research Phase resulted in the development of the ecoWheel EMS strategy
framework for manufacturing SMEs. The framework elements mitigated several of the key
EMS implementation barriers identified in the literature, ISO 14001 survey and action
research at CML.
Research Phase 3 – ‘Integrating’ aims to develop the infrastructure to facilitate the
progression of manufacturing SMEs to an ‘integrated’ sustainability maturity level (Figure
38). This level of maturity requires the environmental management strategy to be fully
integrated into the culture and operational processes of the company.

FIGURE 38: ELEMENTS OF RESEARCH PHASE 3 'INTEGRATING' WITH REFERENCES TO SECTIONS

The Integrating Research Phase involves four key elements:
1. Literature review of models of integrated sustainability maturity and the barriers to
integrating environmental management into the culture and day-to-day activities of
companies.
2. Action research at CML to implement an advanced environmental improvement
project. The project will be used to evaluate the extent to which environmental
management has been embedded in the company.
3. Development of an Information Technology (IT) infrastructure to integrate the
sustainability strategy into the business. The development of the system is based on
the barriers and requirements identified in the literature and action research.
4. Case study of an advanced environmental improvement project at AIL to verify the
ability of the IT system to facilitate integration of the sustainability strategy.
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5.2

Integrated Sustainability

Existing research on environmentally sustainable manufacturing in SMEs has focused on the
basic levels of business capabilities and performance. The focus thus far has been on
environmental improvement of the direct operations of the SME. SMEs implementing
sustainability practices, almost exclusively concentrate on the internal environmental issues
rather than those of the wider supply chain (Ciliberti, et al., 2008). Environmental
improvement projects are directed at the enhancement of technical processes (ecoefficiency) to lower costs of production (Bos-Brouwers 2010). This is an area of significant
environmental impact as well as being the phase of the product life cycle that
manufacturing SMEs generally have the most control over.
However, from a global sustainability perspective it is important that SMEs develop their
strategies beyond their own operations. Manufacturing SMEs need to implement advanced
environmental improvement initiatives to create competitive advantages rather than simply
focusing on reducing ‘unsustainability’:
“The organizations that truly lead in the profound (sustainable) changes starting now
to unfold around the world, who do not get stranded in just being ‘‘less bad’’, will be
those who convert sustainability challenges into compelling strategic opportunities.”
(Senge, et al., 2008)
An ‘integrated’ sustainability maturity level implies that environmental issues are ingrained
into the ‘DNA’ of the company (White 2009). Companies with sustainability integrated into
their business strategy and innovation processes are motivated by value creation (BosBrouwers 2010). Keijzers (2002) defines integrated corporate environmental sustainability
as:
“Value creation by integrating all ecological issues into all business decisions.”
Competitive advantage is achieved through integrating environmental features in product
design and cooperating with external stakeholders in advanced sustainability projects (BosBrouwers 2010). Biondi, Iraldo and Meredith (2000) state that the most advanced SMEs
from an environmental management point of view are those that are able to obtain public
recognition or certification for their initiatives and achievements. However, there is some
scepticism that these types of improvement can be derived from the implementation of an
EMS (Biondi, et al., 2002).
It has been argued that the successful implementation of an EMS is often misinterpreted as
compliance with, or certification to, the ISO 14001 standard (Balzarova, et al., 2006). Zutshi
and Sohal (2004) define successful EMS adoption as faster implementation with less
experienced impediments and more quantifiable and unquantifiable benefits.
However, in the context of ‘integrated’ sustainability maturity, successful EMS
implementation is defined in this chapter as environmental management that is embedded
into the culture, strategy and processes of the company. An integrated EMS strategy should
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facilitate the implementation of advanced environmental improvements and lead to
competitive advantage.
Tinsley (2002) identifies three key organisational barriers to an effective and integrated
EMS: Lack of employee participation, communication problems and misalignment of
management style. Zutshi and Sohal (2004) highlight the important role of communication,
understanding and sharing between different stakeholders in the successful integration of
environmental management.
Similarly, Balzarova and Castka (2008) identified barriers in embedding the EMS into the
day-to-day activities of their case study organisations. The researchers found that the EMS
was separated from other activities which tended to take priority over environmental
issues. They develop the M-ISO model which captures the underlying mechanisms in ISO
14001 maintenance (Figure 39). Balzarova and Castka noted that the problem of integrating
the system into the organisational activities was closely linked to processes of
‘Understanding and Accepting’ and ‘Communication and Learning’ of the ISO 14001 EMS
within the company. By involving and communicating with staff outside the core EMS team,
a higher acceptance level of the ISO 14001 EMS was achieved. Balzarova and Castka (2008)
describe the ‘Understanding and Accepting’ and ‘Communication and Learning’ processes as
the two key elements to progressing the maturity of an EMS.

FIGURE 39: M-ISO MODEL OF UNDERLYING MECHANISMS IN ISO14001 MAINTENANCE (BALZAROVA AND
CASTKA 2008)

The responses of participants of the ISO 14001 survey in this research (Section 4.3) explicitly
and implicitly confirmed the problem that New Zealand SMEs had limited integration of
environmental management into their day-to-day business and culture. The EMS scope of
the respondents was generally limited to the existing activities of the company, and there
was very limited use of advanced sustainability approaches and tools. Very few SME
respondents to the survey included external stakeholders (such as suppliers, contractors
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and customers) in their EMS. In addition, it was apparent that SMEs in comparison to large
companies were not able to derive significant competitive benefits from their EMS.
This inability to take full environmental and competitive advantage of the potential of their
EMS may partly come as a result of their limited interaction and collaboration with external
stakeholders. del Brío and Junqiera (2003) describe the collaboration with external
stakeholders as a critical success factor for implementing advanced environmental
approaches. The limitation in SME external stakeholder relations was outlined in the
literature review in Section 3.2.3 and confirmed in the ISO 14001 survey.
The engagement of the ‘EMS Team’ with the ‘External Environment’ to administer and
improve the performance of the EMS is captured by the M-ISO model of Balzarova and
Castka (Figure 39). However, the ‘Transforming & Value-adding’ process is modelled as a
one way interaction from the ‘External Environment’ to the ‘EMS Team’. It is argued that in
order to successfully integrate environmental management into the organisation and
engage in advanced environmental improvements, the interaction of the ‘EMS Team’ with
the ‘External Environment’ needs to be of a collaborative (i.e. two way) nature.
A range of sustainability maturity models for business were introduced in Section 1.2.2.
These models generally described maturity levels of companies as a whole. Cagnin, et al.
(2010) developed a sustainability capability maturity model to describe the phases of seven
elements of business value activities (Figure 40). The model offers the possibility to evaluate
the extent to which sustainability is integrated into an organisation.

FIGURE 40: BUSINESS SUSTAINABILITY ACTIVITIES MODEL (CAGNIN, ET AL. 2010)

The Business Sustainability Activities Model (BSAM) introduces the concept of ‘sustainability
net’ where different stakeholders interact to achieve sustainability value for all members of
the network. In this situation, information and its transformation into knowledge becomes
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the key source or competitive advantage rather than the previous focus on cost leadership
(Cagnin, et al., 2010).
The visual model in Figure 40 introduces the important connections between the value
elements of the sustainability net. The value elements are common in each firm and are the
building blocks which companies use to create products with value to customers and
stakeholders. The BSAM can be used by individual companies to assess its position in each
value element in relation to five maturity levels. The BSAM matrix classifying the maturity
levels for the seven value activities is included in Appendix J.
The BSAM was used to evaluate the integration of sustainability at CML in the context of an
advanced environmental improvement project. Based on this evaluation, a number of
insights into the barriers and requirements for EMS integration in SMEs were developed.

5.3 Action Research Cycle 3: Implementation of an Advanced
Environmental Improvement Project
The final action research cycle involved the implementation of a furniture eco-design
project at CML. The case study of this advanced environmental improvement project
provides a platform to assess the integration of the environmental management strategy
into the value activities of the company. The BSAM is used to evaluate the maturity level of
the company on the basis of its ability to successfully implement and derive competitive
advantage from the project.
The aim of this action research was to identify barriers to integration of sustainability and
environmental management strategy in the case company. These barriers are used as a
basis to develop requirements for the EMS strategy implementation infrastructure in
Section 5.4.

5.3.1 Eco-Design and SMEs
Eco-design is defined as systematic and consistent effort to reduce the environmental
impact of a product throughout its lifecycle (van Hemel and Cramer 2002). Van Hemel and
Cramer (2002) categorise the various eco-design solutions into eight areas (Figure 41). The
use of particular eco-design solutions are appropriate depending on the product
composition, type, and whether the product is new or already exists.
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FIGURE 41: ECO-DESIGN STRATEGY APPROACHES (VAN HEMEL AND CRAMER 2002)

Eco-design can be classified as an advanced environmental improvement approach as it
goes beyond the efficiency paradigm towards a product and customer focus. During the last
10 years, there has been a progressive trend towards integrating environmental
considerations into the design of products (Ramani, et al., 2010). This has been
predominantly driven by the introduction of a statutory framework by the European Union.
A series of legislative directives outline the environmental responsibility of manufacturing
companies in a growing range of product categories.
The first European Union directives were introduced in the automobile (OJEU 2000) and
electronics industries (OJEU 2003). Vehicle and electronics manufacturers are primarily very
large companies. However, the nature of these industries is such that the suppliers of these
large companies are almost exclusively SMEs. The regulations therefore also have a direct
influence on these companies (Le Pochat, et al., 2007).
However, according to Le Pochat, et al. (2007) most SMEs still remain on the fringe of the
eco-design movement. They argue that SMEs do not have the means to integrate this new
constraint into their business processes. Manufacturing SMEs in Europe are therefore
finding themselves caught between the requirements imposed on them by their large
customers and their inability on the other hand to meet these demands.
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In New Zealand the legal drivers to encourage manufacturers to integrate eco-design
principles into their products are limited. The effectiveness of the New Zealand
Government’s focus on voluntary action in providing impetus to adopt sustainable practices
has previously been questioned (Brown and Stone 2007).
Limited research exists to quantify the level of integration of eco-design principles in
products manufactured in this country. In a special issue of the Journal of Cleaner
Production, the editors make a call for more qualitative research to progress the agenda in
New Zealand (Narayanaswamy and Stone 2007). The editors highlight the requirement for
more “in-depth, context-specific stories and in-depth insights” to support the advancement
beyond cleaner production (Narayanaswamy and Stone 2007).
Le Pochat, et al. (2007) argue that it is not feasible to develop a generic eco-design tool for
SMEs due to the complexity of the environmental issues and the diversity of the
manufacturing industry sectors. They suggest that in order to establish eco-design practices
in SMEs, the focus should move beyond the design process to integrating the concept into
the organisation. This represents a shift from addressing specific technical challenges to the
development of processes and infrastructure to facilitate cultural and organisational change
(Le Pochat, et al., 2007).
The aim of the final action research cycle was in line with the requests of Narayanaswamy
and Stone (2007) and Le Pochat, et al. (2007). The following sections describe the ecodesign project at CML and the insights derived based on the evaluation against the BSAM.
The focus of the evaluation is on the extent of integration of EMS strategy into the value
activities of CML.

5.3.2 Background and Project Overview
Over the period of this PhD project, CML had obtained several requests from overseas
customers for information relating to the environmental sustainability practices of the
company. For example, an electronics manufacturer in Europe requested that the company
verify its compliance with the European Union RoHS directive:
“We are asking that you supply us with a letter of compliance for your company.
Failure to provide us with information prior to the May 1st, 2008 deadline could result
in (our company) pursuing alternate sources for your products.” (Letter re: RoHS
compliance - More details in Appendix K)
Additionally, a well known local retailer of furniture products was developing a catalog for
’sustainable furniture‘. Another existing customer from Australia had requested that the
company answer a sustainability survey questionnaire:
“The State Procurement Policy requires Queensland Government agencies to integrate
sustainability practices into the procurement of goods, services and construction. The
Queensland Government is dedicated to supporting and stimulating long-term
relationships with suppliers that adopt sustainable practices. As part of this
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requirement SDS’ first step is to gauge existing furniture supplier sustainability
practices via a short survey.” (Email re: SDS Environmental and Social Sustainability
Survey - More details in Appendix K).
Further to these market drivers the Waste Minimisation Act came into force in New Zealand
in 2008, providing additional stimulus for adopting eco-design principles. While product
stewardship provisions in the Act were voluntary, the market and legislative trends towards
integrated and product orientated sustainability requirements were becoming apparent.
Having developed and certified its EMS to ISO 14001, CML was already in a good position to
respond to the requests about its in-house environmental management practices. However,
specific queries relating to material composition and product recyclability etc. could not be
answered. The researcher therefore set about driving the company’s ‘Furniture Eco-design
and Stewardship’ programme of the EMS strategy developed in Phase 2.
From CML’s perspective, the aim of this project was to develop its eco-design competencies
and processes in order to allow credible public communication relating to product
sustainability. The project was to focus on one particular product with a view to expanding
to more products in the future.
Environmental Choice had already been identified in the stakeholder analysis as the most
credible and well known New Zealand eco-label (Section 3.4.2). Environmental Choice was
initiated and supported by the Government and at the time of the project had 30 standards
or specifications for different product categories. CML’s products fitted into the standard for
“Furniture and Fittings” (The New Zealand Ecolabelling Trust 2007). An eco-label is awarded
to a company independently by a third party if its products meet certain environmental
criteria:
“Environmental Choice recognises the genuine moves made by manufacturers to
reduce the environmental impacts of their products and provides a credible and
independent guide for consumers who want to purchase products that are better for
the environment.” (The New Zealand Ecolabelling Trust 2010)
The eco-design project was led by the researcher and conducted in collaboration with CML
marketing, design and procurement staff. The initial product chosen for the CML eco-design
project was an office desk which was part of a larger range. The office desk was an existing
product manufactured by CML. As with all other CML products, components of the desk
were packaged and received by the customer in disassembled (RTA) form (Figure 42).
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FIGURE 42: ASSEMBLED (LEFT), DISASSEMBLED (MIDDLE) AND HARDWARE COMPONENTS (RIGHT) OF THE
OFFICE DESK USED IN THE ECO-DESIGN PROJECT

The office desk consisted of several different material types which made up the end
product. Key materials used in the product were: metal hardware components, MDF wood
panels, plastic hardware, PVC laminate, glue and paint. CML manufactured the desk surface
by shaping the MDF wood panel and coating it with a PVC laminate using a ‘membrane
press’. The membrane press process combined heat and pressure to laminate the PVC
around the curved shape of the panel. Other components such as the metal desk legs and
the metal and plastic hardware were not manufactured directly by CML.
It was established that the two most applicable eco-design principles based on the van
Hemel and Cramer (2002) model were ‘selection of low impact materials’ and ‘optimisation
of end of life system’. These eco-design principles were inherent in the ‘Furniture EcoDesign and Stewardship’ and ‘Green Supply Chain Management’ programmes of the CML
ecoWheel (Figure 43).
The ‘Furniture Eco-Design and Stewardship’ programme objectives to be achieved in the
project were RoHS compliance, Environmental Choice certification and the use of solvent
free adhesives and water based paint. The ‘Green Supply Chain Management’ programme
objectives were the development of green purchasing criteria and policy, a database for
environmentally benign materials and evaluation and collaboration with suppliers. By
achieving the Environmental Choice eco-label for the product, the other objectives would
also be addressed.
Evidence of compliance with the requirements of the Furniture and Fittings standard was
required in order to gain an Environmental Choice license (The New Zealand Ecolabelling
Trust 2007). At the start of the project, CML had limited information about the
environmental properties of the materials in its product. The company was not in a financial
position to commission an expert consultant to conduct an LCA to establish whether its
products were compliant. It was clear that this information needed to be attained from
further up the supply chain.
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FIGURE 43: ECO-DESIGN PROJECT OBJECTIVES

