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Abstract

This study explores how tourism can drive Madeira to become a Zero Waste Island. Through
a mixed-methods approach, including 21 structured interviews and a survey, findings reveal the
potential of tourism to drive Zero Waste initiatives, positioning it as a model for the island.
Tourism’s influence extends beyond economic contributions, inspiring sustainable waste
practices among residents and industries. Key strategies for the successful implementation of
Zero Waste were identified, and associated challenges were addressed. This research advances
the understanding of Zero Waste as a framework within tourist islands, offering actionable

insights to drive sustainable development in Madeira and similar destinations.
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1. Introduction

“Madeira — Sustainable for AIl” has been the motto of Madeira Island as a tourist
destination since 2022 (Jesus 2023). But is it all that sustainable?

Since the COVID-19 pandemic, Madeira has been experiencing a surge in tourism, hitting
record numbers in 2023 with 2.1 million visitors —a 32% increase compared to 2019 (DREM,
2024). While some argue that Madeira is still far from experiencing overtourism (Teixeira
and Ribeiro 2019; Majdak, Almeida and Mosz 2022), others have highlighted issues such as
overloaded infrastructures and tourist sites, rising cost of living, environmental degradation
and increased waste and pollution (Luis 2024; Majdak, Almeida and Nowakowska 2021).

Although tourism is crucial for the region’s economy, accounting for 28.8% of the Gross
Domestic Product (GDP) and 17% of employment (DREM 2022), it also generates 41.9% to
46.6% of the solid waste produced per resident (Martins and Cr6 2021). As such, the rise in
waste generation driven by growing tourism and the resulting pressure on waste management
systems (WMS) is a significant threat to Madeira (DMO 2024). Adding to these concerns is
the current municipal solid waste (MSW) management system, which is heavily dependent
on incineration (82% in 2023). The incinerator has reached its full capacity as of 2024, while
the recycling rate remains low at just 13% (SRAPA and DRAM 2024; Ribeiro 2024).

As one of Madeira’s key sectors and a significant contributor to waste generation, tourism

holds substantial potential for driving change, especially due to its economic and social



influence. Transforming tourism waste practices could inspire industries, businesses, and
residents to adopt similar approaches, paving the way for Madeira to become a “Zero-Waste”
(ZW) island. Rooted in the circular economy, ZW requires systemic changes across
production, consumption, and the WMS, with coordinated efforts from all sectors. While
tourism alone cannot achieve this ambitious goal, it can potentially lead the transition.

Studies have established a positive correlation between tourism and increased MSW
generation, with tourists’ producing more waste per capita than residents (Mateu-Sbert et al.,
2013; Rodriguez, Florido and Jacob, 2020). Improper waste management leads to irreversible
consequences, and managing such systems on tourist islands presents added challenges
(Ezeah, Fazakerley, and Byrne 2015). While ZW strategies have mainly targeted urban areas
(Pietzsch, Ribeiro and Medeiros 2017; Simon, McQuibban, and Condamine 2020;
Shenyoputro & Jones 2023; Dileep 2007), efforts to adapt ZW to islands remain limited to a
few cases (Gourgoura 2024; Rosa 2018). Tourism has been shown to aid the transition
toward a circular WMS in small islands (Ferronato et al. 2023); however, no research has
examined how tourism can drive the implementation of ZW and reshape the WMS and
residents’ behaviours on tourist islands like Madeira. This study aims to fill this gap.

Research objectives include examining the current state of tourism and waste management
in Madeira, assessing tourism’s potential to drive ZW initiatives, and identifying effective
strategies to achieve it. The methodology adopted a mixed-methods approach, integrating
stakeholder interviews for qualitative insights and a tourist survey for quantitative analysis.
2. Literature Review

As the state of the world progressively deteriorates, with six out of nine planetary
boundaries exceeded, it becomes crucial to address the root cause: the models of human

society (Richardson et al. 2023). Emerging frameworks aim to shift paradigms, with tourism,



a major and growing industry, playing a key role in contributing to and mitigating
environmental impacts. This section examines these frameworks and their potential gaps.

Sustainable tourism emerged in response to growing environmental pressure at tourist
destinations. Essentially, it addresses the needs of tourism stakeholders while safeguarding
the long-term viability of the sector and the environment (Yang et al. 2023). Sustainable
tourism and waste management are closely linked, as ineffective waste handling undermines
tourism sustainability (Joseph, Kallarakal and Varghese 2020). While a popular concept,
some argue that the unclear measurement criteria (Liu 2003; Mika 2015), the lack of
incentives to adopt (Fuchs 2023), and resistance to limit consumption in tourism (Mika
2015), create barriers to implementation. Research lacks depth in exploring practical
applications, with neither visitors nor the sector fully embracing it (Yang et al. 2023).

Regenerative tourism surfaced to address the limitations of sustainable tourism
development (Bellato, Frantzeskaki, and Nygaard 2022). It goes beyond traditional
sustainability by revitalising the destination’s community, nature and economy rather than
merely preserving the status quo. It is not another type of tourism, but a holistic approach
aimed at repairing past damage while improving systems (Amorim et al. 2023). Its key
principles include place-specific and bottom-up strategies, leveraging local assets, and
promoting community involvement (Holliday and Reed 2021; Bellato, Frantzeskaki, and
Nygaard 2022; Dredge 2022). However, critics argue that the concept lacks an economic
foundation for developing resilient communities (Cave & Dredge 2020).

This concept is closely linked with circular economy (CE) principles, which aim to “keep
products and materials in circulation for as long as possible through activities such as
maintenance, reuse, refurbishment, remanufacturing, recycling, and composting” (ESCAP
2024), ultimately eliminating waste. There is a growing interest in incorporating CE into

tourism research, especially in waste management, though it is still in its early stages (Kabil



et al. 2024). Most studies remain centred on micro-level perspectives, namely hotels and
restaurants (Renfors 2023), while the integration of CE within the broader industry is limited
and far from a complete transition to this model (Rodriguez, Florido and Jacob 2020).

Although fundamentally different, the latter concepts overlap in several aspects. The
following section will explore how these ideas apply to tourist island destinations.

Research highlights the interdependent relationship between waste and tourist islands,
which face unique challenges, including geographic isolation, transient populations, reliance
on imported goods, and a tourism-driven economy (Ezeah, Fazakerley, and Byrne 2015;
Koliotasi, Abeliotis, and Tsartas 2023; Santamarta et al. 2014; Singh et al. 2023). Such
difficulties have led to a reliance on incineration and landfills (Ferronato et al. 2023).

The EU Waste Framework Directive prioritises waste prevention, followed by recycling,
incineration, and finally landfilling (European Union 2024). Some studies show that
incineration poses minimal health or environmental risks (De Titto and Savino 2019; Reis et
al. 2004) and does not substitute recycling but rather supports it by handling non-recyclable
waste (Bandarra et al. 2021). However, a larger body of literature argues against this. Critics
highlight that Waste-to-Energy incineration produces higher carbon emissions than the EU’s
electricity grid and requires a constant waste supply, discouraging waste reduction (Vahk
2019). Moreover, incineration depletes resources that could otherwise be recovered, limiting
material circularity (Berkemeier and Fonseca 2019; Potting et al. 2017). A long-term
solution could require zero-incineration and zero-landfill systems (Zaman 2013).
Proposed strategies include tailored waste management, preserving on-island material
stocks to reduce imports, door-to-door collection, Extended Producer Responsibility (EPR),
and eco-taxes (Ezeah, Fazakerley and Byrne 2015; Santamarta et al. 2014).

What role can tourism play in this? While tourists often feel disconnected from waste

issues (Chen, Ruijs, and Wesseler 2005), studies found that tourism can aid the transition



toward a circular WMS through projects funded by tourist taxes (Ferronato et al. 2023).
MSW collection can remain high with increased visitors (Rada, Zatelli, and Mattolin 2014),
but reducing MSW as tourism grows remains a challenge. Tourism’s impact on waste is
complex: early increases raise waste, but after a certain stage, technological innovations and
changes in tourism policies can lead to waste reductions (Martins and Cr6 2021).

One widely proposed innovation is adopting a ZW approach (Ezeah, Fazakerley, and
Byrne 2015; Martins and Cr6 2021). A peer-reviewed definition describes ZW as preserving
resources through “responsible production, consumption, reuse, and recovery” — banning
incineration or discharges that harm the environment or human health (Simon, McQuibban,
and Condamine 2020). From a linear to a circular WMS, it demands a complete elimination
or a substantial reduction of waste generation. Besides the environmental benefits, ZW
strengthens communities, the economy, and industries — much like a regenerative system. It
fosters citizen engagement, reduces disposal costs, and enhances resilience (Pietzsch,
Ribeiro, and Medeiros 2017; Simon, McQuibban, and Condamine 2020).

This concept is gaining traction in the tourism industry (Rojabi, Saufi, and Diswandi
2020). A standout success is Tilos, which became the first certified ZW island in 2023.
Heavily reliant on tourism (Kaldellis 2021), Tilos achieved a 43% reduction in MSW
generation and a 94% recycling rate in just two years, strengthened community ties, and
enhanced its appeal as a destination (Gourgoura 2024). Sardinia is another notable example
(Rosa 2018), though its progress has been slower and less pronounced, likely due to its larger
size and population. Both cases suggest that ZW in tourist islands can be successful.

As with any disruptive model, ZW faces political and cultural barriers and stakeholder
resistance (Pietzsch, Ribeiro, and Medeiros 2017; Gourgoura 2024). ZW initiatives often fail
due to underestimating the changes needed and an overreliance on end-of-pipe solutions

rather than behavioural and systemic changes (Krausz 2012). Thus, success criteria include



product redesign, prohibiting harmful materials, education initiatives for both residents and
tourists, and long-term planning (Krausz 2012; Pietzsch, Ribeiro, and Medeiros 2017; Simon,
McQuibban, and Condamine 2020). A ZW guide for islands recommends reducing waste to
lower shipping expenses of recyclables and managing biowaste locally (Simon, McQuibban,
and Condamine 2020). However, gaps persist in understanding how to adapt these strategies
to local contexts (Linglin, 2024; Pietzsch, Ribeiro, and Medeiros, 2017).

To the best of the author’s knowledge, no research has yet been done on how tourism can
drive the adoption of ZW within a tourist destination, influencing the WMS and residents’
behaviours, especially within Madeira’s context. This study focuses on addressing that gap.
3. Contextual Background
3.1. Madeira Island Overview

Madeira, a Portuguese island classified as one of the EU’s Outermost Regions, lies 978
km southwest of Lisbon in the Atlantic Ocean (De Almeida 2016). Its archipelago covers
an area of 800 km? and has a population of roughly 256,000 on its two inhabited islands,
Madeira and Porto Santo. Madeira’s population density is three times higher than the
national average, especially in southern municipalities (DREM 2024).

Its economy is strongly dependent on the service sector, particularly tourism. Key
agricultural products include bananas, wine and sugar cane. The region is recognised for its
rich natural diversity, featuring an endemic flora and a Mediterranean climate. Artisanal
fishing, embroidery and folk dances are part of its vibrant culture (DMO 2024a).

