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Abstract: Industrial symbiosis (IS) improves resource efficiency and creates sustainable opportunities
by encouraging synergies between industries. However, managers still have difficulties in promoting
IS, given the lack of appropriate managerial tools to efficiently obtain an overview of IS potential.
In this paper, a procedure merging the Quick Wins Workshop format with clustering techniques is
proposed, in order to both identify IS opportunities and support IS creation in the industrial cluster
of Valenciaport. A total of 18 stakeholders took part in the study. As a result, 79 different resources
classified into eight categories—materials (16), goods (14), space (11), expertise (11), energy (9),
services (8), hydrocarbons (7), and water (3)—were derived and a total of 78 possible matchings were
found. The creation of IS was supported by the clustering methods, which allow for the definition
of common symbiotic features among stakeholders, classifying them into groups with similar IS
potential. Three IS profiles were identified (high, medium, and low IS potential) and two strategic
projects were devised, accordingly. It can be concluded that the proposed procedure provides useful
managerial tools to identify resource flows, uncover patterns of exchange, identify possible matchings,
and devise projects in communities interested in fostering IS from scratch.

Keywords: industrial symbiosis; IS profile; IS identification; IS creation

1. Introduction

Industrial symbiosis (IS) has been widely recognized as a subfield of industrial ecology (IE),
which allows businesses to put it into practice [1-6]. IE seeks to optimize resources and waste
management by promoting interactions between different organizations occupying a common
geographical area. IS implements the IE concept by closing the loop of industrial processes, transforming
the waste of different industries into inputs for other industries, therefore enabling the transition
from wasteful to closed-loop systems [7,8]. Since Frosch and Gallopoulos introduced this theoretical
intercompany exchange of resources in 1989 [7], IS has gained popularity among scholars and
practitioners, who have attempted to operationalize it in the form of eco-industrial parks (EIPs) [9].
However, despite the IS concept being simple and intuitively easy to understand, intercompany
resource sharing remains a complex process, which seldom succeeds in practice. As IS became popular,
many works devoted to understanding its nature and essence in practice have appeared in the
literature [10-14]. The work of Chertow [9] examined international IS implementations in the early
1990s, assessing planned versus spontaneous cases. The author concluded that planned projects
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devised and funded by governments to develop “eco-industrial parks” tended to fail, especially
those promoted from scratch, whereas projects promoted by private agents based on the exploitation
of win-win situations and the motivation to exchange resources for reasons of economic efficiency
succeeded. Thus, at the beginning of successful IS cases, companies typically engaged in exchanges
to meet goals of cost reduction, revenue enhancement, or business expansion without the expressed
recognition of the associated environmental benefits [15,16]. Once synergies reached a market fit
and were consolidated over the long-term, a symbiotic pattern was recognized, normally by third
parties such as academic institutions or business associations; environmental benefits were calculated;
and symbiotic exchanges were developed further with some new entrants. The first exchanges in the
Kalundborg EIP, the most paradigmatic example of IS implementation [9,17,18], followed this pattern.
It began in 1970 and the number of exchanges significantly increased in the 1980s, but its symbiotic
attributes remained unknown until 1989, when a high school project uncovered them. Then, academics
described the existing networks from an environmental perspective in 1993 and, finally, the Symbiosis
Institute was launched in 1996 to foster new exchanges [9].

Apart from the basic desire of improving profitability and business competitiveness, important
environmental, social, and regulatory drivers also exist in initial IS applications. These drivers play a
role, with relevance that has been growing significantly over time, as the linear model of production
and consumption has been proven unsustainable. In recent decades, sustainability has increasingly
received attention from scholars, practitioners, and policymakers, being seen as the best way to
deal with the emerging conflicts between economy and ecology. Thus, if IE can be considered as the
first theoretical pillar of IS, sustainability became the second theoretical pillar of IS [3]. From the
sustainability point of view, IS has been redefined as a system approach to more sustainable and
integrated industrial development, and as a solution to enhance environmental sustainability while
simultaneously achieving economic benefits [17,19]. Under the sustainability umbrella, a new research
and business interest regarding IS has reappeared, significantly increasing its number of scientific
contributions, rising from two papers in 2006 to 38 in 2017 [3,20]. In this line, as part of its strategy
to make the European economy more sustainable, the European Union drew up a Circular Economy
Action Plan in 2015 [21]. This action plan included IS at the core of its strategies to help in “closing
the loop” of product life cycles by promoting resource recycling and the reuse of co-products [22,23].
Since then, the European Commission and the Spanish government have increasingly put focus on IS
as a way to foster Europe’s development towards CO, neutrality and a circular economy [24,25].