In collaboration with the company’s procurement staff, the researcher set about contacting
suppliers with requests for information. CML suppliers included both local and overseas
(predominantly Asian) companies. Letters were sent to suppliers asking for confirmation
that the materials were compliant with the Environmental Choice standard. However, it
quickly became apparent that it would be difficult and time consuming to obtain accurate
environmental data. Most suppliers had no experience with environmental issues. This
difficulty was aggravated by the language barriers in dealing with overseas suppliers.
The ‘green’ procurement process needed to be made simpler for the suppliers. Specific raw
material requirements relating to the various material categories were established based on
the Environmental Choice and RoHS criteria (Appendix L). The one page procurement
criteria templates allowed the suppliers for particular material categories to relatively
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quickly establish whether their materials met the requirements of the standards without
having to read and understand sections which were not relevant.
In addition to the signed procurement template, suppliers were asked to provide Material
Safety Data Sheets (MSDS) or test reports as supporting evidence. The response to this
intervention was positive and many of the suppliers were efficient in providing compliance
information. Inevitably there were a number of companies whose products did not meet the
requirements.
For example, the main supplier of PVC laminate indicated that its products contained the
heavy metal cadmium. Cadmium is restricted to 100 parts per million in the RoHS legislation
and is completely banned in the Environmental Choice standard. The heavy metal is not an
essential constituent of the PVC laminate, rather it is a by-product of one of the
manufacturing processes. Awareness of the problem coupled with the encouragement of
CML, eventually led the supplier to eliminate cadmium from its product.
Another non-conformance was the use of solvent based glue to produce the cable
management system. The cable management system consisted of an arrangement of thin,
laminated MDF strips. Solvent based adhesives are used to glue laminates and edge band
onto profiled wood panels. Solvent based products are restricted in the Environmental
Choice standard. The manufacturing technology at CML was therefore limited by this
constraint. An alternative option was for the company to invest in modern hot melt glue
machinery. However, an investment of over $250,000 was not a viable option for the
company at this time. Therefore the cable management system was redesigned by replacing
the MDF components with a single homogeneous plastic extrusion.
Overall, the eco-design project at CML spanned three years. This was mainly due to nonconformances of raw materials and the subsequent time requirement to seek alternative
solutions. In early 2010 the desk was officially granted an Environmental Choice license.

5.3.3 Eco-Design Project Evaluation
As mentioned above, the BSAM allows an organisation’s value activities to be assessed in
relation to five maturity levels (Appendix J). This model was used in the final action research
cycle to critically evaluate the level of integration of sustainability at CML on the basis of the
observations and insights gained during the eco-design project.
Through this analysis a range of barriers and requirements for the environmental strategy
implementation infrastructure were proposed. The following sections describe insights from
the eco-design project in relation to the seven elements of the BSAM.
5.3.3.1 Strategy
In the manufacturing context, strategy can refer to the exploitation of certain properties of
the manufacturing function as a competitive weapon (Skinner 1969). Other researchers
define manufacturing strategy as a sequence of decisions over time which enable a
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company to achieve a desired infrastructure, organisation and set of capabilities (Hayes and
Wheelwright 1985).
At an ‘integrated’ sustainability maturity level concern for the environment is a major
business driver (Cagnin, et al., 2010). Leadership fully supports sustainability and decisions
take into account environmental issues wherever possible. An integrated strategy must also
be aligned to the common strategy and understanding of staff if the company is to achieve
its vision for sustainability. In this situation, environmental management becomes a key
source of business competitive advantage rather than the proposition for differentiation
based on cost leadership (Cagnin, et al., 2010).
The idea for the eco-design project had its basis in the marketing department of CML. The
Marketing Manager recognised the market signals of consumer demand, competitor activity
and the opportunity to become certified to a credible eco-label. The CML Marketing
Manager had considerable authority and was trusted by the owner/managers.
The Marketing Manager saw the strategic potential for CML to gain competitive benefits
from the ‘greening’ of the product. He was the main internal driver who encouraged other
staff members to make progress with the project:
“I’m really interested in when we will achieve the Environmental Choice accreditation
for the (office desk). There is a whole realm of things we can then be on board with.”
(CML Marketing Manager 2009)
However, although there was a clear statement of intent from the marketing perspective,
this didn’t seem to translate to complete commitment for the initiative. For example, the
office desk was an existing product and the approach to ‘retrofit’ the requirements of the
eco-label was conservative. If the owner/managers and Marketing Manager had truly been
convinced of the sustainability strategy they may have considered integrating eco-design
principles into a new product from first principles.
Instead, the decision to begin with an existing product led to a range of technical difficulties
and subsequent inefficiencies and delays in project completion. The strategic maturity level
of CML in relation to sustainability can best be described by an email communication
between the Marketing Manager and the researcher (Appendix M):
“Because D&D are maxed out at the moment, we need to be very specific about what
we want.. Once we know exactly which models and the exact components then I can
push a tiny bit from my end to make it happen.” (CML Marketing Manager 2008)
Sustainability had been formally documented by the CML Board of Directors as one of the
company’s ‘strategic objectives’. However, this documented commitment to sustainability
was not yet fully apparent in the owner/managers’ attitude and decision making. In a
discussion on the viability of implementing a product take back scheme in the context of the
eco-design project one of the owner/managers mentioned that the company did not want
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to be the ‘first mover’ in the market. This ‘radical’ change was seen as a business risk rather
than a competitive opportunity.
The eco-design project experience highlighted that while environmental management had
support in the organisation, it was clear that there were higher priorities. Concern for
sustainability was still very much balanced with cost considerations and was not fully
integrated into the business strategy. The conservative approach of the owner/managers
limited the capacity of the company to derive competitive advantage. Therefore, from a
strategy perspective, CML fitted into maturity level 3 of the BSAM: ‘managed with no
integration’ (Cagnin, et al., 2010).
5.3.3.2 Communication
Communication refers to the ability of the actors within and external to the company to
effectively exchange information and ideas. The development of a common strategy for
sustainability depends on interactive dialog, active participation and understanding amongst
the involved actors.
At an ‘integrated’ maturity level communication is based around feedback loops and
information persistence. Communication processes involve effective interpersonal and
technology channels (Cagnin, et al., 2010). Sustainability successes and challenges are made
public and are included in brand and marketing communications.
In the context of the eco-design project, the researcher was the major actor in terms of
analysing the requirements of the Environmental Choice standard. In order to achieve
success in the project the researcher needed to engage and collaborate with procurement,
design and marketing staff of the company. The monthly environmental meetings, email
discussions and informal conversations were the primary forms of internal communication
related to the eco-design project. In addition, the web-based intranet EMS portal developed
in Research Phase 2 was used to convey project information to staff members.
It became clear during the project that individual communications with specific staff did not
facilitate the development of shared knowledge amongst the wider project team and CML
staff in general. The communication between the EMS team and wider organisation was a
key impediment to the integration of the EMS strategy at CML. The ecoWheel facilitated the
communication of the overall strategy and project objectives to the staff and provided
individuals with a good understanding of the overall goals of the project. However, this was
largely a one-way communication flow from EMS team to the staff in the organisation, and a
more systematic and flexible communication infrastructure was required. The infrastructure
needed to enable the conversion of the overall strategy into day-to-day communication
about project implementation.
When comparing the communication activities in the eco-design project to the maturity
criteria in the BSAM it fitted between Levels 2 and 3 - ‘planned in isolation’ and ‘managed
with no integration’. In order to progress from this situation the communication processes
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and channels needed to be systematic and based on feedback loops and ‘information
persistence’.
5.3.3.3 Competence
Competences are a key construct in the link between manufacturing practices and business
strategy (Leong, et al., 1990). Manufacturing competence can be represented by the
alignment between the importance given by a firm to a certain capability and the
organisation’s strength with regard to that capability. Therefore, one can consider a firm
competent if it has strong capability in a particular area that it also considers important (Kim
and Arnold 1992). Core competences can also be understood as a collection of (small) things
that the organisation does very well. The concept of core competences represents the
collective learning that occurs within a company (Hamel and Prahalad 1994).
At an ‘integrated’ sustainability maturity level capabilities are enhanced by designing the
business objectives to match the skill profiles of the organisation. Knowledge management
is a key aspect at this level where capabilities are improved through shared learning (Cagnin,
et al., 2010). Knowledge creation and learning thereby occurs on a continual basis rather
than taking place only when the firm is about to plan its next improvement. Moreover the
intangible assets such as brand reputation in sustaining the company’s competitive
advantage need to be taken into account.
At the outset of the project a workshop was conducted with the CML product design team.
This workshop had multiple aims; to communicate the developing drivers and proposed
strategy, to gain commitment for the project and to educate staff on the basics of ecodesign.
The members of the design team had no specific previous experience or knowledge of ecodesign. Until this point materials and components were specified based solely on
functionality and cost considerations. However, an evaluation of the existing product design
methods for the CML eco-design and furniture stewardship programme roadmap attributes
highlighted that there were existing competencies. For example, products were already
being designed to be easily assembled and disassembled to facilitate efficient transport and
storage. This characteristic is a basic principle of eco-design. While not directly planned, this
design competence of CML had synergistic benefits for the eco-design project.
Having achieved Environmental Choice certification for the office desk, competencies were
developed which allowed the company to expand the eco-label license to the wider product
range. For example, design staff knew which materials were compliant with the Furniture
and Fittings standard and were able to specify these when it was known in advance that the
marketing team would look to certify a particular product. However, although such
competences existed they were predominantly based on individual knowledge of a
particular person, or documented in a spreadsheet on a shared drive.
When comparing the competence processes and activities apparent in the eco-design
project to the criteria in the BSAM, CML fits into maturity level 3 – ‘managed with no
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integration’. Information and knowledge management for sustainability was occurring in a
relatively basic form. In order to progress to an ‘integrated’ sustainability maturity level, an
infrastructure for individual and group experience-based learning and knowledge
management needed to be developed.
5.3.3.4 Operations
The everyday processes occurring within the organisation are termed its operations. At an
‘integrated’ maturity level, sustainability is embedded into all the key operations of the
manufacturing organisation. Operations development is based on environmental
management best practice and continual improvement.
An example of CML’s operational excellence was its UV paint line which was in line with
industry best practice for environmental management. The UV paint line technology meant
that products painted by CML were solvent free and did not emit toxic fumes. The UV
technology meant that 20% less energy was consumed in the drying process than with
equivalent thermal technologies. The UV paint technology is listed by the California
Environmental Protection Agency (EPA) as best available control technology for the
prevention of atmospheric pollution from surface coating.
In comparing CML’s operational performance to the BSAM, the company fitted into level 4:
‘Excellence at Corporate Level’. The EMS procedures developed and implemented in the
Strategising Research Phase ensured that manufacturing processes were streamlined and
based on best environmental practice. In order to advance to an ‘integrated’ sustainability
maturity level this operational excellence for processes and activities needed to be aligned
across the company’s sustainability partners. Cagnin, et al. (2010) suggest that in order to
achieve this, functional silos need to be removed through enhanced information flow
between stakeholders.
5.3.3.5 Motivation
Motivation in the business context refers to the goals, attitudes and expectations of staff
which guide their behaviour and responses to situations (O'Reilly 1989). Companies with
environmental sustainability integrated into their business strategy have the motivation to
be innovative forerunners in this sector and they have a desire to lead by example from a
long term perspective (Bos-Brouwers 2010).
At an ‘integrated’ sustainability maturity level, dialogue and conversations lead to individual
discovery and learning. Reward mechanisms are in place to encourage and recognise
contributions to the sustainability performance of the organisation.
The EMS team and eco-design project members were very motivated to achieve success by
gaining Environmental Choice certification. There was evidence of basic cross functional
team work through the cooperation of staff in different areas. The motivation was based on
personal interests of participants and the desire to learn and enhance their skills.
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While there was support from senior management this form of motivation was mitigated by
their evident focus on other essential tasks. Time was not always made available to work on
the eco-design project due to prioritisation of more ‘urgent’ day-to-day operational design
issues. Having achieved certification to Environmental Choice (and also for other successes
such as ISO 14001 certification etc.) staff involved were rewarded in the form of being
invited for a social event such as a dinner or boat trip.
When comparing the CML situation in the eco-design project with the criteria of the BSAM
the company fitted into Level 3: ‘Managed with no integration’. There was limited cross
departmental collaboration in the eco-design project.
5.3.3.6 Technology
Technology refers to the infrastructure and information architecture that the organisation
has in place. At an advanced sustainability maturity level, technology is a flexible
infrastructure to allow information and knowledge to flow between staff and stakeholders
(Cagnin, et al., 2010). Here Information Technology (IT) plays a critical role in the generation
and dissemination of relevant information and knowledge across the organisation and its
partners (Cagnin, et al., 2010).
As outlined in Chapter 4, a web-based portal was developed to store and disseminate EMS
information. In the eco-design project the portal fulfilled a complementary role of storing
and disseminating information internally (Figure 44).

