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Industrial symbiosis (IS) emerged as a self-organizing business strategy among firms that are
willing to cooperate to improve their economic and environmental performance. The adoption
of such cooperative strategies relates to increasing costs of waste management, most of

which are driven by policy and legislative requirements.

Development of IS depends on an enabling context of social, informational, technological,
economical and political factors. The power to influence this context varies among the agents
involved such as the government, businesses or coordinating entities. Governmental
intervention, as manifested through policies, could influence a wider range of factors; and we

believe this is an area which is under-researched.

This paper aims to critically appraise the waste policy interventions from supra-national to
sub-national levels of government. A case study methodology has been applied to four
European countries i.e. Denmark, the UK, Portugal and Switzerland, in which IS emerged or

is being fostered.

The findings suggest that there are commonalities in policy instruments that may have led to
an IS enabling context. The paper concludes with lessons learnt and recommendations on

shaping the policy context for IS development.
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1. Introduction

Human development has been coupled with the evolution of the extraction, use and disposal of
natural resources. The altering pattern of human growth improved life style conditions in regions
such as Europe, but not without compromising resource availability. This context led to a
change in development strategies, towards a vision of sustainability. Stakeholders are called to
act responsibly in the equitable sharing of ecological resources, satisfying the needs and

aspirations of today and tomorrow’s generations [1].

As discussed by Ehrenfeld [1], ecosystems provide the best available example of sustainability:
energy and materials are extracted, metabolized and transferred by organisms and across their
communities, in a cyclical manner. If anthropogenic systems are driven in a way to emulate
ecosystems, it may be possible to learn lessons to progress towards sustainability. This forms
the reasoning of Industrial Ecology (IE) [2 - 5], in which industrial systems are described,
analyzed and configured as if they were natural, sustainable and mature end of succession

(eco)systems.

One important measure relates to the systematic reuse of waste and by-products, which
minimizes the need to extract natural resources and the depletion of environmental services [5].
Industrial Symbiosis (IS) can contribute to this objective, since it represents an engagement of
traditionally separate industries in a collective approach to competitive advantage, involving the

physical exchange of materials, energy, water and/or by-products [6].

A consistent body of IS research suggests how these synergies emerge and can be fostered
[e.g. 6 - 14]. Overall, as Mirata [14] observed, IS emerges primarily from the private sector as a
self-organising business strategy, driven by economic advantages offered by market dynamics
and/or policy requirements. In this context, the authors agree with Boons and Baas [15] that “IS
activities are shaped by the context in which they occur, described in terms of cognitive,

structural, cultural, political, spatial and temporal embeddedness”.

Although self-organisation is considered a more feasible strategy, some form of coordination
can assist further 1S development [8, 12, 16, 17]. For example, Gibbs and Deutz [12] mention
the catalytic role of the Centre for Alternative Technology in Wales in enabling relationships

between businesses, leading to potential eco-industrial developments. However, coordinating



bodies are only able to influence some factors within the context, namely informational,
organisational and human related, in a fairly localized manner. As Baas [18] stated, “actors are
not equally able to influence each other’'s actions and system outcomes, which needs to be

taken into account much more fully within IS development”.

Governmental policies are also regarded as being able to influence a wider range of factors [12,
14, 18]. For example, in the Rotterdam region, after a period of strong environmental
regulations, the national and sub-national governments facilitated programmes to strengthen
economic and environmental performance in industry, including the partial funding of IS projects
[18, 19]. However, policies can also pose barriers to IS [e.g. 8, 9, 21]. For example, Desrochers
[21] mentioned if Danish regulation were to be similar to U.S. regulation IS development at
Kalundborg “would be a very difficult if not impossible task”. In the Rotterdam case, Baas [18]
observed that although the regulator engaged with the companies to adjust rules, the policy

environment still perceived synergies as handling waste rather than reusing resources.

Since “the role of power is hardly discussed systematically in the IS field” [18], our contribution
to this discussion resides on the analysis of governmental influences in the IS development
contexts of four European-based case studies. Using a common set of descriptors, cases are
analyzed and contrasted in order to identify characteristics of particular governmental

jurisdictions that are conducive to IS.