3.2. Tourism in Madeira

As one of the world’s oldest tourist destinations, Madeira has been renowned for its
hospitality since the 15th century (Vieira 2008). Today, the region is highly dependent on
tourism, representing 28.8% of GDP and 17% of employment (DREM 2022).

Madeira, honoured as the “World’s Leading Island Destination™ for ten consecutive years



(Hugo 2024), achieved the EarthCheck Silver Certification for sustainable destinations in
2023 (Lusa 2023). At the same time, 2023 was a record-breaking year with 2.1 million guests,
alongside increased revenue and tourist density (DREM 2024). In 2024, tourism in Madeira
continued to break records monthly (Cardoso 2024), showing no signs of slowing down.

While Madeira has not yet reached the point of overtourism, there are exceptions and
emerging signs of concern (Teixeira & Ribeiro 2019; Majdak, Almeida and Mosz 2022;
Majdak and Almeida 2022), including strained infrastructure and tourist sites, environmental
degradation, the rising cost of living for residents and increased waste generation (Luis 2024;
Majdak, Almeida and Nowakowska 2021). As such, local authorities have set limits on
“traditional” accommodation capacity to 40,000 beds until 2027 and dispersed tourists from
the capital city to rural areas (Majdak and Almeida 2022). In addition, a waste collection fee
and capacity limits for nature trails will be introduced in 2024 (Rodrigues 2024; Livramento
2024), as well as a tourist tax of two euros per night in municipalities (Lusa 2024).
3.3. Waste Management in Madeira

Aguas e Residuos da Madeira (ARM) manages MSW treatment, sharing waste collection
with six non-member municipalities. Treatment facilities include an incinerator, landfills,
and a composting facility. The incinerator, operational since 2003, treats up to 126,000 tons
annually and generates electricity (75% fed into the grid), with the resulting ash sent to
landfills. On average, municipalities pay 82.5€ per ton to incinerate waste (ARM 2023). The
composting facility processes green waste, distributing compost free of charge. Recyclable
materials are sent to mainland Portugal for recovery (Pedro et al. 2023).

In 2023, Madeira’s MSW peaked at 124,299 tons, averaging 484 kg per capita (Appendix
2). Of this, 82% was incinerated, 13% recycled, 4% composted, and 1% sent to landfill
(Appendix 3). MSW comprised 87% mixed waste, all incinerated, and 13% recyclables

(Appendix 4). Mixed waste primarily comprised biowaste (48%) and recyclables (31%),



indicating potential for improved separation (Appendix 5). Additionally, the plastic
collection had a contamination rate of 37% (SRAPA and DRAM 2024).

ARM’s main challenges include high costs, limited scale, complex territory, and
coordination with municipalities (Pedro et al. 2023). These obstacles hinder the progress of
Madeira’s 2035 MSW goals — 25% selective collection, 50% preparation for reuse and
recycling, and 1.2% landfill usage — which currently fall short of EU targets. In 2023, these
stood at 12.5%, 23.8%, and 0.1% respectively. The primary focus should be reducing overall
MSW generation alongside increasing recycling rates (EEA 2022). This urgency arises as
the incinerator, operating at 105% capacity in November 2024, is strained by rising tourism.
Adding a third incinerator line was proposed, a costly investment (Ribeiro 2024).

3.4. Link Between Tourism and Waste in Madeira

Tourism accounts for 41.9% to 46.6% of the solid waste generated per resident in Madeira
(Martins & Cr6 2021). Due to the high influx of visitors, irregular waste disposal has been
observed, particularly in the island’s most popular tourist areas (Hugo 2024).

Tourism drives increased waste generation up to a turning point, which in Madeira is
2.12-2.32 million lodged guests (Martins & Cr6 2021). With 2.1 million visitors in 2023
and numbers rising, waste could decrease if appropriate measures are adopted.

The DMO has launched several strategies, including a Regional Environmental Fund and
four Green Teams to engage the community (DMO 2022). However, a recent study on CE
practices in Madeira’s tourism sector reveals a limited yet growing adoption. While basic
recycling efforts exist, comprehensive CE initiatives remain constrained by financial costs
and bureaucratic complexity (Almeida et al. 2024). As such, recommendations for Madeira’s
WMS include tourist charges reflecting the full cost of MSW management (Martins & Cro
2021) and Pay-As-You-Throw (PAYT) systems, in which fees are based on the generation

of mixed waste. This approach is particularly relevant since current tariffs are tied to water



usage rather than waste production (Alves, Silva, and Soares 2020).
4. Methodology & Results

Qualitative and quantitative methods were employed to analyse stakeholders’ and tourists’
perceptions regarding tourism and ZW initiatives in Madeira, as well as best practices from
Tilos ZW Island. While both approaches were integrated to offer richer insights and enhance
the study’s relevance to various stakeholders (Maxwell 1998; Verhoef and Casebeer 1997),
most conclusions are based on qualitative research, which was more extensive and detailed.
4.1. Qualitative Method

Semi-structured interviews were conducted online and in person, following a guide
aligned with the research objectives (Appendix 6 and 7). Open-ended questions encouraged
participants to reveal their perspectives, an effective approach for gaining deep insights into
complex issues (Ruslin et al. 2022). A total of 18 participants, all current or former residents
of Madeira, were interviewed to provide insights about the island, along with 3 participants
involved in the Tilos Island ZW project, who shared best practices.

Table 1: Interview Participants

Name Profession/Position Institution
David Andrade Hotel Manager in Madeira Hotel Sentido Galomar
Miguel Medeiros Hotel Manager in Madeira Hotel Pestana Royal Premium

Raul Gongalves

Hotel Manager in Madeira

Hotel Quinta da Serra

Antonio Almeida

President of Madeira’s Tourism Observatory

University of Madeira

Jodao Lemos

Researcher and PhD in the field of tourism

N/A

Luis Araujo

Ex-President of Tourism of Portugal

Turismo de Portugal

Tomas Ramos

Professor of Sustainability Assessment and Planning

NOVA University of Lisbon

Pedro Freitas Senior Technician in the Regional Tourism Office Madeira’s Regional
Government
Manuel Ara Regional Director of the Environment And Climate Madeira’s Regional
Action Government
Manuel Filipe President of the Institute of Forests and Nature Madeira’s Regional
Conservation Government
Célia Pessegueiro President of Ponta do Sol Municipality Madeira’s Regional
Government
Ricardo President of Ribeira Brava Municipality Madeira’s Regional
Nascimento Government
Nélia Gongalves Vice-President of ARM ARM
Rui Rodrigues Vice-president of cultural and environmental association RETOICA, Madeira
Elsa Aratjo President of environmental NGO’s Centre of Madeira QUERCOS
Anténio Rodrigues Ex-President of environmental NGO in Madeira COSMOS
Maria Fernandes Owner of 3 Airbnb Properties in Madeira N/A
Catherine Cahu Tourist Restaurant Manager in Madeira Manifattura Di Gelato

Maria Kamma Mayor of Tilos Island Government of Tilos

Ismael Rienda Zero Waste Auditor for Tilos Island Zero Waste Europe
Athanasios CEO Polygreen (Tilos ZW Project)
Polychronopoulos
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At this point, information saturation was reached, a commonly used criterion for
determining sample size (De Souza Minayo 2017). Explicit consent was obtained for
transcription, done with Al software. The chosen method to analyse interviews was thematic
analysis, given its flexibility and theoretical freedom (Herzog, Handke and Hitters 2019).
The process began with deductive coding, based on the interview guide’s main themes, and
expanded to inductive coding as new themes emerged. This hybrid approach produced five
main codes for interviews about Madeira, and three for Tilos (Appendix 8). The Delve
software was used to organise codes and transcript excerpts, aiding in their categorisation.
4.1.1. Results

The first five sections focus exclusively on interviews about Madeira, while the final
section explores Tilos’ journey as the first ZW island and its best practices.

Current State of Tourism

Madeira’s strong dependence on tourism and a growing younger tourist base were noted.
Tourists were seen as valuing environmental practices and willing to pay more for eco-
certified accommodations. They often inquired about waste disposal options. However,
concerns arose that younger, budget-conscious tourists showed less awareness.

Despite tourism’s success in raising revenue, especially for local businesses, there was an
“excess of success” in the promotion of a few locations, resulting in increased traffic, waste,
and strain on local resources, negatively affecting residents’ lives. Additionally, the
unregulated growth of local accommodations (Airbnb) seemed to contribute to a decline in
service quality. Tourism stakeholders unanimously acknowledged a significant increase in
tourism intensity but differed on whether it was excessive. Some stated, “Over-tourism, not
yet. Heavily overloaded areas, yes”, while others cautioned, “We are at the saturation point,
the 4th phase of Butler’s model, and decline will soon follow”. A “disconnect between

Madeira’s certification as a sustainable destination and the reality on the ground” was also
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noted, with a hotel manager implying “No one discussed tourism sustainability with me or
the hotel”. To address the rise in tourism, a waste tax was introduced on popular nature trails,
alternative trails were promoted, and a tourist tax of 2 euros per night was introduced.
Additionally, incinerator facilities were prepared for capacity expansions.
Current State of Waste Management

The general opinion on MSW management was positive, indicating that waste was largely
collected, urban spaces remained clean, and “most needs are covered”. However, the waste
tariff was criticised for being linked to water consumption rather than waste production.

The multi-municipal WMS was a topic of debate. While ARM-managed municipalities
could reduce administrative burdens and enhance access to EU funds, some experienced
fewer collection points, longer waste collection time, and higher MSW fees than non-
adherent municipalities, which reported greater flexibility and responsiveness to residents.

Despite expressing uncertainty about the current WMS, most identified incineration as the
primary method for MSW treatment. Some regarded it as an “excellent solution,” noting that
it “produces energy from waste, reduces the resulting product to nearly zero, and eliminates
the need for landfilling”. Additionally, this system was deemed capable of absorbing all
MSW and relatively low in emissions, which have been monitored and “continue to have
reasonable levels”. However, many viewed the incinerator as a barrier to adopting sustainable
solutions, criticising its environmental impact and questioning its classification as renewable
energy. Alternatively, ARM’s composting centre for green waste was praised for “working
well and clearing the stock”. Nonetheless, gaps were noted in solutions for bio-waste and
construction material disposal, as well as repair centres. The negative impact of waste on
quality of life was largely acknowledged, emphasising the need for proactivity and a focus
on waste reduction: “We urgently have to produce less waste”.

Barriers to Sustainability and ZW in Madeira

12



Social: Cultural resistance, scepticism, individualistic attitudes and low environmental
awareness, stood as barriers: “The biggest challenge is sometimes not the resources we use,
but the people. Not everyone has the same environmental consciousness”. Composting
initiatives faced resistance, as many hesitated to use ARM’s compost due to concerns about
its quality. Many residents lacked proper waste separation practices, often placing all waste
in one bag or failing to flatten recyclables. Additionally, improper disposal of bulky and
hazardous waste was identified, alongside high contamination rates. Consumerism stood out,
with a growing reliance on imported goods, impulsive purchases, and excessive packaging
contributing to rising waste volumes. Items were mostly replaced rather than repaired.
Finally, a gap in public awareness and education on waste management was observed.

