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1. Introduction

Sustainability[ 1] is definitely a concept of foresight studies. It has been identified as one of the key
factors of future competitiveness and business survival since the 1990s (Porter & van der Linde,
1995; Magretta, 1997; Elkington, 2002; Hart & Milstein, 2003). Today, sustainability is still driven
mainly by the need for regulatory compliance, cost savings through eco-efficiency, corporate social
initiatives, and satisfaction of customer demand. Although there already are forerunner companies
that are focused on sustainability and that use sustainability as a differentiator, it is not yet broadly
considered as a strategic differentiator or creator of competitive advantage. For many companies,
however, sustainability remains at the level of PR, expressions in strategies and branding, if it is
considered at all. A smooth transition toward sustainability will be possible only with policies that
recognise business as a part of the solution and create the right incentives, enabling the European
manufacturing industry to adapt and remain competitive globally.

In terms of a future sustainable manufacturing industry and its competitive advantages,
current manufacturing models, which are based on the old paradigm of unlimited resources and
unlimited capacity for regeneration, need to be updated (Garetti & Taisch, 2012). Therefore,
envisioning of future changes is needed for clarification of industry-, network-, or actor-level
specifications for a new, sustainably performing manufacturing industry. In this paper, we utilise a
visionary road-mapping approach (configured and tested by Ahlqvist et al. 2010 and 2007) to study
the required changes and emerging business opportunities related to sustainable development in the
manufacturing industry. We argue that business has much ahead of it if it is to realise the
opportunities presented by sustainable production and service business operations. Indeed, to
succeed in an ever-changing business environment, manufacturers must be proactive and
innovative as well as operationally efficient (Hamel, 2007; Gupta, 2010). For manufacturing
companies, development toward sustainability can bring new means of differentiation, and thereby
e.g., both operations- and growth-oriented benefits and new business opportunities that support
manufacturers in finding their ‘blue ocean strategy’, a concept originally presented by Kim &
Mauborgne (2005).

Successful influence of future studies can be identified by two alternative hallmarks: i)
consciousness has been raised, or ii) foresight is acted upon by the actors involved (Glenn et al.,
2001). Accordingly, the overall goal of this paper is twofold. First, the paper targets exploration of
the required changes and envisions the key aspects of sustainable manufacturing. Secondly, we
approach, roadmaps as multi-layered outlines of possible futures that open perspectives both on
overall macro-level impressions and on selected micro-level developments to determine the
business potential and the key challenges for a new, sustainable manufacturing industry in order to
gain commitment from the businesses, such as network- and company-level actors. The actual
research question approaches the issue of sustainable development at several levels: What changes
are required within the mechanical engineering sector of the European manufacturing industry to
allow utilisation of the business opportunities presented by sustainability?

The paper focuses on competitiveness of the European manufacturing industry, though
the changes presented do apply in large measure in the global context also. This paper is structured
as follows: In Section 2, we outline the key aspects of sustainable development within the European
manufacturing industry, especially in the mechanical engineering sector. We then describe the
methodology used in the research (Section 3). In Section 4, we introduce the key transformation
fields identified and analysed. Sections 5 and 6 present a road-mapping process and its results
related to these key transformation fields. The paper concludes with a summary of the changes
needed for a sustainable manufacturing industry, the practical implications, and limitations of the
study in Section 7.



2. Key aspects of sustainable development in manufacturing

Environmental, social, and economic dimensions are defined as the ‘three pillars’ of sustainability,
although there are several interpretations of the key aspects of sustainability, as it connects many
disciplines and fields. In accordance with this ‘triple bottom line’, the key challenges that
sustainable manufacturing must respond to are as follows:
i) Economic challenges, by creating products effectively and efficiently and creating new
services that ensure development and competitiveness through time
ii)  Environmental challenges, by promoting minimal use of natural resources (in particular,
non-renewable energy) and managing them in the best possible way while reducing
environmental impact
iii)  Societal challenges, by promoting social development and improved quality of life

through renewed quality of wealth and jobs (Jovane et al., 2008)

Manufacturing has a huge impact on all the key challenges of sustainability. Besides a great impact
on resources consumption and emissions to the environment — as reported by the International
Energy Agency (IEA, 2008), the manufacturing sector is responsible for 33% of energy-
consumption and 38% of total direct and indirect CO, emissions — the impact on the economy and
society at large are also evident, as manufacturing contributes as much as 20% of Europe’s GDP
and 70% of jobs in Europe are related directly or indirectly to manufacturing (ManuFuture, 2004).
Therefore, embedding sustainability in manufacturing is a fundamental lever for contribution . In
any case, even understanding of the term ‘sustainability’ at a relatively basic level varies
significantly from one manufacturing firm to the next: some consider sustainability to be mere
compliance with environmental legislation, while others see it as involving waste and cost
reduction, or reduction of emissions, and still others think of it in terms of workplace and employee
rights or community engagement (Bonini et al. 2010).

It is not enough to raise awareness of sustainability or get issues on policymakers’
agenda. Real and urgent actions toward sustainability are needed (Riedy, 2009). A shift toward
sustainable manufacturing is impossible if the actors within the manufacturing industry itself are
not committed to change. In other words, sustainability policies that recognise business as part of
the solution and create the right incentives, enabling industry to adapt and remain competitive
globally, are required. A recent executive study illustrated that companies’ perceptions about
sustainability are changing (Bonini, 2011). As in the past, company representatives see the potential
for supporting corporate reputation, but recently they have also come to expect operations- and
growth-oriented benefits in cutting costs and pursuing opportunities provided by new markets and
products (Bonini, 2011).

