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ABSTRACT

The implementation and assessment of sustainable initiatives at sport events has a great importance for
researchers and practitioners to improve the effects on the hosting territory. All three pillars of sus-
tainability (environmental, economic and social) must be considered. In running events, such as mara-
thons, one of the main issues is the environmental impact of the great quantity of waste, and particularly
of plastic waste. A recent tendency is to shift to a “plastic-free” model. However, some single-use plastic
products have unrivalled properties and their replacement with other materials may not be the most
sustainable solution, at least in the short term. In this paper, a new model for managing plastic waste at a
marathon is proposed. It does not aim to eliminate plastics at sport events, but to better manage waste by
increasing collection, and sorting and recycling efficiency, following the circular economy paradigm. To
demonstrate the sustainability of the model, a precise and quantitative methodology is applied to an
innovative visualisation tool, developed by the University of Bologna, to assess circular initiatives and
some key performance indicators (KPIs) to compare the sustainability of the new model to waste
management in the previous editions of the same event. With this approach, it is demonstrated that a
marathon can be completely sustainable: (i) from an environmental point of view, plastic collection
efficiency increased by 120.5%; the recycling rate by 157.0% and the landfill rate decreased by 75.4%; (ii)
from an economic point of view, it was demonstrated that, with the technological level of the involved
recycling plant, the initiative is cost-effective when the virgin PET price is greater than €776/tonne; and
(iii) with regard to the social impact, it was proved that the direct engagement of participants (runners
and walkers) and their positive perceptions about the initiative achieved the highest score for the two
selected qualitative KPIs (3/3). Moreover, some insights have been derived to improve plastic manage-
ment, covering different disciplines: technical standardisation of plastics, consumer training and legis-

lative support for technological innovation in the industrial context.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

These consequences involve all three pillars of sustainability, which
are social, economic and environmental (Coalter and Taylor, 2008;

The introduction and the implementation of sustainability at
events, such as sports events, have become an urgent need for re-
searchers and practitioners (e.g. events organisers), to be consid-
ered during the planning phase, to manage and improve the
consequences of the event activities on the hosting territory. Pre-
vious research, conducted above all at large sport events such as
Olympic Games and World Cup tournaments, highlighted multiple
effects for the host region, with both positive and negative impacts
on tourism, travel, infrastructure, education and other sectors.
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Gibson et al., 2012; Scrucca et al., 2016; Meza Talavera et al., 2019; Li
et al, 2019). In order to encourage a positive impact for each of the
three pillars, since the 2000s different organisations have provided
guidelines for promoting concrete practices to make sports events
more sustainable, and tools and methods have been adopted to
assess sustainability and specific Key Performance Indicators (KPIs).
The International Olympic Committee developed the Olympic
Games Legacy, a strategic approach to secure a series of tangible
and intangible long-term benefits (e.g. new sports facilities;
improved urban infrastructure; behavioural changes; new profes-
sional skills) from hosting Olympic Games; and the Olympic Games
Impact, a methodology and more than 100 indicators (e.g. network
dedicated to public transport; percentage of public transport that
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List of parameters

Ceollection  Unit cost to collect plastic waste at the sport event
(€/tonne)

Clogistic unit cost for the reverse logistics of the collected
plastics (€/tonne)

Crecycling ~ Unit cost to recycle plastics (€/tonne)

ER energy recovery (M])

T average increase in weight due to residues referred to
as a generic polymer i (%)

Hsj average increase in weight due to residues referred to
as the generic sampled rubbish bags S; (%)

LR landfill rate (%)

RR recycling rate of the initiative (%)

S; generic sampled rubbish bags

Woaailable plastics total plastics quantity available for distribution
to participants (kg)

Wleani total clean quantity of polymer i collected at the sport
event (kg)
Weteans, weight of the clean products contained in the generic

sample rubbish bag S; (kg)
Woollected plastics total quantity of clean plastics collected in the
sport event (kg)
weight of the dirty products contained in the generic
sample rubbish bag S; (kg)
Wieistributed plastics total plastics quantity effectively distributed to
participants (kg)
WGRoss collected plastics total gross plastics quantity collected at the
sport event (kg)
Wiross collected plastics; total gross quantity of polymer i collected
at the sport event (kg)
WNET collected plastics total net (without rubbish bags) plastics
quantity collected at the sport event (kg)
WNET collected plastics; total net quantity of polymer i collected at
the sport event (kg)
Wiandfitled waste total quantity of landfilled plastics at the sport
event (kg)

Wiairtys,

Whiastics sent to recycling; Weight of the polymer i sorted to be sent
to recycling (kg)
Wiecycled plastics total recycled plastics quantity at the sport event
(kg)
Whecycled plastics; Weight of the recycled polymer i (%)
Whecyciing Er; Weight of the polymer i sent to energy recovery at
recycling stage (kg)

Wrecyciing 1; Weight of the polymer i sent to landfill at recycling
stage (kg)

Wrecycling waste; Weight of the unrecycled polymer i at recycling

stage (kg)

Wiorting r; Weight of the polymer i sent to energy recovery at
waste management stage (kg)

Wiorting 1; weight of the polymer i sent to landfill at waste
management stage (kg)

Wiorting waste; Weight of the unrecycled polymer i at waste

management stage (kg)

Wonused plastics unused plastic quantity (kg)

ki lower heating value of the waste streams sent to
energy recovery (MJ/kg)

Dyirgin plastic; Unit price of the virgin polymer i (€/tonne)

Wrubbish bags Unit weight of a rubbish bag (kg/rubbish bag)

Welean peroduct type k UNit weight of the clean product type k (kg/

piece)
#rubbish bags NUMber of rubbish bags used to collect plastic waste
# product type k umMber of product type k contained in generic
sampled rubbish bags

%ash residues Tate of ash residues from incineration process (%)

average percentage of error in recognising good

polymer i at recycling plant (%)

%fine plastics; average percentage of fine plastics in polymer i at
recycling plant (%)

%other plastics; average percentage of other plastics present in

polymer i at recycling plant (%)

Nc collection efficiency of the initiative (%)

recycling efficiency of polymer i (%)

sorting efficiency of polymer i (%)

[o)
%error;

Nrecycling
Nsorting i

uses renewable energy; rate of children who attend school; rate of
violent crimes) to measure and understand the impacts in a host
city and identify potential legacies. In 2017, the European Com-
mission, in their White Paper on Sport discussed the social and the
economic value of sport and its organisation, and provide many
positive actions in the areas of cooperation against doping, racism,
money laundering and player trafficking, and it is supported by an
impact assessment. Several standards for responsible sport, sorted
by planning and communication, procurement, resource manage-
ment, access and equity and community legacy, were defined by
the Council for Responsible Sport in 2007, with the aim of providing
a complete structure for addressing social and environmental re-
sponsibility at sports events. During the International Summit on
Tourism, Sport and Mega-events in 2010, the United Nations World
Tourism Organisation introduced the concept of sustainability to
the discussion about sports tourism and developed a guide for or-
ganisers containing concepts, principles and techniques for plan-
ning and developing tourism and managing environmental and
socio-economic impacts at the local level.

Social and economic impacts have been largely analysed, mostly
collecting data from interviews with planners, visitors, residents
and other stakeholders. The main results of these studies reveal
that, despite some critical issues (such as traffic congestion,

increased noise, distortions in the normal functioning of the city
and, in some cases, an increase in illegal activities and corruption),
positive social and economic impacts of sport events can be rec-
ognised and are concerned with the contribution to the develop-
ment of hosting territories through the generation of some
important values, such as national identity, social cohesion and
communal pride, and a greater prosperity, for example generated
by the attraction of more external investment, the creation of new
jobs and the increase in tourist activities (de Subijana et al., 2014;
Chen et al., 2018; Camacho et al., 2018; Yao and Schwarz, 2018;
Bianchini et al., 2020; Guarnieri et al., 2020).

From an environmental point of view, and according to the
previously described guidelines, several mega-events (e.g. the
Turin Winter Olympics and the World Cup in 2006; the Summer
Olympics in Beijing in 2008, in London in 2012 and in Rio in 2016)
were planned with the aim to mitigate negative environmental
impacts, as explained by Yeh and Huang (2015) and Collins et al.
(2009). Pereira et al. (2017) proposed a Facility Location Problem
model, a business tool to determine the best location for the
installation of mega-event facilities to reduce the impact of trans-
port. However, as these authors stated, the study and the evaluation
of environmental impacts associated with sport events is a rather
recent concern and still remains underdeveloped in the existing
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literature. For large events and mega-events, carbon footprint is
typically evaluated in the planning process, but it usually involves
the construction of venues and sport facilities (e.g. utilities, struc-
tures, bridges, highways) or emissions during travel (Dolf and
Teehan, 2015; Manni et al., 2018). For example, Manni et al.
(2018) proposed an approach to minimise the emissions deter-
mined by an energy enhancement in a renovated Italian stadium. In
particular, the typical strategies used for residential and commer-
cial building have been extended to sports facilities to identify a set
of technologies to be implemented to reduce energy emissions,
comparing different alternatives (photovoltaic system for elec-
tricity; geothermal or biomass plant for heating and cooling). Dolf
and Teehan (2015) suggested the application of life cycle assess-
ments as a rigorous and transparent approach to evaluate and then
mitigate the transport footprint of sports events, such as American
football, basketball and football matches, at a Canadian university.
Similarly to the previous study, Pereira et al. (2019) assessed the
carbon footprint of English Premier League clubs and analysed the
travel and procurement practices to reduce this impact. In other
previous studies where interviews with key stakeholders were
used, environmental impact was investigated with specific ques-
tions to understand what resources and activities were involved
and how environment quality was promoted, for example (Mallen
et al, 2010; Gibson et al, 2012). Nevertheless, quantitative,
consistent and repeatable approaches to assess environmental
impacts are difficult to provide and few studies exist, while existing
tools are often too specific and suitable for few events or they do
not provide baseline information for a consistent comparison to
other events. To address this issue, Collins et al. (2009) imple-
mented two approaches to quantify the environmental impacts of
major sport events, which are the Environmental Input-Output
analysis, for an estimation of within-nation impacts, and the
Ecological Footprint analysis, which refers more to a global impact,
also highlighting some specific weaknesses such as the availability
of data and the difficulties in accounting for certain effects, such as
information from visitors. Yeh and Huang (2015) introduced the
Environmental Economics Method into sport events to provide
information about cost/benefit analysis in terms of environmental
resources, but the study does not provide case studies or practical
implementation. It suggests that it is not ease to incorporate the
environmental assessment into the decision-making process to
effectively plan solutions to reduce the environmental issues of
sport events, such as poor air quality, high energy consumption and
transportation, water pollution and significant solid waste gener-
ation (Yeh and Huang, 2015). In this paper, the environmental
sustainability of a sports event, particularly a marathon, is consid-
ered, addressing two challenges in this field: (i) the design and
implementation of specific initiatives to improve the environ-
mental sustainability of sports events; (ii) the application of
assessment methodologies and tools to measure useful KPIs (not
only environmental, but also economic and social) to compare the
sustainability of the initiative to the organisation of previous edi-
tions of the event or to other activities. In particular, the initiative
entitled #CORRIPULITO (that, in Italian, means running cleanly for
the environment) was designed with concrete practices based on
the circular economy (CE) and was applied to a small marathon,
held in September 2019 in the Emilia-Romagna region (ERR) in Italy
(known as “Maratona Alzheimer”). Running events like marathons
do not require specific infrastructure, including a good race-track,
but they generate a great amount of waste due to the communi-
cation and organisation (before the event) and the distribution of
food and beverages at several refreshment points for the athletes
(during the race). Some literature exists on waste generation at
different events (including sports events). Martinho et al. (2018)
analysed how waste is managed at a specific green festival,
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providing waste generation and composition. Rafiee et al. (2018)
investigated the effects of different events on municipal solid
waste and its fractions (plastics, glass, metal and cardboard): it
concluded that the quantity of total waste significantly increased
after all the analysed events and that plastic waste, and particularly
mixed plastics, had the highest value. Moving to the grey literature,
in 2017,Powerful Thinking accounted for 23,500 tonnes of waste
annually generated by the 3.17 million UK music festivals specta-
tors, of which only 32% was recycled while the rest was landfilled.
However, due to the lack of knowledge about the qualitative and
quantitative characteristics of waste, managing waste and planning
improvements in this field is difficult (Manni et al., 2018). No paper
for communication and registration, no plastic cases for the food,
no plastic cups, cleaning of the course after the race and selective
sorting of waste are some initiatives that aim to reduce the envi-
ronmental impact of running events (Plevnik and Obid, 2015).
Another practical initiative (described in grey literature) was
implemented in 2018 at the Super Bowl LII stadium: the Rush2-
Recycle game aimed to recover more than 90% of waste (more than
40 tonnes) through the recycling of bottles and cans, composting
organic materials and collecting discarded items. However, the
competition setting and the great variety of used products do not
easily allow for the suitable collection and separation of waste,
which results in undifferentiated and, in the worst case, dispersed
waste in the environment. Atchariyasopon (2017) investigated solid
waste that was generated, collected and sorted for the Thai Premier
League (football): on average, 0.097 kg of waste per person per
football match was generated and more than 85% of the quantity
was not properly sorted and was sent to landfill without any re-
covery of the recyclable part (over 9.10—13.83%).