FIGURE 44: ENVIRONMENTAL CHOICE PROJECT PAGE ON CML INTRANET PORTAL
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However, this did not facilitate the communication and feedback loops required to allow
relevant information to flow freely between the internal stakeholders of the project. The
lack of an effective IT system for knowledge management and shared learning was a key
inhibiter of efficient progress with the eco-design project. This also affected the integration
of the EMS strategy into the communication and competence value activities.
In this situation, staff members did not have a shared knowledge base, nor were they in a
position to learn or increase their individual competence. The information based system
was useful, however, it could not be “used as a competitive weapon” (Cagnin, et al., 2010).
From a technology perspective, analysis of this situation indicated that CML fitted into Level
3 of the BSAM – ‘managed with no integration’. There was a clear need for a dynamic IT
architecture for storing explicit knowledge and to provide mechanisms for effectively
disseminating and receiving project and technical information amongst stakeholders.
5.3.3.7 Partnerships
Partnerships refer to the relationships between the firm and its external stakeholders.. At an
‘integrated’ sustainability maturity the company engages and integrates the perspectives of
key external stakeholders, such as customers and suppliers, into its sustainability initiatives
(Moore and Manring 2009). Drivers for selecting partnerships (such as suppliers) relate to
environmental impacts. External stakeholders and sustainability partners collaborate to
achieve shared environmental successes.
The relationships with suppliers in the CML eco-design project could not be described as
partnerships. Cagnin, et al. (2010) emphasise the importance of mutually beneficial
relationships (win-win situations) in sustaining long-term relationships with stakeholders.
CML was requesting information from its suppliers and there were no explicit benefits for
these companies. While sustainability criteria were integrated into the purchasing decisions
of the company, cost was still the main consideration for supplier selection.
When comparing the external partnerships and collaboration activities apparent during the
eco-design project to the criteria in the BSAM, the company fitted into level 3 - ‘managed
with no integration’. Collaboration was apparent in that the suppliers were willing and
eventually able to provide CML with the information it required for Environmental Choice
compliance. However, in order to develop win-win partnerships and the associated benefits
from real collaboration, an infrastructure for on-going and transparent interaction for
sustainability was required.
5.3.3.8 Summary of project insights
From a broad, functional perspective the eco-design project at CML was a relative success.
The project resulted in the office desk (and later the entire desk range) gaining an
Environmental Choice license.
However, a more in-depth and critical analysis on the basis of the BSAM highlighted a
number of significant barriers which limited the integration of the environmental
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management strategy into the culture and day-to-day activities of CML. These limitations
inhibited the efficient implementation of the project and the ability of CML to derive
significant competitive advantage. In summary, the following barriers were identified to
progress the level of integration of environmental management at the company:












Strategy: Environmental sustainability was formally documented as a strategic
objective. However, it was apparent that the owner/managers still perceived
the complete commitment and focus on environmental management as a
potential risk. The documented environmental policy statement describing the
company’s dedication to being an “industry leader in environmental
stewardship” was not entirely evident.
Communication: The environmental meetings provided a forum for the EMS
team members to discuss the eco-design project. However there was no formal
mechanism for staff outside the EMS team to engage and contribute. The
process of ‘Communication and Learning’ described by Balzarova and Castka
(2008) in the M-ISO model was therefore limited. Systematic internal
communication processes and channels were therefore required in order to
improve the effectiveness and integration of the EMS strategy.
Competence: Socialisation was the predominant form of information and
knowledge management relating to the eco-design project. There was an
absence of systems and processes to manage and disseminate explicit
knowledge. This characteristic is typical of SMEs and was a limiting factor in the
successful integration of sustainability into the operational activities and core
competences of the company.
Operations: The ecoWheel provided the overall strategic guidance for the
direction of the eco-design project. However, the lack of project management
infrastructure inhibited the effective integration of the eco-design objectives
into day-to-day work.
Technology: The EMS web-portal provided a central information hub for the
eco-design project. However, the infrastructure was not flexible enough to
allow communication and information transfer through the firm.
Partnerships: Collaboration with external stakeholders was limited to low level
requests for environmental management information. These communication
transactions usually took place on a ‘faceless’ email basis. An infrastructure was
required to transform this functional relationship into one which facilitated
collaboration and mutual benefits amongst stakeholders. Such an
infrastructure needs to facilitate a certain degree of transparency and enable
education and knowledge transfer between stakeholders.

Cagnin, et al. (2010) argue the case for an IT infrastructure to facilitate the integration of the
environmental strategy into the operations of an organisation. The following section
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describes the development of ‘ecoPortal’ – an IT infrastructure designed to integrate
environmental sustainability in SMEs.

5.4

IT Infrastructure for Integrated EMS Strategy in SMEs

Section 5.3 provided an overview of the eco-design project conducted at CML. The project
was analysed based on the seven elements of the BSAM. This systematic and critical analysis
identified a number of barriers and limitations which were inhibiting the company in
efficiently implementing and integrating the EMS strategy. In addition, several remaining
SME barriers to EMS implementation were outlined at the conclusion of Chapter 4.
As a result, a number of requirements of an IT infrastructure for integrating and
implementing the EMS strategy in manufacturing SMEs were proposed. Subsequently, an
iterative approach was used to develop the IT infrastructure and this is described in the
following sections.

5.4.1 Information Technology and EMS
Several researchers have studied the effect of using an IT system to facilitate the
progression of sustainability in SMEs. Bras (2006) found that the use of computer based
tools can assist SMEs if they support sustainability decision making, leverage existing
systems and are affordable. Maijala and Pohjola (2006) developed a tool (EcoTra) for
transport SMEs to measure, monitor and report environmental issues. They found that the
web-based tool enabled the transport SMEs to overcome the barriers of lack of awareness,
resources and knowledge of environmental issues. They recommend the development of
further sector specific web-based tools to assist the integration of environmental
management in SMEs (Maijala and Pohjola 2006).
While the application of IT systems in the context of implementing an EMS is increasing,
their use thus far is still very limited (Hillary 2004, Burke and Gaughran 2006). However,
there is significant potential for IT systems to assist SMEs in overcoming the barriers for
successfully integrating and taking advantage of their EMS (Hillary 2004). Existing IT
solutions for environmental management are very expensive and therefore not accessible to
SMEs.
The ecoWheel framework and intranet portal were developed in the Strategising Research
Phase to facilitate the development of an EMS. The ecoWheel provided CML management
and staff with a clear and shared vision for sustainability. The intranet portal on the other
hand allowed information on the project to be accessed by interested internal stakeholders.
However, the two elements were developed and implemented in relative isolation. To gain
maximum benefit from these developments it was apparent that the ecoWheel (and its
associated tools) needed to be integrated into the IT system.
A number of other critical requirements of a suitable IT system for integrated environmental
management in SMEs were established. These requirements were based on the action
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research insights in the Strategising and Integrating research phases, the literature on the
barriers to integrated sustainability and the characteristics and systems of SMEs:
1. Communication between EMS team and organisation: The system should
facilitate the internal communication of EMS activities within the organisation.
This requires functionality for basic information transfer and knowledge
management as well as the ability to capture feedback and input from staff
outside the core EMS team.
2. Project management: The IT system should assist the effective and efficient
achievement of ecoWheel objectives through the use of project management
tools. These tools should include functions such as calendar reminders and
responsibility designation etc.
3. Documentation and knowledge management: A key barrier for SMEs identified
in the Strategising Research Phase was the management of EMS paperwork.
The lack of formal knowledge management processes was also a limitation
experienced in the eco-design project. The IT system should facilitate the
management of EMS documents and sustainability knowledge.
4. External accessibility: In order to facilitate collaboration with external
stakeholders the IT system for SMEs needed to be accessible. The internet was
identified as an ideal platform for such a system. This requires sophisticated
permissions functionality to limit access to certain internal and confidential
information and documentation.
5. EMS tools: Critical elements of the EMS, such as the legislation, objectives and
targets and aspects & impacts register need to be integrated into the system.
This ensures accessibility and understanding, as well as meeting the
requirements of ISO 14001 in SMEs with limited experience.
6. Internal auditing: The literature and action research in the Strategising
Research Phase highlighted the ongoing barrier of internal auditing for SMEs.
This was apparent both in operational activities as well as legal compliance
auditing. The IT system should provide functionality to assist the regular review
of critical EMS elements.
The development of an IT solution for integrated environmental management in SMEs
occurred over a two year period and involved a number of iterations. During this time, the
requirements of the infrastructure outlined above were progressively integrated into the IT
solution.
From this point on, the IT infrastructure developed during the PhD research is referred to as
ecoPortal. The ecoWheel is the Graphic User Interface (GUI) of the ecoPortal infrastructure.
The following sections outline the key elements of the ecoPortal which is subsequently
implemented in the AIL case study in Section 5.5.
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5.4.2 Communication
The original intranet EMS portal developed at CML in action research cycle 2 (Section 4.4.5)
was based on a simple html platform. A series of html pages were linked together to form
an intranet portal for the EMS. The use of this technology restricted pages and content to
being static. This limited the ability of EMS team members and other staff members to
manage and upload content. The static web technology also inhibited the integration of
several other functional requirements outlined in the previous section.
In contrast, Content Management Systems (CMS) are flexible and enable the development
of web-based systems where content can be categorised, organised and published. The
ecoPortal underwent a range of iterations with three different open source CMSs: Plone,
Drupal and Ruby on Rails. The three CMSs had different characteristics which provided a
range of advantages and disadvantages in terms of the delivery of functionality to meet the
identified requirements.
Of particular importance was the ability of the CMS to allow flexibility for staff to provide
feedback and communication in relation to the EMS and its associated projects. The
communication functionality was designed to occur on the basis of data and information
entry through electronic forms and the use of social networking features.
Forms are generally used in management systems to convey information such as nonconformances and audit templates. In the researcher’s experience in the three case
companies, the forms used in the environmental, quality, and health & safety management
systems were primarily paper-based and inefficient. An electronic form system was
designed for the ecoPortal which allowed customised templates to be developed for specific
situations and uses. Information input into the system by users fed directly into a database.
Entry of information into the form also resulted in the person responsible for the
management of that function receiving an email. For example, if a non-conformance with an
EMS procedure was detected, a staff member could input the relevant information into the
ecoPortal non-conformance form. The Environmental Manager would receive an email
alerting him or her to the situation so that corrective action could be put in place.
An important aspect of modern day technology and communication is the onset of social
networking. Social networking sites such as Facebook, Twitter, MySpace and Linkedin have
been rapidly adopted by people of all ages over the last decade. This technology has
resulted in new opportunities for communication, learning, self expression and networking.
Several ecoPortal features were designed with social networking functionality to take
advantage of the power and cultural trend of this paradigm.
ecoPortal was designed to be centred around people and communication to facilitate the
involvement of staff and stakeholders in the development and achievement of the EMS
strategy. Each ecoPortal user has a personal log in and user profile (Figure 45). The profile
outlines the roles and responsibilities of the user (Section 5.4.3).
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FIGURE 45: ECOPORTAL PROFILE PAGE OUTLINING THE USER’S ROLES AND RESPONSIBILITIES

Authorised users have the ability to comment on objectives, targets and other elements of
the company’s EMS (Figure 46). The EMS team member responsible for the management of
the particular EMS element or activity subsequently receives notification of the comment.
This functionality allows staff members to engage in environmental improvement projects
and interact with the EMS team.

FIGURE 46: SOCIAL NETWORKING FUNCTIONALITY ALLOWING EMS TEAM AND STAFF TO COLLABORATE IN
ENVIRONMENTAL IMPROVEMENT PROJECTS
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5.4.3 Project Management
The ecoWheel provides a visual representation of the status of a company’s environmental
management objectives. Thus far, the ecoWheel was a powerful yet static tool used to
develop and communicate the EMS strategy of the company. The ecoWheel was coded and
embedded as an interactive Adobe Flash tool to serve as the central interface for the
ecoPortal. This was done to unlock its potential as a dynamic project management tool.
Programmes, objectives, and targets of the ecoWheel have associated pages on the
ecoPortal which provide access to relevant information such as procedures, records, and
performance graphs (Figure 47). Project knowledge and EMS information is stored in a
database and can be retrieved for use in the various functions of the ecoPortal.

FIGURE 47: STRUCTURE OF THE WEB-BASED ECOPORTAL

There are four main elements of the ecoPortal which align to the terminology and
requirements of ISO 14001 and the structure of the ecoWheel: System, programme,
objective and target (Table 23).
Information can be uploaded onto the ecoPortal by EMS team members and thereby made
accessible to internal stakeholders. This supports the effective realisation of project-based
objectives and targets by enabling the relevant employees of the company to keep up to
date with EMS information and project knowledge.
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TABLE 23: ELEMENTS OF THE ECOPORTAL

ecoWheel: The ecoWheel EMS strategy becomes
the central interface and project management tool
of the ecoPortal. It provides a ‘snapshot’ account
of the status of the EMS strategy and provides
access to all associated documentation and
knowledge.
Programme: A programme is an element of the
overall EMS e.g. Waste Management or EMS
certification (Section 4.4.4). ecoPortal programme
pages provide summarises of the objectives,
aspects & impacts, and legislation associated with
the programme. Programme champions can
describe the programme and upload applicable
documentation and information associated with it.
Objective: An objective is a project-based element
of an EMS programme. Objective pages provide a
summary of the targets associated with the
objective. Objective pages allow authorised users
to modify the status of projects, upload content
and share files.
Target: A (measurable) task which needs to be
achieved in order to reach an objective. The traffic
light system developed in Chapter 4 is utilised in
the management of targets in the ecoPortal.
Target pages allow authorised users to modify the
status of targets, upload content and share files.

In addition to its role as the central ‘table of contents’ for the EMS, the ecoWheel acts as a
dynamic project management tool. The colour shading of particular environmental
objectives was designed to indicate their completion status. For example, a particular
ecoWheel objective could have multiple targets associated with it. These targets are
represented using the traffic light system developed in Phase 2 and shown in Table 23. Once
all targets of an objective are completed the ecoWheel objective becomes dark green. If
some targets are still active the objective is a lighter shade of green. In the case where all
targets are unstarted or no targets have been specified the objective in the ecoWheel is
represented with a light green colour (Figure 48).
EMS targets can be interactively managed to provide a visual overview of their status. The
traffic light system (Section 4.4.4 and Table 23) indicates whether a target is unstarted,
active or complete.
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FIGURE 48: ECOWHEEL USED AS A PROJECT MANAGEMENT TOOL AT THE CENTRE OF THE ECOPORTAL

An interactive calendar was coded into the ecoPortal for use as an environmental
management activity timetable (Figure 49). EMS meetings, objective and target deadlines,
internal audits and training sessions could thereby be scheduled and recorded. Each event
had an associated page where related information such as meeting minutes, training
material and documentation could be accessed. Users and participants receive a reminder
email to notify them of upcoming deadlines and events they are involved in.

FIGURE 49: CALENDAR FUNCTION OF ECOPORTAL

Another project management feature included in the design of the ecoPortal was the ability
to designate responsibility for programmes, objectives and targets of the EMS.
Responsibilities are documented on the individual user profile pages and the complete list
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of targets with associated completion dates and responsibilities are captured in the target
register (Figure 50).

FIGURE 50: TARGET REGISTER CAPTURING THE COLLECTIVE RESPONSIBILITIES FOR THE EMS

5.4.4 Documentation and Knowledge Management
A significant limitation and barrier of SMEs to integrating environmental management in
their day-to-day processes is the difficulty they have with management of EMS paperwork.
The limitation in effective mechanisms for storage and dissemination of environmental
management knowledge was also a barrier identified in the action research. Documentation
and knowledge management functionality was therefore a key consideration in the design
of ecoPortal.
EMS documentation such as procedures, policies, project information and records are
uploaded to the ecoPortal system. Tags can be assigned to files to facilitate search
functionality. For example, a document describing an audit of a factory waste process can
be assigned the tags ‘waste management’, ‘audit’, ‘factory’ etc. A search for waste will
subsequently result in a list of applicable files which the user can select.
Particular documents can also be ‘attached’ to an ecoPortal programme, objective and
target page. This provides users with multiple means to find documentation of interest. This
functionality was designed to mitigate the documentation control problems often
experienced by staff using shared intranets. Other content such as environmental measures,
responsbilities and photographs can also be added to pages and subsequently accessed by
users of the ecoPortal (Figure 14).
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FIGURE 51: PAGE CONTENT ON ECOPORTAL PAGES
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5.4.4 Collaboration with External Stakeholders
One of the key requirements for deriving environmental and competitive benefits from
sustainability in SMEs is the collaboration with external sustainability partners. In order to
facilitate effective collaboration the ecoPortal infrastructure needed to be designed to allow
accessibility by external stakeholders.
In the journey to the development of an effective and integrated EMS strategy and maturity,
a range of external stakeholders need to interact and engage with the EMS team. The
stakeholders could include: suppliers, environmental consultants, auditors, universities and
customers. The original intranet EMS developed in the Strategising Research Phase
restricted access to information to on-site staff members at CML. In order to provide the
potential for accessibility and engagement the ecoPortal was designed to operate on the
internet.
This functionality allows authorised external users to access certain elements of the
company’s EMS. For example an ISO 14001 auditor could have access to the company’s
documentation prior to an on-site audit. This reduces the cost of an EMS audit through
increased efficiency by allowing the auditor to familiarise themselves with the
documentation off-site and saving staff time. The auditor could also use the comment
functionality (Section 5.4.2) to provide direct feedback on elements of the EMS as an
alternative, or in combination with a formal audit report.
Another example of how increased external accessibility can create benefit is in the
interaction with customers. There is a global trend in sustainability towards transparency in
environmental certifications and reporting. By having the option to provide interested
customers with access to information about the company’s environmental management
activities the credibility of green marketing claims is increased.
In providing this access, user permission levels and privacy functionality were an important
consideration in the design of ecoPortal. For example, most SMEs starting out on their EMS
journey would not likely wish external access to company information. The system was
designed with a variety of permission levels to provide flexibility in the extent to which users
have access to content (Figure 52):
1. Administrator: Permission level of the EMS champion and EMS team members of
the company. This permission level allows the user to access and edit all page
content and files of the ecoPortal.
2. Internal user: Allows internal staff members to access pages of the ecoPortal.
This can be customised depending on the particular situation. For example, a
particular staff member may need editing access to a particular page or in other
cases some content may need to be restricted internally. All internal users can
comment on pages they have access to.
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3. External users: Flexible permissions for different types of external stakeholders.
For example an external auditor may have access to all EMS content, whereas a
customer may only be granted access to certain pages.