There is no single, universally applicable way to create value and business opportunities
from sustainability. One of the approaches that can generate positive environmental and social
value while making a business case for sustainability (Liideke-Freund, 2010; Schaltegger et al.,
2012; Meier et al., 2010) is product service systems (PSS).. PSS shifts the business focus from
designing and selling only physical products, ‘to selling a system of products and services’, which
could have potential sustainability benefits to better internalise the negative environmental and
social externalities (such as carbon emissions, resource depletion through use, child and forced
labour and waste generation) associated with product manufacture, ownership and use (Goedkoop
et al., 1999, Manzini & Vezzoli, 2002; Tukker & Tischner, 2006a). Xerox photocopiers and
InterfaceFLOR are examples of product—service systems. On the other hand, as asserted by Yunus
et al. (2010), ‘a social business is a new form of business that can be located somewhere between a
profit-maximizing and a non-profit organization’. Social enterprises (e.g., Eightl9 Indigo) and
social business models (e.g., Grameen Bank) are practical examples of firms generating profit yet
not being driven only by economic incentives but emphasising creation of social and environmental
benefits. Moreover, engagement with stakeholders (Stubbs & Cocklin, 2008), such as collaborating
with local NGOs to improve integration into the community and understanding of the local culture
is an instance of manufacturing firms creating value by developing relationships with broader set of
stakeholders in the industrial network. Still, research should be focused on developing additional



ideal types of sustainable organisations in different contexts (Boutilier, 2005; Sharma & Starik,
2004). In sustainable development, network- as well as company-specific recipes are needed. For
example, knowing where the greatest opportunities for value creation are in an industry or company
— and where the risks and barriers lie — can serve as a guide for the development of sustainability
strategies.

This paper is aimed at exploring the changes, drivers and obstacles that must be involved
if an industry is to capture business opportunities created by sustainability. In this paper, roadmaps
are approached as multi-layered outlines of possible futures that open perspectives both on overall
macro-level impressions and on selected micro-level developments. Thus, the focus is placed on
the European manufacturing industry, with special attention to the mechanical engineering sector
(manufacture of basic metals and fabricated metal products, machinery, and equipment). At the
macro level, results of road-mapping processes offer insights for policymakers into matters such as
how to support sustainable development in the European manufacturing industry. At the same time,
at the micro level, roadmaps enable companies and their network actors to visualise the sustainable
future concretely and identify their business opportunities related to sustainability. In this paper, the
changes are correspondingly examined at three levels:

i) the macro level of the manufacturing industry,
i) manufacturing networks, and
il) actors and their business models.

Moreover, the view of manufacturing networks is broadened from vertical supplier-lead producer-
customer relationships to horizontal, collaborative relationships of all stakeholders, i.e. the network
actors, involved..

3. Road-mapping as a method for foresight

Science and technology foresight, including roadmaps, is typically used by national governments to
‘support long-range planning for economic and social policy development’ (Calof et al., 2006).
Therefore, road-mapping has also been used to integrate technology and business planning (Phaal
et al., 2001; Farrukh et al., 2003; Saritas & Aylen, 2010) and for vision-building (De Laat &
McKibbin, 2003). A road-mapping process also helps to facilitate collaboration and visioning
among companies within industries, in the formation of joint industry—government research
programmes, and in many other venues (MacKenzie et al., 2002). Ahlqvist et al. (2010) point out
how the visual emphasis of road-mapping has especially great potential also in business and social
studies.

The road-mapping process presented in this paper is adapted from work in the papers of
Ahlqvist et al. (2010 and 2007) and Ahola et al. (2010)., In line with Ahlqvist et al. (2010), our
intention is not to configure the roadmaps as ‘deterministic portrayals of the futures’; i.e., we aim
to explore multi-layered outlines of possible futures and do not assume that any of the roadmaps
will be realised as they stand. Accordingly, we envision, in the words of Ahola et al. (201) that
‘future development is likely to include some elements that are presented in these roadmaps, but
there will also be new and surprising elements that obviously could not have been taken into
account during their creation’. Therefore, accuracy can be improved by combining forecasts
derived via either different methods or different sources of information (Saritas & Aylen, 2010).
Through these viewpoints we have summarised the roadmaps in terms of a framework of the key
changes required for sustainable development in the mechanical engineering sector of the European
manufacturing industry.

The main research question of our road-mapping process can be formulated as follows:
What changes are required within the mechanical engineering sector of the European
manufacturing industry to allow utilisation of the business opportunities presented by
sustainability? The key question can be divided into sub-questions:

e  What are the drivers and obstacles related to a move toward sustainable

manufacturing?

e  What kinds of temporal sequences do these transformations form? (in view of the
present, mid-term, and long-term temporal levels)



The strength of the road-mapping approach is in the identification of obstacles, as well as solutions
for dealing with these obstacles, and in the generation of shared targets (McDowall & Eames,
2006). Hence, within the road-mapping process, our paper sets out to examine how business
opportunities can be linked to sustainability within the manufacturing industry. The target of our
concern — the European mechanical engineering sector — has driven our thinking during the
process. Furthermore, while the process itself is important for bringing stakeholders together in
configuring a shared vision, the final results also provides a valuable description of possible steps,
expressed at different temporal levels of roadmaps, against which progress can be compared and
measured.

On the whole, our road-mapping process enables envisioning the future at an industry
level as well as company-specific scenario-building. Firm-level governance models and practices
(Collins et al., 2007; Esslinger, 2011) and supply-chain management (Seuring & Miiller, 2008;
Sundarakani et al., 2010) for sustainability are more intensively studied subjects, so a research gap
has been identified in the need for a broader view of a sustainable manufacturing industry
(Gunasekaran & Spalanzani, 2012) — i.e., creating a multilevel movement toward sustainability.
Such a broader view is achieved in this paper through the three sub-roadmaps for a sustainable
manufacturing industry. We conclude by considering the changes needed to the framework for
sustainable development in the mechanical engineering sector of European manufacturing industry.

4. Key transformation levels: The European manufacturing
industry, networks, and actors and their business models

Sustainable development will have quite far-reaching implications for our future. It is a directional
process of change by which a system improves through time in a sustainable way. The
transformation can occur through either system innovations, as in the emergence of new
subsystems that are more sustainable, or managed improvements of the current system. Therefore,
given their differing needs (interests), all actors have their own perceptions as to development and
improvements, in terms of, for example, what changes bring better, more sustainable
circumstances. For us to understand and envision such a development-requiring systemic change, a
multilevel approach is needed (Batterman, 2006; Boutilier, 2009; Jovane et al., 2009).
Figure 1 illustrates the different viewpoints at the three levels of change:

(i) European macro level,
(ii) manufacturing network level, and
(iii) the level of actors and their business models.