Plastic, a priority area of the new Circular Economy Action Plan
(COM (2020) 98 final), is one of the most impactful materials in the
typical (linear) management of waste both in municipal solid waste
system and at sport events like a marathon. Plastic can be found in a
great number of products at sports events, such as food containers,
straws, cups, drinks bottles, but also clothing, gadgets, bags and
flags, which become waste mostly on the day of the event, due to
their short use. Very few data is available about the plastic waste
generated at sport events and only in grey literature: according to
UNLEASH, major international sport events create an average of 50
tonnes of plastic waste with a 15—20% recycling rate, determining
substantial environmental and economic loss. Planning and
implementing an effective waste management system for thou-
sands of participants during a sports event is a complex task. This
activity becomes more difficult at a marathon since athletes
consume food and beverages during the race, without the possi-
bility of ensuring the correct and differentiated collection of plastic
waste that is often thrown on the ground not only in the proximity
of the refreshment points but also at a distance of hundreds of
metres. This framework is further complicated by the diversity of
plastic materials, both mono-materials (e.g. PET, PP and PS) and
composite plastic materials, which, when mixed in the same bin,
make their sorting and recycling difficult and expensive (Plastics
Europe, 2019). This means that the effective collection and sort-
ing of plastic waste during a marathon is an intricate issue. To solve
this critical aspect, the recent tendency is to move towards a
“plastic-free” model, replacing typically single use plastic products
with goods considered more sustainable, at least from an envi-
ronmental point of view (I0C and UNEP; Croyde Ocean Triathlon).
However, the complete replacement of plastic products in the short
term, above all at large public events, may not be the most sus-
tainable solution, especially when also considering the other two
pillars and mostly the economic side. In fact, single-use plastic
products still have unrivalled properties that cannot be replaced by
any other materials. These fundamental characteristics are hygiene,
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practicality, user safety and low cost for the organisation. The
adoption of strategies based on the CE concept to manage plastic
waste would allow all the positive properties to be retained, and
avoiding the negative impact on the environment (Ellen MacArthur
Foundation, 2016; European Commission, 2018; Barra et al., 2018;
Bianchini et al., 2018; Calleja, 2019).

A circular approach requires the creation of an effective after-
use of plastic through the improvement of collection, sorting and
recycling rates. Gong et al. (2020) collected and analysed the cur-
rent initiatives regarding CE and the role of plastics in four fast-
moving consumer goods industries in the UK: often a reduction
of waste contribution and consumer concern and pressure were
identified as among the motivational factors, and they can also be
considered elements for new value propositions from a business
perspective. According to Barbieri and Santos (2020), circular
strategies contribute to the way companies do their business and
can be considered sustainable business archetypes. In this context,
Dijkstra et al. (2020) investigated the current scientific literature
focused on business models for sustainable plastic management,
finding a lower number of cases than their implementation in
practice and highlighting drivers and barriers: competitive ad-
vantages, consumer demand, improving efficiency and reducing
raw material costs, regulations and access to funding are some of
the main drivers, while high investment and operational costs,
system complexity, low consumer awareness and technological
issues are the main barriers. The identification of how sustainable
plastic management can create value, both for participants and
organisers at sports events, is as fundamental as it is for any
manufacturing sector. Peric et al. (2019) and Peri¢ and Slavic¢ (2019)
conducted a deep investigation into the necessity to define a proper
business model for sport events, also recognising environmental
sustainability as a key element. However, they stated that the
research in this field is still very limited. For sport events and ser-
vices in general, the identification of the most suitable business
model could be more difficult due to the performing of an imma-
terial experience and the necessity to consider interdisciplinary
elements, such as participation motivation, participant involve-
ment, preferences and travel styles, etc.

This paper is focused on the design, implementation and
assessment of a circular initiative based on plastic management at a
sports event and particularly at a marathon. This complete
approach will allow the identification of some cross-sectorial in-
sights to further develop and replicate the proposed model in other
sport events, in order to gain sustainable benefits both for orga-
nisers and participants. In particular, the paper describes in Section
2: (i) the methodology used to design an innovative management
model of plastic waste for a specific Italian marathon, the “Mar-
atona Alzheimer”, according to the CE paradigm:; (ii) the equipment
and the resources necessary to put the model into practice (before,
during and after the event); and (iii) the methodology and the tool
employed to assess the impacts (environmental, economic and
social) of the initiative. As anticipated, the main novelty of this
application is its quantitative approach. Numerous data is collected
at each stage of the activity and from different partners. The results,
shown in Section 3, are quantitative measurements of the sus-
tainability of the initiative #CORRIPULITO, considering the three
pillars, evaluated in comparison to the same parameters and KPIs
that correspond to previous editions of the same event. The main
quantitative results derive from the application of the innovative
visualisation tool, developed by the Department of Industrial En-
gineering at the University of Bologna (Bianchini et al., 2019). Ac-
cording to the characteristics of the tool, it can be adapted to
different circular initiatives that involve the single industrial pro-
cess or the entire business model of a company (Rossi et al., 2020).
For this reason, it was applied to the considered sports event. In this
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paper the focus will be the description of the initiative #CORRI-
PULITO and the demonstration of its sustainability to provide in-
dications and methods to replicate the initiative in the following
editions of “Maratona Alzheimer” or other sport events. In fact,
through the numerous collected data it will be possible to scale the
project for other typologies of sport events, for different materials
in different quantities and for other numbers of participants. In
Section 4, some specific insights are provided to improve the
management of plastic products, where they still have no sustain-
able alternatives (e.g. at sports events). Finally, Section 5 describes
the main conclusions, recapping the potential and the benefits in
order to consider and assess sustainability actions from the plan-
ning phase of a sports event, extending some considerations to
other plastic packaging products.

2. Materials and methods

This section describes the methodology used to implement sus-
tainable initiatives at sports events. The methodology of this
research is complete since it combines a theoretical and a practical
approach, including the design phase of the initiative and its appli-
cation. Finally, the effective sustainability of the CE initiative is
quantitatively assessed. The specific focus on which the proposed
methodology is applied is one of the more urgent issues related to
the environmental sustainability of sports events like a marathon,
which is the use of a great quantity of single-use plastic products and
the consequent generation of a high amount of waste not optimally
managed. In this context, the methodology is implemented in the
project #CORRIPULITO applied to “Maratona Alzheimer” (Italy) with
the aim of presenting a new management model for plastic products
able to improve the collection, sorting and recycling efficiency
through a practical implementation of a CE paradigm.

The framework of the proposed methodology follows the Plan-
Do-Check-Action (PDCA) principle, as shown in Fig. 1. Each phase
involves some specific sub-actions. The use of this approach to
address sustainable objectives, intended as environmental initia-
tives having also economic and social impacts, is consolidated in
the industrial context, as shown in the chemicals industry (Chen
et al., 2020), in the manufacturing of grinding balls (Garza-Reyes
et al., 2018) and in SMEs for energy optimisation (Prashar, 2017).
In a sustainability context, PDCA is also used by Agostinho et al.
(2019) as tool to support the framework of a new model to assess
sustainability, while Nsafon et al. (2020) uses this approach to
provide coherence between the planning phase and the imple-
mentation phase of the optimal hybrid technology combination in a
rural grid system.

In this paper, considering the specific circular initiative based on
the improved management of single use plastic products in a
marathon, the phases of the methodology were developed before,
during and after the event.

(i) The design of the circular initiative (PLAN — before the event)
provides, as outputs, the procedures, equipment and re-
sources necessary for the project.

(ii) The practical implementation of the initiative covers all the
temporal stages (before, during and after the event — DO)
and allows the collection of real data about the initiative.

(iii) All the data collected in previous phases and from other
sources is used to feed the tools selected to measure the
sustainability of the event (CHECK — after the event).

All the insights and the considerations derived from previous
phases are collected in the Discussion section, after the quantifi-
cation of the results, and are elaborated to improve and replicate
the initiative (ACT).
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- I

Analysis of the context
* E t of all the rel

545

t partners

* Definition of all necessary equipment and
resources (including human resources) to
implement the initiative and assess it
through the application of an innovative

isualization tool (Bianchini et al., 2019)

« Elaboration of some questions for a survey
to participants

* Selection of significant KPIs to assess
environmental, economic and social
\___sustainability of the initiative

\ Improvement
\_ and extension to

\ other events
. (ACT)

 Insights derived from previous phases -
« Strengths and weaknesses of the initiative

* Quantitative information to replicate the
initiative in other similar contexts
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* Procurement of equipment and resources
¢ Training of human resources

* Practical implementation of the circular
initiative

* Application of an innovative visualization
tool for circular initiatives (Bianchini et al.,
2019) with collected data

¢ Administration of the questionnaire to
participants and analysis of results

« Evaluation of the selected KPIs to assess
environmental, economic and social
sustainability

Fig. 1. PDCA approach applied to effectively implement sustainable initiatives based on the circular economy at sports events.

2.1. Design and planning of circular initiatives for sport events
(PLAN)

For the design of the circular initiative (before the event), the
starting point was the analysis of the context. As proposed by
Sanchez Levoso et al. (2020), this sub-action aims to identify the
key aspects of the context in which the circular initiative is defined,
through a review of strategic documents, the identification of key
elements and the collection of current and historical data about the
event. By adapting this approach to a circular initiative about plastic
management at sports events, the proposed methodology consists
of the study of the guidelines defined by different organisations and
other literature sources active in this field on an international and
national/regional level, with the aim of identifying existing expe-
riences with CE and environmental sustainability in the specific
situation. Focusing on waste management, the main suggested
tactics and actions are summarised in Table 1.

The main guidelines were merged with the characteristics of the
selected event (the key elements defined by Sanchez Levoso et al.
(2020)), which was analysed in relation to the issue to solve, that
is a more sustainable management of plastic waste to reduce its

Table 1
Recommended tactics and actions for waste management at sports events.

negative impact on the environment. The “Maratona Alzheimer” is
a charity sports event dedicated to three main important topics that
are: (i) the promotion of sport in the territory; (ii) the dissemina-
tion of information about Alzheimer's disease; and (iii) the collec-
tion of funding for the prevention of and the research on the
disease. Due to the increasing attention on the environmental
sustainability of sport events, the marathon's organisation team
had already incorporated some actions, such as the appointment of
a dedicated person for the waste separate collection, the location of
a drop-off point at the finish line, and the replacement of single-use
plastic tableware with compostable ones. However, the results
were not so satisfactory, in both environmental and economic
terms. In fact, proper waste separate collection was not conducted
at the finish line and the issue of waste collection remained along
the route of the race. Moreover, the procurement of compostable
tableware was not sustainable from an economic point of view.
Some difficulties could surely be derived from the particularity of
the marathon. Despite the fact that “Maratona Alzheimer” can be
classified as a small-scale event (according to the definition in
Gibson et al, 2012), it presents some complex aspects: (i) the
complicated organisation of the event that includes different

Level Recommended tactics and action for waste management

International
Source: Council for Responsible Sport — A practical guide to hosting
radically responsible events (Council for Responsible Sport)

Make a plan — define a clear framework for waste diversion for the entire event production
team (key waste items; objectives by event location; description of operations; instructions;
site map with waste management; measurement of waste).

Waste hierarchy — provide priorities for waste management: reduce, reuse, recycle (3Rs);

donate; compost and trash.