FIGURE 52: PERMISSION SETTINGS FOR A PARTICULAR ECOPORTAL PAGE

In addition to the responsibility and permission functionality, users can be kept informed of
changes to a particular element of the ecoPortal. For example a user may be interested in
the waste management programme but not directly responsible for it. By selecting the
inform option the user will receive email updates when changes occur.

5.4.5 EMS Tools
Specific environmental management knowledge and tools needed to be built into the
system to alleviate the resources and skills gap. SMEs need to have easy access to the tools
to support the effective development, understanding and involvement of staff members
with the EMS.
The aspects and impacts significance evaluation tool (developed and tested in the
Strategising Research Phase) was integrated into the system. Aspects and impacts can be
assigned to a particular programme such as waste management, energy management or
green supply chain management. Programme pages summarise the aspects and impacts
associated with the particular programme. An ‘Impact/Aspect Register’ collectively pulls
together all the aspects and impacts of the various ecoWheel programmes into one central
table (Figure 53).
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FIGURE 53: EXTRACT OF ASPECT AND IMPACT REGISTER FUNCTION OF THE ECOPORTAL

Another EMS feature designed into the ecoPortal IT system was the legislation tool.
Legislative requirements can be assigned to EMS programmes in a similar way to aspects
and impacts described above. Each legal regulation has an associated page which
summarises its requirements and how this translates into the obligations of the company.
Customised auditing checklists can be developed and a regular review date can be specified
to notify the assigned users to audit compliance with the legislation. The legislation register
summarises the compliance levels of the company with all applicable legal and other
requirements (Figure 54).

FIGURE 54: LEGISLATION REGISTER AND EXAMPLE OF AUDITING CHECKLIST
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5.4.6 Auditing and Review
A key barrier identified in the literature review and action research in the Strategising
Research Phase was the difficulty SMEs had with conducting regular internal audits. Regular
reviews of all elements of an EMS are crucial to ensure that the system is functioning
effectively as intended and assists continual improvement. The difficulty for SMEs is likely
due to their human resource constraints in terms of time and expertise with environmental
management. Internal auditing and review functionality was an important consideration in
the design of ecoPortal.
The previous section explained the reviewing function of ecoPortal in relation to compliance
with legal requirements. This was identified as a particular difficulty for SMEs in the ISO
14001 survey and the literature review. Another element of EMS auditing that needed to be
considered was the ability to review completed objectives and targets to ensure they
remained achieved after a period of time. Other EMS elements that need to be reviewed
and updated include procedures and policies.
Users have the option to select which elements of the EMS require an audit and if so, how
regularly the review needs to take place. This is captured in the ecoPortal calendar and the
person responsible for management of the particular element of the EMS receives a
reminder email. In addition to this, completed targets that need to be reviewed turn from
green to yellow. A customised checklist can be developed for each audit in a similar manner
to the legalisation review function described in the previous section.

5.4.7 Summary
ecoPortal is an IT infrastructure developed during this PhD to facilitate the implementation
and integration of the EMS strategy in manufacturing SMEs. The system was designed to
incorporate the solutions developed in the Strategising Research Phase and overcome the
additional barriers identified during the eco-design project at CML. The aim of the ecoPortal
is to operationalise the EMS strategy and ISO 14001 requirements through simple user
friendly functionality.
The ecoPortal was designed around people and their management of sustainability targets
and projects, keeping them motivated and involved. The ecoPortal provides the
functionality to keep staff and external stakeholders interested and engaged in the EMS
strategy of the company.
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5.5

Case Study: Product Stewardship at AIL

The previous section provided an overview of the development of the ecoPortal IT
infrastructure to facilitate the integration of the environmental management strategy into
the day-to-day activities of SMEs.
This section provides an overview of the development and implementation of a product
stewardship scheme at AIL. In this case study, the researcher had the role of an external
consultant to AIL. This section begins with an introduction to the AIL case study and
overview of the development of the ecoWheel for the company. Subsequently a description
of the product stewardship project implementation is provided. Finally, the ecoPortal is
evaluated in terms of its success in facilitating the integration of the EMS strategy in the
context of this advanced environmental improvement project.

5.5.1 Introduction to AIL
AIL is a New Zealand-based textile product manufacturing company. The company was
established in 1967 and today manufactures a diverse range of carpets, wallcoverings,
insulation, acoustic products and bedware products to consumer and commercial
customers.
The case study of AIL was based on a series of consultative projects conducted by the
researcher. This situation was in contrast to the method at CML where the researcher was
an internal staff member.
The consultative relationship began with the implementation of the Baseline framework.
The Baseline framework provided an analysis of AIL’s existing capabilities in relation to
environmental management and to identify improvement possibilities. At the time of
Baseline framework implementation, the company had already initiated its environmental
project and was working towards Enviro-Mark Bronze level.
The research began with a series of discussions with the Manufacturing Manager, Sales
Manager and owner/manager of the company. AIL was particularly interested in developing
an EMS strategy with the aim of leading its competitors in its various product areas. For
further details of the outcomes of the application of the Baseline framework at AIL refer to
Appendix B.
The EMS strategy framework was subsequently implemented at the company using the
approach developed in the Strategising Research Phase. The resulting ecoWheel was
iterated over the period of the 18 months as the company’s understanding of
environmental management developed (Figure 55). As a result of the implementation of the
Baseline and EMS strategy frameworks, the company successfully achieved the various
levels of Enviro-Mark and became certified to ISO 14001 in September 2010.
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FIGURE 55: AIL ECOWHEEL AS AN OUTCOME OF THE EMS STRATEGY FRAMEWORK IMPLEMENTATION

One of the key elements of the AIL ecoWheel strategy was the product stewardship
programme. The project-based development and implementation of the product
stewardship scheme is described in the following section.

5.5.2 Background and Project Overview
Product stewardship is an advanced environmental improvement approach which shifts the
focus from the individual company to the entire production chain. Product stewardship
integrates sustainability considerations right across the organisation’s business activities and
departments (Jørgensen 2008) as well as the up and down stream activities involved in the
product lifecycle (Fowler and Hope 2007):
“Product stewardship schemes are a ‘cradle to grave’ tool that help reduce the
environmental impact of manufactured products. In product stewardship schemes,
producers, brand owners, importers, retailers, consumers and other parties accept
responsibility for the environmental effects of their products – from the time they are
produced until they are disposed of... This means more efficient and responsible use of
resources, rather than dealing with the waste problem at the point the product is
thrown away. ‘Upstream’ initiatives (such as material selection, design changes,
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packaging choice and buying habits) can all help to make disposal – whether it be
for reuse, recycling or landfill - much less of a problem.”
The implementation of a product stewardship strategy can therefore involve a range of
approaches such as eco-design, LCA, cleaner production and eco-labelling.
Over the duration of the consultancy relationship between the researcher and AIL, two
major drivers for the development of a product stewardship scheme were apparent.
ecospecifier was becoming a well-known online database for building professionals such as
architects, designers and specifiers to ‘short-cut’ the sustainable material specifying process.
The ecospecifier database provided consumers with access to comprehensive information
and comparisons of various aspects of product sustainability. The sustainable building
market was expanding and the sales and marketing staff at AIL realised the importance of
having visibility in this area.
In addition to this, a number of AIL’s key competitors had developed, or were in the process
of developing, end of life product take back schemes. An example is Interface, a global
leader in the carpet market, who had developed strong capabilities and branding around
sustainability and product stewardship.
At the time of the project, AIL had benefitted significantly from the New Zealand
Government’s ‘Warm up New Zealand’ scheme. The scheme provided subsidies for
consumers to retrofit their homes with insulation. As a manufacturer of insulation the
company was able to achieve a substantial turnover during this period.
The company was therefore able to invest significantly in commissioning an expert
consultant to conduct an LCA of its insulation product. The LCA compared the
environmental impacts of several scenarios to the current baseline. The scenarios included
in the LCA were:
1. Baseline Scenario: includes 45% regenerated fibre from Taiwan with 50 year
product lifetime;
2. Extended Lifetime Scenario: 45% regenerated fibre from Taiwan with (estimated)
100 year product lifetime
3. Product Take-back Scenario: 45% regenerated fibre from Taiwan and 20%
collection and reprocessing of fibre from AIL, with 50 year product lifetime;
4. 100% Virgin Scenario: 100% virgin fibre from Taiwan with 50 year product
lifetime.
The LCA was conducted independently by a third party consultant. The results of the LCA
indicated that a reduction of between 10 and 20% in the various environmental impact
categories could be achieved by implementing an end of life take back scheme.
Subsequently, senior management of AIL made the decision to progress its product
stewardship scheme.
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The AIL product stewardship scheme was to cover its entire range of products: insulation,
wall coverings and carpets. The product stewardship project was divided into three phases
covering the significant applicable stages of the product life cycle:
1. Manufacture - Reuse of insulation waste internally (re-manufacture), reduction
and recycling of carpet and wall-covering waste. The overall goal was to achieve
‘Zero Manufacturing Waste to Landfill’.
2. Installation - Reuse of insulation off-cuts, reduction and recycling of carpet and
wall covering products. A key goal was to develop a network of 'Preferred
Installers' who collected installation waste for recycling.
3. End of Life - Consumers and installers are encouraged to return their products to
collection depots (retail outlets, preferred installers, AIL site or directly to a
recycling partner) where the material is screened and separated and recycled
using the appropriate mechanism.
The ecoPortal was used as the primary platform for communicating with and engaging
internal staff in the product stewardship project. In addition, it became the collaborative
infrastructure for the various external project stakeholders (Figure 56). The following
paragraphs provide an overview of the implementation of the ‘Manufacture’ and
‘Installation’ phases of the product stewardship scheme. The ‘End of Life’ phase was still to
be implemented at the conclusion of this PhD research.

FIGURE 56: TARGETS FOR SYSTEM OBJECTIVE OF PRODUCT STEWARDSHIP PROGRAMME

The product stewardship project began with an analysis of external stakeholders of the
project. This was an extension of the Baseline framework stakeholder analysis with a
specific focus on plastic recycling organisations, architects, retailers and installers of AIL
products. Approximately 50 New Zealand companies were identified as potential external
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recycling partners. The identified companies included specialist third party recyclers and
manufacturers of plastic products who had the potential to recycle AIL waste from the three
phases. The 50 organisations were contacted and after further evaluation, six companies
were identified as feasible options from a technical, financial and environmental
perspective.
Following the final selection of two recycling partners, a series of interviews took place with
existing architects, retailers and installers of AIL products. The aim of this was to gain
insights into how the product stewardship scheme would fit with the current processes of
the organisations (Appendix N). An important result of the interaction with stakeholders
was the concept of developing a network of ‘Preferred installers’.
The homogeneous composition of the insulation material meant that insulation waste
generated during the manufacturing process could easily be reused. In-house processes for
recycling insulation waste occurring during product manufacture had already been put in
place prior to the start of the project (Figure 57).
Wall covering products also have a homogeneous material composition. However the
manufacturing waste of wall covering products could not easily be recycled in-house. The
needle punch process bonded the synthetic fibres into an entangled web of thick fabric.
While it would be technically feasible to install a reclaim unit to enable the wall covering to
be recycled in-house, it was more practical to provide the off-cuts to a third party recycler
(Figure 57). As a result, infrastructure for this element of the product stewardship scheme
was designed to facilitate regular collection of wall covering waste from manufacturing by
one of the partners for recycling.
Carpet products were manufactured using the same needle punch process as wall coverings.
An additional process impregnates the fabric with latex resin which, after drying, bonds the
fibres permanently together. The latex resin meant that in contrast to insulation and wall
coverings, carpet products were not homogeneous in their material composition. This
meant that it was not technically feasible to reuse or recycle manufacturing waste in-house.
Prior to the project, carpet off-cuts were sent to landfill at a rate of approximately 3 tonnes
per month (Figure 57). The product stewardship scheme for carpet manufacturing waste
involved the regular collection of off-cuts, which were subsequently recycled by one of the
partners into other products and raw materials.
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FIGURE 57: MATERIAL FLOWS OF ‘MANUFACTURE’ PHASE PRIOR TO (TOP) AND AFTER (BOTTOM) THE
PRODUCT STEWARDSHIP PROJECT

The recycling partners had agreed to pay for the wall covering and carpet waste material on
a per tonne basis. AIL provided the recycling partners with access to the ‘Product
Stewardship’ Programme pages of the ecoPortal. This allowed the recycling partners to
record the volumes of waste material obtained from AIL on a monthly basis. This was an
important measurement function of the AIL EMS.
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FIGURE 58: WASTE MEASURES AS A RESULT OF RECYCLING PARTNER INPUT INTO ECOPORTAL

There were no formal systems in place for recycling installation waste for any of the AIL
product categories prior to the product stewardship project (Figure 59). This being said, it
became apparent in discussions with the installers of the insulation product that any offcuts generated were generally reused in the next job. Insulation waste generated during the
installation phase was therefore assumed to be negligible.
Wall covering and carpet off-cuts on the other hand were estimated by installers to equate
to between 5-10% of output depending on the scale of the job. This waste was being
collected by waste management companies and sent to landfill prior to the start of the
project. Following the discussions with installers a pilot group of four ‘Preferred Installers’
was established. The ‘Preferred Installers’ had the role of collecting and storing wall
covering and carpet off-cuts created during installation. Once a certain volume of off-cuts
had been accumulated, these were either collected by one of the recycling partners or
delivered to AIL for collection. The material was subsequently recycled by one of the
partners in the same way as the manufacturing waste.
‘Preferred Installers’ were also provided with access to the AIL ecoPortal. The ecoPortal
provided the pilot participants with information on the requirements of ‘Preferred
Installers’. For example, ‘Preferred Installers’ were required to have reduction and recycling
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procedures in place and where possible use solvent free adhesives. ‘Preferred Installers’ had
access to suggested processes for storing and transporting waste using the AIL product
stewardship scheme.