These levels were identified through PEST analysis (Burt et al., 2006) and a literature review.
PEST analysis and its variations illustrate ‘Political, Economic, Social, Technological as well as
Environmental, Legal, Ethics and demographic’ change factors [2]. Batterman (2006) identifies
five levels in a ‘sustainability hierarchy’ that are required for creation of a connecting path between
global and individual sustainability activities: global objectives, industry strategy, enterprise
targets, specific projects, and individual actions / measured outcomes. On the other hand, in the
ManuFuture vision, competitive sustainable manufacturing (CSM) depends on and affects i)
manufacturing (e.g., products, services, processes, and business models) and ii) the related policies
(e.g., education, research, technological development, and industrial innovation) (Jovane et al.,
2009). To highlight the business potential as part of the solution for sustainable development in
manufacturing, our approach divides this dimension into network and actor levels. On the whole,
three levels of transformation are analysed: the changes drawn at network and actor levels, and the
parallel changes occurring at European macro level; these together present a unique picture of the
multi-level movement toward sustainability.

[Place Figure 1 here]

As pointed out by Riedy (2009) and by Burt et al. (2006), in works that offer one perspective to
future studies, future-studies work can achieve real influence only by translating its findings and
recommendations into terms that either connect with existing state imperatives or contribute to the
eventual transformation of state imperatives. A multi-layered roadmap allows the evolution within



each level to be explored, in tandem with the inter-level dependencies, facilitating the integration of
key factors (Phaal et al., 2001) — e.g., with sustainable development tied in with manufacturing
systems and business models. In other words, the roadmap process bridges industry-level roadmaps
to science and research road-mapping, in order to reason the actual changes required and the
business potential presented by sustainability. Our study connects sustainable development
strongly with the business opportunities of the relevant actors through the discussion in the next
three sections, on competitive advantages of the European manufacturing industry (Subsection 4.1),
sustainability in manufacturing networks (Subsection 4.2), and actor and business models level
(Subsection 4.3).

4.1. Sustainability as a competitive advantage for European manufacturing

Sustainability has been identified among the key factors for future competitiveness and business
survival since the 1990s (Porter & van der Linde, 1995; Magretta, 1997; Elkington, 2002; Hart &
Milstein, 2003; Sundarakani et al., 2010; Gunasekaran & Spalanzani, 2012). From a competitive
advantage perspective, it has two major avenues of business impact — first proactive actions to
mitigate hidden risks and, second, creation of an initial foundation for capitalisation on potential
opportunities in both operating and emerging markets (Liyanage, 2003).

In recent years, the efforts of manufacturing industries to achieve sustainable production
have shifted from end-of-pipe solutions to a focus on product life cycles and on integrated
environmental strategies and management systems. Furthermore, efforts are increasingly being
made to create closed-loop, circular production systems and to adopt new business models, such as
a transfer from supplier to service provider or development partner. Because the cost- and benefit-
sharing in sustainability initiatives — such as ethical trade, a green supply chain, and marketing or
reverse logistics — are not clearly defined, many companies are not aware of their business potential
(Gunasekaran & Spalanzani, 2012). While current eco-innovations in manufacturing tend to stress
primarily technological advances, organisational or institutional changes have often driven their
development and complemented the necessary technological changes. The focus in work on
sustainability issues has still, however, been on environmental ‘green’ issues both in the literature
(for a summary, see Seuring & Miiller, 2008; Gunasekaran & Spalanzani, 2012) and in company
practices [3]. Nevertheless, there clearly is a lack of integrated approaches in sustainability
frameworks (Aronsson & Brodin, 2006; Dao et al., 2011; Rana, 2011).

In a traditional manufacturing network, supplier, lead producer (product company or
original equipment manufacturer), distributor, and customer can be defined as the most typical
roles in the supply chain (Dao et al., 2011) — whereas the industrial product-service systems (PSS)
approach includes also societal elements (e.g., government and competitors) among the main actors
(Meier et al, 2010). Therefore, it is becoming difficult to categorise companies as manufacturers,
lead producers, or product companies as the importance of service business increases (Baines et al.,
2009). The lead producers have typically integrated manufacturing, R&D, and product sales
through their value chain. The focus of these companies has been on upstream co-operation with
suppliers (Matthyssens et al., 2009; Sundarakani et al., 2010). Since the 1990s, however, this
pattern has been changing, and the theoretical discussion too has emphasised the shift from value
chains to value networks (Normann & Ramirez, 1994; Peppard & Rylander, 2006). The trend
among customers, lead producers, and their suppliers seems to be one of increasing collaboration
between actors, as in co-creation of value, and a parallel forward transfer in their value chains
(Davies, 2004). This means that customers and lead producers outsource manufacturing (give up
earlier links in the value chain) and their suppliers try to increase services (add later links in the
chain and abandon some earlier ones). Manufacturers are looking at moving closer to their market
and thereby trying to relocate either their manufacturing facilities or their distribution centres.
Suppliers provide not only raw materials and finished products but also transportation, energy,
packaging, design, and recycling services. Therefore, the role of supplier is moving toward that of a
development partner (Brax, 2005; Matthyssens et al., 2009). The challenge is to rethink the
manufacturing industry as a network of complex and development-oriented relationships.

Still, the state of practice correspondingly reveals different ways of tackling sustainability
issues in manufacturing (Jayal et al., 2010), spanning a continuum from highly technology-based to



highly organisationally-based innovations. ‘Lean Manufacturing’ is an example of competitive
advantage created on the basis of highly organisationally-based innovations aimed at the
maximisation of material- and energy-efficiency; reduction in costs, waste, emissions, and pollution
are, in fact, the main concern related to sustainability in this case. Another approach is to create
value from the exploitation of waste streams, emissions, and discarded products, in order to feed
other products or production processes. It is seen, for example, with models such as industrial
symbiosis or the reuse, remanufacturing, recycling model. Here, technology-based innovations are
important for creation of sustainability, even if the company’s capability of leading in the
innovation remains a crucial factor. Furthermore, the on-going shift from product-centricity to
service-centricity opens new possibilities also for sustainable development within the European
manufacturing industry (Tukker & Tischner, 2006b; Meier et al., 2010; Liu et al., 2012). While the
service development requires a new logic of value co-creation with several actors (Vargo & Lusch,
2008) sustainable development is, therefore, considered from multiple viewpoints. Some authors
have even argued that, because of their different business logic, product-service systems would
naturally be more sustainable than ‘conventional’ product-based solutions (Tukker &Tischner,
2006b; Meier et al., 2010; Liideke-Freund, 2010; Schaltegger et al., 2012;).

