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Abstract—Manufacturing companies continuously face the 
challenge of improving their sustainability profile, but one of the 
major problems with sustainability-centred business approaches 
relates to the simultaneous pursuit of private and public (society 
and environment) benefits. Industrial symbiosis (IS) can be a 
powerful answer to these approaches: IS can lead companies to 
virtuous behaviours coupling environmental (public) benefits with 
economic (private) performances. IS projects opportunities are 
amplified for companies belonging to industrial parks or 
agglomeration since they are usually proner to embrace 
collaborative paths and stream exchange chances are wider. Still 
data show that IS is really limited to more farsighted companies. 
The proposed study is centred on the analysis of an industrial 
survey performed by the authors, aiming at investigating the 
barriers to the adoption of symbiotic behaviours. This 
investigation points out the opportunities for companies in an 
industrial agglomeration towards the creation of IS interactions. 

Keywords—industrial symbiosis; sustainability; industrial 
agglomeration; industrial park  

I.  INTRODUCTION 
The increasing pressure public opinion and legislation put on 

sustainability is pushing manufacturing communities exploring 
their role as co-responsible of environmental and social impacts, 
and thus as enablers of sustainable development [1]. In fact, 
production is often the cause of many undesired impacts, making 
it a good focus for sustainability-enhancing innovations and 
investments. 

In this context, most farsighted manufacturing enterprises 
started investing on sustainability to seize the opportunity of 
such a global trend: being sustainable is becoming a picklock for 
accessing most demanding customers, and a lever to 
differentiate from lower wages countries productions. This 
results in exploring sustainability-related strategies as a guide to 
re-design business processes, with companies either motivated 
by end customers’ (or other stakeholders’) increased pressure 
towards environmentally- and socially- compliant products and 
processes [2] or, less virtuously, interested in catching the latest 
marketing wave. In both cases, such (prospective) early adopters 
are looking for actual implementation examples and/or practical 
procedures they could follow in order to become “sustainable” 
or “more sustainable” (than before or than the competitors).  

According to literature [3][4], one of the major problems 
with sustainability-centred business approaches relates to the 

simultaneous pursuit of private (companies’ and customers’) 
and public (society and environment) benefits. As long as public 
benefits don’t result into countable (monetary) private 
advantages, more sustainable production systems and products 
may be competitively disadvantaged. This has an evident result: 
though sustainability is generally considered something highly 
desirable, the main challenge threatening its actual 
implementation in manufacturing contexts derives from 
adopting approaches able to simultaneously improving 
competitiveness and business performance through positive 
social and environmental performances, which neither always 
nor automatically bring about financial benefits. 

According to Krugman [5], in a market economy without 
government intervention to protect the environment (but also the 
social impacts), those who derive the benefits from pollution 
(the polluters) don’t have to compensate those who bear the 
costs, so the marginal cost of pollution to any given polluter is 
zero. Polluters have no incentive to limit the amount of 
emissions, and without public intervention they are not forced to 
behave in order to maximize the overall (economic) benefit for 
the society. This means that as companies are not compensated 
for reducing negative externalities or creating positive 
externalities per se, they are not motivated to engage in such 
activities. 

In the manufacturing context, initiatives and investments 
aimed at improving sustainability performances of products, 
companies or groups of companies can address (also 
simultaneously) different elements of a company business 
profile: the technology they use, the way they design product or 
processes, the way they create value and the underlying business 
model, regulations they need to comply with. Innovative 
technologies intended to exploit by-products and properly 
designed business models developed for manufacturing 
agglomerations aimed at adopting industrial symbiosis can both 
result into new possibilities to simultaneously pursue economics 
and environmental objectives. 

A successful sustainable business model has to smartly deal 
with appropriability of public benefits, i.e. positive social and 
environmental externalities, by private entities (namely: 
manufacturing companies investing in one –or more– of the 
points above). This is why companies compete in markets where 
they are (usually) paid only by customers and, thus, for the value 
they provide to these paying customers. In the face of increasing 

978-1-5386-0774-9/17/$31.00 ©2017 IEEE 1293



awareness about business-society interrelations and moral and 
ethical concerns, companies’ strategies started to consider 
simultaneously customer value and public value [6]. This means 
that to justify value propositions to their customers, 
manufacturers have to combine public value propositions (thus 
resulting in green or sustainable solutions). This is fine as far as 
customers are willing to pay for this added (public) value. 
Problems arise when (i) customers are not made aware of the 
increased public value the solution offers in comparison to 
competitors’; (ii) customers are not willing to pay for this public 
value. 