International
Source: David Chernushenko
— Greening our Games (Chernushenko, 1994)

Waste audit — determine what types and quantities of waste are generated during the event
and the costs of the existing waste management system.
Action plan — define strategies to obtain waste management goals. Concrete steps include: 3Rs;

dispose safety; sell or donate; educate and communicate.

National/Regional
Source: UISP Emilia-Romagna (Italian Union Sport for Everyone) —
Manual for sustainable sport events (UISP Emilia-Romagna)

Re-audit and revise action plan — Define specific and more detailed objectives.

Involvement of waste managers — organise a specific service for waste management along the
entire route of the race.

Reduce — avoid unnecessary products that become waste in the short-term.

Waste collection — plan the right number and location of waste collection points.
Communication — disseminate the choices/actions for environmental sustainability, above all if

they involve the participants.
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distances and types of race along the same track and at the same
time; (ii) a wide variety of participants in great numbers when
compared to the scale of the event and the hosting territory; (iii)
the characteristics of the track that is outdoors and in an open loop;
and (iv) a short timeslot for the initiative. Following Sdnchez Levoso
et al.'s (2020) methodological approach to analysing the context,
quantitative information about these criticalities were collected
and summarised in Table 2.

With the main idea to divert the single use plastic products used
in the marathon from the environment and landfill and to foster
recycling as the optimal solution for this product category, ac-
cording to waste hierarchy and CE principles, the proposed initia-
tive must be focused on a proper collection and separation of plastic
waste. Due to the great variety of plastics available in products (as
explained in Section 1), a proper separation of plastic waste does
not mean simply a division from other materials (like paper, organic
or mixed waste), but is intended to sort different types of polymers.
Providing well-separated flows of plastics, sorted by polymer, al-
lows the by-pass of some onerous steps in the current Italian plastic
waste management system, which involves a great deal of effort,
inefficiency and costs. Anticipating the differentiation of plastic
waste allows a rethinking of the integration of the supply chain
after consumption, avoiding some intermediate processes
(Mastellone, 2020) that reduce the sustainability of the plastic
products, both environmentally due to a loss of resources at each
step, and economically due to the complexity to recognise and
separate mixed plastics. In particular, a well-sorted plastic flow can
technically be supplied directly to the recycler, allowing a greater
recovery of the resource value according to the CE paradigm. This
new (circular) model was proposed for the initiative. However, the
assessment of the environmental and economic sustainability of
this model was an objective of the project to confirm, improve or
reject the initiative.

To drive the change and effectively implement the new model to
manage the plastic waste of a sports event, all the necessary
stakeholders to implement the initiative must be engaged, as
proposed by Mendoza et al. (2019), to consider multiple perspec-
tives, constraints and needs. For the #CORRIPULITO project, this
sub-action required the involvement of all the partners necessary
to cover each stage of the single-use plastic product life cycle. In
particular, the partners involved in the project and their role is
described in Fig. 2 and in Table 3. All the partners have been chosen
from within the Emilia-Romagna region (Italy) to exploit the ben-
efits of an initiative on a regional scale, considering also logistical
aspects. Moreover, it was possible to select a plastic manufacturer
who is also the owner of a plastic recycling plant.

The actions taken in this first phase allowed for the collection of
all the information necessary for the design of the procedures, the
equipment and the resources for the project. Moreover, all the el-
ements necessary to quantify the sustainability were prepared.
There are six main inputs for the design phase:

Table 2
Quantitative characteristics of the event “Maratona Alzheimer” (VIII Edition).
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(i) Types and quantities of all the plastics available for their
potential distribution during the event (e.g. bottles; table-
ware; packaging; gadgets).

(ii) Distribution of the materials: number and location of the
start, refreshment points and finish line; numbers of by-
standers at each point; types of distributed plastic materials.

(iii) Participants (athletes and walkers) behaviours with regards
to waste collection and separation before, during and after
the race.

(iv) Legal procedures to manage waste in the current system.

(v) Indications to prepare plastic waste to foster recycling.

(vi) Tools to assess the environmental, economic and social sus-
tainability of the initiative.

According to the combination of the input information repre-
sented in Fig. 3, there are six main outputs:

a. Definition of the plastic waste collecting points: types of bins
(and rubbish bags) to separately collect different plastics;
number of bins (and rubbish bags) for each typology and for
each refreshment point.

b. Number of volunteers to be engaged and their distribution at the
collecting points.

c. Definition of effective communication to properly involve the
participants (press conference and release before the event;
communication panels to explain the initiative; appealing
graphics for the collection points).

d. Elaboration of a procedure for the reverse logistics to send the
collected plastic waste (after the event) to the proper destina-
tion, preferring the recycling plant involved in the project: types
of plastics sent directly to recycler; types of plastics following
the current waste management system and related procedures.

e. Selection of KPIs, relevant for the context, to assess environ-
mental, economic and social sustainability. The selected KPIs are
described in the following paragraphs.

f. Elaboration of the procedures to collect data necessary for the
sustainability assessment according to the frameworks of the
assessment tools and the selected KPIs.

2.1.1. KPIs for environmental sustainability

Three KPIs able to describe the efficiency of the entire man-
agement of plastic waste during the sport event were selected to
assess environmental sustainability of the initiative.

1. The first is a collection efficiency () of the initiative that is
expressed as in Equation (14):

Wcollected lastics
N corripuLITo(%) = W—p -100 (14)
distributed plastics

Critical issue Quantitative information

Complex organisation e 3 competitive running races: marathon (42 km); 30 km; half-marathon (21 km).
¢ 4 non-competitive walking races: 16 km; 2 x 10 km; 8 km.
Wide variety and number of e 2140 competitive athletes.
participants e 5000 non-competitive walkers.
e About 10,000 people at the finish line (considering also spectators and volunteers).
Track .

event.

Outdoor and open track: from the hilly to maritime landscapes of the Emilia-Romagna region and 5 municipalities crossed by the

e 5 starting points; 9 refreshment points for runners; 4 refreshment points for walkers; 1 big and common finish line with lunch.

Short timeslot 1 day.
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Virgin plastics

Recycling Manufacturin,

- Plastic waste || - Mar'athon'

recycler suppliers (single-
use plastics)

Unrecovered
plastic waste

Use
- Marathon
participants

Fig. 2. Partners engaged in the circular initiative regarding plastic waste management at sports events.

Table 3

Roles of partners in the circular initiatives #CORRIPULITO.
Partner Role in the circular initiative #CORRIPULITO
#CORRIPULITO team Composed of 3 partners:

e University of Bologna for the design, management and assessment of the initiative;
e Romagna Iniziative for the communication of the initiative and the procurement of resources (equipment, logistic activities and

volunteers);
e Maratona Alzheimer for stakeholders' involvement and data provision.
Single-use plastic Supply of the single-use plastic products and sharing of the information about quantities for each plastic material for the marathon.
manufacturers
Marathon organisers Distribution of single-use plastic products at refreshment points and information for participants about the initiatives (before and during
the event).
Participants Direct involvement in the correct collection and separation of plastic waste along the route of the race.
Waste managers Collection and management of separated plastic waste.
Plastic recyclers Recycling of plastic waste collected during the marathon and provision of data.

a. Plastic waste
collecting points

b. Number of
volunteers

nmunication

(iv) Legal procedure to
manage waste

f. Procedure to collect data

for sustainability assessment
d. Reverse logistic

procedure

(vi) Assessment tools to
measure sustainability

Fig. 3. Diagram of input and output for the design of the circular initiative regarding plastic management at sports events.

where Weojiected plastics 1S the quantity (kg) of plastics collected (and (Wrecycled plastics — kg — derived from Eq. (10)), as in Equation
sorted) during the initiative (Eq. (6)) and Wiseributed plastics iS the (15):
quantity (kg) of plastics distributed to participants during the event
(Eq. (1))
2. The second KPI is the recycling rate (RR - %) that represents the Wiecvcled plastics
part of distributed plastics that was effectively recycled  RRycorripuLmo(%) = WA -100. (15)
distributed plastics
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3. The third KPI is the landfill rate (LR - %) that represents the part
of waste that was sent to landfill (Wisngsitted waste — k& — Eq. (12))
in comparison to the distributed quantity, as in Equation (16):

Wlandﬁlled waste
LR4co 0(%) = [ ——ndifed waste ), 100. (16)
#CORRIPULIT ( ) Wdistributed plastics

2.1.2. KPIs for economic sustainability

To evaluate the economic sustainability, the following condition
of cost-effectiveness was set as KPI: An initiative such as #CORRI-
PULITO is economically sustainable if, considering the collection,
sorting and recycling efficiencies obtained with the proposed
model, the price of virgin plastics is greater than the unit cost of the
initiative. Equation (17) must be verified for each polymer i, since it
differs in management procedures, efficiencies and costs:

w,

plastics sent to recycling; ‘Crecycling + WeRross collected plastics; *
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by marathon organisers and distributed among runners and
walkers, with the aim of understanding the perceptions of the
initiative. The three #CORRIPULITO questions for the survey were:

S1: how do you evaluate the collection and sorting activities of
waste related to #CORRIPULITO?

S2: with the help of #CORRIPULITO volunteers, was it easy to sort
waste/resources?

S3: how likely do you think a project such as #CORRIPULITO is
going to be useful to ensure the environmental sustainability of
sports events?

Other indicators related to the impact of CE initiatives on cus-
tomers/participants were collected by Yadav et al. (2020) and refer
to: (i) the education of participants for CE practices and its benefits;
(ii) the understanding of participants' requirements through social
media and big data analytics; and (iii) the redesign of the initiative
in relation to participants’ feedback (as addressed by S1). To

(Clugistic + Ccollection)

Duirgin plastici >
emnp ! Wrecycled plastics;

where  Dirgin plastic; 1S the price of virgin polymer i (€/kg);
Whiastics sent torecycling; 1S the quantity (kg) of polymer i sent to the
recycling plant that directly depends on the sorting efficiency;
Crecycling 1S the unit cost to recycle plastic waste (€/kg);
W(Ross collected plastics; 1S the gross quantity (kg) of collected plastics,
sorted by polymer i, that directly depends on the collecting effi-
ciency; Cpgistic i the unit cost to transport the plastic waste from
the event location to the recycling plant (€/kg); Ceojection 1S the unit
cost to collect the plastic waste during the sports event (€/kg); and
Wiecycled plastics; 1S the quantity (kg) of recycled polymer i, which
directly depends on recycling efficiency.

2.1.3. KPIs for social sustainability

With regard to social sustainability, the aim is to identify the
social impact provided not from the sport event in general, but from
the specific circular initiative implemented at the sports event. Due
to the absolute novelty of the initiative, the aim was to assess how
the participants were directly engaged in the circular initiative and
to understand their perception of the necessity to implement
environmentally sustainable actions. Transferring the definitions of
customer engagement, provided in Chuah et al. (2020), assimilating
sports event participants to the customers of the organisation,
participant engagement refers to the participants' state of mind
linked to their motivations and the context that determines their
direct involvement in the initiative with different levels of cogni-
tive, emotional and behavioural activities. The participants’
engagement is measured in relation to their sustainable behaviour,
which, according to Chuah et al. (2020), is the “obligation” to
participate in sustainable actions, which in this specific case are
linked to environmental sustainability and particularly to the
recycling of plastic waste at a marathon. To measure the social
impact in terms of participant engagement, a typical approach is to
use a survey and develop qualitative answers using a Likert scale
(Abbas et al., 2018; Chuah et al., 2020; Gligor et al., 2019). The same
method was used for the #CORRIPULITO project.

To evaluate the social sustainability as engagement of the par-
ticipants in the model, three specific questions about the #CORRI-
PULITO initiative were added to a questionnaire, typically prepared

(17)

quantitatively measure these indicators, a proper method to collect
information from participants must be designed with the event
organisers, since a survey may not be the proper approach.

Other indicators of social sustainability are related to the role of
volunteers dedicated to the circular initiative. Specific sports event
volunteer motivations were investigated by Kim et al. (2018) in
relation to socio-demographic characteristics, volunteering-related
experiences and sports event typology, and they may be indicators
of community involvement, societal values and needs, and career
orientation (Kristiansen et al., 2015; Lee et al., 2016).

