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Abstract
This study investigates the integration of circular economy (CE) principles into healthcare waste management (HCWM). The
study employs a case study methodology in Beja Hospital in Portugal, leveraging qualitative data from interviews and document
analysis. A systems thinking approach is used to understand the complex interactions between different stakeholders in the waste
management system. Key findings highlight the lack of framework do adopt circular economy actions and a lack of communication
between the healthcare sector stakeholders. The study identifies barriers to implementing sustainable waste management practices
in healthcare settings and outlines strategies to overcome them. Recommendations for enhancing regulatory frameworks, fostering
interdisciplinary collaboration and rethinking sustainable alternatives for the healthcare sector. This work contributes to the
understanding of sustainable waste management in healthcare and offers practical insights for practice improvement.
Keywords: systems thinking; circular economy; sustainability; leverage points.

Introduction
Healthcare has grown rapidly in recent years, becoming one of the fastest growing industries worldwide [1]. Over thepast three decades, and particularly in high-income and developed countries, there has been an increasing reliance byhealthcare facilities on simplified waste management practices and the use of single-use medical devices [2]. This shiftembodies a linear economic model characterised by the ’take-make-dispose’ sequence. While this is convenient from anoperational point of view, it has significant environmental costs [3]. The excessive use of raw materials and subsequentdisposal of goods have detrimental effects on the environment, including pollution, ozone layer depletion, biodiversity loss,and climate change exacerbation [4, 3].Globally, the healthcare sector’s climate impact comprises approximately 4.4% of total net emissions. If considered as anindividual nation, it would rank as the world’s fifth-largest emitter [5]. The European Union, the third-largest contributorto global healthcare emissions, plays a significant role in this impact [5]. In Europe around 67% of the waste generated isgeneral waste, comprising 56% non-plastic materials and 36% plastics [6]. In Portugal, the healthcare sector contributes aclimate footprint of 3.92 million metric tons of CO2 equivalent (CO2e), accounting for around 5.8% of the nation’s totalemissions [7]. The majority of emissions within the Portuguese health system, approximately 86%, fall under Scope 3,stemming from activities not directly managed by the sector, such as the production of purchased materials [7].The increasing environmental consequences of healthcare waste represent a significant concern in modern society[8]. From hospitals and clinics to research laboratories and pharmaceutical manufacturing centres, the generation ofhealthcare waste is an unavoidable part of healthcare delivery. Nevertheless, the growing impact of healthcare waste onecological health and human well-being underscores the urgent need for action [8].Adopting a CE approach to healthcare waste management is critical to addressing these challenges. The CE modelfocuses on extending the useful life of materials through practices such as sharing, leasing, reuse, repair and refurbishment.This reduces waste and harmful emissions throughout the product lifecycle [9]. Through the integration of CE principles,the healthcare sector can improve its sustainability, reduce its environmental footprint and contribute to the protection ofpublic health [10].Given the complexities and interdependencies within the healthcare system, a systems thinking approach is essential tounderstand and address the barriers and facilitators to the implementation of CE practices in HCWM. This study investigatesthe integration of circular economy principles into HCWM with a focus on Beja Hospital in Portugal.
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The research question guiding this study is: "How can leverage points be capitalised in a systems-thinking perspective for
Portuguese hospitals to enhance circular economy principles in their wastemanagement?".

To support this investigation, the following sub-questions are posed:
i. What are the current waste management practices in hospitals, and what are their environmental implications?ii. How do interactions and feedback loops between different components of the healthcare system influence theeffectiveness of circular economy approaches in waste management?iii. What are the key challenges and barriers faced in implementing circular economy principles in healthcare wastemanagement?

Figure 1. Healthcare waste composition in Europe [6].

Healthcare Waste Management: Understanding the Challenge

Healthcare waste

Healthcare facilities serve as the primary generators of healthcare waste, which encompasses various terms such as’healthcare waste’, ’biomedical waste’, ’clinical waste’, or ’health facility waste’. Healthcare waste refers to all types of wasteproduced within healthcare facilities [11]. It is broadly divided into two categories: hazardous and non-hazardous waste(table 1). Hazardous healthcare waste includes infectious waste, pathological waste, sharps, chemical waste, pharmaceuticalwaste, cytotoxic waste and radioactive waste. Each category requires specific handling, treatment and disposal methodsbecause of the different risks they pose to human health and the environment[11]. Non-hazardous healthcare waste, onthe other hand, is typically general waste similar to household waste, such as paper, plastic and food waste. If managedproperly, these wastes do not pose significant risks [11].
Healthcare waste, as defined by the World Health Organisation (WHO), includes waste generated when diagnosing,treating or immunising humans or animals [12]. This waste stream has many components, with about 67% classified asgeneral waste, such as food and other nonhazardous items. Approximately 27% of healthcare waste consists of infectiousor toxic waste from pharmaceuticals and pathology, and nearly 4% consists of sharps, e.g. syringes [13].