Viewing IS as a tool to improve sustainability and contributing to the transition to a circular
economy (CE), its applications have gradually flourished in many sectors around the world [22].
The transport sector is not an exception, as one of the main strategic objectives of sustainable growth is
to ensure sustainable transport [26]. Thus, environmental issues in the seaport and shipping industry
have received special attention [27-31]. Seaports are major intermodal transport hubs, which play an
important role in global production and logistics systems, contributing to global economic growth.
Indeed, seaports are places that improve the local economy due to the industrial, distribution, and tourist
activities that take place around them. Obviously, seaport activities entail significant environmental
impacts, turning them into places where conflicts between economy and ecology emerge in a very
evident way. Thus, seaports are seen as the gateway of global trade (with more than four-fifths of global
product trade by volume being carried by sea [32]) and, given the role they play as “crossing points
for waste and material, are ideal places to foster IS [27-30]. Many studies have shown the convenience
of seaports as drivers to implement IS within both local and regional scopes [27,29,30]. Actually,
the proximity of the Kalundborg seaport has been considered as one of the key factors contributing
to the IS success of the Kalundborg EIP [9]. Moreover, port authorities (PAs), apart from acting as
the principal regulatory player within seaports and providing services to improve their commercial
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and competitive positions within global logistics chains, have to meet environmental supranational
regulations and the demands of local associations and NGOs, thus making them prone to moving
toward sustainable and green port developments [33-36]. However, most PAs have difficulties in
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promoting IS initiatives on their own [28]. Apart from the typical IS barriers related to technical, logistic,
regulatory, and organizational issues [22], there is a lack of managerial instruments, training, and useful
tools for PAs to efficiently understand the big picture of IS potential between the different stakeholders
operating in their seaports [5,28]. Literature reviews on IS tools and methods have described different
alternatives focused on the identification of IS opportunities [37,38]. However, less attention has been
paid to the development and analysis of tools that support subsequent developments leading to IS
creation once those opportunities have been uncovered [5]. According to Yeo et al. [5], among existing
tools that support IS creation there are three main groups. Online waste management platforms are the
first group of tools that applies free-market mechanism-based matching among companies willing
to exchange resources (e.g., the U.S. Materials Market Place [39], WasteIsNotWaste [40], Zero Waste
Scotland [41], eSymbiosis [42]). The second group of tools are based on the process input-output
stream-based mechanism for finding IS matchings. These tools do not only help to identify current
synergies, but also help to find potential synergies through technical information about industry
processes and their associated inputs/outputs [43]. The MacthMaker tool [44], the Core Resource of IS
Practitioners (CRISP) tool, and its continuous evolutions from SYNERGie® to SYNERGie®4.0 [45] are
good examples of support tools that rely on technical knowledge and capabilities to find appropriate
matchings and recommendations. Finally, there is the group of tools based on opportunity identification
through searching for an optimal solution among feasible solutions of source to sink matchings using
mathematical optimization, including both linear and nonlinear programming [46]. Despite the fact
that the aforementioned tools are good approaches toward achieving IS, they have some shortcomings
that hinder their generalized use in practice: (1) waste exchange platforms require massive and active
user participation to ensure continued use [47], and decentralized pure market mechanism by itself
is unlikely to warrant the best use of resources [48]; (2) lack of usability and sociability, in regards
to the human-to-human relationships connections, make the use of software tools using process
input-output stream-based matching difficult [37]; and (3) data requirements to describe physical
systems for optimization tools is too demanding for many companies. These limitations inhibit industry
engagement and make it difficult for new entrants to foster IS initiatives from scratch. Moreover,
as has been stated, many case studies of IS applications to seaports and city ports can be found in the
literature [49-53], but, excluding few recent works analyzing the industrial context of seaports such as
Marseille-Fos, Ningbo, Ulsan [54], and Aalborg [55,56], little attention has been paid to the specific
features of IS applications in port-based industrial complexes [27], and even less in seaport clusters.

In the present study, a procedure was developed to fill these gaps by means of Quick Wins
Workshops [57] plus a statistical analysis based on clustering techniques, which allows for identifying
and classifying seaport stakeholders to better understand the existing and potential IS opportunities
in a seaport cluster. Our objective was to develop a procedure to easily map resource flows,
define common symbiotic features among stakeholders by classifying them into groups with similar IS
potential, uncover kernels and patterns of exchange, and identify possible precursors to the symbiosis,
which deserves technical, financial, or legal assistance and further research to facilitate green and
profitable intercompany exchanges, as well as spotting new opportunities.

This procedure was applied in the seaport cluster managed by the Port Authority of Valencia
(PAV), involving 42 stakeholders (industrial, public, scientific, and institutional). The PAV, which trades
under the name of Valenciaport, is the public body responsible for running and managing three
state-owned ports along an 80 km stretch of the Mediterranean coast in Eastern Spain: Valencia,
Sagunto, and Gandia. Valenciaport is Spain’s leading Mediterranean port, in terms of commercial
traffic (mostly containerized cargo), due to its dynamic area of influence and an extensive network
connecting it to major world ports. Valenciaport boasts a tightly linked port community, comprised of
both public and private economic agents providing services through the ports of Valencia, Sagunto,
and Gandia.

In this scenario, an IS team was formed by PAV personnel and experts coming from the Universitat
Politécnica de Valencia (UPV) and the Instituto de Tecnologia Ceramica (ITC). The IS team worked
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mainly as an IS facilitator, combining bottom-up and top-down strategic patterns (as described later in
the paper).

2. Materials and Methods

The work presented in this paper consisted of the following steps:

e Information gathering about resource exchange possibilities among Valenciaport companies.
e  Resource analysis and classification into categories.

e  Identification of IS possibilities of Valenciaport with other industrial ecosystems.

e Identification of IS possibilities within the Valenciaport community.

e  C(lassification of companies into groups, according to their IS potential.

e  Definition of IS projects to be nurtured and developed further.

2.1. Information Gathering about Resource Exchange Possibilities among Valenciaport Companies

To find IS opportunities in Valenciaport, a workshop was organized in the Valencia Port Authority
building in June 2019. The workshop followed the “Quick Wins Workshops” format developed by
International Synergies Limited (Birmingham, UK) and carried out by NISP® [57], which is a tried and
tested interactive business opportunity model. All companies belonging to the Valenciaport community
were invited to take part in the workshop. A total of 24 delegates of environmental departments from
15 port-specific companies of Valenciaport, the PAV, the Port Research Centre, and the Environmental
Knowledge and Innovation Community voluntarily attended the workshop. The delegates were aged
between 29 and 62, 42% were women, and all of them had more than eight years of experience at their
positions. Companies were identified in this study according to their activity, and an ID was given to
them to preserve anonymity and confidentiality. In addition, a member from the Climate Change and
Environmental Quality department, on behalf of the regional government of the Valencian community,
attended the workshop and was informed throughout the study.