4.2. Sustainable value networks within the manufacturing industry

In the new network economy, the success of a firm depends on its strategic collaboration with other
organisations that have an influence on the creation and delivery of its services or products. As
pointed out above, in the European manufacturing industry, service-centricity is challenging the
companies to broaden their networks and integrate new actors also into sustainable business
development. Manufacturing networks can, therefore, be defined as ‘not only a new type of
manufacturing system deriving new strategic capabilities and requiring design tools but also posing
new theoretical questions about systems and decision processes’ (Shi & Gregory, 1998).
Sustainable value creation in manufacturing networks requires connections between different
decisions at different levels in decision hierarchies and to their sustainable impact (Aronsson &
Brodin, 2006).

Radical reorganisation of production and consumption structures too is required for
guaranteed sustainability (Collins et al., 2006). Therefore, sustainable development should integrate
the upstream and downstream dimensions of networking — Liu et al. (2012) pointed out that
integration should reach also the viewpoints of end customers. Furthermore, the link between
sustainability and creation of shareholder value should be visible, as pointed out by researchers
(Hart & Milstein 2003; Boutilier, 2009) and practitioners (Magretta, 1997; Bonini, 2011) alike.

Within supply-chain management, a closed-loop model has been identified as one of the
key elements of sustainability (Sundarakani et al., 2010). A closed-loop business model includes
up-front design of products that can be manufactured by means of materials reclaimed throughout
the manufacturing process and at the end of a product’s life. Transparency is another key issue in
the discussion of supply-chain management for sustainable development (Wognum et al., 2011).
The transparency of a supply chain is the degree of shared understanding of and access to
product-related information as requested by a supply chain’s stakeholders. If appropriately
managed, transparency can improve the effectiveness of life-cycle and network management and of
continual learning within manufacturing networks.

Other key elements rely on research advances for sustainable value network design and
operations. To address this concern, three areas are identified as relevant levers for their potential
with respect to sustainability (Garetti & Taisch, 2012): multi-stage inventory management, aimed at
reaching harmonised logistics and optimal supply-chain inventory levels; collaborative planning
and management of production and logistics in non-hierarchical networks; and a supply-network
design for (re)location plants developed in light of balanced evaluation of the characteristics of
products and services, the worker’s skills, the transportation time and costs, and the ecological
issues. Furthermore, technologies too should be considered as levers: in this connection,
technology-based research is fostered, to facilitate cross-enterprise approaches, starting at the
supplier, passing through the manufacturing plant, and finally integrating the customers (Cannata et
al., 2008). Last but not least, it is important to note that service business development requires



sharing of knowledge among network actors and could therefore provide more sustainability-
related opportunities and potential benefits for all parties in the manufacturing network (Tukker &
Tischner, 2006b; Meier et al., 2010; Liu et al., 2012).A recent article by Esslinger (2011) is one of
the few pieces that focus on collaboration with customers in order to reach sustainability.
According to his study, a sustainability-driven business model considers a) consumers, as
individuals with a complex set of needs, which are only partially satisfied by the consumption of
products, and as members of a larger community with complex interdependencies; b) today’s
underrepresented communities; and c¢) tomorrow’s communities — i.e., the generations of
individuals and communities that will follow our own and which depend greatly on today’s
decisions and behaviours (Esslinger, 2011). A concrete way of exploiting these emerging
opportunities is the development and implementation of new, sustainability-driven (industrial)
business models.

4.3. Industrial business models for sustainability

The change in business logic means that there is now a shift from focusing on short-term harvesting
of the fruits of success (profitability and greater shareholder value) to nurturing the roots (building
knowledge assets and stakeholder value) for long-term relationships, improved governance, and
sustainability (Robinson et al., 2006). According to Liyanage (2003), the specific business benefits
from sustainability are gained by reducing costs, creating options, increasing risks, attracting
investments, enhancing brand value, reaching new customers, capturing talented employees,
influencing product and service innovations, and improving community relations.

The business model of the future will have to place greater emphasis on sustainability in
business operations, as well as on the associated impacts of the products or services provided.
Sustainability-driven business opportunities in B-to-B markets could be found by achieving higher
prices or greater market share through sustainable products, committing new R&D resources, and
responding to regulations (Bonini, 2011). A prerequisite for being able to realise the business
opportunities is identification of the externalities and long-term consequences of sustainability,
such as environmental impacts, the end-of-life and use phases, and social implications (Evans et al.,
2009).

Stubbs and Cocklin (2008) introduced a sustainability business model (SBM) based on
two case studies. According to their analysis, the organisations adopting an SBM must i) develop
internal structural and cultural capabilities to achieve firm-level sustainability and ii) collaborate
with key stakeholders to achieve sustainability for the system of which the organisation is a part
(ibid.). Internal practices are more intensively researched (Collins et al., 2007; Esslinger, 2011). As
discussed above, studies related to external collaboration within manufacturing networks have
focused mainly on the supply-chain side (Seuring & Miiller, 2008; Sundarakani et al., 2010), and a
broader view of stakeholders and customers is at least partially absent. In the introduction to this
paper, some examples of sustainable business models were presented for exploration of the
business potential of sustainability.

5. A road-mapping process for sustainable manufacturing

In this section of the paper, we describe the visionary socio-technical roadmap process (Ahlqvist et
al., 2007, and 2010; Ahola et al., 2010). The process itself is important for bringing stakeholders
together in configuring a shared vision for the sustainability of the mechanical engineering sector in
Europe’s manufacturing industry. The final multi-level roadmaps also provide a description of
possible steps against which progress can be compared and measured. The roadmaps in our case
study were made in the ‘SustainValue — Sustainable Value Creation in manufacturing networks’
project, a three-year research project (2011-2013). The road-mapping process was completed in
three phases: mapping of the landscapes of sustainable manufacturing, road-mapping workshops,
and roadmap elaboration and finalisation. Figure 2 presents the activities of both the core group and
the expert group within these phases. The expert group consisted of both researchers and
practitioners, mostly people involved also in the SustainValue project but also including experts



from outside the project group. Each had several years of experience with the European
manufacturing industry and its development challenges (see Table 1). The authors of this paper
formed the core group.

[Place Figure 2 and Table 1 here]

First, the core group mapped and positioned the relevant literature, including existing roadmaps —
such as ManuFuture (Jovane et al., 2009), Intelligent Manufacturing System, IMS2020 (2009); and
ICT for Environmental Sustainability (Ahola et al., 2010). In this phase, the group used PEST
analyses also, to identify the drivers, trends, and uncertainties that steer future sustainable
development in the European manufacturing industry. The discussion above has summarised this
work.