Industrial symbiosis (IS) concept has been introduced 
several years ago and related environmental and economic 
benefits have been well-recognized: companies that started 
sharing infrastructures or stream exchanges pursued economic 
and environmental benefits. Nevertheless, on-field experiences 
suggest that the adoption of IS practices is still hampered by 
significant and heterogeneous barriers [7], this limiting its wide 
adoption and a radical shift towards sustainability-centred 
business approaches.  

The proposed study investigates potential barriers 
companies are facing towards the adoption of IS practices. A 
sample of about 100 manufacturing companies distributing all 
over Europe has been analysed for this purpose. The analysis has 
been focused on companies belonging to industrial 
agglomerations, where collaborative patterns are more easily to 
be established and IS could be widely adopted due to the higher 
number of “collaborative” companies.  

II. IS PRACTICES WITHIN INDUSTRIAL AGGLOMERATIONS 
Since the middle of the 19th century, various experiences are 

reported of industrial activities grouped in specific industrial 
areas, estate or parks, with varying agglomeration sizes. The 
number of this clustered assets is still steadily increasing 
worldwide and many of them are being planned, built and 
managed with various goals, ranging from effective service 
provision, economies of scope, concern for resource efficiency 
and their impact on the environment.  

The literature on agglomeration economies shows that firms 
enjoy positive externalities from concentration of economic 
activities. A common classification [8] distinguishes between 
localization economies (benefits for a firm derive from the 
presence of firms belonging to the same industry in an area, 
enabling sharing of skilled manpower, supplier and 
infrastructures), transfer economies (benefits for a firm derive 
from the geographical proximity of firms interested in the same 
business) and urbanization economies (benefits for a firm arise 
from the size of the located area and the diversity of its 
economy). 

Various studies addressed this phenomenon, also with the 
goal to reach a classification of these different forms of 
companies’ cooperation and agglomeration approaches, namely 
collaborative patterns. Proposed taxonomies rely on different 
dimensions: size of the agglomeration, scope, kind of 
governance, trigger of the initiative, etc. In fact, cooperation may 
be motivated by environmental policies or specific problems 
such as waste management [9], it can occur spontaneously, as in 
Kalundborg (Denmark), where each business connection has 

been negotiated as an independent deal [10], or prompted by the 
government. As a result, collaborative patterns in industrial 
areas have been identified using different names such as urban 
agglomeration and industrial districts (characterized by 
economy efficiency and flexibility), innovative agglomerations 
and clusters (characterized by innovation) [11]. 

In parallel to these taxonomy-searching analyses, many 
studies have been performed in the last two decades in order to 
both understand and support the establishing of networking 
platforms of manufacturing companies [12]. The Swiss Federal 
Office for the Environment performed a study analysing existing 
industrial parks worldwide that develop(ed) integrated solutions 
to improve their environmental and socio-economic 
performances [13]. 168 eco-industrial parks resulted to be 
characterized in terms of pursued benefits by at least the 
following factors:  

• cooperation among companies; 

• physical exchange of materials, energy, waste, and by-
products; 

• exchanges of knowledge and shared utilization of 
infrastructures; 

• possible optimization of the environmental and 
economic benefits; 

• possible improvement of the profitability of the 
existing companies; 

that are all requirements for a symbiotic implementation 
scenario, where the results are applied to a network of companies 
interested in optimization of resources. 

The analysis of existing industrial agglomerations suggests 
that they usually pursue profitability growth, reduction of 
environmental impacts and improvement of social performances 
over three levels: for the single company, for a network of 
companies and for the community [14].  

Companies, motivated by economic and social interests, are 
key elements for adopting energy efficiency practices and 
measures to reduce resource consumption and waste production. 
When they are part of an agglomeration, they can participate in 
different types of collaboration, enabling the implementation of 
industrial symbiosis processes: utility sharing, joint service 
provision, by-product exchanges [15]. These symbiotic 
collaborations usually develop with different intensity levels 
depending on the type of companies’ agglomeration since their 
composition influences the quantity and variety of possible 
relationships/exchanges that can be created between the 
involved actors. A map between IS processes and agglomeration 
economies is presented in TABLE I. 