First, delegates were briefly informed about the basis of IS and basic workshop guidelines. In this
sense, they were told to consider how their waste might be recovered, reprocessed, and reused by others
as a raw material, as well as what raw materials and resources could be available from other industries,
and how they might be used within their organization. Special emphasis was put on defining what
should be considered as a resource in the workshop. Modern IS practice expands the traditional
classification of resources [2], considering materials, energy, water, logistics (transport, warehouse
facilities, and land), spare capacity (underutilized equipment, laboratory or testing facilities), services,
expertise (ISO 9000, ISO 14000, OSHAS 18001, best practices ... ), information, and technologies [58,59].

The workshop allowed all delegates to share information regarding their resource haves and
wants. Should another delegate wish to connect regarding a particular resource, they could sign up for
that resource.

A summary of the number of resources and the number of potential synergies identified was
presented at the end.

Following the workshop, each delegate received a bespoke report, indicating all their resources,
together with the company names that matched with their resources, and all the resources they matched
to that belonged to other companies.

2.2. Resources Analysis and Classification into Categories

The amounts of different resources (both requested and offered by companies) were classified in
order to allow for easier analysis. Four waste management experts grouped the collected resources in a
focus group session lasting two and a half hours. Affinity diagrams were used to draw connections and
organize resources into groups, based on their relationships. The frequencies of resource appearance
and their quantities (both offered and requested) were also considered criteria to define the groups.
Finally, the experts labelled the resulting groups as categories by consensus.
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A descriptive analysis was carried out to compare the amounts of resources (both offered and
requested) by categories. The difference between the offered and requested resources in each category
was calculated in order to determine the needs and surpluses of the Valenciaport community. Finally,
the number of different resource “haves” and “wants” of companies were calculated by category.

2.3. Identification of IS Possibilities of Valenciaport with Other Industrial Ecosystems

Before evaluating the IS potential within the Valenciaport community, it seemed interesting to
evaluate the possibilities Valenciaport had in terms of exchanging resources with other industries.
This information could be valuable in understanding the IS potential of the Valenciaport community
when it comes to exchanging resources with other ecosystems from which it could feed and to which it
could provide resources. In this sense, the resources that the Valenciaport companies requested and
which no one within the community offered, as well as those that were offered but no one within the
community requested, were identified.

2.4. Description of Identified Matchings between Valenciaport Companies

When one or more companies requested a resource provided by another one, a matching occurred.
A report grid showing all the reached matchings was drawn. The report grid listed all the resources
in rows, with the available quantity, units, and supply type (continuous or batch) in its columns,
along with the IDs of all the companies taking part in the study. Information about which companies
had a certain resource and which requested it was shown using a colored code (green for haves and
yellow for wants) in the table cells. Descriptive analyses of matchings were done by calculating the
number of matchings by resource category, as well as calculating the number of matchings by company.

2.5. Classification of Valenciaport Companies into Groups According to their IS Potential

The goal of this analysis was to classify companies into groups with different patterns, in order
to allow for mapping of the IS potential in the Valenciaport community. To identify the different IS
profiles among companies, a two-stage clustering approach was carried out [60] using the following
grouping variables:

e Number of “haves”: sum of the total resources offered by each company.

e  Number of “wants”: sum of the total resources requested by each company.

e Number of different categories of resources offered by each company.

e  Number of different categories of resources requested by each company.

e  Number of matchings as supplier: number of synergies in which the company acts as a supplier.
e  Number of matchings as seeker: number of synergies in which the company acts as a seeker.

Thus, first, hierarchical cluster analysis (HCA) was used to determine the right number of
groups. HCA calculates the distances between all companies using a defined metric [61]. In this case,
the “furthest neighbor’ was used as a linkage method and the squared Euclidean distance was chosen
as a distance measurement. The plotting of fusion stage against fusion coefficients and the search for
significant slope changes, along with observation of the dendrogram, allowed us to determine the right
number of IS profiles. Then, k-means cluster analysis was carried out, using cluster centroids given
by HCA preliminary analysis as starting points to identify a final cluster solution with homogenous
groups [62]. The criteria employed to find the solution were: maximum number of iterations until
reaching convergence was set to 10, minimum cases in each group in the final solution were at least
10% of total cases, and, finally, centers were coherent and easy to interpret.

Each resulting cluster was considered as an IS profile resulting from different values achieved for
each grouping variable. Each IS profile was described according to the mean values of the grouping
variables in the centers of the cluster.
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2.6. Definition of IS Projects to Be Nurtured and Developed Further

Once the IS team had drawn up the big picture describing the IS possibilities, some ambitious
projects involving more than two companies and needing the PAV to play a crucial role—given its
institutional and regulatory capacity—were outlined. The objective was to stimulate the Valenciaport
ecosystem and develop industrial symbiosis networks (ISNs), understood as relationships involving at
least three companies that exchange at least two different types of waste [63,64].

Projects were discussed with all involved companies in order to obtain feedback and measure
their initial interest. The main criteria considered to initially evaluate the proposed projects were:
technical viability, economic viability, reduction of environmental impact, and possible barriers to
implementation, both legal and organizational. Only projects approved by consensus were developed
further, up to drawing up a technical project brief assessing key infrastructure specifications and
considering expected impacts before looking for funding sources.