2.2. Practical implementation of circular initiatives at sports events
(DO)

Previous papers in the literature refer to the implementation of
circular principles and/or practical steps towards CE and sustain-
ability. However, they are mainly focused on the identification,
simulation and prioritisation of circular initiatives according to
their potential in addressing defined objectives and goals, without
providing effective practical steps during the implementation of
the initiatives. For example, Konietzko et al. (2020) provide a
methodology to define recommended principles matching an
initial pattern matching template with empirical data from case
studies: in the experimentation phase the authors refer to a pro-
totype and test the circular ecosystem without specifying practical
steps necessary for these actions. Pieroni et al. (2020) propose to
shift from CE theory to practice through a method for evaluating
the application of circular archetypes with the aim to generate
ideas, identify opportunities and prioritise circular business
models. Klenk et al. (2020) use an approach based on simulation
and continuous improvement to take a decision about the imple-
mentation of the optimal circular strategy, but they do not describe
any practical implementation or its steps. Moktadir et al. (2020)
propose the application in practice of a decision support tool to
assess the challenges to CE practices in the leather industry, but
details about the implementation are not provided. In this paper,
the authors intend to provide a practical implementation of a cir-
cular initiative about plastic management at sports events,
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according to the literal meaning of the term, that is the execution:
the act of providing practical and actual activities for accomplishing
the designed initiative framework.

Following this intention, the practical implementation of the
#CORRIPULITO initiative is described. It covers all the temporal
stages (before, during and after the event).

Before the event it was necessary to prepare the resources
dedicated to the project. This means: (i) to manage the procure-
ment of the equipment designed during the previous stage (bins,
rubbish bags, T-shirt for volunteers and communication panels
with the selected graphics); and (ii) to train the people dedicated to
the project, ensuring their support for the collection and the sep-
aration of plastics waste by participants. The bins were studied to
make it easy to recognise the proper location of plastic waste and its
disposal, even for runners who could not ‘waste time’ during the
race. For this reason, some bins were equipped with a basket
structure to encourage the throwing of plastic waste by athletes
while running. Finally, a proper communication campaign was
launched to inform participants about the initiative in which they
would be directly involved. Fig. 4 shows the structure of bins,
baskets and communication panels used for the initiative. The
equipment was constructed in paper to be fully recycled due to the
experimental character of the project.

During the day of the event, the practical implementation phase
required: (i) the preparation of the collecting points (as designed)
and (ii) the management of the collection and separation of plastic
waste, always supported by the communication of the objectives of
the project by volunteers. A reference person among volunteers
was appointed for each collecting point. This person was equipped
with a kit consisting of: a specific number of bins and rubbish bags
sorted in relation to the type of service point (start, refreshment,
finish line); labels for rubbish bags to differentiate their content
(different type of waste); electronic scales to weigh the filled bags
after their use; a “handbook” with clear instructions for the proper
separation of waste; and two forms to fill in, indicating the number
of used rubbish bags for each plastic material and their weight. The
manager had to coordinate their team in the following activities:

1. Positioning the bins in a specific area close to the refreshment
point. In case of refreshment for runners, the specific posi-
tioning of the bins and baskets was studied based on the anal-
ysis of athlete behaviour during the race, as represented in Fig. 5.

| e e

\
FAI GENTRO CONNOY

g' 9 4'\

> Nor
> li

%\ gTAlLoR =

Journal of Cleaner Production 281 (2021) 125345

2. Preparing the rubbish bag by putting the correct label on it to
ensure the contents were differentiated and prepared for the
corresponding bin.

3. Weighing the full rubbish bags and inserting some data on the
label (number of the bag and weight).

4, Maintaining the separation of full rubbish bags in a service area
to speed up the collection and separation of bags by the waste
manager at the end of the event.

5. Filling in the forms with required data, i.e. the number of the
bags with the corresponding weight written in the column
related to the specific content (type of plastics).

Fig. 6 shows the main practical activities to be conducted during
the event.

On the same day, the involved waste manager collected the
prepared full rubbish bags (see Fig. 6¢), maintaining the separation
both on the truck and at the waste management plant.

Finally, after the day of the event, the collected waste was sent to
the proper destination, preferring the recycling plant involved in
the project: with the preferred option, a truck authorised to
transport waste was used that issued the waste identification form.

2.3. Assessment of the sustainability of circular initiatives at sports
events (CHECK)

The assessment of the initiative was performed through the
application of two different tools: (i) the application of an innova-
tive visualisation tool for circular business models and initiatives
(Bianchini et al., 2019); and (ii) a questionnaire for participants. This
approach allows the collection of data required to evaluate the
selected KPIs, enables the representation of the effectiveness of the
initiative and allows practitioners to be supported to improve and
replicate it in other similar contexts.

2.3.1. Application of the visualisation tool for circular initiatives

For the assessment of the sustainability of the initiative #COR-
RIPULITO, the visualisation tool, developed by the Department of
Industrial Engineering at the University of Bologna and described in
detail in Bianchini et al. (2019), was used. It was defined to measure
and visualise a circular business model, but, due to its flexibility, it
is suitable to also be adapted to the described initiative, considering
each partner as a specific stage in the value chain. The setting of the

#CORRIPULITO « &
FAI CENTRO CON NOI

3% contribuisci ad una corretta raccolta di rifiuti/risorse durante la Maratona.

1l progetto #CORRIPULITO ha come cbiecsvo
S gestione dei s pic

durorte lo Marstono Alzhemec caroverso

una proics implementazicne & Economis Greolare.

Lo plastics distriduita o portecponts verrd opportunomente
roccoka ¢ imvicta @ impiont riociotord che utzzeronnd

# matericle recupercto per reclzzare alri prodocs ploss
reasperando Mintero volore dell rsorsa.

Lo orcolonsd, mpotto ambsentale ¢ ko sostendiitd economics
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Fig. 4. Equipment and the communication panels for the collection of plastic waste during the initiative #CORRIPULITO.
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Fig. 5. Location of bins to facilitate plastic collection by runners.

#CORRIPULITO

PROGETTO TAILOR — UNIBO

MATERIALE: PET — BOTTIGLIE

SACCON®: ........
PESO KG: ........

Fig. 6. Representation of the activities of the procedure to conduct during the practical implementation of the #CORRIPULITO initiative: a. pasting the label on rubbish bags
describing the material contained; identifying number and weight as information; b; weighing the bag after use; c. separation of full bags by content; d. filling in forms.

tool to describe the #CORRIPULITO initiative allows the provision of
quantitative information to evaluate specific environmental KPIs
and to be associated with costs for the measurement of economic
sustainability.

In this case, the material flows are measured in kg of plastics

10

(sorted by polymer), and consequently the height of the blocks are
proportional to this quantity. The tool was applied to compare the
results of the initiative to the scenario of the previous editions of
the same event. With this aim, the main stages that must be
assessed and the relative data to collect are summarised in Table 4.
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Table 4
Data from each partner to be analysed to assess the sustainability of the initiative.

Journal of Cleaner Production 281 (2021) 125345

Stage

Necessary data and analysis

Marathon — Distribution

1. Plastics quantity available for the event (provided by suppliers), sorted by polymer (kg).

2. Plastics quantity effectively distributed to participants, sorted by polymer (kg).

Participants — Use
#CORRIPULITO— Collection and sorting 3.

Waste managers — Collection, sorting and reverse logistics

0N U A

Recycler — Recycling

Not available

Plastics quantity collected by #CORRIPULITO initiative (kg).

. Average increase rate of weight of dirty plastic products in comparison to clean ones (%).
. Unit costs for plastic collection (€/kg).

. Unit cost for waste transport to recycling plant (€/kg).

. Efficiency of plastic sorting in the current waste management system (%).

. End-of-life of unrecoverable plastics.

9. Efficiency of plastic recycling (%).

10. Unit costs for plastic recycling (€/kg).
11. End-of-life of unrecycled plastics (process waste).

The methodology used for collecting each of the listed pieces of
data is explained in detail.

2.3.1.1. Marathon — distribution

1. The single quantities (kg) for each plastic material available for
the event was measured, analysing the supplies by providers
(direct suppliers of single-use plastics or suppliers of products
packed with plastics). Where weight was not available, the total
weight was determined considering the quantity (number of
items) and the unit weight of the plastic component. The sum of
these quantities determined the total quantity of plastics that
was available for the participants (Wy,qitable piastics = K&)-

2. The total available quantity of plastics could not correspond to
the actual quantity of used plastics. The quantities of plastics
effectively distributed to the participants was measured
counting the number of unused plastic products and then by
multiplying their unit weight. The difference between the pre-
vious quantities (Wqy,gitaple plastics -~ k&) and these quantities
(Wunused plastics - kg) represents the plastics used at the event

(Weistributed plastics ~ kg), as in Equation (1).

Wdistributed plastics = YVavailable plastics — YVunused plastics- (1)

2.3.1.2. Participants — use. It was not possible to collect data about
waste from participants. In events like the one selected here, it is
not feasible to trace the plastics after use and, even if the typology
of plastics (mainly single-use plastics) suggests that all the used
plastics became waste in the short term, it is not possible to
respond to the following questions:

Q1. Did the entire quantity of used plastics become waste on the
day and in the area of the marathon?

Q2. Was the entire quantity of used plastics disposed of in
#CORRIPULITO bins?

Q3. Have the participants and/or volunteers added to the
amount of plastics with products brought from home?

However, even if the traceability is lost in this phase, weighing

the collected waste allowed the information about plastics to be
recovered in the following stage.

2.3.1.3. #CORRIPULITO — collection and sorting

3. The total quantity of plastics (sorted by typology) collected
during the initiative was evaluated, summing the single

1

quantities registered in the forms by the managers of the col-
lecting points (Wgross coliected plastics — K&)- The sum was reduced
by the weight of the rubbish bags, that was counted on the same
form, to obtain the net quantity of collected plastics
(WNET collected plastics — Kg), according to Equation (2).

WNET collected plastics — WGROSS collected plastics

— Frubbish bags * Wrubbish bag (2)
where #.ppish pags 1S the total number of rubbish bags used to
collect plastics and Wyyppish pag (Kg/rubbish bag) is the unit weight of
a rubbish bag.

4. One of the main issues in the assessment phase was related to
the determination of the clean weight of the collected plastics,
intended as the weight of the same number and typology of the
collected plastic products when they are clean. In fact, after the
use, plastic products result dirty due to the beverage of food that
they contained. Consequently, their weight is conceivably
greater than the correspondent clean weight and an average
increase of waste weight should be considered. It is plausible to
think that the average increase in weight varies, not with the
polymer, but with the typologies of plastic product (e.g. bottles,
plates, cups, cutlery). However, since the plastics were sorted by
polymer, the average increase in weight (Iy;) is assumed to be
due generic polymer i that can include one of more types of
plastic products.

Since it was not possible to count the total number of plastic
products collected as waste, in order to determine the average in-
crease of weight for each polymer (Iy;) a sample of three rubbish
bags containing n types of plastic products, made with polymer i,
was checked. In particular, the sampled bags (S; with j = 1,2,3)
were opened, and the waste content was counted. Having the ty-
pology (k) and the number (# ,oquct type k) Of the plastic products, it
was possible to obtain the correspondent clean weight (Wjeqps,) of
the content of the sampled bag (S;) by considering the unit weight
of the respective product (Weiean product type k — Kg/piece), as in
Equation (3):

(3)

n
Wcleansj = Z # product type k*Welean product type k-
k=1

The increase in weight (%) referred to the generic rubbish bag S;
is derived from Equation (4):
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_ Wiirtys, = Weteans;
Tws, (%) = (M) -100 (4)

WcleanSj

where S; is a casually sampled rubbish bag containing plastic
products made with polymer i, sorted in a single flow; Esj (%) is the
rate of average increase in weight of the considered rubbish bag;
Weteans, (kg) is the weight of the content of plastics when it is clean
(not used), and Wdirtys, (kg) is the weight of the same quantity and
typology of plastics when dirty (after use). Wdirtysj correspond to
the net weight of the considered rubbish bags (Wygr cotected plasmsj)

derived from the form compiled by the collecting point manager.
The average increase in weight referred to the polymer i (Iy;)
was assumed as the arithmetic mean of the values obtained from
the three sampled bags.
It derives that the net weight of collected plastics sorted by
polymer (Wner coltected plastics;) Must be corrected considering the

corresponding (Iy;) that returns the clean weight of each collected
and sorted plastic flow (W jqn; — kg), as in Equation (5):

WNET collected plasticsj

1 (lyi/100) 2

Wcleani =

The total quantity of collected plastics (Weojiected plastics = K8) 1S
the sum of the clean weights of the flows collected and sorted by
polymer (Wjeqn;). Having m types of polymer, Weojected plastics is
expressed as in Equation (6):

m
Weollected plastics = Z Wcleani . (6)

i=1

2.3.1.4. Waste managers — collection, sorting and reverse logistics

5. From a legislative point of view, waste can only be moved by
authorised entities, which are typically multi-utilities. Conse-
quently, the collection of the filled rubbish bags was conducted
by a waste manager, also in the case of #CORRIPULITO model.
The unit cost to collect plastics must be assessed to measure the
economic sustainability of the initiative (Ceojection - €/tonne).
This data was derived from the involved waste manager. How-
ever, to break away from the single plants, data from literature
was considered for the economic evaluation, considering the
industrial scale (Conte et al., 2018; ISPRA — 2018 data). In gen-
eral, when costs were evaluated to determine economic sus-
tainability, the actual costs for the #CORRIPULITO initiative were
not considered, since they were not really meaningful (since
associated to an experimentation). Consequently, it was more
suitable to consider costs on an industrial scale.