III. BARRIERS TO SYMBIOTIC BEHAVIOURS 
IS adoption is often characterized by a multitude of factors 

limiting its success. Literature concerning the barriers to 
symbiotic projects starts increasing in the last decade, 
highlighting the untapped potential of this phenomenon [16] 
[17]. 
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TABLE I. RELATIONSHIPS BETWEEN AGGLOMERATIONS AND IS 

Agglomeration 
economies Neoclassical approach IS 

Localization 
economies 

Horizontal cooperation: 
competing companies in a sector 
benefiting from shared access to 
specialized infrastructures, 
resources or workforce 

Utilities and 
infrastructure 
sharing 

Transfer 
economies 

Vertical cooperation: companies 
belonging to different sectors 
benefiting by trading activities 

By-products 
exchange and 
reuse 

Urbanization 
economies 

No cooperation: cost savings 
associated to potential 
collaborations in the urban area 

Joint services 
provision 

 

Fostering collaboration between companies is not easy. 
[7][18][19][20] identified some barriers and limitations that 
could meddle with collaborative and symbiotic behaviour 
activities:  

• Technical barriers:  

o Companies proximity: local industries could not have 
the potential to connect together and cooperate. For 
by-product exchanges, first of all, a company should 
produce a by-product that another one needs and be 
able to offer it to the other company demanding for it. 
Second, quality and quantity must match to make the 
exchange feasible.  

o Technical feasibility of exchanges: infrastructure 
and/or additional treatments can be needed for the 
implementation of specific by-product exchanges. 
Other important aspects are the continuity of the flow, 
the demand and the supply security.  

• Informational barriers: low availability of information, 
due to non-collaborative companies or to absence of 
information sharing framework/infrastructure, may 
make difficult to identify symbiotic actions such as use 
of by-products. It must be considered that companies are 
different entities, with different management structures 
and different cultures. Geographical proximity is 
sometimes not enough to a successful information 
sharing. 

• Economic barriers: cooperation and sharing could be not 
economically sustainable for all actors. When it is 
necessary to modify or build some assets to create the 
connection with other companies, economic benefits 
generated by symbiotic behaviour activities could not be 
enough. 

• Political barriers:  

o Regulatory: environmental laws or rules could 
prevent industries or industrial processes being linked 
together, due to the limitations in the use of by-
products that need to be disposed without being re-
used; 

o Public boosts: lack of dedicated boosts or tax breaks 
for new investments that can ease companies’ 
participation in new symbiotic exchanges. 

• Motivational barriers: nothing forces firms, public sector 
agencies and other relevant local actors to cooperate and 
commit themselves to develop a symbiotic behaviour 
activity. Companies are not willing to risks their supply 
chains. The entire symbiosis project can be misaligned 
with company’s policies. 

• Hierarchical relationships, whether participating in a 
cluster/network: small companies are vulnerable. Main 
enterprises, such as tenant companies, may focus 
cluster’s activities and development on their interests and 
not on cluster’s ones. Furthermore, a small company is 
vulnerable to big enterprises, that could easily look 
elsewhere for its materials/products. Another important 
hierarchical relationship is that recycler usually does not 
drive the development of a by-product exchange.  

• Resources/utilities price fluctuations: price of input 
resource/material or its substitute could change in time. 
Loop-closing (recycling of material and energy) could 
affected by price fluctuations produced by market or 
technologies evolutions. 

Moreover, studies relating to the transformation of existing 
parks into eco-industrial parks suggest five categories of barriers 
(economic, organizational and inter-organizational, technical, 
information and policy) that need to be overcome when adopting 
an approach of industrial ecology within a park towards 
industrial symbiosis [18][21]. 