Economic: Madeira’s linear economy stood as a barrier, with rising production and
consumption driving up waste and excessively packed products designed with planned
obsolescence. Efforts to reduce packaging in the hotel industry often faced logistical and
cost-related obstacles with suppliers, as “there isn’t always much willingness to cooperate”.
Economic growth is prioritised in Madeira, particularly within tourism, limiting shifts toward
sustainable practices: “We place the economy above the environment and above people. And
this is wrong; there’s still much to do to reach a CE”. Financial limitations also hindered
innovation, as radical sustainable practices often required substantial investments.
Establishments faced time and space constraints, with busy schedules leading to improper
disposal and limited space for recycling bins hindering waste management. Tourism growth,
Madeira’s main economic driver, raised concerns over the island’s ecological limits and
waste management. In a mature market with diverse visitor expectations, implementing
radical sustainable measures could prove complex due to uncertain tourist enthusiasm.

Geographical: Madeira’s steep landscape made transportation and waste collection

complex and costly, particularly in remote areas. Import reliance added to these constraints,
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as most goods had to be shipped to the island. These came with substantial plastic packaging,
as food safety during transport remained challenging.

Current WMS: Experts observed that reliance on incineration, a costly investment,
creates a lock-in effect that limits funds for alternative solutions, often cheaper and more
sustainable. The incinerator is “perverse” given its dependency on a steady waste supply to
remain viable, discouraging efforts to reduce waste production. Concerns were raised that
this reliance led to complacency, with residents assuming that all waste would ultimately be
burned, reducing motivation for separating or minimising waste. One alternative,
composting, was regarded as complex, facing issues such as limited scalability.

Government: The governance of Madeira’s WMS was seen as lacking ambition and
effective action, given that “the government has unilaterally set Madeira’s targets at half of
the European standards”. Still, government officials expressed scepticism about meeting
such targets due to “stagnation” in the area of MSW. Moreover, insufficient regulation and
monitoring in this area allowed establishments to operate with minimal accountability.
Business owners faced no restrictions on waste production if they paid the fees, and no
system was in place to recognise or enforce good environmental practices. Additionally,
authorities’ insufficient communication efforts and absence of coordination left residents
unaware of waste management, resulting in limited adoption of sustainable practices.

Zero Waste Perceptions

Current Practices: Funchal offers door-to-door waste collection, and most hotels
reported eliminating plastic and monitoring food consumption. However, “Madeira is far
from being sustainable”, not fully conforming with a CE. Insufficient waste reduction efforts
and educational projects and a lack of targeted initiatives for tourists were reported.

Relevance to Madeira: ZW was seen as highly relevant and potentially transformative,

with a sustainability expert stating, “For a land as insular as ours, zero is the topic.” With
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unique natural resources and limited land, Madeira must strive to implement a CE. Given
that the EU requires these actions, “ZW is both beneficial and mandatory in the long-term”.

Benefits: Reduced waste generation leads to fewer emissions from transportation and
collection while reducing landfill and incinerator use. In terms of tourism, becoming a ZW
destination would boost Madeira’s appeal to eco-conscious tourists. Hotel managers also
noted that “financially, our sustainable efforts have been fully compensated by increased
demand and higher rates we can charge”, indicating a high return for these investments.

Tourism as a driver: Tourism was widely seen as a critical driver for ZW in Madeira. A
tourism stakeholder remarked, “The tourism sector is the driving force behind sustainable
practices. It is no coincidence that Madeira’s sustainability certification came from the
tourism board”. Tourism’s high visibility and influence could inspire sustainable behaviours
across the island. Another tourism expert noted, “In Madeira, deciding whether to start with
residents or tourism is difficult. But by beginning with tourism collaborators, you can easily
reach the population — almost everyone here is connected to tourism in some way”. As
tourism-related businesses implemented sustainable practices in response to eco-conscious
tourists, these efforts could encourage residents to adopt similar behaviours. To drive change,
“Madeira needs to strike in three areas: tourism collaborators, residents and tourists”.
However, concerns were expressed about relying solely on tourism, possibly neglecting the
engagement of residents and the impact of a multi-sector approach: “We cannot think solely
of tourism; ZW won’t succeed, as it is just one part of the equation”.

Barriers & Critiques: Full adherence to ZW was considered ambitious and difficult to
achieve due to Madeira’s WMS and the large daily waste volume. Setting high reduction and
recycling targets was deemed “completely unrealistic and demotivating”. Additionally, ZW’s
ecological impact was questioned; even with robust recycling, the island’s need to ship

materials contributed to a considerable carbon footprint, given the lack of a market for
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recycling infrastructure. Critiques extended to the term itself, with some arguing that ZW
was “theoretically and practically limited” and “misleading, as ZW makes people feel it’s
unachievable”, thus better framed within the broader theme of CE. Others emphasised the
potential burden on tourism, with concerns about ZW not aligning with market dynamics.
Required Shifts for Zero Waste

Social: Consumers (residents and tourists) would need to consider the environmental
impact of their purchases and focus on reducing waste at the source. Local associations play
crucial roles in driving this behavioural change, and civic responsibility would be essential.

Collaborative action and learning: Information dissemination, coordination, and
community engagement could effectively tackle the island’s waste challenges. Collaboration
between the public and tourism sectors was encouraged to leverage local knowledge and
align regulations. Successful examples of ZW destinations suggest learning opportunities for
Madeira: “Authorities should visit successful islands to become aware and inspired to change
their policies”. Additionally, access to contact and knowledge networks should be facilitated.

Government interventions: Regulation imposing waste production limits must be
adopted, alongside enforcement and monitoring. A system similar to the HACCP was
proposed, evaluating operators’ waste practices, providing recommendations, and imposing
fines. A balance between penalties and rewards was suggested, such as discounts on utility
bills and PAYT, as well as financial aid and programs supporting innovation. Moving toward
a CE would be crucial, reducing dependency on imported goods and enhancing local
production. However, “many issues could be resolved with simple, small-scale solutions”:
for instance, at large events, vendors could pay a refundable deposit for proper waste
management. Regarding the WMS, decentralisation was favoured to address community
issues, with a balanced approach: localised waste campaigns, collection, and smaller-scale

treatments alongside centralised processing and sorting infrastructure. Community
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composting was proposed for remote areas to eliminate bio-waste transport, like Porto Santo,
set to pilot this approach. Educating residents on compost quality and securing proper
certification could grow its demand. Door-to-door collection with waste weighing was
recommended, as well as reducing reliance on incineration to focus on composting, sorting,
and repair facilities. However, legislation alone would be insufficient. Targeted
communication to change behaviour, such as media campaigns promoting simple practices
and emphasising health, environmental, and financial benefits, should be implemented:
“Unfortunately, it’s easier to get through to them by showing how much they’ll save”.
Tilos ZW Island — best practices

Tilos> ZW journey was initiated and funded by a private company, standing on four
pillars: initial assessment, public engagement, infrastructure development and collaboration.
It took six months to transition from incineration to a composting and recycling-focused
system. Initiatives included door-to-door collection, an app to track waste production,
business incentives, and information/tools for residents and tourists. Initially met with
scepticism, the transition was eased through regular communication. Tourism served as a
catalyst for promoting ZW, driving visitors to positively contribute and to “view Tilos as a
unique travel destination”. Still, challenges were faced in maintaining stakeholder
engagement, managing non-recyclable shipments off the island, and scaling to meet growing
tourism demands. Despite its larger scale, Madeira was considered “highly capable” of
transitioning into a ZW island, especially given ZW Europe’s flexible goals for tourist
islands. Recommendations include conducting a waste audit, engaging the public,
establishing partnerships to share expertise and costs, and emphasising the economic and
ecological benefits for public support. A tailored solution would be essential.
4.2. Quantitative Method

A survey targeting tourists evaluated their perceptions of Madeira’s WMS and willingness
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to support ZW initiatives (Appendix 9). Hosted on Microsoft Forms, it was distributed
through online networks and displayed at three prominent tourist sites and two hotels in
Madeira. Sixty participants responded, all of whom had visited Madeira at least once.

Respondents came from 18 countries, mainly within Europe (88%). Most were aged 18-
29 (67%), highlighting a largely younger base. Additionally, 65% of respondents were
visiting Madeira for the first time, and 65% stayed in apartments or Airbnb. Chi-square tests
were conducted in the Jamovi platform to identify statistically significant associations
between variables, which were analysed by examining contingency tables (Appendix 10).
4.2.1. Results

During their stay in Madeira, most tourists (62%) noticed some waste reduction efforts
and a minority (38%) noticed none. Regarding the ease of separating waste and finding
recycling bins, mixed experiences were reported. Most accommodations (70%) did not
provide information about waste management (e.g., sorting, composting, recycling), with
only 30% of respondents receiving it. The most chosen measures to reduce waste were
special equipment for proper separation (21%), elimination of single-use plastics (20%), and
providing information on how to separate waste (19%). Other options included mandatory
taxes (12%) and financial benefits (9%). All respondents expressed willingness to take
actions to reduce waste, and 73% indicated that Madeira being a ZW island would make it
more appealing as a destination, while 27% stated it would not change their perception.
Chi-Square Analysis of Associations

Visitors who received waste management information at their accommodation were
significantly more likely to notice waste reduction efforts and perceive waste separation and
recycling as easier. First-time visitors were significantly less likely to notice waste reduction
efforts, find separation and recycling easy or receive waste management information at their

accommodation. Repeat visitors accounted for all cases where many efforts to reduce waste
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were noticed. Additionally, younger respondents (18-29) were significantly less likely to
receive waste management information at their accommodation and exhibited a more diverse
range of preferences for waste reduction measures when compared to older respondents. No
significant associations were found for the accommodation type or the appeal of Madeira as
a ZW island. Similarly, most respondents demonstrated consistently high willingness to take
actions to reduce waste regardless of other variables.

S. Discussion

The study set out to explore Madeira’s potential to transition into a ZW island, with
tourism as the driving force. This section reflects on the research process, discussing
implications, limitations and recommendations for future research.

Findings highlight the strong relevance of ZW to Madeira’s context, as waste reduction
should be the main priority in an insular territory. A key theoretical contribution of this paper
is that tourism can be a critical driver of the shift towards ZW. In Madeira, tourism’s high
visibility, influence, and role as a pioneer of sustainable measures position it to inspire ZW
behaviours among residents and other sectors, facilitating the transition toward a circular
WMS, as Ferronato et al. (2023) proposed. Tilos’ experience as the first ZW island reinforces
this idea, demonstrating tourism’s pivotal role in advancing such practices.