6. For the flows of sorted plastics that were sent directly to the
recycler (the recycling plant of the involved partner can treat
only specific polymers), the unit cost to transport the separated
plastics directly from the event location to the recycler must be
considered to assess the economic sustainability of the event.
Also in this case, the cost was considered on an industrial scale
(Clogistic - €/tonne), which depends on the distance and the
transported weight.

7. The flows of sorted plastics that were not directly sent to recy-
cler were managed following the current waste system. For the

12
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assessment, sorting efficiency for each polymer (7soying; With i
generic polymer - %) is necessary to understand the quantity of
recognised plastics sent to a recycler. Equation (7) provide this
parameter for each polymer i:

Wplastics sent to recycling; 100

(7)

Nsorting; (%) =
s WNET collected plastics

where Woastics sent o recycling; (kg) is the polymer recognised by the
sorting plant that constitutes the output to be sent to recycler,
while Wgr collected plastics; (k&) is the input flow for the sorting plant
and constitutes the flow of collected plastics, sorted by polymer i.

Since the involved waste manager does not have data that re-
lates to the efficiency of selection and sorting of the single plastic
polymers, data from literature was used (Conte et al., 2018). In this
reference, the sorting efficiency is expressed for each plastic poly-
mer and considers the two stages of sorting that occur in the Italian
plastic waste management system, determining the quantity that is
sent to the recycler.

Knowing the value of 7gying;, it is possible to identify the

quantity Wplastics sent to recyclingi: it corresponds to WNET collected plastics
for the sorted polymer that can be sent directly to the recycler (it
means that, for these polymers, 74ing; = 1, since the sorting phase
was conducted by participants, supported by dedicated volunteers,
during the event), while it derives from Equation (7) with the use of
the proper ngoping; for plastic flows that follow the current system of
waste management.

8. Finally, information about the flows related to unrecycled
plastics was collected (Wsopting waste;)- In particular, the end-of-
life of plastic waste that cannot be recycled is managed by a
Italian consortium which, in relation to the geographical prox-
imity of the sorting plants, encourages incineration with energy
recovery or, as a last option, decides to send the waste to landfill
if the logistics to reach the incinerator are more complex
(COREPLA, 2018). The waste stream of the sorting stage is pro-
vided by Equation (8):

Wsortingwastei = WNET collected plasticsj * (1 - nsorting,/1 00) = WsortingER,-
+ WsortingL,'~

(8)

where Wioping gr; (Kg) is the part of the sorting waste stream sent to
energy recovery, while Wiying 1; (kg) is the part sent to landfill.
Both of them or only one of these flows can be present.

2.3.1.5. Recycler — recycling

9. The recycling efficiency (7yecyciing; With i generic polymer - %) is
the ratio between the output flow of recycled plastic in flakes
(Wreeycled plastics; = k8) and the input flow of plastic waste that
enters the plant (Wpastics sent to recycling; = k8)- The differences
between these two flows are related to the presence of some
“contaminants” in the input flow as described in Equation (9):
remaining content residues (I,y;); other plastics that can be treat
and separated in the process (%ogher piastics;); €ITOI'S in recognising
good plastics; and the presence of undesired objects (other non-
treated polymers or materials - e.g. paper, aluminium) (%error;)
and fine plastics derived from the process that cannot be reused
to manufacture new products (%gne plastics;)-
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Wrecycled plastics;

nrecyclingi(%) = 100 = (100 - TWI — %other plastics; — Jerrori — %ﬁne plasticsj |- 9)
1%

plastics sent to recyclingj

where % residques 1S the rate of ash residues from incineration
Knowing the value of 7ecyqing;» it is possible to identify the process.

quantity Wieeycled plastics;- The total quantity of recycled plastics is Finally, th%s also rgsults in the evaluation of the energy recovery
(Equation (10)): (ER - MJ), as in Equation (13):
m m

m ER=k;- ( > Waorting £r; + ) _ Wrecycling ERi) (13)

Wrecycled plastics = Z WTECyCled plastics;- (10) - -

i=1
where k; (M]/kg) is the lower heating value of the waste streams

sent to energy recovery, taken as a constant value for all flows, since
it is a mixture of residues, mixed plastics and foreign objects.
10. The unit cost (Crecyciing - €/tonne) for the recycling process
was collected by the involved partner, but, for the same
reason as that of the waste manager, literature data was used 2.3.2. Administration of a questionnaire to participants
(Replay Plastics). Data on an industrial scale was considered. The three questions to assess the social sustainability were
11. Similarly to the waste manager, the end of the waste flow added in the typical survey prepared by marathon organisers to
(the part of the input flow that does not become recycled evaluate the satisfaction of the runners and walkers and improve

plastic - Wiecyciing waste;) is decided by the Italian consortium. the next editions according to their opinions. For each of these
The preferred solution is the preparation of this waste to questions, the respondents could choose a number from 1 (mini-
become fuel for the cement industry. The waste stream of the mum value — very low) to 10 (maximum value — very high). The
recycling stage is provided by Equation (11): survey was sent through the marathon newsletter and sponsored

on the social channels for a week after the racing. Some 149 runners
and 115 walkers responded to the questionnaire.

Wrecycling waste; — VVplastics sent to recycling; * (1 - nrecycling,/l OO) = Wrecycling ERi + Wrecycling Li- (l 1)
3. Results

where Wiecyciing er; (kg) is the part of the recycling waste stream

sent to energy recovery, while Wieeyciing 1; (kg) is the part sent to The application of the proposed model and methodology to the

landfill. Both of them or only one of these flows can be present. sports event “Maratona Alzheimer” determined the sorting of
From points 2, 8 and 11, it is possible to derive other useful plastics into four typologies. They were sorted by polymer, but to

quantitative information: the waste that is disposed of in landfill simplify the activity, conducted by participants with the support

(Wiandfitled waste - k&) This parameter considers the following flows: and the indications of dedicated volunteers, the types of plastic

(i) the uncollected quantity of plastics distributed during the event products were used as sorting categories since this was easier to be
(the difference between the distributed quantity and the collected recognised by participants. All the outputs of the design phase are
quantity) assumed as landfilled, that corresponds to the worst case summarised in Table 5.

in the waste hierarchy; (ii) the ash residues derived by the incin- After the collection of rubbish bags along the route of the race,
eration of the flows sent to energy recovery plants; and (iii) the the areas around the refreshment/collecting points and the sur-
waste streams of the sorting and recycling plants that, according to roundings were completely clean.

the Italian consortium, are disposed of in landfill. This results from The quantification of the results, obtained by the design and
Equation (12): implementation of the #CORRIPULITO initiative, derived from the

m m m m
Wlandﬂlledwaste = (Wdism'butedplastics - collectedplastics) + %ash residues * ( WsortingER,' + Z Wrecycling ERi) + (z WsortingLi + Z WrecyclingLi>
i=1 i=1 i=1 i=1

(12)

13
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Table 5
Main outputs of the design procedure proposed for the initiative.
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Parameter #CORRUPILITO application
Types of sorted plastics PET — bottles;
PP — plates and cups;
PS — cutlery;

MIX — other plastics.
19 collecting points;
Types of bins at each type of collecting point:*®

L]
L]
L]
L]
Collecting points .
L]

e at starting line and refreshment points for walkers: 1 bin for PET — bottles; 1 bin for PP — plates and cups; 1 bin for MIX — other plastics;

o for refreshment points for runners: 1 bin for PP — plates and cups; 2 basket bins for PP — plates and cups; 1 bin for MIX — other plastics;

o for finish line: 2 bins for PET — bottles; 2 bins for PP — plates and cups; 2 bins for PS cutlery and 2 bins for MIX — other plastics. This
configuration was repeated for at five collecting points due to the great number of participants at the finish line.

Number of bins for plastic
waste

109 plastic bins

e 21 for PET — bottles;

o 48 for PP — plates and cups;
e 10 for PS — cutlery;

e 30 for MIX — other plastics.
Number of volunteers

Communication o 1 press conference (1 week before the event);

80 volunteers selected and trained for the #CORRIPULITO initiative and equipped with a dedicated T-shirt.

e 9 communication panels located at start and finish line to describe the initiative and its objectives.

Reverse logistics

PET — bottles: sent directly to involved recycler with authorised truck and waste form;

PP — plates and cups: sent directly to involved recycler with authorised truck and waste form;

L]
L]
e PS — cutlery: treated within the current management system;
L]

MIX — other plastics: treated within the current management system.

@ Each collecting point was also equipped with 1 bin for paper, 1 bin for organic waste and 1 bin for undifferentiated waste (this last bin was selected with a lower size to

highlight that only a minor part of waste cannot be sorted).