The aim in the expert group’s first workshop was to flesh out and brainstorm the key
levels of change, setting the vision and objectives of the road-mapping. To allow reflection on the
changes that are needed for an industry’s development, it is important to know what we want to
reach and where we wish to end up. The SustainValue project’s main aim served as background for
the vision development, and after a process of revision, the long-term vision for sustainability
within the European manufacturing industry was crystallised as follows (Paloméki et al., 2011):

New forms of business models and value networks together enable knowledge-based

transformation of the manufacturing industry and improve all three dimensions of

sustainable value (economic, environmental, and social).
In addition to the vision, the roadmap structure was discussed and developed in the first workshop.
In all, 21 people participated to the first workshop and were physically present.

Between the workshops, the core group did quite a lot of back-office work to review the
possible development paths at the three key levels of change, in order to prepare for the road-
mapping workshop. Naturally, the jointly created vision was an important element guiding this
work, — i.e., in envisioning where the manufacturing industry should move in order to achieve
sustainability.

Then, a second expert workshop, with 15 participants of whom four took part from
remote locations, was held, in June 2011. This workshop had two main tasks: i) identifying the
drivers and obstacles and ii) creating roadmap templates. The second expert workshop utilised the
Web-based GroupSystem ThinkTank group support system (GSS) tool, consisting of networked
computers and dedicated software. This workshop session had a facilitator who managed the
software tool. The facilitated collaboration software makes it possible to collect and display
participants’ responses simultaneously, comment on and organise others’ ideas, vote and prioritise,
and use the responses to stimulate new ideas and discussion (Porthin & Rosqvist, 2009). Without it,
for example, ‘groupthink’ or dominance of strong personalities might guide the answers (Phillips &
Phillips, 1993; Piirainen & Lindqvist, 2010). Furthermore, the workshop-based approach when
complemented with the GSS tool allows every participant to contribute, leading to better
acceptance of the results. With a computerised GSS, workshops can be better controlled, and all
input is fully documented in the system. Consequently, the material can be easily used and analysed
after the workshop (Porthin & Rosqvist, 2009). The GSS tool and the expert workshop were chosen
as the data collection method in order to synthesise multiple viewpoints and theoretical approaches
and thereby generate rich empirical data. Moreover, this type of virtual work coupled with use of
the GSS tool was considered a suitable method at this point in the process, as the participants were
already familiar with each other and thus also a more informal and unstructured commenting was
possible.

The structure of the second workshop was pre-defined, and the progress of the workshop
(i.e., the order of the open questions, prioritisation, and voting) was planned and established in the
system prior to the workshop. The first question on which participants entered comments with the
GSS tool dealt with the current state of sustainable manufacturing at different roadmap levels
(presented in Figure 1). After this, participants were asked to identify and discuss the changes
required for realisation of the long-term vision, and the drivers of development toward the vision
and obstacles facing it were discussed also. The data (changes, future needs, etc.) collected for the



three roadmap levels were then grouped into changes that could take place in the short (14 years),
medium (4-9 years), and long term (about 10 years or more). On the basis of the changes, major
sustainability gaps in current business models for European manufacturing industries were
identified. All the inputs and commenting were entered in the system and documented.

Thirdly and finally, the second workshop was followed by project core group iterations.
Also, two rounds of commenting were organised in summer 2011, and the expert group took part in
reviewing and verifying the roadmap templates. This phase’s aim was to home in on the change
directions in the key areas of transformation and crystallise the connections between the various
roadmap elements. The results were summarised and reported upon in September 2011.

6. Discussion of the results of the road-mapping process
6.1. Analysis of drivers and obstacles

The drivers and obstacles are presented as background to the meta-level roadmap-building (see
Table 2). At the second expert workshop, both drivers and obstacles were identified at three key
levels of change (European manufacturing industry, network, and actor). In accordance with the
further analysis, they were recognised as typically being two sides of the same coin.

Drivers. At the manufacturing-industry level, the most important drivers were related to growing
awareness of environmental issues, such as scarcity of natural resources, natural disasters (storms,
hurricanes, typhoons, etc.), and environmental changes (for instance, the greenhouse effect). On the
other hand, similarities and differences in global legislation and standardisation were identified as
both a driver and an obstacle to sustainability. At the value network level, broader system thinking
was emphasised as a starting point for sustainable development. Such a vantage point would enable
life-cycle approaches and increasing willingness to contribute to the development. At the actor and
business model level, the relevance of recognising sustainability as good for the corporate image
was highlighted. Then, integrated product—service solutions as well as requirement of stable prices
and a constant offer of goods may emerge as sustainability drivers.

Obstacles. At the manufacturing-industry level, the main obstacles were the same as the drivers,
being the negative side of the coin (e.g. scarce awareness of environmental changes). Global dispersion
of manufacturing operations and European countries’ moving of production sites to countries with low
production costs and/or growing markets were mentioned in addition. Also at the level of value
network, there were many similarities. Still, the absence of ICT solutions that support transparent
sharing of efficiency data for all stakeholders during production processes was identified. At the actor
and business model level, attitudes and resistance to any change to current methods and business
models were highlighted. Similarly, it was pointed out that being the first company to implement
sustainable processes might be so costly as to cause unacceptable economic risks.

[Place Table 2 here]

6.2. Three sub-roadmaps

The road-mapping process proceeded from definition of the current state of sustainability within
the European manufacturing industry to discussion and road-mapping of the changes that are
required for a move toward a more sustainable manufacturing industry. From recursive cycling of
data and theoretical frames for sustainability in the manufacturing industry, networks, and actors
and their business models, the analysis crystallised the views of a group of experts and connected
the work with existing theory. The roadmap was split into three sub-roadmaps:

L Empowerment of stakeholders in the European manufacturing industry, a sub-roadmap
dealing with motivation and awareness, and with policymaking in areas such as
legislation, fees, and taxes — e.g., the changes that should occur at political and global
industry level



11 Increasing efficiency at network level, a sub-roadmap addressing extension of natural
resources, new kinds of co-operation/interfaces, product—service bundles, new ways of
working, and efficient use of resources

111 Creating new performance criteria, models, and means of measuring success at actor
level, a sub-roadmap that deals with new business models, new kinds of decision-making,
and new methods and performance indicators (such as the changes at actor level)

These sub-roadmaps are presented in figures 3, 4, and 5 and are described in more detail in the
following sections (6.2.1-6.2.3). In each sub-roadmap, the changes at one of the key transformation
levels are highlighted. For better analysis of the transformations, the required changes were
categorised again as events that could take place in the short (1-4years), medium (5-9 years), and
long term (roughly 10 years or more).