Quantitative findings contribute to existing research by revealing that most tourists are
willing to adopt ZW practices and view Madeira as a ZW island more appealing as a destination.
Qualitative insights further suggest that ZW practices could strengthen Madeira’s image,
differentiate it from competitors, and attract eco-conscious tourists, as demonstrated in Tilos,
positioning it as a unique destination. This supports broader evidence from Gourgoura (2024),
showing that adopting ZW practices enhances a destination’s attractiveness while addressing
waste challenges. This is particularly relevant given the growing perception that tourists

increasingly value environmental practices and are open to paying a premium for sustainable
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options. These outcomes help address concerns that ZW initiatives may not align with visitor

expectations, engagement, or the established tourism market dynamics.

However, results underscored tourism’s dual role as a challenge and an opportunity in
Madeira’s transition to a ZW island, similar to the experience in Tilos. Significant gaps in
Madeira’s waste and tourism management reinforce the need for solutions as rising tourism
strains the WMS. While the sector boosted the economy, its rapid growth was poorly
managed, leading to overcrowded areas, increased waste, and pressure on local resources.

Additionally, a gap was identified between Madeira’s certification as a sustainable
destination and the practical implementation of sustainable practices. While some efforts
are in place within Madeira’s tourism sector (Almeida et al., 2024), they remain insufficient
due to a lack of regulation and standardised practices. This supports Rodriguez, Florido and
Jacob (2020), who noted the limited integration of CE principles in the tourism industry.

Similarly, quantitative findings revealed that while tourists are aware of some waste
reduction efforts in Madeira, most accommodations do not provide waste management
information, which could support easier separation and recycling. Although qualitative
results suggested that hotels lead in sustainable practices, quantitative results did not confirm
an association between accommodation type and the provision of waste management
information, revealing gaps across all types. Unexpectedly, younger tourists received less
waste management information at accommodations than older visitors. This discrepancy may
stem from generational differences in communication preferences (Venter 2017). As
Madeira’s tourism demographic shifts toward a younger audience, promoting waste
management practices should be generation-appropriate, leveraging digital technologies.
Research on ZW has shown that its success depends on providing proper information and
training (Krausz 2012; Simon, McQuibban, and Condamine 2020).

Critical barriers to adopting ZW in Madeira were identified, such as cultural resistance,
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financial priorities, and limited government ambition, consistent with findings from Fuchs
(2023), Pietzsch, Ribeiro, and Medeiros (2017) and Gourgoura (2024). Island-specific
challenges, such as steep orography, insularity, and reliance on imports, further complicated
waste management, aligning with prior studies (Ezeah, Fazakerley, and Byrne 2015; Wang,
Lee and Mokhtar 2021). Heavy reliance on incineration creates three key obstacles:
dependency on a steady waste supply, which discourages waste reduction; a lock-in effect,
limiting the adoption of cheaper, sustainable alternatives; and resident complacency,
discouraging waste separation due to the perception that most waste is incinerated. The first
two align with by Gutberlet et al. (2020) and Vihk (2019), while resident complacency
resulting from incineration likely leads to high contamination rates and recyclables in mixed
waste. Although Bandarra et al. (2021) argue that incineration complements recycling, this
study shows the importance of addressing its behavioural challenges.

Furthermore, two major critiques of the ZW concept in Madeira were identified: 1) The
increasing environmental and financial burden of shipping recyclables off the island,
exacerbated by the absence of an industrial base to support local recycling, and 2) The overly
ambitious nature of ZW goals, which may discourage participation and effort. While ZW’s
primary goal is waste reduction, it may also increase recyclables. A practical starting point
lies in reducing waste volumes and decentralising bio-waste treatment, helping offset
recyclables’ shipping (Simon, McQuibban, and Condamine 2020). Additionally, the flexible
targets set by ZW Europe for tourist destinations offer a more achievable framework.

To achieve ZW and surpass these barriers, societal changes, collaborative action,
legislation and awareness campaigns are required. Aligning with Krausz (2012), who
stressed the importance of fundamental behavioural changes, both residents and tourists
should embrace environmentally conscious consumption habits. Addressing Madeira’s waste

challenges requires a collective effort, combining public-private collaboration, community
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engagement, and knowledge networks. For Madeira in general, a hybrid WMS emerged as

ideal, combining centralised processing and sorting with decentralised collection and small-

scale treatments like community composting. This approach balances economies of scale

with standardised operations, reduces transport costs for remote areas, and fosters community

involvement (Verma 2024) while tailoring solutions to specific needs (Dredge 2022).

Given the complexity of implementing ZW, requiring a paradigm shift in Madeira, a

phased approach could prove effective. Starting with the tourism sector as a pilot project —

similar to using Porto Santo as a smaller-scale testing ground — could provide a blueprint for

broader adoption. Tilos’ ZW project also suggests the role of the private sector in initiating

such projects. Policy-wise, findings suggest actionable strategies for the tourism industry:

O

Prioritise local production and collaborate with local producers and external suppliers
to optimise and reduce packaging;

Create legislation enforcing waste production limits and better waste practices, and
linking the waste tariff with its generation (rather than water consumption);
Balancing penalties and rewards for proper waste management practices, with
systems like PAYT (Alves, Silva, and Soares 2020) and market incentives;
Establishing a team of officials to verify compliance in tourism establishments,
similar to the HACCP system, to ensure adherence and continuous improvement;
Standardising door-to-door collection with waste-weighing and identification;
Adopting local bio-waste composting, ensuring proper certification for the compost,
as well as creating repair and refurbishment units for other materials;

Supporting innovation, providing financial aid to tourism operators, and facilitating
access to knowledge networks;

Enhancing waste reduction communication efforts through media campaigns

targeting residents and tourists, highlighting economic and ecological benefits; and
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ensuring clear waste management information available at all accommodations.
Communication must aim for simplicity and foster automatic behaviours.

The focus should be on 3 key groups: tourism collaborators (e.g., hotels and entertainment
providers), residents, and tourists. By engaging these groups and showing tangible results in
the tourism sector, a foundation for a comprehensive ZW transition can be built.

Findings emphasised the need to gradually reduce Madeira’s reliance on incineration for
a more sustainable WMS. With the incinerator at full capacity (Ribeiro 2024), this presents
an opportune moment for the tourism industry to adopt alternative treatment methods,
offering a more effective solution than expanding the incinerator. Tourism’s potential impact
can be estimated using Martins and Crd’s (2021) findings and 2023 data about Madeira’s
WMS, while assuming that tourism contributes 41.9-46.6% uniformly across all waste
categories. Locally composting tourism bio-waste could cut incineration by 20-22%, while
proper sorting of recyclables could reduce it by 13-15%. Combined, these measures in the
tourism sector alone could reduce Madeira’s incinerated MSW by 33-37% and save 2.9 to
3.2 million euros in incineration costs (Appendix 11). While these improvements focus
merely on treatment, adding waste reduction efforts would further amplify the sector’s
impact. However, ZW efforts should not rely exclusively on the tourism sector, as this risks
overlooking residents’ engagement and limiting its impact. Tourism may serve as a catalyst
for ZW in Madeira, but it must be part of a broader, island-wide strategy to be effective.

While this paper offers insightful contributions to the role of tourism in driving ZW
initiatives in Madeira, several limitations must be acknowledged. Sampling bias may be
present, as qualitative data might not adequately represent all stakeholder groups, and the
small survey sample size, with an overrepresentation of younger participants, might limit the
findings’ generalisability. Given that research is focused on Madeira’s context, broader

applicability is further restricted. Additionally, social desirability bias may have influenced
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participants to provide socially acceptable rather than truthful responses (Grimm 2010),
impacting the reliability of the data. Finally, a cautious interpretation of results is required:
survey data analysed through Chi-square tests can identify associations but not causality, and
assumptions about tourism’s impact, such as attributing its contribution uniformly across all
waste categories, may oversimplify the complexities of waste generation.

As such, future research on Madeira should build on the insights from this paper by
conducting larger-scale studies to validate residents’ and tourists’ perceptions of ZW and
assess tourism’s role in its promotion. Developing a comprehensive ZW framework tailored
to Madeira is advisable, alongside evaluating the feasibility of establishing local recycling
infrastructure to reduce dependence on exporting recyclables. Exploring effective methods
for engaging locals and tourists in ZW initiatives would be beneficial. Additionally,
investigating how tourism can positively contribute to the island beyond waste management,
thereby becoming a regenerative force, is recommended. More broadly, there is a need for
studies focusing on ZW practices in island settings and examining tourism’s specific role.
6. Conclusion

This study aimed to explore tourism as a catalyst for positive changes on Madeira Island,
particularly in starting its ZW journey. As the key economic driver of Madeira, tourism is
one of the largest contributors to waste generation. Therefore, it could significantly change
how Madeira views, creates and treats waste.

Based on a qualitative and quantitative analysis of residents’ and tourists’ perceptions, it
can be concluded that ZW is highly relevant and viable for Madeira, and the tourism sector
has a pivotal role in advancing its transition to ZW. This sector’s prominence and influence
position it as a driver for sustainable waste practices, inspiring both residents and other
sectors to follow. Besides differentiating Madeira’s image as a genuinely sustainable tourist

destination, adopting ZW would align it closely with a CE while involving the community.
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As tourism on the island expands, it is imperative to transform existing systems to
decouple waste production from its growth. This will require addressing gaps in waste
management and public awareness through collaborative efforts and targeted policies.

While Madeira’s ZW project should not rely solely on the tourism sector, it could be the
starting point, leveraging its current role as an advancer of sustainable practices. Given the
complexity of adopting a general ZW system in Madeira, using tourism as a pilot project and
showing tangible results could encourage participation from other sectors. This project
should focus on three key groups: tourism collaborators, residents, and tourists. These groups
can be effectively reached by implementing targeted media awareness campaigns while
considering Madeira’s evolving tourist demographic, effective legislation, and monitoring.

Adopting waste reduction strategies — such as prioritising local production, minimising
packaging, and setting waste production limits — alongside alternative waste treatment
methods like local bio-waste composting and establishing repair or refurbishing centres can
significantly impact waste management in the tourism sector. Door-to-door collection with
producer identification, penalties and rewards, and financial aid for collaborators to adopt
innovations were identified as optimal solutions. However, these measures alone are
insufficient without some degree of societal transformation and collaboration.

While sampling bias might limit the generalizability of results, this study deepens the
understanding of integrating ZW within island tourism contexts, offering insights that can
inform sustainable development strategies for Madeira and similar destinations. Future
research should focus on conducting larger-scale studies, creating a ZW framework tailored
to Madeira, and exploring additional ways tourism can positively contribute to the island.