FIGURE 59: MATERIAL FLOWS OF ‘INSTALLATION’ PHASE PRIOR TO (TOP) AND AFTER (BOTTOM) THE
PRODUCT STEWARDSHIP PROJECT

Given the non-existence of a post consumer recycling system prior to the start of the
product stewardship project, all end-of-life waste was assumed to end in landfills. During
installation of new product, installers generally also have the task of removing old
insulation, carpet and wall covering products. The introduction of the end of life take back
system was therefore conceptualised as an extension of the installation waste recycling
phase.
There were, however, other factors which had to be considered for end-of-life product take
back. For example, contamination and differentiating between AIL products and other
brands of insulation, carpet and wall coverings. Contamination of insulation material for
example may occur from leaking pipes or through the accidental inclusion of other
demolition waste. Differentiation between brands of insulation, wall covering and carpets
was a concern because the material compositions of other products were unknown. If
another brand of product was taken back to be recycled it had the potential to cause
problems in the recycling process or contaminate new products.
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The product take back phase of the product stewardship scheme was still to be
implemented at the completion of the PhD. The pilot group of four ‘preferred installers’ was
also set to expand into a larger network of Auckland installers. Preferred installers were to
be advertised on the AIL website as eco-installers in their product categories. In addition,
the AIL product stewardship scheme was pending Ministry for Environment (MfE) product
stewardship accreditation.

5.6 Discussions and Conclusions
This chapter has described the Integrating Research Phase which had the aim of
investigating and developing infrastructure for the integration of the environmental
management strategy into the day-to-day operations of manufacturing SMEs.
The final action research cycle at CML involved the implementation of an eco-design project.
Limitations in terms of the level of integration of sustainability in day-to-day activities were
identified and evaluated using the BSAM. A range of requirements were identified based on
this evaluation and the remaining EMS implementation barriers identified in the Strategising
Research Phase.
The ecoPortal IT infrastructure was developed as a web-based communication,
collaboration and knowledge management hub for integrating the EMS strategy framework
into the culture and day-to-day operations of manufacturing SMEs.
The third case company involved in this research was a local textile product manufacturing
SME. The Baseline and EMS Strategy frameworks were implemented at the company. This
resulted in the third party certification of AIL to Enviro-Mark Diamond and ISO 14001. The
ecoPortal was used to manage the documentation and communication aspects of the EMS.
One of the programmes of the AIL ecoWheel strategy was Product Stewardship. The
researcher guided the company in the development of the systems, infrastructure and
relationships for the implementation of the manufacturing and installation phases of the
product stewaredship scheme. The ecoPortal played an integral role in the dissemination,
knowledge management and documentation requirements of the project and the overall
implementation of the EMS strategy:
“The ecoPortal pulled together all our environmental improvement initiatives
and made our EMS much more effective. Sustainability now forms a core part
of our business and company culture.” (AIL Director 2010)
From a technical perspective, the requirements relating to eco-design in the CML case
differed significantly in comparison to the AIL product stewardship project. The reasons for
this primarily relate to the material compositions and the manufacturing processes of the
products. The development of a generic methodology or approach for manufacturing SMEs
to integrate eco-design and product stewardship initiatives is therefore not advantageous or
possible.
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However, as noted by Le Pochat, Bertoluci and Froelich (2007), while the technical design
challenges were significantly different in the two cases the organisational issues were
similar.
AIL established two key partnerships with external stakeholders in the context of the
product stewardship project: Recycling partners and Preferred Installers. These relationships
were critical factors in the successful implementation of the first two phases of the product
stewardship scheme.
The ecoPortal was used as the collaboration infrastructure for AIL staff and the external
partners of the project. External partners were provided with limited access to certain pages
and functions of the system. This facilitated the effective management of the measurement
and external communication requirements of ISO 14001. In addition, the ecoPortal was set
to become the reporting mechanism for the MfE product stewardship accreditation.

164

Chapter 6: Conclusions and Recommendations

Chapter 6: Conclusions and
Recommendations
6.1 Introduction
This section provides a concluding discussion on the contributions, implications and
limitations of the research conducted in this PhD project. This research had the overall aim
of developing a strategic framework to progress manufacturing SMEs towards
environmentally sustainable manufacturing. A three phased and systematic research design
was put into practice to progressively meet the objectives of the research (Section 1.5). The
‘Baseline’, ‘Strategising’ and ‘Integrating’ research phases and outcomes were described in
detail in Chapters 3, 4 and 5. Figure 60 provides a summary of the elements and outcomes
of the three phases of this research.

FIGURE 60: OVERVIEW OF THE RESEARCH ELEMENTS AND OUTCOMES OF THIS PHD RESEARCH
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6.2 Review of Objectives
The combined environmental impact of manufacturing SMEs around the world is significant.
Unfortunately, most SMEs in New Zealand and other developed countries thus far have a
defensive approach to improving their environmental performance. SMEs face significant
barriers in progressing from this ‘defensive’ maturity level to integrating environmental
management into their culture and day-to-day activities.
The Baseline Research Phase had the overall objective to facilitate the progression of
manufacturing SMEs from a ‘defensive’ to ‘proactive’ environmental sustainability maturity
level. The first sub-objective involved the identification of barriers to the uptake of
voluntary environmental improvement practices in SMEs. This was achieved through a
comprehensive review of the available literature and an action research study at CML.
Based on the identified barriers and a review of the specific characteristics of SMEs, a
selection of tools was proposed in a conceptual Baseline framework to overcome the
identified barriers.
The conceptual Baseline framework was tested in the first action research cycle. As a result
two environmental improvement projects, eco-packaging and management of wood waste,
were conducted at the case company. The environmental improvement projects provided
examples of the relationships between the characteristics of SMEs and the barriers the
company faced in the uptake of environmental improvement practices. These causal
relationships contributed to the development of a systems model to capture the dynamics
of the uptake of environmental improvement practices in manufacturing SMEs.
The tools of the Baseline framework were shown to specifically address the barriers in the
systems model. The systems model can be used in the development of future frameworks,
tools and policies to encourage SMEs to progress from their defensive approach to
environmental improvement. By taking into account the dynamics in the systems model
interventions can be made more applicable to the particular characteristics and barriers of
manufacturing SMEs.
The Strategising Research Phase had the objective of progressing manufacturing SMEs from
their ‘proactive’ (yet ad hoc) approach to a more strategic and ‘managed’ maturity level.
The implementation of an EMS is the most accepted means by which companies can achieve
systemic and continual reductions in environmental impact. However, the literature review
and survey of New Zealand manufacturing companies certified to ISO 14001 companies
identified a range of barriers faced by SMEs in implementing EMS in comparison to large
companies.
The key contribution of the Strategising Research Phase came through the development and
testing of an EMS strategy framework. The ecoWheel approach facilitated the development
of a holistic and life cycle orientated EMS strategy for the organisation. The ecoWheel
provided a visual representation of the programmes and objectives which could be easily
communicated to staff at all levels of the organisation. The EMS strategy framework was
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implemented at CML in the second action research cycle with immediate and obvious
success. Many of the EMS implementation barriers identified in the literature and the action
research were eliminated or mitigated. As a result, the company was certified to EnviroMark Diamond and ISO 14001.
A second furniture manufacturing SME, DBJ, was introduced as a case study. The researcher
supervised the implementation of the Baseline framework and the development of the
ecoWheel for the company. The introduction of the EMS strategy framework elements at
DBJ led to similar successes at the company in terms of establishing a shared vision of the
programmes and objectives. The ecoWheels of the two furniture manufacturing companies
(CML and DBJ) were synthesised into a generic instance. This wood panel furniture
ecoWheel can be used as the basis for other furniture manufacturing SMEs to develop their
specific EMS strategy. In addition, it is envisioned that ecoWheel strategy roadmaps can be
developed for other industries in the future.
The Integrating Research Phase had the objective of developing an infrastructure for
manufacturing SMEs to integrate their EMS strategy into the culture and day-to-day
activities of the organisation. The key requirements of such an infrastructure were that it
facilitated communication, understanding, knowledge management and stakeholder
engagement processes. These requirements were based on a review of the literature and
the implementation of an eco-design project in the final action research cycle at CML.
Based on an understanding of the requirements an IT infrastructure (ecoPortal) was
designed and developed to facilitate the integration of environmental management in
manufacturing SMEs. The ecoPortal uses the ecoWheel as the central interface, while
incorporating other significant contributions of this PhD such as the aspects and impacts
tool. The ecoPortal was used as the collaboration platform for the product stewardship
project at AIL. The central accessibility and social networking features of the ecoPortal
facilitated employee involvement and two way communication flows in the advanced
environmental improvement project.

6.3 Limitations of the Research
As with any research the results of this study need to be taken in context of its limitations.
Qualitative research approaches such as action research and case studies were a major
theme of the triangulation research methodology. This approach was chosen for the PhD as
there was a limited use of these research methods in the existing literature. In contrast to
quantitative methodologies the action research approach provided in-depth and long term
qualitative insights into the internal and external factors influencing the uptake and
implementation of environmental improvement in SMEs. This enabled the researcher to
develop and test framework elements to determine the success of the interventions in
overcoming the identified barriers in the various research phases.
The qualitative approach is a major strength of the research; however, it could be argued
that it is also a significant limitation. It must be noted that the qualitative elements of this
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research were limited to three manufacturing SMEs in the New Zealand context. The
specific situations of these companies may not necessarily be representative of the contexts
of other SMEs in New Zealand and around the world. To some extent, this limitation was
mitigated by triangulation of data through the incorporation of insights from the literature
and the survey of ISO 14001 certified companies in the development of the framework
elements. However, given the qualitative foundation of the research, generalisation of the
work is considered analytical rather than statistical.

6.4 Implications for Practice
This research has led to the development of a novel approach to progressing the
implementation of environmental management in manufacturing SMEs. Since the
framework elements were developed, there has already been considerable interest
amongst sustainability stakeholders in New Zealand. This includes environmental
consultants, EMS programmes, local government, auditing organisations and individual
manufacturing companies.
Several environmental management consultants and sustainability practitioners have been
introduced to the ecoWheel EMS strategy framework and ecoPortal implementation
infrastructure. Consultants see the use of these tools as an effective way to engage and
communicate with their clients. Early feedback from consultants is overwhelmingly positive
and several pilot studies with a range of New Zealand based consultants were already
underway at the time of writing.
Enviro-MarkNZ is also investigating the feasibility of introducing the ecoPortal system to its
members. Given the alignment of the ecoWheel and ecoPortal with the principles of the DIS
14005 phased approach there was a potential to use the framework to enhance the benefits
of member companies.
Similarly, the ecoPortal was introduced to the New Zealand network of The Natural Step
(TNS) advisors in late 2010. TNS sees significant potential to use the ecoPortal as a means to
operationalise their strategies and in aligning EMS with TNS using the ecoWheel (Figure 61).
Pilot studies were planned with several TNS advisors for implementation in 2011.

FIGURE 61: CONCEPTUAL MODEL FOR THE INTEGRATION OF THE ECOWHEEL FRAMEWORK WITH TNS
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Several external auditing organisations (Telarc and International Certifications) have
expressed interest in using the ecoPortal to facilitate the efficient auditing of their clients
management systems. Documentation and record audits could be conducted by the
organisations from off-site, saving time and money for their clients. Subsequent on-site
auditing of operational aspects of the systems can then be conducted as normal.

6.5 Recommendations for Future Research
Future research should focus on the evaluation of the wider implementation of the Baseline
framework, EMS strategy framework and ecoPortal infrastructure in manufacturing SMEs.
The focus should be on the consolidation of the systems model and the development of a
range of industry specific ecoWheel instances. In doing so, the limitation of this research in
terms of the limited research sample for the qualitative elements of the research can be
addressed. In addition the development of the generic industry ecoWheels will allow the
framework to be implemented in a range of different contexts.
Future research should also investigate the applicability of the framework elements for very
small companies. The action research and case study companies in this research all had over
20 employees. Given the significant percentage of New Zealand companies with less that
five employees, it would be useful to test and (if required) adapt the framework elements
for these types of organisations. Additionally, the framework elements should be tested for
use in large and multinational organisations in New Zealand and around the world.
The survey of New Zealand manufacturing companies certified to ISO 14001 provided useful
insights in the development of the EMS strategy framework. It is recommended that a
similar survey be conducted of members of the Enviro-Mark programme. A study of EnviroMark companies (Galabre, et al., 2007) is quoted by Anstey, et al. (2009) in their Lincoln
University research on TNS. However, after extensive efforts to locate the research report it
was determined that this is not publicly available. Feedback from Enviro-Mark members
should be incorporated into a review of the effectiveness of the programme.
Another key recommendation for future research is the adaptation and integration of the
framework with health & safety and quality management systems. The requirements of the
ISO 9001 and OHAS 18001 standards for quality and health & safety management systems
are aligned to those of ISO 14001. The survey of ISO 14001 companies found that many
organisations implement an EMS with the desire of aligning their systems. It is envisioned
that the ecoWheel framework and ecoPortal infrastructure could be adapted to facilitate
the integration of the three management systems.
Another future research direction should include the development of a similar framework to
facilitate the use of LCA in manufacturing SMEs. As outlined in the review of existing
sustainability tools, LCA is the most comprehensive approach for evaluating the
environmental impact of a product. However, the literature review and experience in the
action research of this PhD highlighted the misalignment between the complexity of LCA
and the resources and characteristics of SMEs. It is therefore recommended that extensive
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research efforts be put into the development of suitable implementation frameworks and
tools for manufacturing SMEs.
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Appendix A: DBJ Case Study – Baseline Framework Implementation
DBJ was established in 1997 and at the time of the project the total number of staff
employed in the company was 22. DBJ specialises in manufacturing and installation
of custom made, high quality kitchens, bathroom vanities, domestic furniture, and
superior shop fitting and commercial fit-outs. The company has made a commitment
to environmentally friendly manufacturing and has formulated an environmental
policy, which is displayed on the company’s website, and is annually reviewed.
TABLE A1: DBJ SWOT ANALYSIS

Strengths
S1:

S2:
S3:
S3:
S4:
S5:

S6:

S7:

Self motivated which is clearly demonstrated by Enviro-gold and have a clear
understanding of what benefits the organization would gain if it has head start
on environmental issues over its competitors.
Initial initiative taken by the organization shows the awareness about the
potential trend of the future market uptake on sustainability.
High standards of Health & Safety.
Support from government body. Also has strong links to MED through SBAG.
Emphasis on product quality and efficient usage of CAD package to optimize the
cutting process.
Proactive and constantly looking out for improvements. Self initiated decisions
like joining EMA for Carbon-Zero program, identifying Eco-label best
demonstrates it.
Fairly new machinery and production over the past few years indicate that the
company is making sound financial progress and is establishing its own brand
name.
Nature of customised production should facilitate comparatively easy adoption
of sustainability program as it is void of constrains that are generally posed by a
mass production environment.

Weakness
W1:
W2:
W3:
W4:

Financial deficiency to adopt sustainable practices, also looking at immediate
cost versus benefits.
Limited distribution network, predominantly serving local customers and
hence no strong external drivers at the moment excluding this venture.
Although energy usage is being documented adequately, there is no particular
energy management plan which has been implemented in the past.
Lack of knowledge and direction on how to progress, lack of specialized
personnel and experience.

precedence
level
Critical

High
Critical
High
High
Critical

High

High

precedence
level
High
Medium
Medium
Critical

W5:

Low-level of technical and physical infrastructure, small space of workshops.