Sustainability and Environmental Impact of Healthcare Waste

The management and disposal of healthcare waste is a major challenge that has implications for both public health and theenvironment. Indeed, with a direct impact on the environment and multiple challenges, the generation and managementof healthcare waste is a pressing issue in today’s society [8]. From hospitals and medical practices to research laboratoriesand pharmaceutical production facilities, the generation of healthcare waste is a necessary part of the healthcare sector.Despite the vital role that hospitals and healthcare facilities play in the preservation of human life, the waste generated is asignificant threat to both natural ecosystems and human health [8, 14].
Integrated approaches to minimise adverse environmental and public health impacts are required to address thecomplexities of HCWM [8]. Safe and reliable methods of handling healthcare waste, including segregating, collecting,storing, treating and disposing, are paramount to reducing health risks [14, 8]. Incorrect handling and disposal of healthcarewaste presents significant risks, including potential infection or injury to healthcare workers and the public, through thespread of micro-organisms from healthcare facilities into the environment [12].
Failure to properly manage healthcare waste can lead to injuries from sharp objects that can carry infectious agents
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Waste category Description
Hazardous wasteSharps waste Used or unused sharps, including hypodermic, intravenous or other needles, syringes (with or withoutneedles), auto-disable syringes, infusion sets, scalpels, pipettes, and other bladesInfectious waste Waste suspected to contain pathogens and posing a risk of disease transmission (e.g., waste fromsurgeries, autopsies, or patients with infections)Pathological waste Human tissues, organs, or fluids; body parts; fetuses; and unused blood products.Pharmaceutical waste Pharmaceuticals that are expired or no longer needed; items contaminated by or containingpharmaceuticals.Cytotoxic waste Cytotoxic waste containing substances with genotoxic properties, such as waste containing cytostaticdrugs commonly used in cancer therapy, and genotoxic chemicals.Chemical waste Waste containing chemical substances, such as laboratory reagents, film developer, expired orunnecessary disinfectants, solvents, and waste with a high content of heavy metals (e.g., batteries,broken thermometers, and blood-pressure gauges).Radioactive waste Waste containing radioactive substances, such as unused liquids from radiotherapy or laboratoryresearch; contaminated glassware, packages, or absorbent paper; urine and excreta from patientstreated or tested with unsealed radionuclides; and sealed sources.
Nonhazardous waste Waste that does not pose any specific biological, chemical, radioactive, or physical hazard.

Table 1. Waste categories and description. Adapted from [11].

such as hepatitis B or C virus. Effective HCWM is therefore a vital tool in protecting human health [15].
Mismanagement of healthcare waste can have wide-ranging consequences, such as contaminating soil, water and air,and presenting health risks to the general public [15]. Past studies have shown that hazardous chemicals like mercury, leadand drugs are present in healthcare waste, leaching into the environment and impacting ecosystems and biodiversity [8].
The environmental impact of healthcare waste is extensive and includes air, water and soil pollution. For example,unregulated burning of healthcare waste can release toxins like dioxins into the atmosphere and pose a threat to human andanimal health [8]. In addition, healthcare waste can contaminate water sources, with negative impacts on biodiversity andpublic health. Improper disposal practices can also exacerbate soil and groundwater contamination by creating unregulatedlandfills [8].
Inefficient removal of healthcare waste not only contributes to climate change by increasing greenhouse gas emissionsbut also has implications for community health. Therefore, in order to reduce environmental pollution and protect publichealth, it is essential to address the proper management of healthcare waste [13].
Adopting a circular approach to healthcare not only reduces the impact of products over their life cycle, but also mitigatesclimate change emissions and reduces the use of harmful chemicals. By encouraging practices such as sharing, leasing,reusing, repairing and refurbishing, the circular economy model of production and consumption aims to prolong theusability of materials and manufactured goods. The implementation of a circular healthcare system can have a significantimpact on the resilience and longevity of the sector. By focusing on sustainable supply chains and extending the life ofhealthcare products, the system can significantly reduce waste generation and harmful emissions throughout the productlife-cycle [16].