6.2.1. Empowerment of stakeholders
The key features of the first sub-roadmap, empowerment of stakeholders, includes the following
major elements:
e Need for better awareness and changed behaviour in relation to sustainability issues such
as limited resources, the three sustainability pillars, and life-cycle thinking
e  Standardisation and legislation that supports sustainable manufacturing
e Improved ways to demonstrate the benefits for customers and companies of developing
their actions, products, processes, and services so as to be more sustainable

[Place Figure 3 here]

As noted at the start of the paper, sustainability is now driven mainly by the need for regulatory
compliance, cost savings through eco-efficiency, corporate social initiatives, and satisfaction of
customer demand. Accordingly, the key driver of change currently is the business actor’s capability
of recognising new opportunities facilitated by sustainable development and growing awareness
about dimensions of sustainability among different stakeholders. Still, the literature also asserts that
when companies are discussing sustainability, often only environmental factors are considered; see,
for example, the literature review by Seuring and Miiller (2008).

In the medium term, proliferation of standards and certificates is required, so also
governmental co-operation is needed if legislation is to be guided toward coherent targets. In other
words, macro-level activities — such as joint industry-level initiatives, governmental pressure, or
even lower tax burdens for sustainably produced products — were identified as important drivers.

A crucial long-term driver is the change in the behaviour and role of customers, which
means, for example, consumers and customers increasingly participating in companies’ innovation
processes. This has been discovered both in the road-mapping work and in the literature (see, for
instance, the discussion related to the concept of open innovation, which was originally presented
by Chesbrough 2003). For the companies that were previously providing products, the conventional
manner of product development was identified as an obstacle to the co-creation of services with
customers. Furthermore, according to the literature, collaboration and joint development through
interfaces among various stakeholders (Stubbs & Cocklin, 2008) and communities (Esslinger,
2011) can provide new opportunities for sustainable value creation. New approaches such as online
development communities may be key drivers for sustainable innovations because the
communication is very rapid and ideas can be developed efficiently. Still, the sub-roadmap states in
accordance with the literature (Saritas & Aylen, 2010) how creating added value through improved
sustainability should imply increasing transparency toward customers, since they have to be
convinced (and thus shown) that the often higher prices involved are justified by the measures to
improve sustainability.

6.2.2. Increase in efficiency
Key features of the second sub-roadmap, increased efficiency, highlight the following elements:



e  Efficiency in production and manufacturing, as well as operational efficiency of products,
systems, and services, has to rise

e New types of relationships and collaboration are needed between manufacturers and
stakeholders

e  The focus of manufacturing has to move from products to new kinds of services and
solutions

e  Effective ways to deal with the new sustainability requirements of product—service
systems have to be implemented in product development processes

[Place Figure 4 here]

The present key drivers, efficiency in production and a life-cycle orientation, are progressively
becoming important, as can be seen also from the increasing amount of literature on life-cycle
management and assessments (Andersson et al., 1998; Robert, 2000; Rebitzer et al., 2004). The
development processes for sustainability-driven business models have to ensure that sustainable
life-cycle solutions can be developed and that all phases in the life cycle, from development to
disposal, are taken into account. Efficiency in processes and increased sustainability in the use of
resources (reduced consumption of resources) are not the only important factors; disposal concepts
in development and co-operation between manufacturing-network companies and other
stakeholders in the course of the full life cycle are also essential aspects (Rebitzer et al., 2004).
When solving the challenge to offer services, such as problems’ solutions, to their customers,
manufacturing networks have to ask themselves how to realise the greatest individualisation (high
solutions variants as an offer) with the highest standardisation in processes and usage of resources.
This means a closer relationship with customers and can also create cost benefits.

Modern manufacturing processes have a high degree of division of tasks (Pavitt, 2002;
Davies, 2004), and sustainable solutions need to consider a way to integrate different network
actors and stakeholders (Aronsson & Brodin, 2006; Wognum et al., 2010). Both the literature
(Davies, 2004; Stubbs & Cocklin, 2008; Matthyssens et al., 2009) and the ‘increasing efficiency’
sub-roadmap emphasise that a company in the manufacturing industry has to build new types of
dynamic relationship with its partners in the medium term. Within a complex and networked
relationship of this kind, the challenge is in how to strengthen the relationship and broaden the
perspective — e.g., how to enhance business networks and communities by offering solutions that
are exactly what the customer needs.

As pointed out above, the better the solution fits both end users’ and customers' needs,
the more they can use the solutions in an efficient way that leads to effective tailoring of solutions.
Accordingly, there is a need to identify new approaches, ones that allow key partners to work more
closely together to optimise sustainability through economies of scale or more easily reach
particular resources and activity results. This will allow all key partners in a manufacturing network
to be more sustainable and thus more efficient in their energy and resource consumption
(Sundarakani et al., 2010). Amongst these changes, more effective ways to deal with sustainability
requirements are needed and would be implemented in the product development processes:
product-service systems engineering envisions new opportunities to this end (Cavalieri & Pezzotta,
2012). This would favour offering more tailored product-service bundles for customers’ needs, thus
supporting transformation of product manufacturers into service providers (Baines et al., 2009),
even incorporating products from other manufacturers into their solution offering (Brax, 2005;
Miller et al., 2002).

Reduction of waste and emission amounts to a considerable short-term cost if it is an
afterthought, so it needs to be embedded in the business model already in the medium term.
Producing less waste and therefore using less energy will be less expensive for companies if done
properly and with a systemic approach throughout the product life cycle. To reach new
sustainability goals, companies have begun to integrate supply-chain actors into their business in
order to be more efficient along the whole chain (for example, in the sustainability approaches of
Nike, PUMA, and Walmart). Thus suppliers are increasingly becoming system suppliers, as pointed
out in the roadmaps and in the literature on manufacturing networks (Matthyssens et al., 2009) and



thereby it has been argued that the on-going shift from product-centricity to service-centricity
creates new possibilities also for sustainable development in the European manufacturing industry
(Tukker & Tischner, 2006b; Meier et al., 2010; Cavalieri & Pezzotta, 2012; Liu et al., 2012). This
means that supplier companies have to consider a more complex supply chain than before. This
correlates with the literature, wherein sustainable industrial systems have been considered to be
complex sets of development-oriented relationships and decision-making processes (Shi &
Gregory, 1998; Aronsson & Brodin, 2006; Jovane et al., 2008; Evans et al., 2009). However, the
correlation between service-centricity and sustainability has not yet been studied deeply enough. In
order for the industry to reach more sustainable manufacturing, changes are needed on multiple
levels.