High

W6:

Limited external capital inflow that could be directed towards sustainability
programme.

High
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W7:

No organized and easily accessible platform for knowledge transfer amongst
employees.

Opportunity
O1:

High

precedence
level
High

O3:
O4:

Greater market access and possible entry into international market in future.
New products addressing environmentally conscious customers.
Promotion of production technologies to assure the health of population, of
ecosystems and further adding value to customers through green locally
manufactured furniture compared to cheap imported goods.
Trend towards higher public awareness on environmental issues.
Exploitation of new technologies.

O5:

Brand name development.

O6:

Networking opportunity and would give a brief insight into what other
organizations in similar field are doing.
Proven financial benefits by adopting sustainable product development
practices with added advantage of cleaner production and waste minimization
which would contribute to improved environmental performance.

Medium

O8:

Added advantage of being able to differentiate their products in local market,
which is plagued with heavy competition from Chinese products.

Critical

O9:

Ability to have an edge when the company would be bidding for government
procurement tender.

High

O2:

O7:

Critical

High
Medium
High

Threats

High

precedence
level
Critical
Medium
High
Critical

T1:
T2:
T3:
T4:

Introduction of new government legislation and complying with it.
Highly fragmented market, opening up of borders with the illicit competition.
Big multi-storied players in the market with bigger production units.
Growing popularity amongst stake holders and Rise in customer demand in
future could lead in loss of market share if there is no progress on this issue.

T5:
T6:
T7:

Organizations competiveness and sector saturation.
Green purchasing means greater supplier dependence.
Immediate benefits especially in financial terms are hard to quantify.

High
High
High

T8:

Current global economic crisis and its subsequent impact on sales and uptake
of this issue.

High
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TABLE A2: STAKEHOLDER ANALYSIS OF DBJ
Stakeholder

Stake in the process

Potential
impact

Expectations from the Stakeholder to
make this program effective

Perceived attitudes and/or
risks

Stakeholder Management
Strategy

Responsibility

Owner

Supervise every aspect of the
organization and ensure that
client’s needs are met. Ensure
product quality is maintained
and it is delivered in time.

High

Overall co-ordination; Manage change
control; Accurate financial budget;
Quality control.

Highly motivated and
proactive.

Involvement in Project Steering
Board and the overall decision
making process

Project
Manager

Marketing /
sales manager

Promotion of market value of
the organization's products

High

Provide advice on a communication
plan; Identify opportunities and
potential environmentally conscious
clients. Roll out regular updates on
company’s sustainable development
to the target clients.

Proactive and aware of using
sustainability as marketing
strategy

Regular updates with Top
management. Also manage the
company website effectively as
the main source of reaching out
to the people.

Project Team/
Owner

Employee/
cabinet
makers

Involved in the manufacturing
process

Medium

In order to be a part of the
organization’s initiative towards
sustainable development it is
imperative that proper training is
given to create awareness about
sustainability issues to the employees.

Would act as a feel good
factor as the employees are
made aware of the fact that
their activities would lead to
lesser adverse environmental
impact.

Regular updates via emails,
newsletters.

Project
Manager

Media
Services

To provide an unbiased opinion
and to raise concerns on
environmental issues.

High

Help raise awareness on this issue and
encourage the organization to uptake
such practices. Spread awareness and
create a new demand in market

Could have both negative
and positive impact,
depending on the way the
organization handles the
uptake process.

Keep in regular touch through
the company website and
communicate the company’s
progress effectively in relation
to this issue.

Project
Manager
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Design
engineer
( new recruit)

Provide design solutions;
involved in reviewing relevant
manufacturing processes

High

Generate design features in such a
way that waste generated is minimal.
Also consider sustainable designs.

Lack of Eco-design awareness

Provide adequate training /
access to resources on
sustainable designing
techniques.

Project
Manager

Customers –
Individual
high end
clients

Benefit from added value and
feel good factor offered by DBJ
eco-friendly products.

High

Awareness on sustainability issue and
its related benefit. Encourage DBJ in
relation to this aspect and create a
market where sustainable goods
demand is strongly driven my
customers.

Could have a positive impact
and increase the awareness
of clients.

Informative labeling and proper
marketing strategy to convey
the information to customers

Sales manager

Customers Organization

Leverage from the fact that the
company is using eco-friendly
products.

High

Acknowledge the benefits of using
eco-friendly products. Communicate
benefits and create awareness
amongst its employees and clients.

If cost quality and durability
criteria are met, the
company would welcome
DBJ’s eco-friendly products.

Could be unaware of potential
benefits of adopting sustainable
products. So DBJ should ensure
that it creates awareness.

Sales manager

Competitor

Awareness of capturing greater
market share; Product
competition; Access to new
markets

High

Create a competitive
product; influence legislation

Build on DBJ’s commitment
towards sustainable
development.

Sales manager

Landcare

Research, Educate , Implement
and Audit

High

Provide continued support and
guidance

Proactive at the initial stages

Look at alternative EMS tools.

Project
Manager /
Robyn de
Bruin-Judge

Environmental
-choice

Provides environmental
credibility for products to
customers; Government
endorsed.

High

Provide timely review and audits.

Proactive and encourages
manufacturing firms in
reducing their environmental
impact.

Communicate and identify the
most suitable eco labeling that
would suit the company’s
product.

Project
Manager /
Robyn de
Bruin-Judge
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North shore
council

Set and police bylaws

High

Available bylaws; Accessible Auditors
and provide continued guidance to
the organization in relation to
sustainability issue.

Comply and monitor relevant
bylaws

Build on the relationship with
key council staff

Project
Manager /
Robyn

Government

Set environmental laws and
regulations; Ensure that
companies comply with it.

High

Accessible resource and practical
implication; Create legislations to suit
New Zealand’s organizational
structure.

Comply and monitor
legislation.

Engage with specialized bodies
in this aspect for obtaining
deeper understanding from an
experienced perspective.

Project
Manager/
Robyn de
Bruin-Judge

Immediate
neighbors

Leverage from less
environmental impact due to
organizational activity.

Medium

Personal communication with DBJ
officials to express their concerns.

Negative; could be
apprehensive at the initial
stages.

Maintain contact and cordial
relationship with immediate
neighbors.

Project
Manager /
Robyn de
Bruin-Judge

Suppliers

Controls the quality of input raw
materials. Hence has a
significant role to play in this
aspect.

High

Understand DBJ’s vision. Provide raw
materials with minimal environmental
impact and support DBJ’s sustainable
development program.

Increase environment
compliance ; Uptake
sustainability issue with
equal enthusiasm

Create awareness and demand
for sustainable products

Project
Manager /
Robyn

The
community

Benefit from improved
environmental performance

Low

General awareness of surrounding
environment

Growing awareness on this
issue

Communicate improvements
through media , website,
articles

Project team

Prospective
customers

Would benefit from investing on
environmental friendly products

High

Understand the benefits and
significance of sustainable
development

Growing concern and
awareness on this issue

Create awareness and market
where there is demand for
sustainable goods.
Communicate its significance
through media , website,
articles

Project
Manager
/Sales
manager/
Robyn BruinJudge
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Environmental
groups/
analyst

Monitor and criticize the issue

Low

Closely observe improvement made
by the company in relation to
environmental performance and
communicate their perspective view
effectively

198

Could have a positive impact
and motivate the
organization into further
improving on this issue

Communicate improvements
and develop a healthy
relationship.

Project
Manager
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Appendix B: AIL Case Study – Baseline Framework Implementation
AIL is a New Zealand-based manufacturing and product development company
specialising in textiles and advanced fibre technology. The company was established
in 1967 and today manufactures a diverse range of carpets, wallcoverings, insulation,
acoustic products and bedware products to consumer and commercial markets all
over the world.
The SWOT (Table B1) and stakeholder (Table B2) analyses provided a sound context
for the action research study, enabling the researcher to understand the drivers for
environmental sustainability project initiation.
AIL had an existing paper-based ISO 9001 quality management system as well as a
health & safety management system.
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TABLE B1: SWOT ANALYSIS FOR AIL

Strengths:
 Strong support from AIL Board
 Enthusiastic internal champion
 Positive and proactive company culture
 Implemented and maintained QMS and H&S systems
 Inherently sustainable products
 Inherently clean production processes
 Proven benefits of waste minimization in both financial and environmental terms
 Comprehensive understanding of product eco-certification
 Available financial and human resources for environmental initiatives
 Internal product development
 Ability to translate EMS into Australian manufacturing facilities
 High visibility of wall coverings, and carpets and tiles
Weaknesses:








Limited control of supply chain
Limited control of product, once in market
Use of non recyclable compounds in some products
Undeveloped ERP system
Limited use of ICT tools
Limited channels for internal environmental communication
Small organisational size relative to competitors limits influence on legislation and
standard development
Low visibility of insulation products
Negative perception of raw material origin



Opportunities:




Prove and promote products’ inherent environmental benefits over competition
Establish local market leadership position (especially in insulation)
Establish markets in EU, Middle East and Gulf, North America and Asian markets based
on ISO14001 accreditation
Influence of, and alignment with future environmental legislation & standards
Increasing consumer environmental conscience



Threats:






Loss of market share if no progress on sustainability
Product commoditisation
Global economic crisis could stifle demand for sustainable products
Upcoming local and international legislation with unforeseen impacts
New international trade boundaries based on new environmental legislation
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TABLE B2: STAKEHOLDER ANALYSIS FOR AIL

Stakeholder

Stake in the process

Potential
impact on
process

What does the Stakeholder need
to provide to ensure a positive
development?

Perceived attitudes
and/or risks

Stakeholder
Management Strategy

Responsibility

AIL shareholders and
board

Policy and process
owner who determine
strategy and priorities

High

Leadership; Provision of adequate
resources; Commitment to
implementing change.

Aware of benefits

Direct involvement in
Project Steering Board;
Regular updating
meeting with project
team (quarterly?)

Project Manager

CEO/MD

Direct control of process

High

Resource allocation; Commitment
to implementing change.

Inspired and supportive

Involvement in briefing
sessions at project
meetings

Project Manager

R&D manager

Project Manager and
Champion

High

Provide technical leadership;
Direct interface between AIL and
KBS

Highly motivated and
proactive

Regular project updates;
chair in briefing sessions
and technical team
meetings

Project Team

Customer/market value
representative

High

Provide market leadership;
identify opportunities of
leveraging eco in market

Highly motivated and
proactive

Regular project updates

Project Team

Assess and monitor

High

Product/process information and

Committed

Regular project updates;

Project Team

Kath Horler

Sales manager
Rob Croot

Production engineer
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Adam

product and process

support

defined tasks

AIL staff

Affected by changes in
procedures;
Implementation of new
practices and
procedures

High

Commitment and compliance

Aware and compliant

Staff environmental
group meetings

Project Manager

Suppliers

Constrain total effect of
AIL EMS

High

Provide product environmental
assurance/information

Increasing
environmental
improvement/
compliance

Audit and monitor
suppliers environmental
compliance/actions

Project Manager

Customers – OEM
supply

Benefit from AIL’
environmental
credentials

High

Communicate intended use of AIL
credentials

Positive

Communicate market
benefits/potential

Sales Manager

Customers - retail

Manage public sales;
present environmental
aspects

High

Communicate benefits to
customer through product
placement

Unaware

Educate and inform

Sales Manager

Customers – end user

Extended use of product

High

Awareness of environmental
impacts/benefits of products

Increasing awareness

Informative
labelling/education

Sales Manager
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Competitors

Product competition

High

Legislation and market
awareness influence

Competitive product;
Influence legislation;
Create greenwash/
environmental
scepticism in market

Create awareness of AIL
Committed
environmental
responsibility

Sales Manager

Landcare Research

Research, Educate,
Implement & Audit EMS

Low

KBS can provide similar support

Positive as AIL is
proactive

Through KBS and
existing relationships

Project Manager

MfE/Government

Set environmental
legislation

High

Accessible resources and practical
implications

Comply and monitor
legislation

Utilise KBS or other
expert/information
service

Project Team/ KBS

Immediate
Neighbours

Benefit from local
environment
improvements

High

Personal communication with AIL
rep before contacting officials

Negative/sceptical

Assign representative
and provide contact
details

Project Manager

Community

Benefit from
environmental
improvements

Low

General awareness of local
environment

Growing environmental
conscience/ awareness

Communicate
improvements; put
notices/articles in local
media

Project Team

Council

Set and police bylaws

High

Available bylaws

Comply & monitor
relevant bylaws

Develop relationship
with Key council staff

Project Manager

Accessible auditors
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Appendix C: Student Research Projects
TABLE C1: STUDENT PROJECTS IN THE RESEARCH

Researcher

Relationship to research project

Research Title

Marco Oudshoorn

Time of
Research
May 2005

Project report used as a source of
secondary data

Building a foundation for
incorporating
sustainable furniture
production

Peer Molnar

June 2005

Manuel Seidel
Nathan Campbell
Guillaume

September
2006
December
2006
September
2008
September
2008
November
2008
September
2009

Project report used as a source of
secondary data
Direct involvement by researcher.
Case used as example in Chapter 3.
Project report used as a source of
secondary data
Direct involvement and
supervision by researcher. Case
used as example in Chapter 3.
Direct involvement and
supervision by researcher.
Direct involvement and
supervision by researcher.
Direct involvement and
supervision by researcher.

September
2009
September
2009

Direct involvement and
supervision by researcher.
Direct involvement and
supervision by researcher.