3. Results

Table 1 shows the main activities developed by the companies taking part in the workshop.
As can be seen, the companies developed 14 different activities, representing a varied sample of typical
activities developed in seaports. Given the characteristics of Valenciaport, a stronger representation of
port terminals appeared. Likewise, the workshop topic attracted the interest of companies performing
port-related activities, research centers, environmental associations, and waste management companies.

Table 1. Stakeholders’ activity, ID, and number of stakeholders with the same activity.

Stakeholder’s Activity ID Number of Stakeholders
Waste Management Waste_Mgmt. 3
Multipurpose Port Terminal Multipurp_T 2
Container Terminal Container_T 2
QOil Terminal Oil_T 1
RoPax Terminal RoPax_T 1
RoRo Terminal RoRo_T 1
Vessels Stowage & Warehousing VS&W 1
Temperature-controlled Warehouse and Logistic TCW&L 1
LNG Management & Distribution LNG_M&D 1
Towage Towage 1
Yacht Club Yacht_C 1
Port Authority Port_A 1
Port Research Centre Port_RC 1
Environmental Knowledge and Innovation Community EK&IC 1

Total number of Stakeholders:

Juy
@

3.1. Resources Analysis and Classification into Categories

The companies offered and requested a total number of 79 different resources. Different typologies
of resources were found, which were classified into eight categories, as can be seen in Table 2.

Materials was the category with the most resources (16), followed by goods (14), space (11),
and expertise (11). Energy and services had about 10 different resources. Hydrocarbons (7) was
considered separately from the materials category, given the number of companies that considered
them along with the quantities they were prone to exchange. Finally, water (3) was the category with
the least demand and offers in Valenciaport.

Figure 1 shows the number of different resources that companies have and want by categories.

Goods was the category most offered among the companies, followed by materials and
hydrocarbons. In these categories, the gaps between what was offered and what was requested
were greater than in the rest. Offer was greater than demand in all categories, excluding energy.



Sustainability 2020, 12, 7495

Table 2. Resources classified by categories.

7 of 21

Materials Goods Space Expertise Energy Services Hydrocarbon Water
Absorbent material Forklift truck Offices for rent Installations Residual heat Vehicle e-charge point Motor oil Collected rainwater
Broken ceramic material Tractor unit Events building Energy certification Photovoltaic energy Training Hydrocarbon liquid vngdriggrrisslr
Paper waste Elevating Platform Conference room Stowage Kinetic energy Leisure facilities Motor oil + water Sanitary sewage
Stowage remaining wood Weighing device Venue Mgmt. system Electricity Logistics Fuel sludge Water
Scrap metal Refrigerators Field Forum ASECAM Renewable energy Firefighting central Diesel A/B
Plant waste Used floating barrier Training facilities Energy mgmt. Alternative energy source Gas station Low viscosity HC
. . . . Removal of HW and
Bulky waste Steel wires Learning classrooms LNG expertise Solar power finance non-HW Hydrocarbon waste
Organic/solid waste Towropes Storage capacity Waste mgmt. Heat (T > 70 °C) Container transport
Contaminated wraps Office furniture Recording space Waste legislation Cold energy
Protective polyurethanes Fenders and tires LNG laboratory Water expertise
Protective tablecloths 208L containers Hydrocarbon Business mgmt.
laboratory

Contaminated plastic
packaging
Plastic waste
Hazardous waste
Electronic waste
Used pneumatic tires

Empty plastic
containers (IBC)
Empty drums




Sustainability 2020, 12, 7495 8 of 21

B HAVE [O0OWANT

16
13
11
9 9
8
7
6
I 2

Materials Goods Space Expertise Energy Services Hydrocarbons Water

Figure 1. Number of different haves and wants of Valenciaport companies classified by resources categories.

The distribution of the haves and wants of companies by resource categories is depicted in
Figure 2.

Materials, goods, and energy were the categories with the greatest number of companies
providing or requesting resources (>12). Space, services, and expertise had about 10 companies sharing
resources, and hydrocarbons and water had eight and seven companies interested in resource exchange,
respectively. Goods was the category in which the greatest number of companies offered and requested
resources at once (5), followed by the space and services categories (4). On the other hand, in the
energy and water categories, companies only played the provider or seeker role.

3.2. Identification of IS Possibilities of Valenciaport with Other Industrial Ecosystemns

Table 3 shows the resources that Valenciaport companies requested that no company within the
community offered, as well as those that were offered but no company within the community requested.

Table 3. Valenciaport resources to share with other industries.

Requested Resources without Inner Offer Offered Resources without Inner Demand
Electricity Installation expert Recording space
Renewable energy Offices for rent Training services
Alternative energy sources Plastic waste Leisure facilities
Gas station Energy certification experts 208 L containers
Waste legislation experts Broken ceramic material Towropes
Water purification expert Conference room Kinetic energy
Business management expertise Tractor unit Residual heat
Paper waste Energy management expertise
Ship loading expertise Cold energy
Field Organic/Solid waste
Rainwater collection Contaminated wraps
Used floating barrier Fuel sludge
Sanitary sewage Protective tablecloths
Management systems experts Electronic waste

Requested resources not provided by the Valenciaport community were related to energy,
water waste management, and business management expertise needs. On the other hand, resources
not requested were mainly materials, expertise related to energy and port operations management,
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goods related to seaport activities (e.g., tractor units, used floating barrier, towropes, and so on), space,
and spare facilities.