Practitioners should reevaluate tourism’s role, recognising its potential to extend beyond
being merely Madeira’s economic driver. Because a destination is only good to visit as long

as it is good to live in, tourism could also become a driving force for Madeira’s regeneration.
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8. Appendix
Appendix 1 — List of abbreviations

Al — Artificial Intelligence

ARM — Aguas e Residuos da Madeira [Water and Waste Management of Madeira]

CE — Circular Economy

DMO - Destination Management Organization
EPR - Extended Producer Responsibility

EU — European Union

GDP — Gross Domestic Product

HACCP — Hazard Analysis Critical Control Points
MSW — Municipal Solid Waste

PAYT — Pay as You Throw

WMS — Waste Management System

ZW — Zero Waste

Appendix 2 — Waste production in Madeira Island (2016 — 2023)

Source: SRAPA and DRAM 2024
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Appendix 3 — Treatment of MSW in Madeira Island (2023)

Source: SRAPA and DRAM 2024
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Appendix 4 — Collection of MSW in Madeira Island (2023)

Source: SRAPA and DRAM 2024
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Appendix 5 — Undifferentiated MSW Composition in Madeira Island (2023)

Source: SRAPA and DRAM 2024
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Appendix 6 - Qualitative research: Interview guides
Interview Guide 1: Madeira Island
1. How would you describe Madeira’s current waste management system? Are there areas in
this process that could be improved in any way? Do you have any ideas you’d like to
implement, particularly in the tourism industry?
o For tourism operators (hotels, Airbnbs, restaurants) and municipality entities only:
How would you describe the waste management process in your
business/municipality, from the moment it is generated until it is disposed of? What

motivated the implementation of current practices?
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2. What do you think is the impact of the rapid growth in tourism, particularly since the
pandemic, on waste production and management in Madeira?

3. A concept that is gaining prominence, especially in tourist destinations, is zero-waste. It's
based on a circular economy, which sees waste as a resource and a way of saving/making
money. The central aim is to reduce waste production as much as possible, while promoting
reuse, recycling and eliminating landfill and incineration. This measure has already been
successfully implemented on other tourist islands, such as Tilos in Greece, the 1st Zero Waste
Island, which in just 2 years has managed to reduce its waste production by 40% and recycle
90% of the total, which was previously incinerated. Residents have received training and
equipment, and tourists have been given information and tools for sorting waste, including
an app to track their waste production. Do you think there are currently any measures
focussed on reducing waste, in Madeira in general but also within the tourism sector?

4. Madeira’s current waste treatment system consists of 80% incineration, 13% recycling,
4% composting, and 3% landfill. What is your opinion on this system? In what ways do you
think it supports or hinders the adoption of reduction practices?

5. Would the concept of zero waste be relevant and viable for Madeira, and for the tourism
sector? What would be the main benefits and obstacles to its long-term implementation?

6. In your opinion, what changes would be needed, both in the tourism industry and on the
island in general, to adopt zero waste practices more effectively?

7. Could the tourism sector drive the Zero Waste movement to reduce waste and raise

awareness, inspiring other sectors and residents to adopt these practices?
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Interview Guide 2: Tilos Island

1. What were the key factors that motivated Tilos to adopt a zero-waste approach? Were
there specific challenges or opportunities that influenced this decision?

2. Could you describe the most critical steps that were taken to transition Tilos into a ZW
island, especially in the early stages?

3. How long did it take to disable the incinerator and move to composting and recycling?
What do you do with materials that cannot be recycled?

4. Were there any policies/regulations from the government that facilitated this transition,
as well as local/international partnerships, namely with the tourism sector?

5. How did the local community and businesses initially react to the shift towards zero
waste? What strategies were used to engage them and ensure their participation?

6. How has the tourism sector adapted to the zero-waste initiatives? Have tourists responded
positively, and have there been any particular strategies for managing waste generated by
visitors?

7. What role do you believe the tourism sector played in the zero-waste transition?

8. What have been the biggest challenges in maintaining and expanding the zero-waste
practices on Tilos?

9. Based on your experience, do you believe Madeira Island, with nearly 260,000 inhabitants

and relying on 82% incineration, could adopt the same strategy?

Appendix 7 — Qualitative research: Transcripts
Transcript 1: Interview about Madeira Island
Question: I’d like to ask if you have any knowledge of Madeira’s current waste management

system or a general idea and if you could describe it.
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Answer: Well, a series of campaigns were initially accepted concerning waste sorting, which
involved people sorting their waste at home and putting it in the appropriate containers. This
has been going on for a few years now. It was a policy that was implemented throughout the
country. Naturally, there are municipalities where there has been a greater commitment, but
what happens here in Madeira is that people don’t respect it; a lot of people continue to put
rubbish out without sorting it properly.

Question: And about the treatment system in Meia Serra, do you know how it’s done?
Answer: I’ve visited Meia Serra. They do manage to do some sorting there. Above all, the
green organics, the leftover materials from agriculture, from the gardens, they manage to
make that so-called chip and put it together to make compost. But a lot of the waste goes to
the incinerator, a lot of it goes to burn, and that produces electricity, on the one hand, but on
the other hand, there's also the pollution aspect, the problem of the dioxins, which are
environmentally harmful. And it ends up creating a certain comfort that it's all going to be
burnt, and people generally don’t worry too much about sorting or other solutions. Applying
the 3Rs - reducing, recycling and reusing - should ideally be much stronger. There are even
municipalities in mainland Portugal where measures are being taken in this direction. For
example, they have eco points, where people who hand in their sorted rubbish receive credits,
which can be used to top up the water bill or other benefits for the users themselves.
Question: Could this process be improved in any way? Do you have any ideas you'd like to
implement, particularly in the tourism industry?

Answer: Yes, this whole process here in Madeira could be improved. In fact, there needs to
be a more effective campaign among the population, hotels and so on. It’s important to
educate consumers about the 3Rs policy. In fact, what’s missing from this 3Rs policy is
another R, which is the R for responsibility. For us, for an island, waste is complicated.

Because there are transport costs to export these products, which has negative consequences.
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Question: What do you think is the impact of the rapid growth in tourism, particularly since
the pandemic, on waste production and management in Madeira?

Answer: There has been a lot of waste production, not to mention the overloading of the
destination. It’s complicated, and the existing systems must be intensified. Above all, there
has to be a bigger campaign because more people are using it, and more people are producing
waste. Up until now, things have been resolved, but the tourism growth we're experiencing
will lead to more people producing waste in the future. And so, we’re going to have
complicated situations. The people who visit us are generally more aware of these
environmental issues. However, this could lead to problems for residents because, with this
greater consumption, the municipalities that collect waste will probably either keep up with
this growth, intensifying by having more people working and more equipment, or there will
be situations of accumulation. The tourism sector in the region is growing at an ungoverned
pace, so if growth is ungoverned or unplanned, so will the rest.

Question: A concept that is gaining prominence, especially in tourist destinations, is zero-
waste. It's based on a circular economy, which sees waste as a resource and a way of
saving/making money. The central aim is to reduce waste production as much as possible,
while promoting reuse, recycling and eliminating landfill and incineration. This measure has
already been successfully implemented on other tourist islands, such as Tilos in Greece, the
Ist Zero Waste Island, which in just 2 years has managed to reduce its waste production by
40% and recycle 90% of the total, which was previously incinerated. Residents have received
training and equipment, and tourists have been given information and tools for sorting waste,
including an app to track their waste production. Practices that meet this concept could
include the elimination of single-use plastics, provision of reusable objects (e.g. bottles,

bags), fees/taxes that penalise waste production, and financial benefits for low waste
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production/reuse/recycling. Do you think there are currently any measures focussed on
reducing waste, in Madeira in general but also within the tourism sector?

Answer: Unfortunately, there is some work at this level, but it is insufficient. Why exactly?
Because we're seeing a period in which there have been major improvements in the
household economy, and they often don't look at their waste. In other words, the idea that
when we go to the supermarket, buying products that have less waste is naturally important.
But people often don't look at that, precisely because they're not thinking about the fact that
they're probably paying for rubbish. When we buy certain products, a price is often applied
to the rubbish. I vividly remember a campaign that took place around plastics, where the big
stores offered plastic bags. They started to be paid for, but that didn't result in a reduction,
people continue to use them, even if they pay. There are other campaigns, such as those that
happen a lot at parties, where they often put out cups that people have to pay for. But you
can see that people often continue to throw the cup away, even if they have paid for it. In
other words, with this consumerism, people don't care about the value of plastic. And that
has to be part of education campaigns, and there will probably have to be greater penalisation.
When it starts to “hurt”, people will probably think about cutting back.

Question: The current treatment system consists of 80% incineration, 13% recycling, 4%
composting, and 3% landfill. In what ways do you think this system supports or hinders the
adoption of reduction practices?

Answer: Of course, incineration is an “easy way” to look at a lot of waste. And we often
weigh up the advantages, which are producing electricity and a significant reduction in this
waste volume, but we don't think about the costs, about the environmental impacts that this
has. The ideal would be to focus more on reduction, recycling and reuse, but this exaggerated
consumerism is even more significant with this increase in tourism. We must continue to

invest in policies that reduce incineration because it's an expensive process that pollutes the
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environment. Other alternatives would be much more beneficial. Then, for example, there's
the question of composting, all organic material should be chipped.

Question: Would the concept of zero waste be relevant and viable for Madeira, and for the
tourism sector? What would be the main benefits and obstacles to its long-term
implementation?

Answer: Without a doubt, it's as viable as anywhere else. And highly relevant, especially
given our geographical limitations. This region has its own geography, and culturally and
politically, it's very different from other regions. It has its limitations, all of which stem from
a territory with very peculiar characteristics. We could, in fact, have much more incisive
campaigns on the issue of waste. I see that nowadays, there are machines, such as washing
machines, cookers, fridges, and water heaters, that often break down, and there are parts on
sale that are relatively cheap, but people buy them new out of convenience. Then there's also
the fact that we're in a period of great consumerism; people are always changing furniture,
cars, and cell phones, and people don't repair anything these days. And then something new
comes along, they throw away the old stuff that they still had, that could still be used. The
barriers for Madeira are not only socio-economic but also very institutional and political.
Question: In your opinion, what changes would be needed, both in the tourism industry and
on the island in general, to adopt zero waste practices more effectively?

Answer: This is a question that involves a lot of education. However, the big problem also
has to do with political issues. We're in a period in which major decisions are made in
electoral cycles. Statistics are often what matters. Often, certain measures are taken for the
election’s benefit. In other words, not so much thought is given to the good that certain
decisions would bring, but above all, what counts are the votes. Waste management is often

ignored. The worst is that there are no limits to the production of waste, so hotels and

46



institutions can produce all they want as long as they pay. There should be limits. And
monitoring, because currently, there’s no way to identify who does good or wrong.
Question: Do you think promoting this reduction of waste and even better separation at the
base could be done through financial benefits or penalties?

Answer: Yes, that's right. There are already penalties for those who produce, but the biggest
penalty is for the consumer. But what we see is that people don't think about it, they don't
pay attention to it. They often just look at the final price. Here, it would be important to do
what is done, for example, with tobacco. Put information on the packaging saying that this
material can be recycled or recyclable; if it isn't, it has these costs. Whether it's the penalty
or the benefit, I would perhaps go more for the benefit, this situation could help people adhere
to better practices.

Question: Finally, do you think the tourism sector could be the driving force behind this
movement to reduce waste and raise awareness, inspiring other sectors and residents to adopt
these practices?