Peter Luk
Camille Cowdrey
XinYi and KaiAnn
Deepak Menon
Florian Wenzel

Peter Lou
Lloyd Kimble
Sarah and Mouadh

204

Environmentally Friendly
Packaging

Waste Management

Energy Management
Plan
Strategic roadmap for
sustainability at DBJ
Integration of
management systems in
SMEs
Eco-design of Furniture
Packaging
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Appendix D: CML Action Research – Environmental Improvement
Project Prioritisation
Polystyrene packaging improvement Project
The environmental improvement project prioritisation approach highlighted the
significance of CML’s packaging in all criteria of the analysis.
In terms of the cost criterion, the company was spending up to $0.5 million on the
polystyrene annually. This is a particularly significant amount given the non value
adding nature of packaging. By reducing or eliminating the polystyrene there was
therefore potential to make significant cost savings.
From a volume perspective, the polystyrene waste stream was also deemed
particularly high. Annually approximately 4500 cubic metres of the material were
being used in the furniture packaging. There is also currently no polystyrene recycling
facility in New Zealand which meant that the vast volume of the material would end
up in the landfill.
Polystyrene has a negative impact on the environment when it is dumped into
landfills after use. The material releases hydrocarbons which react with nitrogen
oxides in the presence of sunlight forming tropospheric ozone (Xu and Lee 2005).
Tropospheric ozone is a major contributor to smog which affects both human health
and the environment.
From a future development perspective, the introduction of more stringent
environmental legislation coupled with the continually increasing price of benzene
(one of its main ingredients), has led many experts to predict that the cost of
polystyrene products will continue to increase in the coming years (Raymond 2002).
As indicated previously, the polystyrene plays an important role in the protection of
the furniture product in the transport and storage phases. Polystyrene provides
excellent impact protection (Lye, et al., 2004). Its ‘memory property’ allows the
material to return to its original form after being compressed thereby limiting the
potential for relative movement within the furniture pack. While the functional
benefits of polystyrene are clear, the company is in direct control of this part of the
product life cycle and therefore had the ability to influence packaging design.
Panel Off-cuts and wood dust improvement project
The environmental improvement project prioritisation approach identified panel offcut and dust waste as the second and third key priorities for CML.
From a cost perspective, the waste off-cuts were assigned the highest possible score.
This rating was justified for a number of reasons. CML was purchasing raw panel
sheets and using additional resources to process the sheets by cutting them and
adding laminate. Off-cuts were discarded into a large bin which the company pays for
to be picked up, while incurring additional cost in disposing the waste in landfill. By
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reducing or eliminating the generation of waste off-cuts substantial cost savings (in
total exceeding $300,000) could be made in each of these areas.
At the time of the project the company was dumping on average 2200 tonnes of
waste to landfill annually. Approximately 80% of this waste volume was made up of
wood panels in the form of off-cuts, overages and rejects. The waste stream was of a
significantly high volume and was clearly the company’s largest contributor in this
criterion. The creation of wood dust during sawing and shaping processes is
unavoidable during the furniture production. In comparison to off-cuts, dust volumes
are lower with around 330 tonnes of this waste stream per annum.
The environmental consequences of this aspect are that large volumes of waste are
dumped in landfills. In the case of laminated wood panels it is likely that the off-cuts
will not degrade for a significant period of time. In addition to this, formaldehyde and
other chemicals have the potential to leach from the wood panels and adhesives.
The future development criterion of the aspects and impacts assessment was
particularly important in this case. During the course of project the Waste
Minimisation Act was set to come into force. This meant that as of 1 July 2009, a $10
levy would be charged on each tonne of waste sent to landfill (Figure D1). This levy
was set to progressively increase over the coming years to eventually reach a figure
of $25 per tonne. It was clear that the legislative issues and costs associated with the
dumping of waste in New Zealand were set to increase.
300
250

Costs ($)
(000s)

200
150
100
50
0
Mar-07

Mar-08

Mar-09

Mar-10
($10 Levy)

Mar-12
($20 Levy)

Mar-15
($25 Levy)

End of Financial Year

FIGURE D1: FORECAST OF CML WASTE DISPOSAL COSTS AS A RESULT OF WASTE LEVY
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Evaluation Matrices for Wood Waste Project
TABLE D1: ENVIRONMENTAL IMPACT ASSESSMENT MATRIX.

Environmental Impact
Assessment Matrix
Size of area affected
Environmentally
important place, reserve
or cultural location etc.
Effects to the health and
well being of surrounding
populace
Human settlement area
affected
Length of time for
infection to dissipate
Amount of secondary
wastes produced
Energy requirements
Transport requirements
Energy value regained
Benefits of recycling to
secondary use i.e.
revenue
Future risk from changes
to environmental bills

Landfill

Composting

Incineration

Composites

Cement

Boiler

high
high

high
low

high
low

low
low

low
low

high
low

high

high

high

low

low

high

low

high

high

high

high

high

high

high

low

high

high

low

high

low

high

high

high

high

low
high
low
low

low
low
low
high

low
low
high
high

high
high
high
high

high
high
high
high

low
low
high
high

high

high

high

low

low

high

Total Function Value

1

4.5

5.5

5.5

5.5

5.5

TABLE D2: FINANCIAL IMPACT ASSESSMENT MATRIX.

Financial Impact
Assessment Matrix
Current costs
Set up costs
Transport costs
Management costs
Maintenance costs
Potential value regained
Future risk of cost
increase
Total Function Value

Landfill

Composting

Incineration

Composites

Cement

high
low
high
high
low
low
high

high
high
low
high
high
high
low

low
high
low
high
high
high
low

low
high
high
high
high
high
low

low
high
high
high
high
high
low

3

4.5
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5.5

4.5

Boiler
low
high
low
high
high
high
high

4.5

4.5
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TABLE D3: STRATEGIC IMPACT ASSESSMENT MATRIX.

Strategic Impact
Assessment Matrix
Social implications
Regulatory implications
Added value to resources
Future proofing and
stewardship
Viability for set up with
trade contacts
Stakeholders interest
benefitted

Landfill

Composting

Incineration

Composites

Cement

Boiler

high
high
low
low

high
low
high
high

high
low
high
high

low
low
high
high

low
low
high
high

high
high
high
high

high

high

high

low

low

low

low

low

high

low

low

high

Total Function Value

2

6.5

8

6.5

6.5

5

TABLE D4: OPERATIONAL IMPACT ASSESSMENT MATRIX.

Operational Impact
Assessment Matrix
Training required
Added procedures
Regular review of practices
e.g. annually
Extra staff required
Procedures and machinery
need to be managed
Increase in between
company communication
needed
Regular standard review
required
Total Function Value

Landfill

Composting

Incineration

Composites

Cement

Boiler

low
low
high

high
high
high

high
high
high

high
high
high

high
high
high

high
high
high

low
low

low
high

low
high

low
high

low
high

high
high

low

high

high

high

high

high

high

low

low

low

low

low

7

3
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Appendix E: Survey of New Zealand ISO14001 Certified
Manufacturing Companies – Letter and Questionnaire

209

Appendices

210

Appendices

211

Appendices

212

Appendices

213

Appendices

214

Appendices

215

Appendices

216

Appendices

Appendix F: Survey of New Zealand ISO 14001 Certified
Manufacturing Companies – Results
Why did you choose to implement an EMS?
80

SME

70

Large

Percentage

60
50
40
30
20
10
0

1

2

3

4

5

Responses
1 – Organisational ethics
2 – Staff pressure
3 – Cost savings
4 – Customer pressure
5 – New market opportunity
6 – Tender prequalification

6

7

8

9

10

11

7 – Comply with legislation
8 – Competitive pressure
9 – Improve image
10 – Directive from parent organisation
11 - Other

What other EMS options were you aware of when you opted for ISO 14001?
45

SME

40

Large

Percentage

35
30
25
20
15
10
5
0

1
Responses
1 – Enviro-Mark
2 – EcoWarranty
3 – EMAS

2

3

4

5 – Responsible Care
6 – Other
7 – None
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4 – ecoPortal

Why did you choose to certify your EMS to ISO 14001?

100

SME

90

Large

80

Percentage

70
60
50
40
30
20
10
0

1

2

3

4

5

6

7

Responses
1 – Increased credibility
5 – Not aware of other alternatives
2 – Customer requirement
6 – Organisational requirement
3 – International recognition
7 – Other
4 – Alignment of other ISO certifications the company has (e.g. ISO9001)

What other Environmental Management System options are you aware of now?
80

SME

70

Large

Percentage

60
50
40
30
20
10
0

1
Responses
1 – Enviro-Mark
2 – EcoWarranty
3 – EMAS
4 – ecoPortal

2

3

4

5 – Responsible Care
6 – Other
7 – None
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How did you implement your EMS?
70

SME

60

Large

Percentage

50
40
30
20
10
0

1

2

3

4

Responses
1 – Internal resource and capabilities only
2 – With the support of an external consultant
pathway to ISO14001

3 – With the support of others
4 – Using a third party scheme as a

What barriers did you face in implementing your EMS?
80

SME

70

Large

Percentage

60
50
40
30
20
10
0

1

2

3

4

Responses
1 – Paperwork
2 – Knowledge and experience with
environmental issues
3 – Lack of knowledge of regulatory
requirements
4 – Cost
5 – Limited staff resources
6 – Lack of support information

5

6

7

8

9

10

11

7 – Keeping track of documents
8 – Incompatibility with existing systems/
procedures
9 – Unfamiliarity with internal/external
auditing
10 – Internal communication
11 – Other
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What is the scope of your EMS?
100

SME

90

Large

80

Percentage

70
60
50
40
30
20
10
0

1

2

Responses
1 – Corporate operations only
2 – All facilities and activities

3

4

3 – Complete life cycle including suppliers
and end-of-life
4 – Other

How do you manage your EMS documentation?
100

SME

90

Large

80

Percentage

70
60
50
40
30
20
10
0

1

2

3

Responses
1 – Hard copy documents and procedures 3 – Internet based system
2 – Intranet based documents
4 –Other
(e.g. Microsoft Excel spreadsheets,
Microsoft Access databases etc)
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What benefits have you experienced through implementation of your EMS?
(please tick all relevant):
80

SME

70

Large

Percentage

60
50
40
30
20
10
0

1

2

3

4

5

Responses
1 – Reduced costs of energy
2 – Reduced costs of waste
3 – Reduced organisational risk exposure
4 – Improved employee retention
5 – Increase in employee morale and
worker retention

6

7

8

9

10

6 – Increased market share
7 – New customers
8 – Improved compliance with legislation
9 – Other
10 – We have not experienced any benefits

Do you intend to maintain your ISO14001 certification?
120

SME

Percentage

100

Large

80
60
40
20
0

1
Responses
1 – Yes – For at least one more year
2 – Yes – For more than one year

2

3 – No (please explain why)
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Do you demand that your suppliers inform you of their environmental
performance?
70

SME

60

Large

Percentage

50
40
30
20
10
0

1
Responses
1 – Yes

2

2– No

Do you demand that your contractors inform you of their environmental
performance?
90

SME

80

Large

Percentage

70
60
50
40
30
20
10
0

1
Responses
1 – Yes

2

2 – No
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Do your customers understand your ISO14001 credentials?
90

SME

80

Large

Percentage

70
60
50
40
30
20
10
0

1

2

Responses
1 – Yes
2 – No

3

4

3 – Varies
4 –Don’t know

Which of the following are actively engaged in your EMS?
120

SME

Percentage

100

Large

80
60
40
20
0

1
Responses
1 – Business Owner
2 – Management
3 – Staff

2

3

4 – Contractors
5 –Suppliers
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Do you believe that ISO 14001 certification provides credible assurance of good
environmental performance?
100

SME

90

Large

80

Percentage

70
60
50
40
30
20
10
0

1
Responses
1 – Yes
2 – No

2

3

3 – Undecided

Has the implementation of an EMS been worthwhile?
100

SME

90

Large

80

Percentage

70
60
50
40
30
20
10
0

1
Responses
1 – Yes
2 – No

2
3 – Undecided
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Do you have a certified Health and Safety Management System?
100

SME

90

Large

80

Percentage

70
60
50
40
30
20
10
0

1
Responses
1 – Yes

2
2 – No

Do you have a certified Quality Management System (e.g. ISO9001)?
120

SME

100

Percentage

Large
80
60
40
20
0

1
Responses
1 – Yes

2

2 – No
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If you have a quality or H&S management system, are they integrated with your
EMS?
80

SME

70

Large

Percentage

60
50
40
30
20
10
0

1

2

3

Responses
1 – Quality and Environmental integrated
2 – Health and Safety and Environmental integrated

3 – No integration

Have you implemented other environmental programmes, tools or certifications to
complement your EMS? (please tick all relevant)
40

SME

35

Large

Percentage

30
25
20
15
10
5
0

1

2

Responses
1 – Carbon Footprinting
2 – Product Eco-Label
3 – Life Cycle Analysis (LCA)
4 – Product Stewardship Scheme

3

4

5

6

5 – Risk profiling
6 – Sustainability reporting
7 – None

226

7

Appendices

Appendix G: CML Action Research – Aspect and Impact Evaluation
Environmental Aspect
Panel Off-cuts (unfinished): --> Unusable panel off-cuts sent to landfill
Panel Off-cuts (decorated): --> Unusable panel off-cuts sent to landfill
End of life disposal of furniture: --> Consumer disposal of products to landfill
Machinery: --> electricity usage
Packaging of products: --> Use of polystyrene as packaging material
Procurement of materials and components: --> Purchasing decisions of raw material
Panel Dust: --> Creation of fine wood panel dust in cutting and shaping operations
Edge band clippings: -->PVC edge band clippings mixed with panel dust
Transportation of products on and off site: --> Use of vehicles
Lighting: --> Use of electricity

Design and Selection of furniture components: --> Use of solvent based glue
Photocopying/Printing: --> Use of Paper
Lighting: --> Use of electricity
Profile laminating: --> Use of Bostik glue product

PVC Laminating: --> Use of PVC as surface finish
Raw material: --> formaldehyde emissions from wood panels
Air conditioning: --> Use of electricity
Cleaning: --> General sweepings
Panel Coversheets: --> Panel coversheets sent to landfill
Imports from Asia: --> Unknown supply chain quality
Raw material packaging : --> Accumulation of packaging from raw materials
Spraypainting: --> Use of solvent based paints
Computing: --> Use of electricity
Cafeteria/kitchen: --> Polystyrene cups
Transportation of employees to and from workplace: --> Use of vehicles
PVC Laminating: --> Creation of vinyl waste
Computing: --> Electronic waste
Machinery: --> noise generation
Plastic Strips: -->Sent to landfill
Cardboard: --> Recycling of cardboard
Waste Bins: --> Generation of organic and inorganic waste
Painting (UV): --> Use of UV paint on the Superfici paint line
Food preparation: --> Electric heating
Food preparation: --> Refridgeration
Bathroom: --> Hand towels
Cleaning: --> use of chemicals
Cleaning: --> Dishwasher
Cleaning: --> Cleaning products
Lubrication of machinery: --> Oil Lubricant
Photocopying/Printing: --> Use of Ink
Bathroom --> Use of water
Bathroom --> Sanitation products
Raw material packaging : --> Plastic film
Photocopying/Printing: --> Ink cartridge disposal
Machinery: --> heat generation

Possible
Financial
Benefits

Quantity

Severity of
Consequence

Legal and
Market
requirements

Controllability

Total

Total (x4)

5
5
1
4
4
3
3
5
3
3
0
2
3
1
0
0
3
1
2
0
2
4
2
1
0
1
1
1
1
0
0
1
1
1
0
0
0
0
0
1
0
0
0
0

4
4
5
4
4
4
4
1
3
3
4
3
2
3
3
4
3
2
2
3
2
3
1
2
2
2
2
3
1
2
1
3
1
1
1
1
1
1
2
1
1
1
1
1
1

4
4
5
4
3
4
4
4
4
3
4
3
3
4
4
3
3
4
2
3
2
2
2
2
3
3
2
2
1
1
2
1
1
1
1
1
1
1
2
1
1
1
1
0
1

4
4
5
3
4
3
4
4
4
3
4
2
3
4
4
5
3
2
3
3
2
0
2
1
2
3
2
3
2
1
1
0
1
1
1
1
1
1
0
1
1
1
1
0
0

2
2
3
3
3
4
2
2
2
3
3
4
3
2
3
2
1
4
3
3
3
2
3
4
3
1
2
1
3
3
3
2
2
1
1
2
1
1
0
1
0
1
1
2
0

19
19
19
18
18
18
17
16
16
15
15
14
14
14
14
14
13
13
12
12
11
11
10
10
10
10
9
9
8
8
7
6
6
5
5
5
4
4
4
4
4
4
4
3
2