The paper is structured as follows. This section establishes the theoretical reasoning of the
paper. Section two outlines the structures that support policy development for the European
context, and section three introduces the research framework. The case studies are presented
in section four, followed by the discussion of the results (section five). The paper ends with the

conclusions, in section six.

2. Policy and legislation in Europe

Policy is the course of action of a governmental body, which translates into strategies, tools, or
other public decision [22]. It commonly involves: 1) setting goals, objectives, and; 2) developing
instruments of regulatory (e.g. hazardous chemical bans), economic (e.g. landfill taxes) and

informational/voluntary (e.g. eco labels) nature.

This paper analyses policy development at three levels: 1)Supra-national policies, based on

3



conventions, protocols or programmes, (e.g. the Basel Convention), laying down a conjunct
response to transnational challenges; 2) National policies, which translate national government
objectives, according to its social, economic and environmental context. They can incorporate
objectives defined by supra-national policies, or even present more ambitious goals; 3) Sub-
national policies which are developed at the level of the region, state or municipality. In general,
sub-national policies are kept aligned with national objectives; however, they can also be

implemented differently in order to address local context factors.

Policy objectives and instruments commonly reflect or are enabled by legislation. Likewise,
there may be different levels of legislative authority. In federal and decentralized unitary
governments, regions and/or localities may possess some legislative autonomy whereas in

unitary systems, this autonomy usually remains with central government (see Figure 1).

Coordinating Coordinating Supra-national level
Institution Institution
(e.g. UN) (e.9. EV)
' National level
,,,,,,,,,, State or country 1 Central Central
government government
Sub National level / .
IStatIe and ‘ State ‘ ‘ State ‘
ocal gov. @ @
‘ State ‘ ‘ State ‘
Citizens ‘ Citizens ‘
Unitary system Federal system
(e.g. PT, UK, DK) (e.g. CH)

Figure 1 — General schematics of policy and legislative systems
Source: Authors generated
Within the European context, the European Union (EU), as a supra-national institution, has
been able to affect policies within the majority of its member countries. In the field of waste
management, The Thematic Strategy on the Prevention and Recycling of Waste includes the
main policies, general objectives and action principles. These principles include firstly the
obligation to handle waste without posing a negative impact on the environment or human

health and secondly the hierarchy of the best overall environmental options in waste
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management, from prevention to disposal [23, 24].

In terms of legislation, the EU influences member countries through regulations (laws applied in
full throughout the Community), directives (binds members to achieve objectives; however, they
are free to address their local distinctiveness while incorporating the objectives into their legal
system) and decisions (binds particular individuals, firms or member states, to perform or refrain

from an action, confer rights or impose obligations).

The Waste Directive - part of the waste framework legislation - allows a better uniformity of EU
law application, keeping the same objectives throughout its members. It also provides an
incentive to develop policies and legislation to achieve more ambitious goals than those already
implemented at national level. The latest version of this directive was introduced in November
2008 and member countries are expected to create the laws, regulations and administrative

provisions by December 2010 [23].

The Landfill Directive - part of the waste management legislation - is also equally important. It
establishes the conditions for the disposal of waste in landfills to minimize negative impacts on
the environment and human health. It also introduces bans for certain types of waste (e.g. used
tires) and sets targets to progressively reduce the amount of biodegradable waste sent to

landfills [24].

In summary, implementation of EU directives is approached differently by the member states to
suit their contextual distinctiveness. This explains the reason for different policies and
legislations across the EU members and the swift development of IS in some European

countries as well.

3. Research framework

The research presented in this paper is mainly of an inductive nature, in which a case study
methodology is used. The case study is a research strategy, focusing on understanding the
dynamics within single settings [25]. Since the focus is on the policy and legislative contexts,

case studies present information mainly of a qualitative nature.

The research is set in the European policy and legislative context, focusing on supra-national,
national and sub-national waste policies and legislation influencing the development of IS. The

selection of case studies considered the background of the authors, each conducting IS
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research in their country — United Kingdom (UK), Portugal (PT) and Switzerland (CH). The case
of Denmark (DK) is an exception, justified by its historical relevance to IS research. The
selected countries i.e. DK, UK, PT and CH, also provide a heterogeneous sample in terms of 1)
governmental structure; 2) supra-national influences (EU members and non EU members), and;
3) type of relationships and coordination between the companies involved in IS (spontaneous or

coordinated organisation).