Answer: Yes, generally, our tourists are usually from countries that have more intense
environmental policies than ours; that is, they generally have higher levels of education and
greater environmental awareness. Then, there are day-to-day practices that the local residents
often copy. There has to be a plan to involve the various players, including the most important
economic activities, and tourism is one of them. The plans could be geared towards this sector
or a kind of sub-plan. One part is the role of the state, and the other is the role of private
agents, mostly in the tourism sector. The private sector has to want to do it, but there's a long
way from wanting to do it to do it, and it doesn't just depend on the will of these agents. It
has to be the state that establishes procedural and operational rules and criteria for these
players, particularly in tourism, because voluntary action is not enough to bring about these

changes.
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Transcript 2: Interview about Tilos Island

Question: What were the key factors that motivated Tilos to adopt a zero-waste approach?
Were there specific challenges or opportunities that influenced this decision?
Answer: The primary motivation for Tilos was our commitment to sustainability and
environmental protection. As a small island, we are particularly vulnerable to the impacts
of climate change and pollution. Sustainable waste management was crucial for preserving
our natural beauty and biodiversity. Additionally, the lack of space for traditional waste
disposal methods (landfills). This limitation became an opportunity to innovate and lead by
example. The growing global awareness of the environmental crisis aligned perfectly with
our vision to make Tilos a beacon of ecological responsibility.

Question: Could you describe the most critical steps that were taken to transition Tilos into
a ZW island, especially in the early stages?

Answer: We began with an initial assessment, an audit of the island’s waste streams to
understand the volume and types of waste produced. Then we moved to public engagement,
informing and educating residents and businesses on waste separation and sustainable
practices was fundamental. We also did infrastructure development, establishing the
Circular Innovation Center and eliminating the landfill. Collaboration was important, and
our partnership with Polygreen through the "Just Go Zero" initiative, along with support
from the South Aegean Region and the Solid Waste Management Authority, helped us build
the necessary capacities and implement innovative solutions.

Question: How long did it take to disable the incinerator and move to composting and
recycling? What do you do with materials that cannot be recycled?
Answer: It took approximately six months to complete the transition from incineration to a

system focused on composting and recycling. Non-recyclable materials are minimised
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through careful waste management and are sent to cement industries to be used as renewable
fuel.

Question: Were there any policies/regulations from the government that facilitated this
transition, as well as local/international partnerships?
Answer: Government policies encourage recycling and promote the circular economy. The
South Aegean Region and the Solid Waste Management Authority (FODSA) played a
crucial role by offering technical guidance and coordination, ensuring that our efforts align
with regional strategies. However, the cornerstone of our success was the partnership with
Polygreen through the "Just Go Zero" initiative. Polygreen not only provided expertise and
innovative solutions but also fully funded the project. This financial and technical support
enabled us to transition swiftly and effectively to a zero-waste system tailored to the needs
of Tilos. This collaboration highlights the importance of visionary partnerships in driving
sustainable change, even in small, remote communities like ours.

Question: How did the local community and businesses initially react to the shift towards
zero waste? What strategies were used to engage them and ensure their participation?
Answer: At first, there was skepticism, as changing habits is never easy. However, the
community quickly realized the long-term benefits. Workshops, hands-on demonstrations,
and regular communication helped ease the transition. Businesses were incentivized through
programs recognizing sustainable practices, and residents were provided with the necessary
tools and information to make waste separation simple and efficient.

Question: How has the tourism sector adapted to the zero-waste initiatives? Have tourists
responded positively, and have there been any particular strategies for managing waste
generated by visitors?
Answer: Tourists have responded overwhelmingly positively, viewing Tilos as a unique

and responsible travel destination. Hotels and restaurants adopted waste separation and
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composting practices. Reusable items replaced single-use plastics, and information
campaigns targeted visitors to ensure their cooperation.

Question. What role do you believe the tourism sector played in the zero-waste transition?
Answer: The tourism sector played a dual role: as a challenge, due to increased waste during
peak seasons, and as a catalyst for promoting our zero-waste ethos. Sustainable tourism has
become a cornerstone of our identity, demonstrating that visitors can contribute positively.
This sector can indeed be a driver of similar initiatives if managed thoughtfully, as eco-
conscious travelers increasingly prioritize such destinations.

Question: What have been the biggest challenges in maintaining and expanding the zero-
waste practices on Tilos?
Answer: One major challenge is ensuring long-term engagement from all stakeholders. It’s
easy for enthusiasm to wane, so continuous education and reminders are essential. Another
issue is dealing with non-recyclable materials and the cost of transporting them off-island.
Lastly, scaling our practices while balancing the needs of growing tourism has required
constant adaptation and innovation.

Question: Based on your experience, do you believe Madeira Island, with nearly 260,000
inhabitants and relying on 82% incineration, could adopt the same strategy?
Answer: Absolutely. While the scale is significantly larger, the principles remain the same.
Start by conducting a waste audit to understand Madeira’s specific challenges. Focus on
education and public engagement from the outset, and establish partnerships with
environmental organisations to share expertise and costs. It’s also crucial to develop
localised solutions tailored to the island's geography, economy, and culture. Finally,
emphasise the economic and ecological benefits to gain public and political support.
Madeira has the potential to lead by example, just like Tilos, showing that even larger

communities can prioritise sustainability over convenience.
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Appendix 8 — Thematic Analysis Coding

Table 1: Coding for interviews about Madeira Island

Main Category Subcategory Sub- Number of Number of
subcategory Participants Transcript
(N=18) excerpts
Current Waste Description Processes and 13 40
Management treatment
Uncertainty on 7 19
topic
Sustainability 9 19
consciousness
Current ZW Recycling and 10 29
practices separation
Composting 6 20
Raising 5 9
awareness
Reuse 5 14
Reduce 5 19
Optimism - 17 47
Criticism - 14 25
Current Description - 12 31
Tourism State
Criticism - 5 8
Tourism’s - 17 49
Impact
Adaptation to - 11 25
increase in
tourism
Tourist’s - 11 22
perceptions
Barriers to Social Cultural 10 26
Sustainability resistance
Neglected 9 37
waste practices
Consumerism 9 20
Lack of 8 23
information/edu
cation
Economic Financial 4 7
prioritisation
Lack of 5 15
resources
Lack of time 3 14
and space
Linear economy 8 15
Investment/exp 5 10
ensive
Tourism sector 8 15
Geographical - 11 19
Current WMS - 15 27
Government Poor waste 12 36
management
Poor tourism 7 23
management
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Lack of 6 9
community
engagement
Inaction/corrupt 7 12
ion
Zero Waste Lack/non- - 9 29
existence
Relevance to - 17 37
Madeira
Benefits - 11 18
Criticism - 9 20
Tourism as - 18 35
driver
Changes needed Social - 10 23
Collaborative - 7 15
action/learning
Government Legislation 15 44
Incentives & 11 18
financial
support
Tourism 7 20
management
Waste 13 45
management
Local economy 8 20
Awareness 18 65
campaigns
Table 2: Coding for interviews about Tilos Island
Main Category Subcategory Sub- Number of Number of
subcategory Participants Transcript
(N=3) excerpts
Previous WMS Description - 2 3
Zero Waste Initiative and - 3 3
motivation
Processes Public 3 6
engagement
Eliminate 2 2
incinerator and
landfills
Door to door 2 2
collection
Bio-waste 2 2
composting
Incentives to 1 1
businesses
Tourism sector Role in Zero 3 3
Waste project
Impact of Zero 2 3
Waste
Success criteria WMS Door to door 1 1
for Madeira collection
Public - 3 3
engagement
Partnerships - 2 2
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Appendix 9 — Survey Questions and Answers

Questionnaire: Understanding How Tourism Can Drive Sustainable Practices in Madeira

1. During your stay in Madeira, did you notice any efforts to reduce waste or promote waste

sustainability at your accommodation or tourist sites?

- Yes,alot
- Yes, some

- No, I didn’t notice

Yes, a
| lot, 7%

2. How easy was it to separate waste or to find recycling bins during your stay?

- Extremely easy

- Somewhat easy

- Neutral

- Somewhat not easy

- Extremely not easy

Extremely Extremely
not ea %

3. What type of accommodation did you stay in during your visit?

- Apartment/Airbnb
- Hotel

- Rural/farmhouse

- Cruise ship

- Other (please specify)

Camper,
Cruiseship, /| 2%

\

Rural/farm
house, 5%
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4. Did the accommodation you stayed at provide information or instructions about managing
waste (e.g., sorting, recycling, composting, reducing)?
- Yes

- No

5. Which measures would help you reduce waste during your stay in Madeira? (You can

select multiple options)

Other I
- Elimination of single-use plastics

Mandatory regulations
) _ ) I
- Reusable items provided (e.g., bottles, bags)

Financial benefits [N

- Information about how to separate waste

Special equipment (...)  [INEEEGEG_—_——

- Special equipment for proper separation at

Information (...) [N

accommodation

Reusable items (...) [N
- Financial benefits (e.g., discounts for sustainable
Elimination of single- _
use plastics
choices)
0%  10%  20%  30%

- Mandatory regulations or taxes discouraging
waste production

- Other (please specify)

6. Would you be willing to take actions that directly reduce waste, such as the ones described

in the last question, during your stay in Madeira? No,
probably

0%
- Yes, absolutely

- Yes, to some extent

- No, probably not
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7. Zero-waste is a concept grounded in the circular economy, which views waste as a

resource. It aims to significantly reduce waste production by prioritizing reuse and recycling,

ultimately eliminating the need for landfills and incineration. Would Madeira be more

appealing to you as a tourist if it were a Zero-Waste island?