IV. INDUSTRIAL SURVEY ON COMPANIES’ SYMBIOTIC 
BEHAVIOUR: EMPIRICAL RESEARCH AND FINDINGS 

An industrial survey has been conducted to point out the 
interest in topics related to sustainability of manufacturing 
companies and to identify innovative approaches to combine 
good environmental performances and high profitability, with a 
particular focus on those companies that cooperate within 
agglomerations and industrial clusters. Details of the study are: 

• over 300 manufacturing companies have been contacted, 
mainly belonging to industrial clusters/parks/districts in 
Europe: amongst these, we had 92 respondents (88% 
SMEs) from European countries (see Fig. 1); 

• data collection has been performed between September 
and November 2016 via web-based questionnaire; 

• the questionnaire was structured in 4 sections: 

a. company master data; 

b. interest in sustainability improvements and activated 
actions towards sustainable development; 

c. interest in industrial symbiosis and activated 
symbiotic actions; 

d. considerations on potential barriers to industrial 
symbiosis implementation. 
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Fig. 1 Geographical distribution of companies participating in the 
survey 

About 40% of the respondents declared to have implemented 
symbiotic exchanges for their business. Amongst these, main 
significant obtained results are: 

• micro enterprises (less than 9 employees) have not 
implemented any symbiotic measure, while 85% of 
large enterprises did. In Errore. L'origine riferimento 
non è stata trovata. the relationship between the 
company size and symbiotic behaviours is represented: 
the bigger is the company, the more symbiotic flows 
have been created.  

• implemented symbiotic exchanges can be split into joint 
service provision (16%), by-product exchanges (23%), 
infrastructure/utility sharing (28%) and resources 
sharing (33%); 

• most of symbiotic flows (75%) didn’t occur 
spontaneously but in a planned way. 

The remaining companies have been involved in an 
investigation process on the barriers towards the implementation 
of industrial symbiosis. In particular, barriers have been grouped 
by participants into 5: economic, political, informative, 
organizational and technical, with different level of intensity 
respectively from obstative to low barriers. In particular, most 
significant received feedback is mainly concerning on: 

• initial investment: companies are not willing to make 
high investment and would need bigger plant and 

volumes to be treated to make economically 
sustainable the investment, reducing payback time; 

• equitable cost and benefit sharing: often companies 
don’t have economic benefit from improving 
environmental impacts and who uses the by-products 
get benefit that are not compensating the investments 
of the company providing the by-products; 

• lack of trust: companies are not willing to share critical 
information with competitors or other industry players, 
members of the managing boards usually distrust 
collaborations; 

• lack of decision making: in a network of companies it’s 
very difficult to pass off to the entire business 
community innovation initiatives initiated by one 
party, and, even if engineers are open for ideas coming 
from externals, managers hinder collaborative 
behaviours. 

The pointed-out barriers are compliant with the ones 
reported in literature (§III), highlighting the intensity level of the 
economic factors that influence companies’ behaviours. In 
addition to this, all the companies have been asked about the 
elements that could encourage to activate new symbiotic 
exchanges or to make existing ones more profitable. According 
to Fig. 3, the involvement of a third party that is unbiased and 
fair is relevant for 37% of them; also the distribution of initial 
investments (selected by 33% of companies) results to be crucial 
for the activation of symbiotic flows; the third main significant 
element is the governmental support (30% of respondents) that 
is able to identify sustainability and symbiotic opportunities for 
companies, and to guide them in their implementation. These 
three elements highlight the importance of having an entity that 
is unbiased, has a systemic unified vision and capable to manage 
the development of symbiotic flows within a network of 
companies. 

 
Fig. 2 Relation between symbiotic flows creation and companies size 

V. DISCUSSION OF RESULTS AND OPPORTUNITIES 
The performed study makes evidence of the interest of 

companies in improving sustainability impacts and adopting 
symbiotic behaviours, but, at the same time, points out 
significant barriers to industrial symbiosis.  
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Fig. 3 Elements facilitating companies’ symbiotic behaviour 

Within the analysed sample, industrial symbiosis 
development didn’t occur spontaneously but, in most cases, it 
has been planned compliantly with internal strategy and 
organization. Accordingly, how can be symbiotic approaches 
adopted and what’s the starting point? how can managers be 
influenced to embrace symbiosis approaches? 

Though within an industrial agglomeration there is a greater 
capacity of establishing collaborative paths, companies don’t 
have the chances to impose actions on other companies: they are 
the controllers (decision makers) only of their own behaviour. 
This opens the approach of symbiotic behaviour at network 
level, where decentralized decision making for the network is 
targeted towards an optimizing sustainable global behaviour. 