Cases are compared using a range of quantitative and qualitative descriptors, to organize data
and identify patterns [25]. The selected descriptors consider IS literature and insights from the
research itself. Quantitative descriptors are used to verify the countries’ performance in waste
management, while qualitative descriptors characterize the governmental structure, legislative
influence, and the type of economic, regulatory and voluntary instruments available. Due to the
complexities associated with different governmental structures, only a limited number of

instruments are selected as descriptors.



Table 1 — Case study descriptors
Source: Authors generated

Descriptor

Characteristics

Quantitative

Average population
Total waste generation

To determine total waste generated per capita

Waste treatment

Status on waste management performance

Qualitative

Institutional framework

Type of government
Waste legislation level

Waste policy level

Economic instruments

Characterization of the governmental structure in the country, to
understand where the policy and legislative powers are centred.

I andfill tay

Incineration tax

Regulatory instruments

Taxes help shaping the market in which companies operate, pushing
companies to look into waste management strategies which could be
more beneficial

Landfill bans

End of waste/By-product

Voluntary instruments

Regulation that controls the disposal of wastes can lead to its diversion
to other alternatives (e.a. recoverv).

A by-product classification indicates that there can be materials exempt
of being classified as wastes, and therefore can be exchanged as
products

Coordination programmes for
collaboration in resource
efficiency

Voluntary instruments design to motivate cooperation between
companies on resource efficiency issues

Analyzing each case study according to the set of descriptors in table 1, and comparing them,

provides an opportunity to identify particularities within, as well as commonalities between the

contexts of each case.

4. Case studies

4.1 Denmark

Denmark is known for its progressiveness in waste policy. For example, it was among the first

countries to ban organic and combustible wastes from landfill [26]. Still, as a member, Denmark

has to implement the European Directives on Waste.

Two main documents set the legislative framework for waste management: 1) Environmental

Protection Act, Consolidated Act No. 753 [27]: states that each Danish municipality is

responsible for establishing capacity for waste management and provide information on how to

dispose all waste produced within its geographical area, independent of origin; 2) Statutory




Order No. 619 [28]: sets the obligations in waste use, transportation, recovery and disposal.

A national waste strategy plan is made every four years, detailing actions to achieve EU targets
and setting sub-national targets. In this context, national government makes use of strict
economic and regulatory instruments. For example, taxes on landfill and incineration were
introduced in 1987 and have been escalating since then. However, currently there are no waste

related programmes directed at supporting IS [29].

At sub-national level, municipalities develop waste management plans for short term (4 years)
and long term (12 years) periods. Local councils establish schemes to ensure that waste is
managed in compliance with the waste hierarchy. For industrial waste, assignment schemes are
used: the municipality develops regulations attributing a certain form of treatment to a particular
type of waste. The waste producer, which is responsible for its management, must comply
accordingly [30]. Furthermore, each municipality can make decisions concerning classification
of waste; notification of orders and prohibitions; issue permits for waste management operations

and supervise compliance of regulations.

The IS network at Kalundborg emerged from the existing social interactions among local
industrialists. Notwithstanding this, Danish policy and legislative context also worked in
favouring some of the exchanges [10] by means of stricter regulation and higher taxes while
allowing local government to work with the companies and support the exchanges as a waste

management option.

4.2 United Kingdom

The EU Waste Framework Directive and associated directives on specific waste streams have
become the basis for UK waste management legislation and policy. Key legislative documents
include: 1) Environmental Protection Act 1990 [31], which introduces the definition of waste and
the duty of care on producers/operators for the collection, treatment and disposal of waste; 2)
Environmental Act 1995 [32] which outlines the need for a national waste strategy, the need for
enhanced legal and institutional setting for waste management, and sets the producers’

responsibility in relation to reuse, recover and recycle of waste.

Waste policy development and enforcement lie with central as well as devolved administrations;
but since devolution in the UK is asymmetric, these powers among devolved administrations
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differ to some degree. UK’s waste policy is reflected in the Waste Strategy for England 2007
[33]. It proposes instruments and targets for reducing the impact of waste generation and
management. Waste policy in devolved administrations is developed along the same lines,

albeit adjusted to their own context.