- Yes, it would make it more appealing

- No, it wouldn’t change my perception

- No, it would make it less appealing

8. Was this your first time visiting Madeira?

- Yes

- No, I have visited more than once

9. Please select your age group.

- 1829
- 3049
- 50-64

- 65+

10. Where do you come from?
- Portugal
- France
- Italy
- Germany

- Other (please specify)

Netherlands
Sweden
South Africa
Republica Moldova
Israel

USA

Latvia
Hungary
Switzerland
Australia
Brazil
France
Austria

UK
Belgium
Italy
Germany
Portugal

No, it would
,_ make it less
ling, 0%

+1, 29
[50-64], 7%_[\65 - 2%

0% 5% 10% 15% 20% 25% 30%
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Appendix 10 — Quantitative research: Chi-square analysis and contingency tables

Figure 1: Question 1 and Question 2

Contingency Tables

Q1: Efforts to reduce

Q2: Ease of finding recycling bins

Extremely

Extremely

Somewhat

Somewhat

waste noticed easy not easy Neutral easy not easy Total

No, | didn't notice Observed 0 2 2 7 12 23
Expected 1917 1917 2300 8.433 8433  23.000
o
7o within 0.0% 87%  87% 30.4% 5229% 1000
row Yo
Z‘(’)I‘f":;hr:" 0.0% 400%  333% 31.8% 545%  38.3%

Yes, a lot Observed 3 0 0 1 0 4
Expected 0.333 0333  0.400 1.467 1.467  4.000
o
7 within 75.0% 00%  00%  250% 00% 1000
row Yo
:/;ngth:n 60.0% 0.0% 0.0% 45% 00%  67%

Yes, some Observed 2 3 4 14 10 33
Expected 2.750 2750  3.300 12.100 12100  33.000
o
afialat 6.1% 91%  121% 42.4% 303% 1000
row %o
% within o o o o o o
i 40.0% 60.0%  66.7% 63.6% 455%  55.0%

Total Observed 5 5 6 22 22 60
Expected 5.000 5000  6.000 22.000 22000  60.000
o
7o within 8.3% 83%  10.0% 36.7% 367% 1000
row Yo
% within 100.0 100.0
J 100.0% 100.0% o 100.0% 100.0% "

X2 Tests
Value df p
X2 28432 8 <.001
N 60
Nominal
Value
Phi-coefficient NaN
Cramer's V 0.487
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Figure 2: Question I and Question 4

Contingency Tables
Q4: Information on waste management
provided
Q1: Efforts to reduce waste No Yes Total
No, | didn't notice Observed 19 4 23
Expected 16.100 6.900 23.000
% within row 82.6 % 17.4% 100.0%
% within 452% 22.2% 38.3%
column
Yes, a lot Observed 0 4 4
Expected 2.800 1.200 4.000
% within row 0.0% 100.0% 100.0%
o) L
% within 0.0% 222% 6.7%
column
Yes, some Observed 23 10 33
Expected 23.100 9.900 33.000
% within row 69.7 % 30.3% 100.0%
o) Lt
% within 54.8% 55.6% 55.0%
column
Total Observed 42 18 60
Expected 42.000 18.000 60.000
% within row 70.0% 30.0% 100.0%
o) st
7o within 100.0% 1000%  100.0%
X2 Tests
Value
x2 11.076
N 60
Nominal

Phi-coefficient

Cramer's V
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Figure 3: Question I and Question 8

Contingency Tables
Q8: First time visiting Madeira

Q1: Efforts to reduce waste noticed No, | have visited more than once Yes Total

No, | didn't notice Observed 6 17 23
Expected 8.050 14.950 23.000
% within row 26.1% 73.9% 100.0%
% within column 28.6% 43.6% 38.3%

Yes, a lot Observed 4 0 4
Expected 1.400 2.600 4.000
% within row 100.0% 0.0% 100.0%
% within column 19.0% 0.0% 6.7%

Yes, some Observed 11 22 33
Expected 11.550 21.450 33.000
% within row 33.3% 66.7% 100.0%
% within column 52.4% 56.4% 55.0%

Total Observed 21 39 60
Expected 21.000 39.000 60.000
% within row 35.0% 65.0% 100.0%
% within column 100.0% 100.0% 100.0%

X2 Tests

Value df p

x? 8272 2 0.016
N 60

Nominal

Value

Phi-coefficient NaN
Cramer's V 0.371
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Figure 4: Question 2 and Question 4

Q4: Information on waste management provided

Q2: Ease of finding recycling bins No Yes Total

Extremely easy Observed 1 4 5
Expected 3.500 1.500 5.000
% within row 20.0% 80.0% 100.0%
% within column 2.4% 222% 8.3%

Extremely not easy Observed 5 0 5
Expected 3.500 1.500 5.000
% within row 100.0% 0.0% 100.0%
% within column 11.9% 0.0% 8.3%

Neutral Observed 6 0 6
Expected 4.200 1.800 6.000
% within row 100.0% 0.0% 100.0%
% within column 14.3% 0.0% 10.0%

Somewhat easy Observed 11 11 22
Expected 15.400 6.600 22.000
% within row 50.0% 50.0% 100.0%
% within column 26.2% 61.1% 36.7%

Somewhat not easy Observed 19 3 22
Expected 15.400 6.600 22.000
% within row 86.4% 13.6% 100.0%
% within column 45.2% 16.7% 36.7%

Total Observed 42 18 60
Expected 42.000 18.000 60.000
% within row 70.0% 30.0% 100.0%
% within column 100.0% 100.0% 100.0%

X2 Tests
Value df
X2 17.662 4
N 60
Nominal

Value

Phi-coefficient NaN
Cramer's V 0.543
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Figure 5: Question 2 and Question 8

Contingency Tables
Q8: First time visiting Madeira
Q2: Ease of finding recycling bins No, | have visited more than once Yes Total
Extremely easy Observed 3 2 5
Expected 1.750 3.250 5.000
% within row 60.0% 40.0% 100.0%
% within column 14.3% 51% 8.3%
Extremely not easy Observed 2 3 5
Expected 1.750 3.250 5.000
% within row 40.0% 60.0% 100.0%
% within column 9.5% 7.7% 8.3%
Neutral Observed 3 3 6
Expected 2.100 3.900 6.000
% within row 50.0% 50.0% 100.0%
% within column 14.3% 7.7% 10.0%
Somewhat easy Observed 11 11 22
Expected 7.700 14.300 22.000
% within row 50.0% 50.0% 100.0%
% within column 52.4% 28.2% 36.7%
Somewhat not easy Observed 2 20 22
Expected 7.700 14.300 22.000
% within row 9.1% 90.9%  100.0%
% within column 9.5% 51.3% 36.7%
Total Observed 21 39 60
Expected 21.000 39.000 60.000
% within row 35.0% 65.0% 100.0%
% within column 100.0% 100.0% 100.0%
X2 Tests

Value df p

x? 10689 4 0.030

Nominal

Value

Phi-coefficient NaN
Cramer's V 0.422
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Figure 6: Question 4 and Question 8

Contingency Tables

Q4: Information on waste management

Q8: First time visiting Madeira

No, | have visited more than

provided once Yes Total
No Observed 10 32 42
Expected 14.700 27.300 42.000
% within row 23.8% 76.2% 100'0(/)
o
% within 47.6% 821%  70.0%
column
Yes Observed 11 7 18
Expected 6.300 11.700 18.000
% within row 61.1% 9% %0
% within 52.4% 17.9%  30.0%
column
Total Observed 21 39 60
Expected 21.000 39.000 60.000
% within row 35.0% 65.0% 100'0(/)
o
% within 100.0 100.0
column 100.0% % %
X2 Tests
Value df p
X2 7.706 1 0.006
N 60
Nominal
Value
Phi-coefficient  0.358
Cramer's V 0.358
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Figure 7: Question 4 and Question 9

Contingency Tables

Q4: Information on waste management

Q9: Age group

provided 18-29 30-49 50-64 65+ Total
No Observed 32 8 1 1 42
Expected 28.000 10.500 2.800 0.700 42.000
% within row 76.2% 19.0% 2.4% 2.4% 100':/)
‘o
% within 80.0% 533% 250% 1000 7009
column %
Yes Observed 8 7 3 0 18
Expected 12.000 4.500 1.200 0.300 18.000
% within row 444% 389% 167%  00% 0p
‘o
% within 20.0% 467% 750%  0.0%  30.0%
column
Total Observed 40 15 4 1 60
Expected 40.000  15.000 4.000 1.000  60.000
% within row 66.7 % 25.0% 6.7 % 1.7% 100'0(/)
% within 100.0 100.0 100.0 100.0 100.0
column % % % % %
X2 Tests
Value df p
X2 8.175 3 0.043
N 60
Nominal
Value
Phi-coefficient NaN
Cramer's V 0.369
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Figure 8: Question 5 and Question 9

Contingency Tables
Q9: Age group
Q5: Measures to reduce waste 1829 3049 5064 65+  Total
Elimination of single-use plastics; Observed 0 4 0 ) 4
Expected 2667 1.000 0267 0067  4.000
% within 100.0 1000
o 00% o 00% 00% 9
% within
i 00% 267% 00% 00% 67%
imination of single-use about how to
e Observed 1 o 0 ) 1
Expected  0.667 0250 0067 0017 1000
%within 1000 1000
row % 0.0% 0.0% 0.0% %
% within
dwiin  25% 00% 00% 00% 17%
of single-use about how to
separate waste;Financial benefits (e.g., discounts for
sustainable choices);Reusable items provided (e.g., botties,  OPserved 1 o o o 1
bags);
Expected  0.667 0250 0067 0017  1.000
%within 1000 1000
oy O 00% 00% 00% 9
% within
mn25%  00% 00% 00% 17%
of single-use plasti bout how to
soparato waste:Mandatory requiaions or taxes Observed 0 0 0 1 1
discouraging waste production;
Expected  0.667 0250 0067 0017  1.000
% within 1000 1000
e 00% 00% 00% %0 9
% within 100.0
et 00% 00% 00% %0 17%
of single-use bout how to
separate waste:Special equipment for proper separation at  Observed 1 0 0 0 1
accommodation;
Expected  0.667 0250 0067 0017  1.000
%within 1000 1000
o 0 00% 00% 00% 9
% within
o 25% 00% 00% 00% 17%
of single-use bout how to
separate waste;Special equipment for proper ‘seperaion st
‘accommodation;Mandatory regulations or taxes Observed 1 o o o 1
discouraging waste production;
Expected  0.667 0250 0067 0017  1.000
%within 1000 1000
o 0 00% 00% 00% o
% within
BN 25% 00% 00% 00% 17%
Elimination of single-use plastics:Reusable items provided oy oo o 4 o o s
e.9., bottles, bags);
Expected  0.667 0250 0067 0017  1.000
% within 100.0 1000
oy 00% o 00% 00% 2
% within
dwiin  00% 67% 00% 00% 17%
Contingency Tables
Q9: Age group
Q5: Measures to reduce waste 18-20 3049  50-64 65+ Total
Elimination of single-use plastics;Reusable items provided
(e.9., bottles, bags) Special equipment for proper
separation at accommodation;Mandatory regulations or Observed 0 0 1 o 1
(e.g., discounts for sustainable choices);
Expected 0667 0250 0067 0017  1.000
% within o 100.0 100.0
o 00% 00% '%0 o0% o
% within 250
dwihin 0% 00% 20 oo% 17%
Elimination of single-use plastics:Special equipment for
proper separation at accommodation; Observed 3 1 0 o 4
Expected 2667 1.000 0267 0067  4.000
% within 1000
o 750% 250% 00% 00% o
% within ,
o 5%  67% 00% 00% 67%
Elimination of single-use plastics:Special equipment for
proper separation at accommodation:Mandatory regulations  Observed 1 0 0 o 1
or taxes discouraging waste production;
Expected 0667 0250 0067 0017  1.000
% within 100.0 100.0
o o 00% 00% 00% o
% within
i 25% 00% 00% 00% 17%
Financial benefits (e.g., discounts for sustainable
choices);lnformation about how to separate waste; Observed 1 o N o 1
Expected 0667 0250 0067 0017  1.000
Jowihin 1000 00% o00% o00% %0
% within
wihin  25% 00% 00% 00% 17%
Financial benefits (e.g., discounts for sustainable
choices);Mais zonas de separagao nas ruas; Observed 1 o 0 o 1
Expected 0667 0250 0067 0017  1.000
% within 100.0 100.0
e 0 00% 00% 00% o
% within
N 25% 00% 00% 00% 17%
Financial benefits (e.g., discounts for sustainable
fons or taxes di i Observed 1 0 0 0 1
waste production;
Expected 0667 0250 0067 0017  1.000
%within 1000 1000
bl 0 00% 00% 00% o
% within
Potvi 25% 00% 00% 00% 17%
Information about how to separate waste; Observed 2 0 1 ) 3
Expected 2000 0750 0200 0050  3.000
% within 333 1000
o 667% 00% O3 00% o
% within 250
P 50% 00% 20 00% 50%
Information about how to separate waste:Elimination of
single-use plastics:Mandatory regulations or taxes Observed 1 0 0 o 1
discouraging waste production;
Expected 0667 0250 0067 0017  1.000