To other events /
next edition of
th th ET
e marathon PPP

PS <

Marathon - Distribution

1 wv
~
v
~~~~~~~~~~~~~ PET o
___________ <
T
. .
0 |
O | PP -
S\ [N = = —_
—
ok e\
1
v PpPS - 10:3

Fig. 7. Setting of the visualisation tool for the distribution stage (marathon). Input and
output flows (kg of plastics) are sorted by polymer and follow different streams ac-
cording to their use.

setting of the visualisation tool for each involved stage. The
parameter that was considered to measure the tool stages is the
quantity (kg) of plastics. The visualisation tool is fed with quanti-
tative information collected and calculated during the entire
initiative and was derived from literature and the partners
involved. These values were used to evaluate the parameters in the
equations and to measure the selected KPIs for sustainable
assessment, as described in Paragraph 2.3 (and where possible the
same numerical points were provided).
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3.1. Marathon — distribution

1. The total quantity of plastics available for the marathon (pro-
vided by suppliers) was 268.5 kg (Wogilable plastics)- It considers
the plastic products that could be effectively distributed to
participants during a race day, excluding: (i) plastic materials
distributed in previous days/weeks (e.g. race pack, T-shirt for
participants and volunteers) since they would probably not end
up as waste in the area of the marathon but in participants'/
volunteers' houses (ii) plastic materials used by volunteers (e.g.
bottles to fill cups, larger sheets of plastic as secondary pack-
aging for bottles and other transported products); since this
material was directly not used by participants whose behaviour
was one of the main investigated aspects and since the correct
management of waste by volunteers was assumed; and (iii)
plastic materials brought from home by participants and vol-
unteers (e.g. additional bottles and snack packaging, packaging
for food to distribute at refreshment points) since the marathon
organisers are not directly responsible for this type of plastic
and cannot control this flow.

2. Not all the available plastics was distributed to the participants
on the day of the race. In particular, a quantity of 51.4 kg of
plastics is left over (Wyyused piasiics) (and is available e.g. for other
events in the territory or for the next edition of “Maratona
Alzheimer”), which means that marathon volunteers actually
distributed 217.1 kg of plastics (Wistributed plastics)- Fig. 7 shows
the setting of the visualisation tool developed by the University
of Bologna for the marathon organisation stage, where input
and output flows (kg of plastics) are expressed and sorted by
polymers.

3.2. Participants - use

The actually distributed plastics (output of marathon — distri-
bution stage — 217.1 kg) becomes the input flow of the box repre-
senting the participants’ use. According to the arguments described
in Paragraph 2.3, it is not possible to know the exact output flow of
this stage. Fig. 8 shows two different scenarios regarding this flow:
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Fig. 8. Setting of the visualisation tool for the use stage (participants). Two scenarios are shown: a) all the distributed plastic products ended up as waste on the day and in the
location of marathon; b) part of plastic products were reused or ended up as waste on different days and in other locations.

Table 6
Flows of distributed and collected plastics sorted by polymers.
Polymer type  Distributed plastics (kg) Number of rubbish bags Gross weight of collected plastics (kg) Net weight of collected plastics (kg)*
W gistributed plastics; #rubbish bags; W Ross collected plastics; Wrubbish bag
PET - bottles 54.9 44 384 37.0
PP — plates and 151.4 176 165.7 160.1
cups
PS — cutlery 10.3 12 10.7 103
MIX - other 0.4 47 303 28.8
plastics
Total 2171 279 245.2 236.2

 Unit weight of rubbish bags Weqarpage bag = 0.032 kg.

#CORRIPULITO -
Participants - Use Collection and sorting
I ¢ T PET =
A O . e, >
v
: ,/’/’/ \\¢¢¢°¢¢¢$\ PP — (\l-
— | L 7 g Q\\“Q\\\ R % Q
N 5 PP /// \P‘S\ — [
/ X
g’ 103
103y L 8
Garbagebagﬁ‘?‘ """""""""""""""""""""""" 89

Fig. 9. Setting of the visualisation tool for the collection and sorting stage (#CORRIPULITO).

a) all the distributed plastics ended up as waste on the day and in
the location of the event, but it is not possible to identify how much
it was collected and properly sorted in #CORRIPULITO bins; b) the
entire quantity of distributed plastics did not end up as waste, but
part of this was reused (e.g. bottles) or became waste at a different
time and in a different location to that of the marathon.

3.3. #CORRIPULITO — collection and sorting

Due to the missing data about output flow from participants’
use, it is not possible to know the input flow of #CORRIPULITO. The
traceability of plastic waste returns under control by considering
the total quantity of collected plastic waste, monitored by collection
point managers.

3. In total, at all of the collecting points of the #CORRIPULITO
initiative, 279 rubbish bags (#ppish bags) Were used specifically

for plastics. The sum of the weight of the 279 filled rubbish bags
corresponds to the total quantity of plastics collected during the
initiative: 245.2kg (gross weight with rubbish bags -
WRross collected plastics)- The net weight of collected plastic, elimi-
nating the weight of the rubbish bags, is 236.2kg
(WNET collected plastics)- Table 6 contains the quantity of plastics,
sorted by polymers, collected along the route of the race via the
#CORRIPULITO initiative and compared to the quantities
distributed by the marathon organisers, while Fig. 9 shows the
visualisation tool for the #CORRIPULITO initiative linked to the
participants' stage.

From this raw data it seems that, globally, the initiative collected

more plastics than the distributed quantity. Even if the interception
of uncounted plastic flows were plausible, the net weight of the
collected plastics requires further analysis to justify these flows
considering the three questions (Q1, Q2 and Q3) analysed in the

15
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Paragraph 2.3.

e For PET bottles the difference among the distributed and the
collected quantities could be derived from the fact that bottles
are products that can be easily reused or not entirely consumed
on the day and in the location of the marathon (Q1). However, it
is necessary to highlight that this flow is likely to have included
plastics that were not distributed at the marathon, since some
would have been brought by volunteers and participants (Q3).
For PP plates and cups, the collected plastics exceed the
distributed quantity. This difference (8.7 kg, about 5.7%) cannot
be derived by other uncounted plastic flows, since no other PP
products similar to plates and cups were used. This means that
this difference is related to the residues of food and beverages in
the dirty plastic.

e There is no difference between the distributed and collected
weight of PS cutlery. Even though this outcome is presumably
desirable, it is difficult to obtain since it means that all the
cutlery became waste in the proper way without any mistakes.
Also for this flow, the increase in weight of cutlery due to it
having been used has to be considered.

e The great diversity between distributed and collected flows of
other plastics (MIX) is related to the interception of plastics used
by volunteers to pack food and beverage products, gadgets and
other products for participants (Q3).

4, The first phase to properly correct the net weight of collected
polymers is to consider the average increase in weight of dirty
plastic products in comparison to clean ones (I;). This param-
eter is known for PET bottles and it can be derived from PET
bottle recycling plants, since it determines the weight lost be-
tween the input and output flows due to the quantity of liquids
that remain inside the bottles and that is removed during the
treatment process. This parameter was collected in the recycling
plant of the involved partners: in particular, the value taken for
IwpET bottles 1S 7%. The same data was not available for other types
of plastics. However, for PS cutlery and for other plastics (MIX),
due to the typology of products and their use, the same average
weight increase of the PET bottles (Typs cutlery =
Lwmix other patstics = IwPET botttes = 7%) was assumed. For PP plates
and cups, differences can occur in how these products are made.
In fact, due to their structure, they can hold greater quantities of
food and beverages. To determine their average increase in
weight in comparison to the clean ones, the methodology

Table 7
Results of the procedure to evaluate the average increase in weight for the PP waste.

Journal of Cleaner Production 281 (2021) 125345

described in Paragraph 2.3 was applied. In particular, three bags
containing PP waste were opened and the waste content was
counted. The results derived from this analysis are shown in
Table 7.

The average weight increase for PP plates and cups
(Twpp plates and cups) 1S Obtained by the mathematical average of the
three samples and it is equal to 34.3%. As expected, this value is
greater than the average weight increases of other plastic products
(e.g. bottles and cutlery) due to the greater quantity of food and
beverage residues that were found in the rubbish bags (e.g. great
quantity of water and biscuits). It can also be noted that in the
sampled rubbish bags, selected by those that contained PP prod-
ucts, there were some PS products: in the case of cutlery, it was
surely a sorting mistake due to carelessness, but in the case of
coffee cups the mistake could have been the result of a wrong
consideration that all cups were made of PP. This issue will be
considered in Section 4 (Discussion).

According to this analysis, all the raw data corresponding to the
net weight of collected plastics must be corrected with the corre-
sponding average weight increase. The results of this correction are
shown in Table 8.

This suggests that the quantity of plastics effectively collected
during the #CORRIPULITO initiative was 190.5 kg (Wojjected plastics )-
The difference is attributable to the residues of food and beverages.
Fig. 10 shows the corrected version of Fig. 9.

3.4. Recycler — recycling

9. According to the reverse logistic procedure designed before
the event, PET bottles and PP plates and cups were directly
sent to the recycling plant of the involved partner. The
recycling plant typically treats PET bottles but, due to the low
quantity of PP quantity (about 120 kg), this polymer was also
recycled at the same plant. The recycling plant normally
ensures the separation of recycled PET from PP, that is
respectively the polymer of the bottle body and of the cap.
The directing of the two flows to the same plant is a specific
condition of this project that cannot be repeated in other
contexts or with higher quantities of plastics, but in this case
it was useful to: (i) reduce logistics costs and impacts; and (ii)
gain more reliable data and in a shorter time due to the direct
involvement of the partner. The net weight of plastics sent

Plastic product content (product type k) Sampled rubbish bags

S — Rubbish bag #11 (collecting point 197)

S, — Rubbish bag #8 (collecting S3 — Rubbish bag #4 (station 137)

point 5%)
Quantity (#) # product type k ~ Clean weight (kg) ~ Quantity (#) Clean weight (kg) Quantity (#) Clean weight (kg)

Wdeans, k # product type k Wclemls, k # product type k wcleans\ k
PS — cutlery® 3 0.007 - - - -
PP — plates” 19 0.304 - - - -
PP — cups” 16 0.042 115 0.299 669 1.739
PP - beer cups” 18 0.108 - - - -
PS - coffee cups® - - - - 13 0.052
Total clean weight (kg) Wiegns; 0.461 0.299 1.791
Total dirty weight (kg) Wgirey g 0.533 0.488 2.213

i
15.6% 63.2% 24.0%

Weight increase Iws, (%) ©

2 Collecting point 19 — collecting point corresponding to the finish line; collecting points 5 and 13 — collecting points corresponding to a refurbishment point for runners.
b The unit weight (kg/piece) of the plastic products are: wps cutlery = 2.35-1073 kg/piece; wpp plates = 16-10-3 kg/piece; wpp cups = 2.6-1073 kg/piece; Wpp peer cups = 6°

10=3 kg/piece; Wps coffee cups = 4+107> kg/piece.
¢ Calculated as in Equation (4).
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Table 8
Correction of the plastic net weight with the average increase of weight due to food and beverage residues.

Polymer type Net weight of collected plastics (kg) Average weight increase (%) Corrected weight of collected plastics (kg)
WNET collected plasticsj Ei Wcleam'
PET — bottles 37.0 7.0 34.6
PP — plates and cups 160.1 343 119.3
PS — cutlery 10.3 7.0 9.7
MIX — other plastics 28.8 7.0 26.9
Total 236.2 — 190.5
#CORRIPULITO -
Participants - Use Collection and sorting
o
N B
S PET .- 3
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- i n o
o~ | = =
— = PP = —
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Fig. 10. Setting of the visualisation tool for the collection and sorting stage (#CORRIPULITO) after the correction of the net weights.

directly to the recycler was 204.1 kg (37.7 kg of PET bottles
and 160.1kg of PP plates and cups — in this case

WNET collected plastics; — plastics sent to recyclingi)- The reCyCIing
efficiency of PET bottles at this plant is 75% (0recyciing pgr)- The

remaining part consists of: (i) polyolefins (PE and PP) derived

order to produce energy. Consequently, the entire quantity of
collected PS cutlery produced energy
(Wisorting wasteps = Wsorting ERps = 9.7 kg). The other plastics
(MIX), consisting mainly of flexible packaging that was smaller
(smaller than an A3 sheet) are sent to the second selection plant.

from the bottle cap and label; (ii) liquid residues and other
foreign objects; (iii) sorting errors; and (iv) fine recycled
plastics that cannot be remanufactured. Table 9 summarises
the main parameters, calculated and collected for partners at
this stage and used for the assessment. For the PP plates and
cups, some parameters was considered equal to PET bottles,
while there are no other plastics that can be sorted in the
flow, and the amount of liquid residues was substituted by
the value of the average weight increase, calculated in the
project, which was 34.3% (I,pp). The recycling efficiency
derived for PP products was 52.7% (Trecyclingpp)-

11. Considering this data, the actual recycled PET was 27.7 kg
(Wrecycled plasticspr)» Used to produce food packaging such as
trays by the involved plastic manufacturer, and the actual
recycled PP (and PE from bottle labels) was 100.4 kg
(Wrecycled plasticspp)> Used to produce household cleaning sets,
for example. The recycled PP quantity considers both the
flow of plates and cups and the flow derived from bottles
(caps and labels). The remaining quantity, 76.0Kkg
(Wrecycling wastepgr..pp)»» Was treated for use as fuel in the
cement sector or for energy recovery (described thus:

The total efficiency of this double sorting stage is assumed to be