In the medium term, also technological development is essential for achieving significant
changes in eco-efficiency, but considerable potential is to be found also in application of existing
practices and knowledge to a broader view of the industrial system. In parallel with technology-
based research, we should expand the boundaries of the systems in which we operate and integrate
elements/variables so as to reach system-wide improvements. Clearly, sustainable development
requires both changes in internal structures and external collaboration (Stubbs & Cocklin, 2008). In
the long term, the key driver is a more systemic view of the whole manufacturing network, which
can lead to more efficient operation of logistics, manufacturing, engineering, etc. In order to create
innovative business solutions, companies will in the future start to work with actors with whom
they have not normally worked. This is implemented through different co-operation and
collaboration models, such as subcontracting, licensing, partnering, and franchising. These network
models present new opportunities for industry to find ways to close loops, save resources, and cut
costs. It should be noted, however, that companies are still reluctant to share their expertise and
open their business and that broader system-level sustainability thinking is needed.

6.2.3. Creation of new performance criteria, models, and means of measuring success

The key features of the third sub-roadmap, for creation of new performance criteria, models, and
means of measuring success, address the following points:
e  Updating of current business models

e Making sustainability measurable
e Measuring business success through consideration of all sustainability pillars

[Place Figure 5 here]

Although manufacturing networks are adopting new business models such as product—service
systems that focus on the performance of the product throughout the whole value network, the third
sub-roadmap pointed out that changes related to sustainability in both business models and people
are key drivers in the short term. In some cases, development from current business models might
be useful for utilisation of the new opportunities provided by sustainability. This development
might involve, for example, starting to add information services or decision-making assistance for a
product in order to help the customer use the product in a sustainable way, thus leading to increased
awareness of sustainability. According to this sub-roadmap and the literature (Evans et al., 2009),
updated business models should internalise dimensions of performance that may initially have been
externalised. In particular, externalities such as environmental impacts, the end-of-life phase, the
use phase, and social implications should be included in evolving perspectives for sustainability.

In the medium term, new, network-level integrated key performance indicators (KPIs) are
needed for sustainable development within the manufacturing industry. Transparency must grow in
order for calculation of the manufacturer’s costs to be more specific and in order to support
customers’ willingness to pay. At the moment, sustainability is already a performance indicator for
some companies but is not in widespread use in B-to-B companies (Seuring & Muller, 2008). New
concepts for visualising life-cycle sustainability for all stakeholders are needed. Transparent
measures and KPIs for measuring sustainability have been recently discussed also in the literature
(Arena et al., 2009; Wognum et al., 2011).



In the long term, the main driver for change is the ability to compare settings of different
kinds and also balance the three aspects of sustainability: economic, environmental, and social. If
performance in these respects is not determined or measured on the same dimension, it will not be
possible to deal with trade-offs between these aspects. The literature concurs: more integrated
models of sustainability are required (Aronsson & Brodin, 2006; Stubbs & Cocklin, 2008; Dao et
al., 2011; Rana, 2011).

6.3. Summary of the sub-roadmaps

In Table 3, the changes identified in the three sub-roadmaps are summarised to state the
conclusions from the work concisely. Although road-mapping tends to focus on a single future
(Saritas & Aylen, 2010), in this paper the sub-roadmaps are utilised as scenarios of ‘multiple
futures describing multi-layered outlines of possible future trajectories’ in order to test the
robustness of the proposed roadmap and framework. The road-mapping topic was broad, and the
participants had quite different viewpoints, experiences and perceptions in relation to sustainability.
That is why the roadmap results remain at a general, higher, level including multiple change items,
which were partially overlapping and conflicting. Furthermore, the presence of an external futures
researcher could have supported grounding of the road-mapping process.

[Place Table 3 here]

On the basis of the summary of the sub-roadmaps (see Table 3, above) the core group configured a
framework of the changes required for sustainable development in the European manufacturing
industry.

[Place Figure 6 here]

7. Conclusions

The purpose of this paper has been to explore the necessary changes and business
potential, and thereby envision the key aspects of sustainability, within the European manufacturing
industry. For gaining businesses’ commitment, it is important to illustrate how sustainability-
oriented thinking as a strategic consideration could provide new business opportunities. More
specifically, while most of the current studies have focused on sustainability at supply-side or
company level, our study emphasised the need for a broader view of systemic change. We
developed roadmaps as multi-layered outlines of possible futures that illustrate the required
changes in relation to the existing and evolving theory of sustainability in the manufacturing
industry. By connecting industry roadmaps with science and research roadmaps, the study
contributed to future studies of sustainability as a solution that incorporates perspectives
considering business potential. In a constantly changing world, a new way of doing things will be
proposed by setting sustainability as a key criterion for decisions that will create value today and in
the future. In view of the three sub-roadmaps for sustainability in the manufacturing industry, it can
be stated that wider adoption of system thinking is needed. In increasing numbers, enterprises are
taking some steps toward more sustainable manufacturing, but seldom in a holistic manner. Still,
there are several actors involved in the co-development of business models for sustainability. Every
player in the manufacturing network must be able to understand the difficulties faced and
opportunities emerging in the implementation of sustainability. Such network-level sustainability
governance mechanisms are not well represented in the current understanding, and the manner in
which we conduct research and inform industry is not yet fit for the challenge of creating a
sustainable industrial system — for example, new, sustainable manufacturing networks. Thus, the
results of the study highlight the need for collateral, horizontal relationships and a joint-
development process among stakeholders.



From a business perspective, this has much to do with ensuring that there are effective
supply-side measures coupled with the market conditions that create demand for more sustainable
goods and services. Rethinking business models at network level is the core objective, and
sustainability is one possible enabler of future competitive advantage within the manufacturing
industry. An important key is collaboration — our study points out that new, sustainability-driven
business models cannot be implemented in a vacuum; all actors must change together.
Collaboration among all network partners with respect to sustainability in the sense of economic,
environmental, and social criteria can be enabled and enforced only through development of
common approaches and shared transparent KPIs for sustainability within manufacturing
networks.