Under this framework, the UK government introduced a mix of economic, regulatory and
voluntary instruments which appear to have shaped the policy context for IS development. The
Landfill Tax (LT), the Waste Protocols Project (WPP) and the National Industrial Symbiosis

Programme (NISP) are among that mix.

The Landfill Tax is implemented throughout the UK and its revenues are partly used to support

programmes to improve resource efficiency.

The WPP, a regulatory instrument, aims to deal with uncertainties regarding the EU’s waste
definition, by which some materials were going to landfill despite their reuse potential [34]. The
protocols are quality statements concerning a particular material flow (e.g. flat glass). The
information it contains is designed to inform producers, and safeguards consumers, on what

technical aspects the material must fulfil in order to be exempt from being considered a waste.

Finally, NISP, a voluntary instrument, assists businesses in redirecting their waste from landfill
by helping them to find partners to utilize their wastes as raw material, thereby realizing
environmental and economic gains [35]. It evolved from private collaborative efforts, to an
England wide programme funded by the Business Resource Efficiency and Waste Programme.
It began being funded by devolved administrations in later years, thus expanding to the entire

UK territory in the year 2007.

4.3 Portugal

Portugal is among the first European countries to make environmental protection as a
fundamental task of Government, under the Constitution. Despite being proactive in certain
areas (e.g. used oils), EU directives and regulations make up the base of Portuguese waste

legislation.

Portugal centralizes waste legislation development at the national level only. There are two
main documents setting this framework: 1) Law 11/87 - National Environmental Act [36]:

establishes the overall principles of environmental protection. Article 24 focuses on waste and
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its reuse/recycling as raw materials and energy, provided the application of preventive
measures, cleaner technologies and economic and regulatory incentives; 2) Law-Decree n°
178/2006 [37]: sets the provisions for all the activities related to waste handling, processing,

transport, storage and disposal.

In policy terms, there is one national waste plan and four plans for specific waste flows (e.qg.
urban, industrial, medical, agricultural), covering targets and instruments. For urban waste,
regional plans are also developed. National recycling networks also exist, each dedicated to
one of eight types of waste materials. Each system is managed by a not-for-profit entity, formed

by representatives of producers and recyclers.

Some policy instruments are already contributing to shape the context for IS development in
Portugal. These include the mandatory electronic information reporting on waste, landfill and
incineration taxes and the principle of free trade of waste. The later implied the creation of a
voluntary instrument named Organized Waste Market (OWM) [38], managed and coordinated
by a private entity and backed by public institutions. It is aimed at promoting the offer of and
demand for waste materials, facilitate the transactions and promote the use of recycled products

in the market.

The use of wastes substitutes for raw materials is considered an option under the Portuguese
waste management regulation (e.g. cement producers receive ash from power plants).
However, such efforts are scattered, uncoordinated and are somewhat confined to large

industries. The reason is partly related to the bureaucracies to obtain the necessary permits.

As a collaborative strategy among different stakeholders for closing material loops, the project

of Relvdo Eco Industrial Park is currently the only explicit example of IS at national level [39].

4.4 Switzerland
Despite being situated in central continental Europe, Switzerland is not an EU member.
However, it keeps bilateral agreements with the EU. As a confederation, the canton (state) level

has an increased power of decision.

At supra national level, the Basel Convention [40] is the most influential treaty on Swiss waste
policy and legislation. At the national level, the Federal Act on the Protection of the Environment

[41] defines the concept of waste and the legal prosecutions in relation to non-compliance. Two
10



federal ordinances describe the types of waste, the principles for its treatment (Technical
Ordinance on Waste (TVA) n® 814.600 [42]) and the control rules for waste movements
(Ordinance on the Handling of Wastes (VeVA) n° 814.610 [43]). Several types of waste have
dedicated laws and ordinances. In general, reuse and recycling is mandatory, if technically

possible, without any specific technological standard.

At sub-national level, the 26 cantons develop and apply their own policies and legislation, but
keep an alignment with national orientations. For example, the cantons can fix their own landfill
price but are responsible for enforcing the national landfill tax. Since there are no special
requirements for by-product exchanges, IS could, in principle, be regarded as a potential
strategy, provided it does not lead to pollutant diffusion and respects the legislation on

hazardous waste handling and movements.