Waste Mgmt_1 |

Waste_Mgmt_2

Waste_Mgmt_3 Multipurp_T1
Multipurp_T1 Container_T1
Multipurp_T2 Container_T2
Container_T1 Qil_T
Container_T2 RoPax_T

RoPax_T VS&W
RoRo_T TCWE&L
VS&W Towage
TCWE&L Yatch_C
LNG_M&D | 2 Port_A
Towage 2 | Port_RC

Yatch_C |

MATERIAL

Waste_Mgmt_1
Waste_Mgmt_2

SPACE EXPERTISE ENERGY
Waste_Mgmt_1 Waste_Mgmt_2 Waste_Mgmt_1 |1 |
Multipurp_T2 Multipurp_T2 Multipurp_T1 T2 ]
Container_T1 Container_T1 Multipurp_T2 2 ]
eil.T 0il_T Container_T1 [
TCWE&L VS&W Container_T2 T
LNG_M&D \ TCWEL oil_T
Yatch_C LNG_M&D RoPax_T |
Port_A Yatch_C RoRo_T 1]
Port_RC Port_RC TCW&L
EK&IC LNG_M&D
Yatch_C 1
Port_RC
SERVICES HYDROCARBONS WATER

Waste_Mgmt_1
Waste_Mgmt_2
Waste_Mgmt_3

Waste_Mgmt_1
Multipurp_T1
Multipurp_T2

Multipurp_T1
Multipurp_T2

Container_T1

Multipurp_T2 T Container_T1 Container_T2
Container_T1 1 Container_T2 Oil_T
RoPax_T Oil_T Yatch_C
TCW&L RoPax_T Port_A
Towage Yatch_C
Yatch_C 1
Port_A

B HAVE @ WANT

Figure 2. Number of resources offered (HAVES in green) and requested (WANTS in yellow) in each

category by companies.

3.3. Description of Identified Matchings between Valenciaport Companies

A total number of 78 matchings were found among the Valenciaport companies. They are
summarized in the report grid shown in Figure 3.
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_ R ozl T3
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Resources 2 % <|¥lolz]|® 5 § s191se S I I Rl
supply [ 2 | E | |a |3 |2 || l2 |22 |5 |8 o|a|2|&|8
: . O Q S S | X |» S | = EJ Q 2 ® s | =z 3y S [¢] <
Quantity| Units Type |F |Oo|a | |lu (S [a]|]d|S[o|S|>|FlS5 ]2l ]2
Motor oil 2 Tonnes C - w
4 m3 C W
Motor oil + water 4 m3 C W
Motor oil 10 Tonnes C W
12 m3 C W
Water 2.000 m3 C W W
Training facilities 2 Number C W
Leaming classrooms 4 Number C W W
Weighing device 2 | Number | C w W A
Empty drums 1 Tonnes C - W
Steel wires 6.000 | Number C W
Heat (T>70°C) 99 Number C W
Storage capacity 11.400 m2 C W
Forklift truck 1 Number | B v W
Firefighting central 1 Number C W
Scrap metal 40 Tonnes C W
Hazardous waste 99 Number C W
Fenders and tires 10 Number B W
Events building 1 Number C W
Photowltaic energy 99 kWh C W A ]
Contaminated plastic packages 30 m3 C h W
Metal containers 3 Tonnes C W
Empty plastic containers 3 Tonnes C W
Venue 2 Number C - W
Waste mgmt. expertise 1 Number C W W W
Forum ASECAM expertise 1 | Number | C W [H
Solar power finance 99 Number C W
Refrigerators 1 Number C - W
Diesel A/B 99 Number C W
Low viscosity HC 99 Number C W
Hydrocarbon liquid 10 m3 B W
Empty plastic containers (IBCs) 100 Number C _ W
Empty plastic containers (IBCs) 20 Number C W W
LNG laboratory 2 Number C W
Hydrocarbon laboratoy 1 Number C W
Logistics senices 1 Number C W
Absorbent material 5 Tonnes C W W Wiw]|Ww W
Office furniture 6 Number B W - F
Pneumatic tires 60 m3 B [H ] W
Elevating platform 1 Number C W W W
Protective polyurethanes 5 Tonnes C W
Vehicle e-charge point 4 Number B W | W
Hydrocarbon waste 99 Number C W
Plant waste 150 m3 C W
Bulky waste 560 m3 C W
Removal of HW and nonHW 150 m3 C w
Field 100.000 m2 B W
LNG expertise 1 Number C W
Container transport senice 99 [ Number [ C [ W

Figure 3. Matchings among Valenciaport companies in rows with companies that have the resource in
green, and companies that want them in yellow. In Quantity, the number refers to the amount of offered
resources, and “99” = undefined, and in Supply type, “C” = Continuous and “B” = Batch. Authors want
to acknowledge ISL and the SYNERGie®4.0 platforms for this analysis.

The number of matchings, sorted by category, is shown in Figure 4.

30 27
25
20
13
15 11 .
10 8
5
5 | e
0 N
m Goods m Material m Hydrocarbons m Space
m Services Expertise m Energy m Water

Figure 4. Number of matchings by resource category.
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The goods category reached the greatest number of matchings among companies. To some
extent, this result was expected, as more resources in this category were offered and requested by the
Valenciaport community. The categories of materials and hydrocarbons each contributed more than 10
matchings. The space and services categories each contributed more than 10 possible matchings and,
finally, intercompany resource sharing belonging to the expertise, energy, and water categories added
10 more matchings in total.

The number of matchings found in the Valenciaport companies is shown in Figure 5.