24.09% (Msorting )y ) (Conte et al., 2018). From the entire collected
quantity (WNer collected plastics = 26-9 kg), 7.3 kg was sent to a
recycling plant (Wpastics sent to recyclingpyx)» While the rest was
incinerated to produce energy
Wisorting ERpx= 19-6 Kg)-

(Wsorting wastepix

. Globally, from the four flows determining a quantity of 190.5 kg,

some 135.4 kg of recycled plastics was obtained (Wecycied pastics )-
The remaining 55.1kg was used to recover energy

m m
(3= Wsorting Er; + >~ Whrecycling er;)- In particular, considering an
i=1 i=1

average lower heating value equal to 28.45MJ/kg (k;)
(Petriglieri, 2014) for the waste streams of plastic sorting and
recycling plants and an ash residue rate of 12.01% (%4h residues)
(Erichsen and Hauschild, 2000), the total produced energy was
1567.0 MJ and the quantity of ash residues sent to landfill was
6.6 kg.

Fig. 11 shows the visualisation tool for waste management and

recycling stages.

It is assumed that the uncollected quantity of plastics distrib-

uted during the marathon (the difference between the distributed
quantity 2171kg and the collected quantity 190.5kg, that is
26.6kg: Wiistributed plastics — collected plasrics) was sent to landfill,
which corresponds to the worst case in the waste hierarchy. With
this assumption the total quantity of waste sent to landfill by the
cycle implemented with the #CORRIPULITO initiative was 33.2 kg
(Wlandﬁlled waste)-

The main parameters, calculated and collected from the litera-
ture and by partners and used for the assessment of the #CORRI-
PULITO initiative, are summarised in Table 9.

The parameters were used to evaluate the described KPIs to

Wre

cycling wastepgrpp — VVrecycling ERpgT +pp)'

3.5. Waste manager — collection, sorting and reverse logistics

7. PS cutlery and other plastics (MIX) followed the current man-
agement of plastic waste, passing from two sorting stages in two
different plants, which are considered together in one stage in
the visualisation tool. Currently, cutlery is sorted at the first
sorting plant and is not sent to recycling but to incineration, in
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Fig. 11. Setting of the visualisation tool for the recycler and waste manager in the same stage.

Table 9
Parameters derived from literature or from partners for the environmental and economic assessment.

Stage Parameter Value Source

Marathon - Distribution © Woyilable plastics 268.5 kg Counted
® Winused plastics 51.4kg Counted
® Weistributed plastics 217.1kg Calculated (Eq. (1))

#CORRIPULITO — Collection and sorting ® WiRoss collected plastics 2452 kg Weighed
® Hrubbish bags 279 Cou_m:Ed
© Wyubbish bag 0.032 kg Weighed
© WNET collected plastics 236.3 kg Calculated (Eq. (2))
o Twper = Twps = Twnix 7% Partner — recycler
o Typp 34.3% Calculated (Eq. (4))

190.5 k Calculated (Eq. (6

 Weollected plastics g (Eq. (6))

Waste managers - Collection, logistics and sorting o Ceollection 187.4 €/ton Literature: (ISPRA-2018 data)
o Clogistic 36.1 €/ton Literature: (Azienda Servizi Ambientali (ASA))
® Nsorting per 61.92% Literature: (Conte et al., 2018)
® Nsorting pp 78.12% Literature: Literature: (Conte et al., 2018)
* Nsortingpix 24.09% Literature: (Conte et al., 2018)
® Wsorting wasteps pmix = VVsorting ERpsMIx 29.3kg Calculated (Eq. (8))

Recycler — Recycling ® %other plastics pgr 5% Partner — recycler
© %errorper = %errorpp 5% Partner — recycler
® %fine plasticsppr = “ofine plastics pp 8% Partner — recycler
® %other plastics pp 0% Assumed
® Trecycling per 75% Partner — recycler
® Nrecyclingpp 52.7% Calculated (Eq. (9))
® Wieycled plastics 135.4 kg Calculated (Eq. (10))
® Crecycling 520.7 €/ton Literature: (Replay Plastics)
® Whegycling wastepgrpp — VVrecycling ERpgTpp 69 kg Calculated (Eq. (11))

Energy recovery/Landfill ® Wuncollected plastics 26.6 kg Calculated (Eq. (12))
© Xash residues 12.01% Literature: (Erichsen and Hauschild, 2000)
® Wiandfilled waste 33.2kg Calculated (Eq. (12))
o ki 28.45 MJ/kg Literature: (Petriglieri, 2014)
e ER 1567 M] Calculated (Eq. (13))

assess the sustainability of the initiative.

o Weollected plastics 190.5 kg
Nc #CORR[PUL[TO(/°) =N\w.

Wdistributed plastics
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3.6. Environmental sustainability

1. The value of this KPI about collection efficiency (1), obtained by
the initiative, is (from Eq. (14)):

-+ 100= (m) - 100=87.7%
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Table 10
Values of collected plastics and plastics sent to the recycling plant, considering “linear” waste management (previous editions).
Polymer type Corrected weight of collected plastics (kg) Sorting efficiency (%) Quantity of plastics sent to recycling (kg)
PET - bottles 16.4 61.92 10.2
PP — plates and cups 51.8 78.12 40.5
PS — cutlery 9.7 discarded 0.0
MIX - other plastics 8.5 24.09 20
Wre i
cycled plastics
RRycorripuLiro (%) = | 37— "= - 100
2. The recycling rate (RR) obtained with #CORRIPULITO is, as in distributed plastics
. 135.4 kg .
Equation (15): = m - 100 =62.4%.
PREVIOUS EDITIONS
recovered
to other events
to other @ next edition recycled gggl;%
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) from other recycle
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Fig. 12. Setting of the visualisation tool for all involved stages in two different scenarios: (i) upper side — previous editions of the event with differentiated collection of waste only
at the finish line; (ii) lower side — entire value chain of #CORRIPULITO.
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3. The landfilling rate (LR) obtained with #CORRIPULITO is, as in
Equation (16):

W,
LR ycormpuLimo (%) = | 77— — ——— landjilled waste ), 10
distributed plastics

([ 332kg
“\2171kg

The values of the selected environmental KPIs can be compared
to the same parameters calculated in the case of the typical waste
management of the other editions of the studied event. In the
previous editions of the marathon, the separated collection of the
waste was applied only to the finish line. All the types of plastics
were mixed in a single bin and collected to be managed according
to the then-current plastic waste system. Along the route of the
race, some volunteers collected the waste in the environment in an
undifferentiated flow.

In this case, the visualisation model and the data would be the
same for the marathon (distribution) and participants’ (use) stages.
Without the #CORRIPULITO stage, the box related to waste man-
agement and recycling would be different. In particular, only the
plastic collected at the finish line (86.4 kg) would be sent to primary
and secondary selection plants. This quantity would be sorted with
the typical efficiency of the selection plants (Conte et al., 2018).
Applying these values, the total quantity of plastics sent to recycling
would be 52.7kg. The single quantities sorted by polymer are
shown in Table 10.

The remaining part of the flow collected at the finish line
(33.7 kg) would be incinerated to recover 957.9 M] of energy and
would produce 4 kg of ash residue sent to landfill. Here, disposed
waste would be added the quantity of undifferentiated plastics
collected along the route of the race (130.7 kg), for a total quantity

) -+ 100=15.3%.

0.037 tonne-520.69 <

tonne
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Wlandﬁlledwaste

134.8k;
3. LRpreviouseditions(%) = <Wdls[ribulzdpluslirs> -100 = (217.1k§> -100 =

62.1%.

The entire visualisation tool set for the #CORRIPULITO initiative
and its comparison to the typical situation of previous editions was
provided in Fig. 12. The heights of the stages and their relative flows
are proportional to the quantities of plastics determined in previous
sections. To complete the visualisation throughout the entire life
cycle of the plastics, data from the involved plastic manufacturer
was collected to mainly identify and visually represent the plastic
scraps (their average rate is 39%) and their recovery rate in the same
process (100% — all the scraps are immediately reprocessed to
manufacture other products). These values are the same in the two
scenarios and provide indications of the effective quantity of virgin
plastics required for the marathon. According to the general
framework of the tool (Bianchini et al., 2019), the x-axis represents
the product life cycle (time). In this specific case, the initiative
#CORRIPULITO does not work with the extension of the life cycle,
but it does with the increase in collection, sorting and recycling
rates. Consequently, the effects of the initiative are relevant to the
entire life cycle.

3.7. Economic sustainability

The economic evaluation was set for PET, since in the current
market this is the polymer with greater recycling potential both in
technical and economic terms (Eriksen et al., 2019; Franz et al.,
2004). By inserting the numeric values of the #CORRIPULITO
initiative in the condition of cost-effectiveness (Rel. 17), considering
an industrial scale, the relation is:

Prerv > 0.0277 tonne

sent to landfill equal to 134.8 kg.
The values of the three KPIs in this situation would be:

. oy — [ Weollected plastics |, _ (864kg \,
1. nc previous editions (A) - <Wdismbuted Pplastics 100 - 2171 kg ]00
39.8%.

erecyded plastics

i . o\ | Wiegded plastics | _ 52.7kg \.
2. RRprekus edmons(/") = (Wmsmbu,m ,,,amcs> 100 = (217.1 kg) 100

24.3%.

Table 11
Likert scale elaborated to evaluate participants’ answers to questions S1 and S2.

+0.0384 tonne- (36.1 -5 + 187.4 -5
( fonne t"””e) — €1003.5 / tonne

This means that if the price of virgin PET is greater than
€1003.5/tonne, the initiative is sustainable.

3.8. Social sustainability

Finally, from the questionnaire for the participants, the other
two KPIs were evaluated. From questions S1 and S2, a technical-
environmental indicator about the reverse logistics was derived.
This KPI is qualitative and was assessed using a Likert-type scale
with three levels (Table 11), where 1 represents the lower level and
3 the upper level of performance. Due to the participants’ answers,

Reverse logistics structure

Level

The #CORRIPULITO project has provided the appropriate place/assets to separate plastic waste and to enable selective collection, and has increased participants’ 3
awareness of the proper materials and as well as a volunteer team. This was perceived as a positive aspect for most of runners and walkers (score: 9—10; from 70%

to 100%).

The #CORRIPULITO project has provided the appropriate locations/assets to separate waste and to enable selective collection. This was perceived as a positive aspect 2
and most of the runners and walkers perceived the infrastructure as adequate (score: 5—8; from 36% to 70%).
The #CORRIPULITO project did not provide the appropriate locations/assets to separate the waste and to enable the selective collection of the waste generated at the 1

event (score: 0—4; from 0% to 35%).
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Table 12

Likert scale elaborated to evaluate the participants’ answers to question S3.
Participants’ perceptions about initiative Level
Most participants of the #CORRIPULITO project perceive the initiative related to the circular economy as positive (score 9—10; from 70% to 100%). 3
Approximately half of all participants of the #CORRIPULITO project perceive the initiative related to the circular economy as positive (score 5—8; from 36% to 70%). 2
A minority of participants of the #CORRIPULITO project perceive the initiative related to the circular economy as positive (score 0—4; from 0% to 35%). 1

. 100%
S
S 90%
a
g 8%
k=
5 70%
>
= 0, —
= 60% +120.5% 62.1%
é 50%
= 40% _ +157.0% 75.4%
s 30%
§ 20% 24.3%
= 10%
g
0%

Collection efficiency (nC)
Previous editions

Recycling rate (RR)
®#CORRIPULITO

Landfilling rate (LR)

Fig. 13. Values of the selected KPIs to assess environmental sustainability and their variations in: (i) previous editions and (ii) the #CORRIPULITO initiative.

a score of 3 was obtained, which corresponds to the maximum.

Question S3 provided information about the social impact of the
initiative, similarly elaborated through a Likert scale (Table 12). Due
to the participants’ answers, a score of 3 was obtained, which
corresponds to the maximum.

4. Discussion

The assessment of the #CORRIPULITO initiative demonstrates
the sustainability of the proposed model to manage plastic waste at
a sport event, maintaining all the benefits of this material but
avoiding its negative impact on the environment. In particular, each
of the three pillars of sustainability have been demonstrated.

From an environmental point of view, by comparing the initia-
tive to the scenario that would have been present in previous edi-
tions of the event, we can see a significant improvement regarding
the management and impact of plastic waste, as highlighted by the
values of the selected KPIs: (i) collection efficiency (7¢) improved
from 39.8% (previous editions) to 87.7% (#CORRIPULITO), an in-
crease of 120.5%; (ii) the recycling rate (RR) increased by 157%, from
a value of 24.3% (previous editions) to 62.4% (#CORRIPULITO); and,
finally, the landfill rate (LR) decreased by 75.4%, dropping from
62.1% (previous editions) to 15.3% (#CORRIPULITO). Fig. 13shows the
values of the three environmental KPIs and their variations in the
two scenarios (#CORRIPULITO and previous editions of the
marathon).

Nevertheless, the improvements obtained via the initiative
required great efforts, mainly linked to the necessity to sort four
types of plastics. One of the aspects with the greatest impacts that
limits the quantity of plastics derived from recycling is the wide
variety of polymers that end up as waste. A waste flow containing
products made exclusively with one polymer can be quite easily
recycled. Dahlbo et al. (2018), analysing 86,000—117,000 tonnes of
post-consumer plastic packaging waste in Finland, demonstrating
that the potential of plastic recycling through the separation of the
greatest parts of mono-material plastic waste (consisting of PP and
HDPE) from other plastic waste could be higher than the current
recycling rate. In the current plastic waste management system,
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which gathers a mixed plastic flow in one bin, two separation
stages are necessary to obtain a high-quality sorted flow of plastics.
These stages are fundamental but are also the most critical ones
since they require labour- and cost-intensive activities, with limited
efficiencies (Ignatyev et al., 2014; Gala et al.,, 2020; Solis and
Silveira, 2020). Gadaleta et al. (2020) assessed the techno-
economic performance of a plastic waste sorting plant in south-
ern Italy, which achieved a recovery index of greater than 95% with
an annual cost of more than €3 million and a specific gain of
€12.58/tonne. Pluskal et al. (2021) analysed several sorting lines for
plastics, determining that only about 25% of the treated waste is
sent to recycling. Several research papers have recognised waste
sorting as the key process of waste recycling and have aimed to