Contingency Tables
Q9: Age group
Q5: Measures to reduce waste 18-29 3049  50-64 65+ Total
Elimination of single-use plastics;Reusable items provided
(e.g., bottles, bags);Financial benefits (e.g., discounts for
sustainable choices);Special equipment for proper Observed 1 0 0 0 1
separation at accommodation;Mandatory regulations or
taxes discouraging waste production;
Expected 0.667 0250 0.067 0.017 1.000
% within 100.0 100.0
Tow % 00% 00% 0.0% %
% within
coksTn 25% 00% 00% 0.0% 1.7%
Elimination of single-use plastics;Reusable items provided
(e.g., bottles, bags);Information about how to separate Observed 2 o o o 2
waste;
Expected 1.333 0500 0.133 0.033 2.000
% within 100.0 100.0
row % 0.0% 00% 0.0% %
% within
colomn 5.0% 0.0% 00% 0.0% 33%
Elimination of single-use plastics;Reusable items provided
(e.g., bottles, bags);Information about how to separate
waste;Special equipment for proper separation at Oboerved 0 2 o o 2
‘accommodation;
Expected 1.333 0500 0.133 0.033 2.000
% within 100.0 100.0
row 0.0% % 00% 0.0% %
% within
column 00% 133% 00% 00% 33%
Elimination of single-use plastics;Reusable items provided
(e.g., bottles, bags);Information about how to separate
waste;Special equipment for proper separation at
accommodation;Financial benefits (e.g., discounts for Observed 2 o o o 2
i taxes
discouraging waste production;
Expected 1.333 0500 0.133 0.033 2,000
% within 100.0 100.0
o % 00% 00% 00% %
% within
column 5.0% 00% 00% 0.0% 33%
Elimination of single-use plastics;Reusable items provided
(e.g., bottles, bags);Mandatory regulations or taxes Observed 0 o 1 o 1
discouraging waste production;
Expected 0.667 0250 0.067 0.017 1.000
% within 100.0 100.0
ow 0.0% 0.0% % 0.0% %
% within 25.0
column 0.0% 0.0% % 0.0% 1.7%
Elimination of single-use plastics;Reusable items provided
(e.g., bottles, bags);Special equipment for proper
separation at accommodation;Financial benefits (e.g., Observed 0 1 o o 1
discounts for y
taxes discouraging waste production;
Expected 0.667 0250 0.067 0.017 1.000
% within 100.0 100.0
row 0.0% % 00% 0.0% %
% within
column 0.0% 67% 00% 00% 1.7%
Contingency Tables
Q9: Age group
Q5: Measures to reduce waste 18-29 3049 5064 65+ Total
% within 100.0 100.0
row % 00% 00% 0.0% %
% within
column 25% 00% 00% 00% 17%
Information about how to separate waste;Mandatory
Jons or taxee di g waste » Observed 1 0 0 0 1
Expected 0.667 0.250 0.067 0.017 1.000
% within 100.0 100.0
row % 0.0% 00% 00% %
% within
column 25% 00% 00% 0.0% 17%
Information about how to separate waste;Mandatory
regulations or taxes discouraging waste Observed 1 0 0 0 1
production;Reusable items provided (e.g., bottles, bags);
Expected 0.667 0.250 0.067 0.017 1.000
% within 100.0 100.0
ow % 00% 00% 00% %
% within
column 25% 00% 00% 00% 17%
Information about how to separate waste;Special
‘equipment for proper separation at accommaodation; Observed 3 ! o 0 4
Expected 2.667 1.000 0267 0.067 4.000
% within 100.0
o 750% 250% 00% 00% ey
% within
column 75% 67% 00% 00% 6.7%
Information about how to separate waste;Special
equipment for proper separation at
of single-use pl . Observed 0 1 0 0 1
items provided (e.g., bottles, bags)
Expected 0.667 0.250 0.067 0.017 1.000
% within 100.0 100.0
o 0.0% % 00% 00% py
% within
column 00% 67% 00% 00% 17%
Information about how to separate waste;Special
‘equipment for proper separation at
‘accommodation;Financial benefits (e.g., discounts for Observed 1 o o o 1
sustainable choices);
Expected 0.667 0.250 0.067 0.017 1.000
% within 100.0 100.0
oo o 00% 00% 00% o
% within
cohmn 25% 0.0% 00% 0.0% 17%
Information about how to separale waste;Special
equipment for proper separ
ot Psetis tome prowdod (e.g., bottles, Obssived 2 0 o 0 2
bags);
Expected 1.333 0500 0.133 0.033 2.000
% within 100.0 100.0
row % 0.0% 00% 00% %
% within
column 5.0% 0.0% 00% 00% 33%
Information about how to separate waste;more bins on
hiking routes; Observed 1 0 o o 1
Expected 0667 0250 0.067 0017 1.000
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Contingency Tables

Q9: Age group
Q5: Measures to reduce waste 1820 3049 5064 65+  Total
% within 100.0 100.0
; % 00% 00% 00% o
% within
winn 25%  00% 00% 00% 17%
Mandatory regulations or taxes discouraging Waste
i Observed 1 0 0 0 1
Expected 0667 0250 0067 0017  1.000
% within 100.0 100.0
e % 00% 00% 00% o
% within
kwihin - 25% 00% 00% 00% 17%
Mandatory regulations or taxes discouraging waste
production:Special equipment for proper separation at
accommodation;Financial benefits (e.g., discounts for Observed 1 0 o 0 1
sustainable choices);
Expected 0667 0250 0067 0017  1.000
%within 1000 1000
b S 00% 00% 00% o
% within
N 25%  00% 00% 00% 17%
Reusable items provided (e.g., botties, bags); Observed 2 1 o 0 3
Expected 2000 0750 0200 0050  3.000
% within 100.0
o 667% 333% 00% 00% 9
% within
winn 50%  67% 00% 00% 50%
Reusable items provided (e.g., bottles, bags);El
single-use plastics; Observed ! 0 ° 0 !
Expected 0667 0250 0.067 0017  1.000
%wihin 1000 100.0
o % 00% 00% 00% 9
% within
ke 25% 00% 00% 00% 17%
Reusable items provided (e.g., botties, bags);Elimination of
single-use plastics;Information about how to separate
waste;Special equipment for proper separation at Observed 1 o o o 1
accommodation;Mandatory regulations or taxes
discouraging waste production;
Expected 0667 0250 0067 0017  1.000
% within 100.0 100.0
o % 00% 00% 00% .
% within
Wi 25%  00% 00% 00% 17%
Reusable items provided (e.g., bottles, bags);Information
about how to separate waste;Elimination of single-use
plastics;Special equipment for proper separation at Observed 1 0 ° ° 1
accommodation;
Expected 0667 0250 0067 0017  1.000
%within 1000 1000
b S 00% 00% 00% o
% within
column 25% 0.0% 0.0% 0.0% 17%
Reusable items provided (e.g., botties, bags);information
about how to separate waste;Special equipment for proper
separation at accommodation;Financial benefits (e.g., Observed ° ° 1 ° 1
discounts for sustainable choices);
Expected 0667 0250 0.067 0017  1.000
2 Tests

Value df ]

X2 151583 117 0.017
N 60
Nominal

Value
Phi-coefficient NaN
Cramer's V 0.918

Contingency Tables
Q9: Age group
Q5: Measures to reduce waste 18-29  30-49 50-64 65+ Total
% within 100.0 100.0
r 0.0% 0.0% % 0.0% %
% within 25.0
cokumn 0.0% 0.0% % 0.0% 1.7%
Reusable items provided (e.g., bottles, bags);Special
equipment for proper separation at accommodation; Observed 2 2 o o 4
Expected 2.667 1.000 0.267 0.067 4.000
% within 100.0
oW 500% 50.0% 00% 0.0% %
% within
column 50% 133% 00% 0.0% 6.7%
Reusable items provided (e.g., bottles, bags);Special
eequipment for proper separation at
accommodation;Financial benefits (e.g., discounts for Observed 1 o 0 o 1
lions or taxes
discouraging waste production;
Expected 0667 0250 0.067 0.017 1.000
% within 100.0 100.0
oW % 0.0% 0.0% 00% %
% within
column 25% 00% 00% 00% 17%
Special equipment for proper separation at
‘accommodation;Information about how to separate
waste;Reusable items provided (e.g., bottles, Obs 1 o 0 0 !
bags);Elimination of single-use plastics;
Expected 0667 0.250 0.067 0.017 1.000
%within 1000 100.0
o % 00% 00% 00% %
% within
column 25% 0.0% 00% 00% 17%
Special equipment for proper separation at
accommodation;Mandatory regulations or taxes Observed 0 1 0 0 1
discouraging waste production;
Expected 0667 0250 0.067 0.017 1.000
% within 100.0 100.0
o 0.0% % 0.0% 0.0% %
% within
column 0.0% 6.7% 00% 00% 17%
Special equipment for proper separation at
accommodation:Mandatory regulations or taxes
discouraging waste production;Elimination of single-use Observed 1 0 0 0 1
plastics;Financial benefits (e.g., discounts for sustainable
choices);
Expected 0667 0250 0.067 0.017 1.000
% within 100.0 100.0
oW % 00% 00% 0.0% %
% within
column 25% 00% 00% 00% 1.7%
Total Observed 40 15 4 1 60
Expected  40.000 15000 4.000 1.000 60.000
Kowihin  e57% 250% 67% 17% 00
% within 100.0 1000 100.0 100.0 100.0
column % % % % %
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Appendix 11 — Calculations of tourism’s impact on Madeira’s WMS

Sources: ARM (2023); SRAPA and DRAM (2024)

Madeira 2023
Total MSW (ton) 124229

Tourism 2023

41.90%
52052

46.60%
57891

Mixed waste (ton) 108079

Bio-waste (ton) 51878

Recyclables (ton) 33721

Total incineration cost (€)
[Calculation: Mixed waste x 82.5€] €8,916,536

Reduction in total incineration with new treatment
[Calculation: Bio-waste + Recyclables] -

Savings in incineration cost with new treatment (€)
[Calculation: Reduction in incineration x 82.5€] -

45285 50365
21737 24175
14129 15714
€3,736,029 €4,155,106
35866 or 33% 39889 or 37%
€2,958,935 €3,290,844
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