20

B LNG_M&D

H Port_RC

W Waste_Mgmt_2
mOoil_T
R W Waste_Mgmt_1
18 Container_T1
m Yacht_C
H Towage
mTCW&L
14
W RoPax_T
m Container_T2
m Multipup_T1
m Port_A
7 Multipurp_T2
Waste_Mgmt_3
EK&IC
4 4
mVS&W
M RoRo_T
1 1

Figure 5. Number of matchings by company.

w

Two out of the three waste management companies and the oil terminal reached the greatest
number of matchings, followed by the Container_T1 (14) and Yacht_C (13) companies. A second
group with high symbiosis potential, having between seven and 10 possible matchings, was formed
by the Container and RoPax terminals, as well as auxiliary industries such as Towage Co., Port_RC,
LNG energy company, and TCW&L. Multipurpose terminals, along with the third waste management
company and Port Authority, reached about five matchings. Finally, RoRo terminal, Stowage Co,
and Environmental Knowledge and Innovation Community showed lesser symbiosis potential, as they
barely reached one possible match.

3.4. Classification of Valenciaport Companies into Groups According to Their IS Potential

The results obtained following the HCA are shown as a dendrogram in Figure 6.

The plot of the fusion stage against fusion coefficients can be seen in Figure 7, which shows a
significant change of slope after stage 15. This change corroborates the existence of a three-cluster solution.

The k-means cluster analysis was carried out using the cluster centroids obtained from the HCA
preliminary analysis, giving a valid solution for three clusters. The values of the final centers of
clusters 1, 2, and 3 for each grouping variable are given in Table 4. Table 5 shows the number of cases
corresponding to each cluster and cluster membership.
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Figure 6. Dendrogram using complete linkage showing companies’ groups.
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Figure 7. Fusion stage vs. fusion coefficients.

Cluster analysis allowed for classification of the companies into three groups with different IS
profiles. The companies in cluster 1 offered the greatest number of potential exchanges, demanding the
greatest number of resources with the most different resource typologies (see Table 4). Thus, they led
the number of possible matchings found, in which they mainly played resource seeker roles. The IS
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profile was consistent with the role played by the waste management companies belonging to this
cluster. The companies in cluster 2 had a more balanced IS profile. They had more “haves” than
“wants” and, in the matchings they were involved in, they played a balanced role—as both seekers and
suppliers. The variety of “wants” and “haves” typologies was also well-balanced in cluster 2. Finally,
the companies in cluster 3 had a low IS profile, being involved in a minimum number of matchings,
in which they mainly played the role of suppliers. The auxiliary activities developed by companies
belonging to cluster 3, such as those performed by research centers and environmental communities,
Port Authority support and administrator roles, and the specificity of the waste management company
could explain the IS profile characteristics in cluster 3.

Table 4. Final center values of grouping variables per cluster.

Cluster
Variables
1 2 3
Num. of Haves 5 7 3.7
Num. of Wants 85 47 17

Matchings as Supplier =~ 55 5.7 28
Matchings as Seeker 14 54 11
Haves Typologies 3 3 27
Wants Typologies 35 31 138

Table 5. Number of cases in each cluster and cluster membership.

Cluster =~ Number of Cases Cluster Membership

Waste_Mgmt_1
Waste_Mgmt_2

TCW & L
Container_T1
RoPax_T
2 7 Oil_T
Yacht_C
Towage
LNG_M & D

1 2

Multipurp_1

Multipurp_2
RoRo_T

Container_T2

3 9 Waste_Mgmt_3

VS & W
Port_A
Port_RC
EK & IC

3.5. Definition of IS Projects to Be Nurtured and Developed Further

The Valenciaport companies were interested in two IS projects and agreed to explore further
their possibilities. The first project (P1) was related to waste heat recovery in the port industries and
facilities. The objective of P1 was to analyze the viability of implementing an energy system using a
thermal network infrastructure to turn the current waste heat into passive heating energy systems
(heat exchanges and thermal energy storage) within the port. Specifically, the IS team analyzed the
viability of using the low-grade heat potential of Valenciaport to be utilized in producing (i) electrical
power; (ii) heating; (iii) cooling; (iv) heating, cooling, and electricity simultaneously; (v) fresh water;
and (vi) hydrogen, with the deployment of advanced technologies. This system would reuse the heat
energy of port industries, which would otherwise be expelled and wasted, leading to a reduction of
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thermal and air pollution, reduction in CO, emissions, and reduction in utility consumption and costs,
as well as increasing port energy efficiency.

The second project (P2) was welcomed by five companies: oil terminals, Waste Management
Co, and container terminals. A synergetic linkage already exists between two of them, as they had
signed an agreement to share extra storage capacity. Likewise, the Waste Management Co recovered
hydrocarbons from the oil terminals, from which recycled fuel that can be introduced back into
the market is obtained. MARPOL I waste—oil and oily water waste coming from ships cleaning
and maintenance operations—and recycled fuel are currently transported by special trucks among
companies. Thus, the objective of P2 was to eliminate the redundant facilities and centralize the
treatment of waste containing hydrocarbons, as well as conducting water purification, thus eliminating
truck transport, improving security, and improving the operations efficiency of material exchanges
among the companies. Thus, the companies and the IS team are now evaluating the viability of
implementing a centralized water treatment system in seaport facilities for obtaining hydrocarbons as a
by-product. The transport of MARPOL I waste, oil terminal waste, and hydrocarbons in both directions
can be unified by connecting the oil terminals with the Waste Management Co through pipelines and
automatized control systems, as can be seen in Figure 8. In addition, the Waste Management Co could
take charge of the treatment of water coming from the oil terminals, eliminating redundant facilities
for water treatment and management. The collected water could be eventually used by other seaport
companies that need it in their processes, for example, the container terminals that had demand for
water (see Figure 3).
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Figure 8. Pipeline exchange of MARPOL I waste, oil terminal waste, and recovered fuel among companies.