In the particular sub-national case of Geneva, the Geneva Law on waste management L120
[44], defines waste elimination principles, waste handling authorization procedures and recovery
incentives. Under the polluter paying principle, businesses are responsible for the management
of their urban and special waste. A private recycling market controls waste transfer and
recovery. Efficient recycling technologies are favoured through a legal authorisation process as

well as dialogue and collaboration with interested parties [45].

Geneva also introduced IE as a legal basis in the Agenda 21 law [46]. Its article 12, called
ECOSITE, stipulates “...the State facilitates possible synergies between economic activities in
order to minimize their environmental impacts”. An IE strategy was established in 2002, set up
by an Advisory Board for IE and IS Implementation. This programme involved several
stakeholders, including government agencies, universities and local industry. Its approach and
application includes physical accounting, material flow analysis and an IS coordination and

facilitation project [47, 48].

4.5 Cross case comparison

Comparison between case studies uses the collected quantitative and qualitative data to identify
patterns across the sample. Figure 3 depicts the quantitative characterization of the cases in
terms of waste generation and Figure 4 presents the waste management performance for the

years with the latest available data.
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Total waste generated calculated using Eurostat data for EWC_Total (total waste generated) for all NACE
branches plus households, and for Total Population at January 1 for the corresponding year (including CH).
For a complete list of included waste categories and NACE branches, please consult
http://epp.eurostat.ec.europa.eu/cache/ITY SDDS/EN/env_wasr_esms.htm

For CH, data for waste generated includes construction, dangerous and urban waste.

Figure 3 — Total waste generated per capita

Source: Authors generated
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a — Data for 2006, collected from Eurostat [49];
b — Data for 2007, collected from Swiss Federal Office for the Environment [50];
¢ — Estimated provisional values for PT;

Figure 4 — Waste treatment
Source: Authors generated

As noted, the sample is divided into two groups: DK/CH present higher recovery rates combined
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with the lowest generation of wastes per capita. In contrast, PT/UK present higher landfill rates
and waste generation per capita. By looking at the qualitative descriptors (Table 2), it is possible
to suggest that these performances are a result of a different evolution within each context,

particularly with respect to economic and regulatory instruments.

Denmark has been shaping its context since 1987, with an increasing incineration and landfill
tax coupled with a strong landfill ban in 1997. Switzerland introduced taxes and a ban on all
combustible wastes in 2001 and 2002 but, by this time, waste incineration with energy recovery
and a solid recycling network were already rooted in the country. Although the UK introduced a
landfill tax in 1996, this only became effective in 1999, after the introduction of an increasing
yearly rate (tax escalator). Further landfill restrictions were introduced in 2006 for liquid wastes
and tires. Finally, Portugal also has landfill bans for certain waste flows, albeit introduced earlier
than in the UK. However, landfill and incineration taxes only came into effect in 2006, and

therefore their impact on waste management is still to be felt.
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Table 2 — By-product and end-of-waste conditions

Source: Authors generated

DK

« | Type of government
58
% g Waste legislation level National + Sub-national
ag

| Waste policy level National + Sub-national

Landfill tax 50.7 + 25%VAT
o2 1(2009) 1987 ;
g g ) ) [E/tonne] 20.8°+ 25%VAT
€ § | Year of introduction - -
= Incineration tax
w2 (2009) 1987 44.4 + 25%VAT
[€E/tonne]

g Year of introduction | Landfill bans 1997 Combustible
S waste
S
2
J2
I~ Municipal protocols that
= End of waste / By-product use favour discussing waste
z management options with
> industry (sub-national)
4

Coordination programmes for
collaboration in resource efficiency

Voluntary
instruments

UK

Unitary system

National + Sub-national

Sub-national
46.23
1996 .
2.89
Used tires
2006 Liquid
waste

Waste protocols: technical
parameters establishing when
a treated material is no longer
considered a waste (sub-
national, England only)

NISP
(sub-national to national)

PT
National
National
2006 5
2006 1
Used tires
2002 Liquid waste

Companies need to be
registered as waste
management operators —
comply with Best Available
Techniques for waste
treatment (national)

Organized Waste Market
(national)

CH

Federation

Sub-national

National + Sub-national

11.217
2001 s
9.89
2002 = Combustible waste

Waste and by-product
exchanges are allowed
between companies,
provided they are licensed
for handling waste (sub-
national, Geneva canton)

ECOSITE
(sub-national)

! For non-hazardous industrial wastes disposal in landfill
% For stabilized residues

% For landfill of residual waste — slag and fly ash

* For inert wastes

® For reactor landfills (e.g. slag)
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Table 2 demonstrates that in terms of political framework, with the exception of PT, some

decentralization in waste management policy and legislation exists.