76
76
76
72
72
72
68
64
64
60
60
56
56
56
56
56
52
52
48
48
44
44
40
40
40
40
36
36
32
32
28
24
24
20
20
20
16
16
16
16
16
16
16
12
8
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Key
Supply chain
Office Activities
General Manufacturing Activities
Board Store
Cutting/Shaping processes
Laminating processes
Paint processes
Cafeteria
Packaging and distribution of products
Employee transportation
Post consumer phase of life cycle
Engineering
Design and Development
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Appendix H: CML Action Research – EMS Programme Strategy
Roadmaps
Environmental Management System certification Programme
Certification to an internationally recognised EMS standard is an important element
of an organisation’s environmental sustainability programme. Independent
certification provides interested external parties with credible assurance that the
company has systems in place to manage, monitor and continually improve its
environmental performance.
The roadmap for world class performance in this element of the programme was the
achievement of the various elements of Enviro-Mark culminating in certification to
ISO14001. Other projects defined in this programme element were the integration of
the quality, health & safety and environmental management systems, and the
conversion of the paper-based management system into a modern intranet-based
knowledge management infrastructure.
•ISO14001 certification
•Integrate with HS and
QMS in a combined
management system on
Intranet

World Class

NZ leader
Current
Practice

•Enviro-Mark Diamond Certified
•Have an EMS in place which we can
use to monitor and improve our
improve performance
•Procedures not yet fully operational

• Develop and
implement
comprehensive
procedures
covering entire
organisation

Original
June 2008 November
2008

Sept 2004

December
2008

Stakeholder Management Programme
Effective management of the external stakeholders of an environmental
management programme is a key success factor given the limited internal resources
available in most SMEs (Zutshi and Sohal 2004). In order to achieve continual
improvement objectives and targets towards environmentally sustainable
manufacturing an SME needs to actively engage and collaborate with suitable
external organisations such as universities, local governments and sustainability
networks etc.
In the case of CML it was apparent that the environmental impact of the furniture
products needed to be considered throughout their entire life-cycle. This meant that
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the company, given its central position in the product life-cycle would be required to
deal with a range of stakeholders up and down the value chain.
The first stage in the stakeholder management programme was conducted as part of
Action Research cycle 1 and comprised of a stakeholder analysis to lay the
foundation for the development of ‘sustainability’ partnership networks with
external organisations.
•Annual sustainability
report on all aspects of
performance
World Class

NZ leader
Current
Practice

•Packaging Award
•Enviro-Mark Diamond stories
•TV3 coverage
•Stakeholder newsletters
•Website out of date – needs major
revamp!

Original

Sept 2004

June 2008

•Environmental Choice
•Regularly updated Envirowebpage (need procedure)
•Fact sheet
•Brochure
•National Awards

October 2008

2009

For CML this was an opportunity to gain invaluable knowledge, transfer experiences,
pool resources, and develop mutually beneficial environmental projects. It was also
recognised that in order for the company to gain a competitive advantage from its
sustainability programme, credentials of the products needed to be effectively (and
accurately) communicated to customers and other stakeholders through a range of
mediums.
The world class performance target for the Stakeholder Management element of the
sustainability programme was defined as ‘annual sustainability reporting’.
Training and Culture Programme
Successful progress toward sustainable manufacturing in SMEs requires the
development of an effective company culture and support of senior management
and employees. This is fundamental in driving environmental goals and enabling the
company to achieve continuous improvements.
The culture and training programme of the environmental sustainability programme
is essentially an awareness and education framework with the aim of moving staff
towards ‘unconscious competence’. Action research highlighted the significance of
an effective communication system to disseminate information and create interest
in the environmental programme.
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CML’s targets associated with the world class performance road map in this area
were defined as: the establishment of an environmental management steering
committee, the development and implementation of a reward system and
establishment of environmental procedures for the various work cells. The
organisation’s world class performance target for culture and training is the
implementation of integrated quality, health and safety, and environmental
management systems as well as the development of an active environmental
training programme for all production cells and departments.
• Don’t understand what

Stage 2

Stage 1

environmental issues
have to do with the
company
• Practice only very basic
waste initiatives because
it is common sense

• Environmental issues
have become ingrained in
the culture of the
company
• Everyone in the
organisation constantly
practices sound
environmental
management because
“that’s the way we do it
around here”

Unconscious Conscious
Incompetent Incompetent
Stage 4

• Realise the importance
of environmentally
conscious practices
• Haven’t achieved
competence in the
environmental
management

Stage 3
• Realise the importance

World class

New Zealand leader

Unconscious
Competent

Conscious
Competent

of environmentally
conscious practices
• Have achieved
competence in managing
environmental risks

Eco-Design and Product Stewardship Programme
The integration of eco-design and product stewardship principles into product design
is one of the fundamental requirements of moving towards environmentally
sustainable manufacturing. The effective eco-design of products so as to enable the
take back and recycling of post consumer products can be the cornerstone of
reducing an organisation’s overall environmental footprint.
In the case of CML, not all the systems, processes and design features required for
furniture product stewardship needed to be developed from first principles. As with
other companies, CML had existing capabilities and relationships in place which
could form the basis of its furniture product stewardship programme. The nature of
the Ready To Assemble (RTA) furniture provides distinct environmental advantages
compared with pre-assembled furniture. For example in order to make RTA furniture
practical, the products are already designed for easy assembly by the end customer,
this makes the design for disassembly (which is a basic requirement of product
stewardship) less complicated.
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•Specific product design for
environment
•Lowest level formaldehyde
board (E0)
•No PVC foil (paper/non
invasive bio polymer surface
coating etc.)
•End-of-life take back (product
stewardship)

World Class

NZ leader
Current
Practice

• Cadmium in foil almost zero
• low formaldehyde board (E1)
• Solvent based glue
• PVC foil
• Ready-to-assemble
• UV paint

Original

Sept 2004

June 2008

• Eco-material purchasing
• No chromium, lead etc.
(RoHS compliant) –
important for European market
•PUR glue
•Environmental Choice

August 2008

2009

At present the main obstacles to product stewardship are attributed to the complex
mix of materials such as the difficulty in separating the surface finish of the wood
panels from the wood panel. CML Furniture is currently in the process of developing
its product platform, its furniture take back infrastructure and a network of partners
in a move towards its world class performance target of furniture product
stewardship.
Green Supply Chain Management Programme
Raw material decisions have a significant influence on the environmental footprint of
furniture products. Green Supply Chain Management is closely related to the EcoDesign and Product Stewardship element of an organisation’s environmental
programme.
In the case of CML the platform for this element of the environmental programme
was developed based on an understanding of the raw material impact derived from
a life cycle inventory of the furniture products (Seidel, et al., 2006). This
understanding was achieved through contact with material suppliers and an
extensive literature analysis of industry best practices and environmental standards
for furniture. Other targets in this element of the ecoWheel included the
development of a supplier purchasing policy and environmental performance
requirements for the company’s main raw materials.
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•Comprehensive
environmental purchasing
partnerships with suppliers

World Class

NZ leader
Current
Practice

Original

•Statements of compliance from
some suppliers
•Initial templates for major raw
material categories
•Negotiations with some suppliers
to make basic reductions
•Implementation and
enforcement of
Environmental purchasing
criteria based on
Environmental Choice and
RoHS standards

•Limited
knowledge of
environmental
properties of
raw materials

June 2008

Before 2004

August 2008

2009

CML is now actively integrating environmental criteria into purchasing decisions and
working closely with its suppliers to ensure raw material used to produce the
furniture has an optimally low environmental impact. In order to reach its world
class performance objectives in this area the company is aiming to acquire raw
materials exclusively from renewable sources which have environmentally benign
properties and have its major raw material suppliers certified to an internationally
recognised EMS standard.
Manufacturing Efficiency and Waste Management Programme
Integrating sustainability principles into its production system is the element of an
environmental programme over which a company has the most control. In addition
to this, it is the area in which the most significant cost savings can be achieved
without major investment.
As mentioned previously, an important element of CML Furniture’s initial
sustainability knowledge base included the establishment of an LCI of the products
and manufacturing processes. This gave the organization a qualitative overview of its
environmental aspects. The ultimate goal for CML Furniture in this element of its
sustainability programme is the achievement of a zero waste to landfill
manufacturing system. This means that material usage is optimised, reused and
(where this is not possible) recycled back into processes either within its own
operations or in those of its suppliers.
As a result of this study the company found that its most significant environmental
aspects were related to off-cuts of decorated wood panels and the saw dust from
the cutting and shaping operations.
It has implemented a cutting optimisation system thereby increasing the utilisation
of the panel sheets by around 20%. CML Furniture has also introduced an ‘off-cut
management system’ in which usable wood panel off-cuts are stored in a database.
Each week when the production plan is generated, this system is checked for
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suitable materials for reuse prior to using fresh sheets. The company is now
currently in the process of implementing a recycling system for those wood panels
that cannot be reused. The ultimate goal is to remove the decorated surface finish
from the panels and chip the board so that it can be recycled by a wood panel
supplier or used as a raw material for compost production.
CML Furniture has a high technology dust extraction system in place which ensures
the health and safety of its manufacturing staff while also ensuring a clean factory
floor. A major challenge related to the recycling of sawdust (and thereby diverting
this waste from landfill) is that a number of the processes in the furniture production
generate waste material that is not compostable. In order to make the recycling of
sawdust feasible, CML Furniture is currently working on a project to separate nondegradable material from the sawdust.
• Technology to ‘skim’
surface finish from coated
panels (sander, electric
plain?
• Zero waste to landfill

World Class

NZ leader
Current
Practice

•Off-cut management system
•Potential partners (Living Earth,
Laminex)
•High quantity of dust and off-cuts
sent to landfill

• Board optimisation
• Overage Management system
• Begin waste partnerships
• Dust recycling

Original

Sept 2004

June 2008

October 2008

2010?

FIGURE 45: WASTE MIMINISATION PROGRAMME ELEMENT STRATEGY ROAD MAP

Energy Efficiency Programme
Energy efficiency is a fundamental element of sustainable manufacturing
programmes due to the growing public awareness and legislative developments
around climate change issues.
At CML Furniture the approach was to develop an Energy Management Plan (EMP)
for its operations. The purpose of this EMP was to reduce the company’s carbon
footprint and to develop opportunities for cost savings. The EMP identified
opportunities for possible energy reductions in the company and prioritised the
respective recommendations.
A survey was conducted with the purpose of examining current employee awareness
relating to energy efficiency and to develop an understanding of attitude towards
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energy savings, every day practices, and perception on the company’s electricity
usage. Following this survey an energy awareness campaign (‘the power is in your
hands’) was launched at the company which included information on notice boards,
training sessions and a company intranet webpage where staff could view energy
saving tips and track progress towards performance targets.
Other aspects of CML ecoWheel for Energy Efficiency include the implementation of
energy efficient practices throughout its manufacturing operations and the use of
skylights for natural lighting in the factory. The company’s world class performance
objective in this area is CarbonZERO certification.
Eco-Packaging and distribution Programme
Components that make up CML Furniture’s products are packed, stored, and shipped
to the customers in cardboard boxes. The use of the RTA packaging methodology
means that products take up substantially less room during the distribution phase of
the product life cycle. Between six and ten times more products (depending on exact
product) can fit in each shipping container leading to a lower carbon footprint per
pack.
However, the company recognised that there is still much work to be done in this
area before it reaches it goal of biodegradable packaging with an optimised
distribution network. The drawback of the current packaging method is the
environmentally detrimental polystyrene used in each box for protection of the
product. Polystyrene blocks are currently used in the furniture packaging to prevent
movement of furniture panels relative to one another and to protect panels from
impacts exerted during transport and handling. While some countries have
infrastructure in place, there is also currently no domestic polystyrene recycling
facility in New Zealand which CML Furniture can refer its customers to.
•Biodegradable
packaging

World Class

NZ leader
• 15% polystyrene reduction
• 7% reduced carbon
emissions per pack

Current
Practice

• Shrink-wrap,
• reduced polystyrene/
corrugated cardboard/
Honeycomb replacement

Original

Sept 2004

June 2008

2009

2010

As a result of this insight, an extensive study of packaging at CML Furniture was
carried out with the goal of the reducing its environmental impact and to develop a
platform for continuous improvements. In conjunction with the University of
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Auckland, the company developed design rules for the reduction in polystyrene
volume used in its furniture products. In this way the company now uses 15% less
polystyrene in its products and 7% more products are able to fit in each shipping
container.
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Appendix I: DBJ Case Study – ecoWheel
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Appendices

Appendix J: Business Sustainability Maturity Model
TABLE J1: BUSINESS SUSTAINABILITY MATURITY MODEL (CAGNIN, ET AL., 2010)
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Appendix K: External Sustainability Drivers CML

238

Appendices

239

Appendices

Appendix L: CML Supplier Procurement Template
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Appendix M: CML Communications
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Appendix N: Notes from AIL Product Stewardship Project Stakeholders
Meetings
Installer (carpet) –General Manager




















Member of the NZGBC
Importance of transparency of system for installers and architects – communication
Example of perception of greenwash – Interface
Demand comes from Greenstar perspective
They have an ethical basis for their interest in sustainability
Interface PS system required installers to neatly stack tiles on pallets and took a long
time
Make the system simple – it shouldn’t take too much time or extra effort
Don’t charge for system
Schools will buy into it
Would certainly indorse the PS scheme
Handling process is key – needs to be simple
Estimates 5-10% trimmings from installation
Currently waste cost has been calculated at 50cents per square metre to dispose
Currently off cuts are thrown in the back of the van of installer and delivered back to
HQ where they are put in bins and sent to landfill – JJ Richards is operator of waste
Suggested having a cage at HQ which could be picked up on demand
Avoid pallets – they have a major problem with them
Avoid too much documentation – make it simple – weighing and measures done by
3rd party?
Potentially have accredited installers who are trained as part of the scheme
Would support regular audits as part of the system

Installer (carpet) - Owner











Need to make sure that the system does what it says
Currently dumping about 70% of up lifts – other 30% going into second hand
installations, weed matting (Cavilear carpets), scaffolding, floor protection
Currently 3-5% off cut waste – he charges that to his customers
Waste is currently put into the carpet bags – big trailor – taken back to site – landfill
All of this companies layers are contractors
Suggest to have a dedicated bin at HQ rather than storage facility around town
Currently not lifting up much AIL product but lots of lay downs
No problems with documentation and record keeping – standardize the forms
Make the separation process simple
Currently pay 80$ for 1.4 tonne carpet disposal
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Architecture company – Architect










Currently specifying environmentally preferable products due to personal ethical
reasons rather than market driven
Estimates 5-10% waste from installation – the smaller the job the more waste
Most insulation off-cuts would be reused for next job
Off –cuts are clean, up-lifts are contaminated
Would be happy to have a system of preferred installers, certified partners to the
scheme
Not involved in Greenstar projects yet
Doing schools and commercial buildings
Have their own in-house specification framework which has a strong sustainability
basis
Would look very favorably on a product stewardship system and support it

Architecture company – Architect








Members of the NZGBC
Has been on Greenstar Building courses however there is not yet too much activity in
terms of demand for these buildings
Philosophical/ethical drivers for supporting sustainability initiatives
Education and communication is key – how does the scheme fit with Greenstar for
example, how many points do they get for specifying it
Knowledge from sales reps – environmental benefits of using AIL products
Would support preferred installers network
Make the system simple – provide template sheets
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