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Industrial Symbiosis is a subset of industrial ecology. It describes how a network of diverse 
organizations can foster eco-innovation and long-term culture change, create and share mutually 
profitable transactions - and improve business and technical processes.



Drivers ruling the development of analytics for the Industrial Symbiosis
Scientific issues

Policy issues

Economic issues

Environmental issues

EuRIC – The European Recycling Industries 5,500 companies
300,000 employees, Turnover 95 billion EUR

 Promotion of economic instruments to discourage landfilling
 Concrete measures to promote re-use and stimulate

industrial symbiosis
 EU target for recycling 75% of packaging waste by 2030;
 A ban on landfilling of separately collected waste;

 flows circularization can lead to worsen the performances for
less strategic areas (e.g. environmental or social areas) when
flow allocation is based on economic indicators [Pakarinen et
al. 2010]

 complexity management of symbiotic activities has
produced in literature numerous indicators as well as a lack
of standardization [Felicio et. al 2016]

Economic issues



Although geographic proximity is often associated with industrial
symbiosis, it is neither necessary nor sufficient—nor is a singular focus
on physical resource exchange. In practice, using industrial symbiosis
as an approach to commercial operations – using, recovering and
redirecting resources for reuse – results in resources remaining in
productive use in the economy for longer.

Life cycle sustainability assessment (LCSA) refers to the evaluation of
all environmental, social and economic negative impacts and benefits
in decision-making processes towards more sustainable products
throughout their life cycle.
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Functional unit definition: it seems 
hard to identify a specific fixed product 
mix in a symbiotic network in order to 
compare significantly two or more 
scenarios.

System boundaries: Due to the 
intrinsic flexibility of networks and to 
different configurations, boundaries 
might change involving a potential non-
comparability of the results.

Data reliability: inventory should be 
based on company specific data and 
checked data according to a 
collaborative approach. 

Constrains in Substitution: Flow 
substitution suffers from different 
constraints like the actual demand, 
technical limits, additional intermediate 
processing.

Assessment criteria: different 
methodologies for LC modelling can be 
applied to consider direct or indirect 
savings in consumption of virgin 
resources

Reference scenario: to introduce a 
comparative assessment, results are 
often compared with a reference 
scenario in which flows are not 
circularized  and do not consider new 
products

Integration with other decisional 
areas: Social and local impacts on 
direct stakeholders can significantly 
influence the final assessment at 
decisional level. 

Results interpretation: the 
optimization and interpretation of 
results can require further adaptation 
and can include incongruent 
configurations. MARTIN ET AL. 2015
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New constrains for LCSA tools
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A task of the project is devoted to introduce tool and methodologies supporting
optimization of sustainability impact impact within symbiotic clusters

Waste processing technologies

Demand

Supply

Material and energy Suppliers

Consumers (single or multi)
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“symbiotic flows” are 
energy and material 
flows that can potentially 
be reused or substituted 
within the IS.

“Not symbiotic flows” are 
energy and material 
flows without any 
potential reuse within the 
network 
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A preliminary set of 
quantitative 
predefined 
indicator is selected

Company activities 
are modularized 
and sustainability 
aspects are 
separately 
inventoried

Separate 
assessments are 
performed at level 
of recurrent 
company activities 

Sustainability profile of company is 
modelled by building the performed 
outcome for a specific configuration 

Sustainability profile of IS 
network is modelled by 
aggregating different 
activities by the companies
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Any time a flow circularization takes place

1. A correspondent raw material supply is
identified or avoided waste flow

2. A sequence of activities for allowing
circularization are inventoried for each
specific arrow



,
∗ , ∗ ,

1

1
∗

∗ ∆ 	, ∀

Optimization features: different optimization 
methods can be implemented according to the 
problem complexity and problem formulation 
by the company management. 

Multiobjective optimization can provide a set 
of flexible formulation of the problem with 
reference to different normalization procedures 
and reliability of the results. The set-up of the 
system constrain allows to obtain multiple 
different solutions (efficiency border). 

Objective function include impact categories
through characterization factors cf and flow 
quantities sf while Δi	represents constrains to 
solution and w represents the weighting factor
among single categories.
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