Regarding economic instruments, current landfill taxes are above 10€/tonne for the majority of
the cases. DK stands out with the heaviest taxes for both landfill and incineration, although the

UK is expected to increase up to 83€/tonne in 2013.

In terms of regulation, DK and CH impose landfill bans on all combustible wastes, while UK and
PT only ban singular flows and adopted phasing out targets instead (e.g. organics). However,
when it comes to declassification of materials from waste regulations, the UK is the only country

in the sample currently developing regulations for that purpose.

DK and CH are able to use its sub-national legislative influence to work closely with economic
actors (e.g. manufacturers, recyclers) interested in using wastes or by-products as raw
materials. Therefore, they are able to evaluate each case and establish the necessary rules to

be applied.

Voluntary instruments based on collaborative efforts for resource efficiency are also common in
the sample. In UK and CH, government funded programmes are implemented to identify and
support the emergence of collaborative business networks. In UK, programmes are directed at
improving the waste management profile of the country, while CH aims at optimizing an already
implemented recycling network. PT is also seeking to optimize its recycling networks, by
requesting companies to set up a management entity for the OWM. This programme aims to
support the reuse of waste materials among companies, and to improve market acceptance of

the manufactured products.

5. Discussion

5.1 Policy and legislative levels of influence

The cases provide some evidence of decentralization regarding industrial waste management
policy and legislation. This evidence is aligned with the views of researchers who support the
involvement of local government in driving and assisting collaboration between companies and
providing “tailored” instruments to support synergies [e.g. 17, 51]. Even in PT, local government
is motivating collaboration between public institutions, university, industry and the community for

IS development [39]. Still, it is important to guarantee national objectives and targets, and avoid
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dissension with local businesses’ interests. For example, Flynn [52] states that in DK control
and inspection duties were given back to counties for fear that some municipalities might be
influenced by specific industries and conflict with national interests. Therefore, it is important
that sub-national governments have the capabilities to develop, regulate and monitor options

made under the “umbrella” of concepts such as IS.

Local government can act as a bridge between national government and local companies, but
its influence is limited. Higher levels of influence (e.g. supra-national, national) can set the
objectives and targets to which sub-national level agents (e.g. local government, companies,
universities) are left to respond with solutions. Christensen confirmed this position in Gertler
[54]: “Economics alone will bring you a certain amount of symbiosis. To go further, you need
political impetus to require pollution control technologies and/or to adjust prices to make

symbiotic arrangements economically viable”.

5.2 Policy instruments

The second point is related to how countries cope with potential barriers to waste/by-product
reuse as raw materials. Researchers [e.g. 55, 56] consider the EU waste definition as one of
such barriers. Although considered a relevant issue, the cases analyzed show that the

exchange of wastes for substitution purposes is possible, even with such a debatable definition.

The analysis demonstrates that technical barriers emerge in relation to 1) market incentives to
reuse waste, 2) technological standards for waste management 3) expectations concerning

material quality and 4) information about alternative waste management options.

The cases could provide insights on how government influence helps mitigate these barriers.
Strong economic and regulatory instruments (e.g. landfill taxes and bans) can contribute to
make options such as reuse or recycling economically viable. However, this can be insufficient
in adding value to the material itself. In such cases, government involvement with the industry in
assessing alternative waste management options or in developing regulated quality standards

for recovered materials would be a way forward.

Another challenge relates to the requirement of technological treatment standards for
companies who wish to use wastes as raw materials. These standards aim to maximize
efficiency with the least environmental impact. Companies need to secure them in order to
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receive the necessary permits. However, the potential recycling role of manufacturing
technologies already in place is seldom evaluated. This means that, in order to reuse a waste,
companies need to invest in additional equipment, which could reduce the economic benefit of

using a raw material substitute.

In some of the cases, government adopted a more flexible approach to these issues. Waste
regulations in CH and DK focus more on guaranteeing environmental standards, instead of
focusing on the means to achieve them. This could provide a niche to test alternative
technological and collaborative solutions. As for UK and PT, by involving recyclers, which
already have technological standards in place due to their primary activities, this barrier is

somehow mitigated.