improve the sorting of plastic waste. With the aim of separating the
most critical plastic waste, i.e. black plastics, due to their colour that
does not allow their sorting with traditional separation technolo-
gies, Gruber et al. (2019) combined fluorescence imaging and ma-
chine learning, allowing the recognition of 14 plastics in 12 classes,
while Rozenstein et al. (2017) used a midwave infrared spectros-
copy to identify the polymer spectral features of coloured materials.
Another approach to increase the sorting efficiency is based on the
insertion of tracers into the materials, as described in Bezati et al.
(2010), Arenas-Vivo et al. (2017) and Woidasky et al. (2020), who
proposed to incorporate fluorescent markers in plastic containers.

As stated by Eriksen (2019), the heterogeneous features of
plastics limits the potential for its recycling. A standardisation of
the polymers and their properties for certain applications, above all
eliminating the multilayer plastic products that cannot be cost-
effectively recycled, would surely improve the management of
plastic waste. This was the problem with the cups during the
initiative. To simplify the separation of plastic waste for partici-
pants, plastics were classified for product typologies (bottles,
plates, cups, cutlery) since it is difficult for consumers to sort
plastics by polymer. However, a strict separation according to this
criterion was not possible, since one type of cup (for coffee) was
made from a different polymer compared to other cups. This
discrepancy misled the participants, who were guided by
volunteers.
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Fig. 14. Trend in virgin PET price over time: real data and simulation with the addition of the Italian Plastic Tax.

From this last topic, it is evident that the role of dedicated vol-
unteers was fundamental. They ensured the assessment of the
initiative, following the procedures to manage the collection points
and to report data regarding the waste. However, their role was not
to manage the waste and perform the collection and sorting of
plastic waste. The #CORRIPULITO volunteers supervised the par-
ticipants, inviting them and providing indications to properly
manage their own waste. In fact, the participants were directly
responsible for their own waste. The volunteers took the role of
trainers for the public, activating good communication about the
subject and the project. The importance of volunteers’ role was also
recognised by participants, as demonstrated by their responses to
the questionnaire. The direct involvement of the participants, who
were not left alone but were supported by volunteers, was key to
the success of the initiative: it had a direct impact on collection
efficiency, which increased, and the knowledge acquired about
plastics and waste management ensured a more aware public, who
had positive perceptions about the project. It demonstrates the
social sustainability of the initiative. According to Donmez-Turan
and Kiliclar (2021), creating a sustainable lifestyle requires mak-
ing society aware of environmental protection and encouraging
individuals to adopt environmental behaviours and practices. As
stated by Amrutha and Geetha (2020), studies concerning social
sustainability as an outcome of green human resource manage-
ment practices are hard to find in the literature, and those that do
exist are mainly focused on company employees. For example,
Singh et al. (2019) found that environmental training should be a
continuous process to support the competitiveness and environ-
mental performance of companies; Jeronimo et al. (2020), recog-
nising the importance of employee perception in order to increase
company sustainability, investigated the best green practices (e.g.
hiring, training, compensation) according to age and gender.

From an economic point of view, the condition of cost-
effectiveness was determined. Briassoulis et al. (2020) proposed a
list of indicators to assess the economic viability of the mechanical
recycling of post-consumer waste, and particularly bio-based
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plastics: some criteria to evaluate include the availability of
collected and sorted materials; the availability of mechanical
recycling facilities; the quality of recyclates; the market for recycled
materials; and financial feasibility. In this application, the cost-
effectiveness depends on the price of virgin plastic material, in
the evaluated case of virgin PET, which is characterised by a high
volatility, as demonstrated in Fig. 14 (in 2019 the average virgin PET
prize was €850/tonne) (Murray, 2018). Comparing the value that
determines the cost-effective condition to the price trend of virgin
PET over time (about €1000/tonne with data in Table 9), it can be
noted that the initiative is economically sustainable for the greatest
part of time. However, there are some periods in which the virgin
PET price is lower than the average value, in which case an initiative
like #CORRIPULITO would be not economically sustainable. Legis-
lative strategies that aim to discourage the use of plastics, such as
the Italian Plastic Tax, which adds a fee of €0.45 to every 1kg of
virgin plastic material, incentivises initiatives such as #CORRIPU-
LITO. The effect of the Italian Plastic Tax is to increase the virgin PET
price trend, extending the period during which the initiative is
economically sustainable. One of the most promising approaches to
obtain the same effect (an increase in the period in which the
initiative is economically sustainable) is to decrease the value of the
cost-effective condition. To do this, it is necessary to change the
value of the parameters on the right side of Equation (17),
increasing the efficiency of collection, sorting and recycling, or
reducing the relative costs. The technological innovation in sorting
and recycling plants has exactly this effect. For example, in
considering the specific recycling plant of the involved partner, its
current technological level allows an average process cost of €350/
tonne (Cregyciing)» lower than the data from literature considered for
the analysis. Using the data by partner, the cost-effective condition
of the virgin PET price becomes €776/tonne, making #CORRIPULITO
always sustainable from an economic point of view, too. Conse-
quently, one of the most promising approaches to reducing the
negative effect of plastics could be to incentivise the stand-
ardisation of plastics, the definition of simplified plastic waste
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management procedures and the technological innovation of
sorting and recycling plants. Among several typologies of barriers
to plastic circularity (legislative, market and socio-cultural bar-
riers), Paletta et al. (2019) identified a list of technological barriers
associated with plastic recyclers, such as a lack of innovation, low
efficiency of the sorting system, the challenge of recycling
regarding material contamination, and so on. Similarly, Hahladakis
and lacovidou (2019) analysed the main challenges and trade-offs
of plastic waste mechanical recycling, considering contamination,
sorting ability, degradation at reprocessing, substitutability, feasi-
bility and so on. Investing in improving these aspects could lead to
lower costs and/or higher revenues. This approach allows the
spreading of innovation in the industrial context as opposed to
penalisation through tax, which aims to eliminate the impact of
plastic without providing an alternative, and taking the risk to shift
to materials that only seem more sustainable than plastics. This
approach is perfectly in line with the European Green Deal, which
considers research and innovation key enablers in the transition to
a more sustainable future for humans and a healthy planet.

The absolute novelty of the initiative is mainly related to the
quantitative approach used to assess the flows of plastics and the
sustainability of the proposed model. It consists of a detailed and
precise methodology to obtain and collect a range of information,
which can be useful for designing further editions of a marathon,
other similar events in other locations and sustainable initiatives
such as #CORRIPULITO.

One of the most useful pieces of information for marathon or-
ganisers is the distribution of plastic waste along the route of the
race, as shown in Fig. 15.

From this distribution, marathon organisers can understand the
consumption of plastic products at different types of refreshment
point along the track and according to the number of participants
passing through. It allows for a more precise determination of
necessary resources (food, water, packaging, volunteers), ensuring
the success of the event and avoiding excessive and unnecessary
resources. The same results enable other initiatives such as #COR-
RIPULITO to optimise the design of the model (e.g. number and type
of bins and rubbish bags, volunteers).

The main implications of this paper are three-fold. (i) Firstly, it
provides a complete research method that includes all the phases
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necessary to effectively apply a circular initiative for waste man-
agement at sports events: the design, the practical implementation,
and the assessment of a specific initiative related to plastic waste
collection, sorting and recycling is provided for a marathon.
Following the macro-structure of the consolidated PDCA method,
which is typically applied to the manufacturing sector, the research
method described here proposes specific sub-actions to set, for the
first time, a circular waste management process for sports events,
which requires the engagement of the relevant partners, the
identification of the elements and the resources (also human re-
sources) both for suitable waste management and participants’
engagement, and finally the methodology and the tools to collect
useful information for the assessment, based on which some
improvement staps can be designed and then implemented for
further editions of the same event. (ii) From a theory and research
point of view, the main implications of the paper are related to the
provision of specific data about plastic waste created during a
marathon. No data was available on the distribution of plastic waste
along the route of a marathon, in relation to participants and ty-
pology both of plastics and collection points. This data is useful to
better understand the environmental impact of other similar sports
events. Moreover, the visualisation tool proposed by Bianchini et al.
(2019) is presented in detail in this paper for the first time.
Consequently, it provides step-by-step instructions on how to
replicate the use of the tool in other contexts. (iii) Finally, from a
managerial point of view, the quantitative results regarding waste
distribution and the method to assess the economic feasibility of
the initiative will allow the replication of the initiative at other
marathons or similar sports events, through its scalability accord-
ing to the number of participants. The distribution of plastic waste
can provide sports event organisations with relevant data to
manage procurement (in quantity and typology), with the aim of
reducing waste and simplifying its collection and sorting (and
subsequently its recycling). Moreover, to measure the environ-
mental sustainability of the initiative, indicators that measure a
specific environmental parameter or impact have been selected. For
practitioners, they are more straightforward to understand and
monitor than compound indicators such as Ecological Footprint,
which provides an indication of the global warming potential but is
more difficult to use to improve the current situation.
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5. Conclusions

This paper explains the methodology for the design, the
implementation and the assessment of an initiative, based on CE
concepts, to enable the sustainability of sports events through the
improvement of plastic waste management at a small marathon
event. It was quantitatively demonstrated that the shift to a waste
management model based on a circular economy ensures and en-
ables the sustainability of a sports event, covering the environ-
mental, economic and social pillars, as summarised here:

e environmental  benefits: + 120.5% in  collection
efficiency; +157.0% in recycling rate and —75.4% in landfill rate;
e economic conditions: with the technological level of the recy-
cler, the initiative is efficient when the virgin PET price is greater
than €776/tonne, which means at all times over the last six
years and above all since the introduction of the Plastic Tax
(+€450/tonne);
social impact: the direct involvement of the participants (run-
ners and walkers) and their positive perceptions of the initiative
achieved the highest score of the two defined KPIs (3/3). When
compared to KPIs of other sustainability pillars, the proposed
social impacts are qualitative and are derived from a survey. This
aspect can be further investigated as indicated in Paragraph
2.3.3 to quantitatively assess other impacts such as societal
needs and values, necessary information and a proper method
to acquire quantitative data must be defined.

Without a quantitative approach, which is a significant gap in
the practical circular economy context, it is not possible to compare
the benefits and weaknesses of two different waste management
methods and verify the cost-effectiveness of reducing the envi-
ronmental impacts.

This circular initiative made all the partners (including the
participants of the sports event) responsible for their activities, and
awareness of plastic waste must be increased since it consists of a
resource. The standardisation of plastic applications, the training
and the involvement of the consumer, and the incentive for a
technological innovation allows the maximum recovery of the
value of plastic waste, reducing the impact both at the beginning
and the end of the life of plastic (extraction of raw material and
disposal in landfill or, in the worst case, littering in land and sea). A
legislative strategy is necessary to support this transition.

A further application of this approach (integration of partner,
design of sustainable initiative, practical implementation and
assessment), which aims to effectively implement a circular econ-
omy applied to plastic waste management, has already been pro-
posed for another type of plastic product, namely trays for food
packaging. The project is under development and aims to
contribute significantly to the achievement of the targets set by
European strategy for plastics, which established that, by 2030, 55%
of plastics must be recycled (in 2017 this value was 41.9%). Another
application of this approach, to quantify the sustainability through
specific KPIs, is under development in the field of nutrients re-
covery (phosphorous) in diary sector through the European project
Prosumer, financed by Climate KIC.
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