For managers, the core practical implication of the study is related to the identification of
how business models could change in the near future for purposes of a more sustainably performing
manufacturing industry. When companies are able to be proactive in identifying the changes, they
can also be forerunners in the utilisation of new business opportunities provided by sustainability.
The roadmaps presented can support the process of change in the direction of sustainability in
manufacturing networks. Thus, the results of this study offer networks and their managers new
ways of evaluating the level of their sustainable development in terms of the whole network, rather
than isolated dimensions. In this way, managers can approach the knowledge-based transition from
traditional supply chains toward a sustainable manufacturing industry.

The driver and obstacle analyses and roadmap-building augment also previous European
level understanding of, studies of, and policies on the general state of sustainable development in
the manufacturing industry. In particular, the importance of sustainability-driven business models
was highlighted as an area needing future research also by the policymakers involved. So, as a
general outcome the study showed how the road-mapping process itself provided a process of
collaborative learning among the actors involved; for example, it helped actors at different levels in
the network to gain a better understanding of each other’s viewpoints.

This study has evident limitations, which at the same time yield opportunities for further
research. To gain a broad perspective on the subject, the authors selected a multidimensional view
of sustainability at three levels of change. Qualitative studies in industrial cases could be conducted
to test the reliability of the results. Furthermore, the road-mapping process outlined in this paper
needs to be worked out further, especially with regard to iterations. The expert work started with
collection of the change data, after which the data were ‘timed’ — i.e., grouped into three periods
(into changes that could take place in the short, medium, or long term) and further for formation of
the three sub-roadmaps. Though reviewing and iteration rounds within the expert group were
carried out also at this point, the roadmaps were iterated to enable reflection not upon the roadmaps
as a whole but on the individual change items. A more thorough iteration round could have
produced more ideas on, for example, the parts of the roadmap that are now left empty. At the same
time, the roadmaps would have benefited from a more profound assessment of the change items in
terms of their probability, importance, causes and consequences. In any event, this study targeted
recognition of the opportunities and changes on a more general, higher level. Deeper analysis of the
change items and their significance is a company- and industry-specific matter and, therefore,
should be handled by stakeholders and network actors considering their own context. Also, the
results of this study will be complemented in the case-study environments with identification of the
changes necessitated at the network-actor level — for example, how their roles and business models
should change in order for competitive advantages to be gained through sustainability.

Footnotes:

[1] The most widely quoted definition of sustainability or sustainable development is that of the Brundtland
Commission (1987):“Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs”.

[2] PEST analysis describes a framework of macro-environmental factors used in the environmental scanning
component of strategic management. There are several variations on PEST analysis (e.g., SLEP, PESTLE or
PESTEL, PESTEC, STEEPLE, and STEEPLED).

13] Companies operating in consumer markets emphasise sustainability often in their supply chain. For
example, in its annual report, PUMA presents the ambitious goals set by the PUMA Sustainability Scorecard for
suppliers to reduce their environmental KPIs by 25% in the years leading up to 2015. The goals cover water,



waste, and energy. To assist its suppliers, PUMA has initiated programmes with third-party service providers
and arranged capacity-building work in the countries from which sourcing is done. Similarly, Nike points out its
vision of a closed-loop business model that includes the up-front design of products that can be manufactured
with materials reclaimed throughout the manufacturing process and at the end of a product’s life. On the other
hand, companies in engineering sectors offering B-to-B solutions move toward sustainability also through life-
cycle services. For example, ABB has recently launched a new service platform offering scalable solutions,
which range from global consulting to long-term partnership to support operations and maintenance. The
strategy behind the platform, particularly addressed by long-term agreements, is to coach clients in reaching
reliability and efficiency through their own assets’ life cycle, thus guaranteeing plant productivity together with
balanced energy consumption.
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European macro level: Policymaking, governmentinitiatives, industry
paradigms, and partnershipsfor sustainable developmentto enable
sustainability as a competitive advantage for manufacturing

Networklevel: Network approachesintegrating both upstream
and downstream dimensionsto sustainability within the overall

product life cycle (closed-loop supply chain, remanufacturing,
recycling, and other activities)

Figure 1: The three levels of change
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Figure 6: Framework of the changes required for a sustainable manufacturing industry



Table 1: Competence areas of the expert group

Experts Sustain- European Manu- Industry Workshop | Workshop | Comment
ability manu- facturing | needs and 1 2 rounds
facturing networks business
industry models

Policy maker 1 X X X X X
Policy maker 2 X X X
Policy maker 3 X X X X
Industry partner 1 X X X X
Industry partner 2 X X X X X X
Industry partner 3 X X X X X
Industry partner 4 X X X X X
Researcher 1 X X X X X
Researcher 2 X X X
Researcher 3 X X X X X
Researcher 4 X X X X
Researcher 5 X X X X
Researcher 6 X X X X X
Researcher 7 X X X X X X
Researcher 8 X X X X X X
Researcher 9 X X X X
Researcher 10 X X X
Researcher 11 X X X X X X
Researcher 12 X X X X
Researcher 13 X X X X X X
Researcher 14 X X X X X
Researcher 15 X X X X X
Researcher 16 X X X X X X
Researcher 17 X X X X X X
Researcher 18 X X X X X X

Together 21 15 25
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Table 3. Summary of the required changes

Short-term

Mid-term

Long term

Macro level

. need for propagation of
standards and certification and
hence for government-level co-
operation (s-r 1)

e the behaviour and role of
customers, which means, for
example, consumers and
customers increasingly
participating in companies’
innovation processes (s-r 1)

Network
level

e efficiency in production

and life-cycle-orientation
(s-r 2)

. a new type of dynamic relation-

ship, horizontal collaboration
with partners and other
stakeholders (s-r 2)

. network-level integrated key

performance indicators (s-r 3)

e amore systemic view of the
entire manufacturing network,
with new collaboration models
(s-r2)

Business
model and
actor level

e the actor’s willingness to

change and growing
awareness about
dimensions of
sustainability among
various stakeholders (s-r 1)

e changes related to

sustainability in both
business models and
people (s-r 3)

. technological development is

essential for achieving
significant changes in eco-
efficiency (s-r 2)

e integrated models of

sustainability (actor ability to
compare settings of different
kinds and also balance the three
aspects of sustainability) (s-r 3)
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