The expected impacts of P2 are reducing abusive fossil fuel consumption and the environmental
effects that it entails; obtaining a new valorized by-product; reducing time, economical, and environmental
costs related to transport; avoiding environmental risks (e.g., spills); and reducing water consumption.

4. Discussion

The procedure followed in Valenciaport used the Quick Wins Workshop format to allow
stakeholders to directly interact and gather resource information, along with the use of statistical
clustering methods to group companies according to similar IS patterns, which has been proven to be
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useful to get an overview of the IS potential of a given community, promoting IS initiatives in a more
controlled way.

The proposed procedure could help IS promoters both in finding IS opportunities and in IS
creation. First, the Quick Wins Workshop allowed for the identification of possible resource flows,
uncovering patterns of exchange, and identifying possible matchings. Second, the statistical analysis
allowed for the definition of common symbiotic features among stakeholders by classifying them into
groups with similar IS potential, discovering what each group offers and needs, and identifying relevant
stakeholders who could act as precursors to symbiosis, making it easier to spot new opportunities
and create ISNs from scratch. In this line, the identified IS profiles provided support in planning and
devising the IS projects explained in Section 3.4, which will help in screening and targeting future
public investment.

The objective of using the workshop formula in the Valenciaport case study was twofold:
to introduce and develop the IS following an agile approach and to reinforce the community sense,
providing close company interactions that close the “mental distance”, increase trust, and lead
to a deeper understanding among the participants [65,66]. While previous works have shown an
effect of size of the network on the number of synergies, suggesting that larger networks have the
capacity to achieve more transactions [67], this hypothesis remains still unanswered [22]. In fact,
Domenech and Davies [68] have suggested that local, close-knit networks can be better co-ordinated
and integrated, which favors the initiation and development of IS projects. In this sense, an agile
approach seemed to be the more appropriate option, taking the Valenciaport cluster as a starting
network to be further developed in a flexible, iterative, and incremental way. Considering that the
port area has multiple dimensions, from local to global [69], initiating IS actions in Valenciaport could
have a robust effect, which might eventually influence the associated port cities, the port region,
and global port networks [70]. The evolution of IS initiatives in the Marseille-Fos port, from the seaport
to larger geographical areas, and the extension of the initial IS initiatives carried out by industries in
the Rotterdam port to the city of Rotterdam are successful examples of the convenience of such an
agile approach [27].

The PAV call to IS workshop was welcomed by Valenciaport, as a great number of stakeholders
took part in the study. Both port stakeholders [70,71], such as PAV, local government, and companies
performing port-specific and -related activities, and IE stakeholders [2,27,72,73], such as universities,
research centers, and environmental communities took part in the study, having a well-represented
seaport and IE members. This is a strong point of the study, as having active stakeholder participation
and company engagement is crucial in supporting IS initiatives [5,38] given the importance that social
actors’ involvement in both industrial and nonindustrial processes have to consolidate and expand
ISN'’s [74]. The community manager role that modern PAs play [34], building solid networks and
creating awareness to co-ordinate port stakeholders, could explain, in part, the high engagement
of Valenciaport in this project. In this sense, despite IS creation being, in general, summarized in
three phases—identification, assessment, and implementation [38]—authors such as Yeo et al. [5] have
stressed the importance that prior steps, such as those devoted to understanding local conditions,
needs, and requirements and fostering a co-operative culture, have in promoting IS implementations.
Apart from this crucial role played by the PAV in attracting participants, the interest in initiatives
addressed to reduce the environmental impacts in Valenciaport, in part encouraged by Spanish
regulation (which allows bonus port taxes if part of that bonus is invested in projects aimed at
improving the port’s environmental performance [75]), was another key factor to reach the great
involvement of stakeholders.

Gathered resources, both offered and demanded, were classified into categories. The resource
categories arose according to classic typologies, such as materials, water, and energy flows [2,9],
as well as more recently considered categories, such as goods, services, spaces, and expertise [59],
along with others, such as hydrocarbons, which finally appeared due to the particular conditions of
the stakeholders [22]. It is important to stress the obtained results for the energy category, as it was the
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only one in which the demand in Valenciaport exceeded its offer (see Figure 1). Seaports are seen as
energetic hubs, as they entail the geographic concentration of energy supply and demand activities [34].
In recent decades, the need to better understand and control energy-related activities taking place near
or within seaports has become more apparent, given the increasing energy relevance, increased public
awareness of environmental issues, the increased focus on energy efficiency of industries, and the
greater weight given to sustainability within seaport management [29,34]. In this sense, the PAV
has been working towards improving the energy intensity of its terminals since 2008 [76], playing a
proactive role to promote energy efficiency and sustainability. In any case, the results show an extra
demand of energy among port stakeholders, which should be addressed in the near future.

With regards to sector collaboration, seaports benefit from an existing culture of intersector
linkages and associations, which can lead to the implementation of IS across sectors [77]. However,
further studies seem necessary to evaluate the intersector sharing possibilities in Valenciaport. The IS
activity in the metal/cement cluster of Sagunto (Spain) [68] should be explored in future works, given its
proximity and the possibilities that sectors such as manufacturing and construction offer to consolidate
ISNs [22].