As observed, government programmes directed at improving resource efficiency among
companies help fostering IS development. These voluntary instruments contribute to increase
information availability, facilitation and assistance. This can help businesses to perceive
economic advantages in environmental outperformance even in cases where the social and

economical context does not favour going beyond compliance.

Government provides the objectives as well as economic and regulatory support, while the
programme is developed and managed by private agents such as business associations and
universities together with industry. However, it is important to prevent potential withdraw of
governmental funding, the risk being that companies will no longer participate once the service
ceases to be supplied at zero cost. To prevent this situation, 1) the programmes should be
implemented and managed in collaboration with the companies, including the development of
alternative financing strategies and 2) the programmes should rely on strong social networking
to stimulate trust and interaction to a point where the governmental scaffolding is no longer

required.

In summary, a government contribution to shaping the context for IS development could take
the form of an integrated set of policy instruments that influence markets towards reuse and
recycling, in which collaboration between companies is fostered. While policies at the supra-
national level set strong objectives, those at national level could work towards strong economic

and regulatory instruments to secure those objectives (e.g. taxes and bans), leaving enough
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flexibility at sub-national level to find the best economic and environmental responses with
stakeholders such as companies and research institutions. Moreover, voluntary instruments
developed in partnership with the industry could help direct companies towards collaborative

strategies in waste management and control fly-tipping.

5.3 Future opportunities
In October 2008, the EU Parliament approved a new Waste Framework Directive [23]. It
introduced new approaches to dealing with the increasing generation of waste. One of these

approaches is the definition of by-product and end-of-waste.

By-product is considered a substance or object, resulting from a production process, the primary
aim of which is not the production of that item, may be regarded as not being waste, if the
conditions set in article 5 of the Directive are met. The End of Waste status applies to materials
that have undergone a recovery operation, including recycling, and that comply with specific

criteria to be developed in accordance to the conditions also set by the Directive, in article 6.

Besides the definition and main principles, the EU also directs member countries to develop
their own End of Waste criteria and implementation mechanisms to motivate market demand.
The cases presented demonstrate that some countries are already developing pro-active
responses to such supra-national challenges, either by developing new regulatory instruments
(e.g. waste protocols in UK) or voluntary ones (e.g. Organized Waste Market in PT). Such
instruments can be used to identify, test and validate markets, economically and
environmentally, for a diverse range of by-products and residuals, with the additional benefit of
this improvement being based on the performance of networks rather than individual

companies.

In this context, it is possible to suggest that shaping a policy and legislative context to support IS
can be seen as a strategy aligned with the objectives of the EU. The new provisions set by the
Directive can also, in turn, help shape the context to overcome some of the barriers associated

with IS.

This process can be greatly improved if all participating agents (e.g. government, universities
and companies) align their actions to common objectives, at all levels. As current policy theory
suggests [52, 57], inter level collaboration should be motivated, with mutually reinforced
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responsibilities. Furthermore, and most importantly, scientific evidences should be integrated

early in the policy development process.

6. Conclusions
This research sought to better understand legislative and policy contexts in cases where IS
networks are developing and the potential contribution that IS can make to the implementation

of the EU Waste Directive.

As a general conclusion, it appears evident that governmental institutions could greatly
contribute to shape the context underlying IS development. The case studies analysed provide
some insights on potentially influential factors: flexible regulation in waste management (mainly
associated to sub-national levels) together with strong economic/regulatory instruments,
deployed nationally, that penalizes lower hierarchy waste management options. Voluntary
instruments, in the form of coordination programmes, could provide information and facilitation

assistance for companies to identify economically viable alternatives for their wastes.

In this context, policy and legislation can positively influence IS development by setting clear
objectives and supporting business eco efficiency activities. This sends important signals to the
market that guides businesses to IS related actions, without direct governmental intervention in

that process.

However, some difficulty persists in coordinating policies and actions across the supra-national,
national and sub-national levels of government. If there is enough flexibility to implement
innovative, locally adaptable solutions and transfer their associated knowledge across levels, it
is possible to contribute to more effective waste policies and shape the context for industrial

symbiosis.
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