For this reason, the exchange of flows must be governed by 
a (external) coordinator in order to obtain an overall 
optimization of the performances. As shown in Fig. 4, the 
symbiotic behaviour at network level addresses an improvement 
of the overall sustainability performances of the adopting 
agglomeration. The main difference with the current approaches 
doesn’t regard the number of companies involved in every flow, 
but the number of companies required to identify the different 
opportunities of symbiosis and the different approaches for the 
flows evaluation. In fact, flows are evaluated considering the 
overall network and not individually and new symbiosis 
opportunities are guaranteed and managed by a coordinator. 

The main functions covered by the coordinator are the 
following:  

Organizational and technical: it promotes and 
coordinates inter-firms contacts and collaboration, 
manages infrastructures and services, recruits 
companies, identifies opportunities and pushes 
companies to implement the possible solutions, drives 
processes for requesting or raising funds to finance 
infrastructure and facility projects, and ensures the 
right connections to funding pools are in place;  

• Informative: it establishes a platform for dialogue and 
information sharing for all involved stakeholder, and 
handles information asymmetry during negotiation 
processes, as depicted in Fig. 5; 

 
Fig. 4 Collaboration levels and positioning in the graph of symbiotic 
behaviour 

 
Fig. 5 Role of the coordinator in information sharing 

• Economic: 

o Management of revenues and costs: it manages 
the revenues of the companies adhering to the 
symbiotic network and redistributes the income to 
the same companies minus the costs of 
investments and maintenance; 

o Calculation of companies’ investments share: it 
provides to the companies a comprehensive 
evaluation of the investment contribution, 
considering that the investments need to be repaid 
in a defined time lapse;  

o Provision of support to economic transaction and 
contract agreements: it provides support during 
the implementation phase of the symbiotic 
scenario helping companies in the contract 
stipulation and enhancing the communication 
among the different actors; 

o Management of network surplus: according to 
stakeholders and investors’ decisions, it 
distributes the revenues among the coordinator 
itself, companies on the basis of their operative 
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gain and compliance with symbiotic choices 
suggested by the coordinator, deposit for future 
investments. 

Coordinator’s actions at political level are strictly dependent 
on the coordinator entity (e.g. the government, a service provider 
company, a private major user company) and, for this reason, 
here not discussed. 

The introduction of a coordinator for the management of 
stream exchanges turns the barriers pointed out by concerned 
companies, still not adopting any symbiotic approach, into 
boosts for the creation of IS interactions: 

• initial investment: the investments are shared and 
economies of scale are guaranteed by the involvement 
of multiple actors, also heterogeneous, and a 
centralized management of utilities and material flows; 

• equitable cost and benefit sharing: fair costs/benefits 
sharing thanks to the introduction of a third party; 

• lack of trust: a guarantor for the protection of 
participants is established and also information flows 
are mediated by this entity; 

• lack of decision making: selection of symbiotic 
opportunities is made by the coordinator that is also in 
charge of rewarding companies’ behaviours compliant 
with its decisions. 

VI. CONCLUSIONS  
In the context of industrial agglomerations, companies 

belonging to both different and same sectors are facilitated in the 
establishment of collaborative paths and stream exchange 
chances are wider. Nevertheless, on-field experiences and 
empirical research still make evidence of the difficulties 
companies face while pursuing sustainability improvements.  

The proposed study based on an empirical research on 
barriers hindering IS adoption among companies, opens the 
discussion on challenges and new opportunities towards new IS 
projects. Authors present a new business model for 
manufacturing agglomerations aimed at adopting IS, focused on 
the involvement of a super partes coordinator with decisive 
roles for overcoming IS barriers and fostering companies 
towards the adoption of virtuous behaviours. Other business 
models with the same goals can be proposed as well, but they 
can be more significant if defined according to the specific 
industrial agglomerations.  

In order to support the implementation of the proposed 
business model, future works will be devoted to the development 
of a sustainability-based decision support tool. The tool is 
intended to complement and support the coordinator in the 
decision of the most sustainable symbiotic configuration within 
a network of companies, performing a centralized optimization 
of flows at network level and a fair cost/benefit distribution 
among the involved actors.  

Finally, a proper dissemination of the performed 
investigation and proposed reasoning among companies will be 
performed as it can bring to a wider awareness of challenges and 

opportunities related to IS approaches, paving the way for future 
on-field evaluation of obtained results and proposed strategy. 
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