Regarding possible matching results, the 78 matchings obtained can be seen as a great number,
if compared to similar seaport initiatives where only 15 opportunities for synergies were obtained [78].
Obviously, the success of this kind of project should not be only measured by quantity criteria, as further
feasibility studies are necessary to evaluate the actual IS creation potential of the matchings. At the point
of writing, the authors are evaluating the feasibility of matchings in a multi-expert and multicriteria
decision-making process, considering technical, environmental, economic, organizational, and legal
factors involved in the future IS creation under the detected synergies. Considering the variety of
gathered synergies, examples of the three main types of IS symbiosis appeared [9], namely: by-product
reuse (e.g., hydrocarbons recovery from MARPOL I waste), utility or facility sharing (e.g., water,
energy, training facilities, spare stock storage, laboratory vehicle e-charge points, gas station, and so
on), and collaboration to fit common needs across firms (e.g., logistic services, management and energy
expertise, firefighting, waste management, and so on).

The definition of IS profiles by clustering techniques was crucial for better understanding the
multistakeholder composition of Valenciaport, as well as to devise new strategic IS initiatives. The first
identified profile was composed of two waste management companies. The waste management sector
is an important player in ISNs [22], and has been identified as a key area (along with waste prevention)
to implement IS and CE initiatives [79]. However, waste management companies mainly act as resource
seekers in Valenciaport (see Table 4). A more proactive role is needed, promoting landfill diversion,
replacing the end-of-life concept with restoration, and aiming at the elimination of waste by designing
new materials and products. However, these companies find difficulties in playing such roles, as a clear
and integrated regulatory framework defining what is to be understood as by-product and waste is
still missing. In addition, they asked for a simplified process of discerning end-of-waste criteria. In this
sense, the ratification of the EU CE package in 2018 introduced some changes to clarify those concepts
on the waste framework directive [80]. In any case, IS initiatives are influenced by high territorial
specificity [79]. In this sense, the roles played by public policy and the involved institutions leading to IS
are crucial. Some authors have highlighted the strategic roles that policy actions play in stimulating IS
in practice [81,82]. Policy measures using regulatory and economic instruments as taxes and subsidies
promote IS initiatives and, thus, have a positive effect on the ulterior consolidation of ISNs [9,83-85].
This is why a member from the Climate Change and Environmental Quality department, on behalf of
the regional government of the Valencian community, was invited to take part in the study. In this
way, the regional government knew of the goals and needs of companies firsthand, allowing them to
identify possible legal barriers that might hamper the implementation of IS practices.

The second IS profile allowed for identification of companies that might catalyze new kernels,
given the high potential they have to expand IS by acting as both seekers and providers. All ambitious
projects devised to overcome one-way exchanges among companies (see Section 2.6) considered
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companies belonging to this IS profile. These companies are now leading the two strategic projects
described in Section 3.4, in which some companies belonging to the IS profiles one and three are
also involved.

The obtained results in the Valenciaport cluster can be seen as a promising starting point,
encouraging the challenge of formalizing a regional IS co-ordination system in the Valencian community.
The objective of the regional government is to develop a system to co-ordinate IS initiatives that
increase intercompany exchanges by improving internal and external communication, designing new
business models, and partially funding viable IS projects. Following an agile approach, the initial
idea was to first establish the hub of seaport circularity, then to expand it to the hub of city circularity,
and, finally, extend it to embrace the regional area. However, it remains to be seen how the identified
synergies may evolve and how many are finally created. Further works are needed to organize the
identified synergies hierarchically, according to their viability, and to implement the more promising
ones. In addition, the IS team is going to monitor the bottom-up initiatives by evaluating resource
exchanges among companies, testing decentralized pure market mechanisms, and gaining information
about the behaviors of companies. The objective is to gain insights into how top-down initiatives,
regulated by governments or third parties, and bottom-up initiatives, regulated by companies and
market laws, can influence the emergence of different exchange patterns. Furthermore, a more in-depth
viability analysis of the two strategic projects devised in this study has to be carried out, as well as
looking for funding sources. At the point of writing, the analysis and development of these projects has
been included in a SPIRE European proposal submitted to the Low-Carbon Circular Industries H2020
work program. Finally, the legislative issues that make IS extremely complex and administratively
arduous in the seaport context have to be addressed in order to develop a policy framework and
support mechanisms that incentivize seaport IS in the future.

5. Conclusions

The procedure applied in the current study allowed us to analyze the IS potential in
the Valenciaport community, both helping to identify IS opportunities and supporting the IS
creation task. The identification of IS opportunities was achieved using the Quick Wins Workshop
format, which allowed for the identification of possible resource flows, uncovering patterns of
exchange, and identifying possible matchings. The IS creation was supported by clustering methods,
which allowed us to define common symbiotic features among stakeholders by classifying them into
groups with similar IS potential. This analysis allows managers to identify the precursors of symbiosis
and the most relevant institutions within the community, and to screen and target new strategic projects
to foster IS.

A great number of companies (18) from the Valenciaport community took part in the study.
As a result, 79 different resources, classified into eight categories, were identified, and a total of 78
possible matchings were found. Three IS profiles were identified, the first being composed of waste
management companies, the second having companies with the highest IS potential, and the last being
comprised of companies with a low IS profile. Two strategic projects were devised, in a top-down
approach, in which companies belonging to the second profile played a relevant role.

In summary, it can be concluded that the proposed procedure, including company profiling,
provides useful managerial tools for mapping IS possibilities and developing them further in
communities interested in fostering IS to reduce their environmental impact and achieving more
sustainable development.
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