Circular Economy in Healthcare Waste Management

Circular Economy in Healthcare Waste Management
Ali and Geng [10] were pioneers in assessing the potential of CE in HCWM. They focused on recycling efforts and emphasisedthe value of resource conservation. Their study highlighted the need for the adoption of CE principles for the efficientmanagement of healthcare waste. Subsequently, further research into different dimensions of CE in HCWM was catalysedby the COVID-19 pandemic, which led to the introduction of the term Healthcare Circular Economy. This new frameworkaims to integrate CE principles specifically into the healthcare sector, addressing the unique challenges and opportunitiespresented by healthcare waste [10].
Financial and Environmental Benefits
Cosimato and Vona [17] highlighted the financial benefits of adopting a CE approach. Not only does it conserve resources,but it also increases profitability. However, due to the hazardous nature of waste in the healthcare sector, they also pointedout that not all waste in the healthcare sector can be recycled. Nevertheless, new advanced technologies for the managementof hazardous healthcare waste are being explored within the CE model. To effectively measure and describe progress inwaste minimisation by healthcare organisations, these technologies require comprehensive, longitudinal analysis of largersamples [17].
Waste Hierarchy and Environmental Impact
The transition from a linear to a circular economy relies heavily on effective waste management, as the principles of the CE,contextualised in the waste hierarchy (figure 2), give priority to the prevention, re-use and recycling of waste rather than its
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disposal. Dixit and Dutta [18] emphasised that healthcare generates waste from various sources including pharmaceuticals,medical devices, metal surgical equipment, plastic consumables and biomedical waste. For environmental sustainabilityand public health, effective management of this diverse waste stream is critical.
Design and Management of Waste SystemsMahjoob et al. [3] underscored that the design and management of efficient waste management systems are foundationalto establishing a CE in healthcare. By slowing down and closing material and energy loops, CE minimises resource use andenergy loss. Slowing loops involves maximising the life cycle of a product, while closing loops focuses on the creation ofvalue from waste through new applications.For example, reusable surgical gowns, which have been approved by the FDA for up to 75 re-use cycles, have demonstratedsignificant benefits to the environment [3]. Compared to disposable gowns, reusable gowns generate less solid waste andemit half the greenhouse gases, according to life cycle assessments. At the end of their life-cycle, these gowns can bereused in industrial applications such as insulation [3].
Reuse and Remanufacturing StrategiesMahjoob et al. [3] also highlighted the importance of reuse and refurbishment strategies in CE. Between the disposaland healthcare provider stages, reuse activities can be implemented. In contrast, re-manufacturing activities take placebetween the disposal stage and the manufacturing stage. Many single-use devices can be safely reprocessed, but liabilityand cost concerns have historically prevented hospitals from adopting reprocessing. Recently, third-party companies haveemerged to facilitate the reprocessing process. This allows hospitals to extend product life-cycles and achieve cost savingsby outsourcing the reprocessing of disposable items.

Figure 2. Waste hierarchy as defined in the Waste Framework Directive [19].

Barriers and Challenges of Integrating Circular Economy in Healthcare Waste Management

The integration of CE principles within the healthcare sector faces multifaceted barriers and challenges, as elucidated byKazançoğlu et al. [20] and Mahjoob et al. [3]. In Kazançoğlu et al. literature review, a comprehensive examination identified31 barriers spanning various dimensions. Similarly, Mahjoob et al. study identified 35 challenges in the implications andchallenges of circular economy in HCWM, further highlighting the complexities of healthcare waste management and thebroader healthcare industry.Economic and financial barriers loom large as obstacles to the adoption of CE practices, a point highlighted in bothstudies. The Kazançoğlu et al. [20] study highlighted the significant initial investment required for circular technologies,while the Mahjoob et al. [3] study elaborated on the financial burden associated with recycling and reprocessing activities,exacerbated by the lack of financial resources within healthcare organisations.Policy and regulatory challenges emerge as significant barriers. Both studies highlight the lack of supportive governmentlegislation and incentives as hindering the transition to CE practices. Kazançoğlu et al. [20] identified the lack of estab-lished circularity policies, while Mahjoob et al. [3] emphasised the importance of regulatory frameworks in incentivisingorganisations to transition to CE.Operational and technological barriers add another layer of complexity, with deficiencies in infrastructure and outdatedtechnology hindering the adoption of CE practices, as noted in both studies. The reluctance to embrace re-manufacturingdue to liability and cost concerns further complicates the technological landscape within healthcare settings, a pointelaborated by Mahjoob et al. [3].Both studies highlight issues associated with poor organisational design, misunderstandings about sustainability andthe prevalence of single-use medical devices that perpetuate linear consumption patterns. The Mahjoob et al. [3] study alsoemphasised the lack of coordination and exchange of information between the stakeholders in the HCWM industry.Social barriers also impede progress, with cultural norms and attitudes towards waste disposal hindering the adoption of
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CE practices, as discussed in both studies. The widespread use of disposable medical devices exacerbates waste managementchallenges, underscoring the urgent need for public education and awareness campaigns, as highlighted by Mahjoob et al.[3].
Both studies identify common barriers and challenges. However, there are also notable differences in the areas offocus. Mahjoob et al. provides a detailed examination of supply chain management and technology-specific issues, whileKazançoğlu et al. focuses more on broader healthcare organisational and policy challenges.
In line with these comprehensive reviews, Harding et al. [21] specifically highlight factors that interfere with theimplementation of sustainable interventions in the operating room:

• Legislation that is formulated in a manner that complicates innovation;• Concerns about the extra work, time and complexity associated with different types of plastics: re-use requires additionalcleaning, maintenance and sometimes sterilisation of the products. Sorting (to enable recycling) requires multipleactions to separate waste into multiple bins;• Fear of blame: the potential impact of improperly cleaned or ineffectively sterilised material or reduced sterility ofmaterial can be catastrophic and people do not want to be blamed;• Bad labelling increases the difficulty of understanding how to discard;• Lack of sorting facilities, i.e., not all materials can be collected separately for reuse or recycling;• No link between purchase and waste in cost of products, so there is no incentive to activate the search for possiblealternatives.

Methods

Literature Review

One of the methods for this research is the comprehensive literature review presented earlier. This review forms one of thefoundations of the study. It provides a thorough understanding of existing barriers, challenges and potential strategies forintegrating circular economy principles into HCWM. By synthesising findings from different studies, the literature reviewprovides critical insights and context for the analysis.
Case study

For this study, a case study methodology will be employed. A case study, according to Flyvbjerg [22], is an in-depthexamination of a single case or event within its real-world context. This method of research is particularly useful for theunderstanding of complex phenomena, where the boundary between the phenomenon and the context is not clear. Casestudies provide a comprehensive exploration of a topic, capturing the intricacies and subtleties that other methods maymiss. By presenting the complexity and richness of real-life situations, case studies provide a nuanced and holistic viewessential for both theoretical development and practical understanding [22].
The specific case study of this research focuses on a hospital located in Beja, Portugal. The selected hospital serves as arepresentative sample to understand waste management practices in the healthcare sector. The case study includes a quali-tative component in order to provide a comprehensive analysis. Interviews were conducted with key stakeholders involvedin waste management at the hospital. These stakeholders include the engineer responsible for the waste managementwithin the hospital, as well as the nurses directly involved in waste handling and disposal. In addition, a visit to the hospitalinfrastructure provided a first-hand observation of the processes involved in waste generation, segregation and disposal.

Interviews

In this study, a total of eight individuals were interviewed to gather insights into HCWM practices and sustainabilityinitiatives. The sample included four Portuguese nurses from various departments within the hospital were interviewed tocapture frontline perspectives on waste generation, disposal practices, and the challenges faced in integrating sustainablepractices into daily workflows. While this study primarily examines the Portuguese system of waste management in thehealthcare sector, using a Portuguese hospital as a case study, it also includes the perspectives of international stakeholders.Originally, Danish hospitals were intended to serve as case studies, which meant interviewing Danish stakeholders.However, due to feasibility constraints, the Portuguese hospital was selected as the case study. As a result, the selection ofcase studies was not finalised at an early stage. As a complement to this, three international stakeholders were also included:two Danish sustainability practitioners and a Swedish sustainability coordinator. As it wasn’t possible to interview otherPortuguese stakeholders, these three external stakeholders provide valuable insights and perspectives on different aspectsof the healthcare waste system. This diverse range of participants allowed for a comprehensive exploration of healthcarewaste management from multiple stakeholder viewpoints, enriching the qualitative data collected for analysis.
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Interviewee’s descriptionSustainability practitioners:
• Nicole Nordart - Project manager in Team Circular Economy in an organisation of project based in Denmark that leadsprojects that deal with waste management and reduction of consumption through prevention and the transition fromsingle-use products to reusable products, recently she has worked in the healthcare area.• Tiffany Ramos - Former PhD student in Denmark that focused her research on plastic reduction within operating roomsof Region Zealand, with a focus on circular economy and value chain of plastic products.

Sustainability coordinator:
• Akif Görgülü - Chemicals & Plastics Policy Coordinator at Healthcare Without Harm Europe, spearheads the coordinationof the policy pillar within The First 1000 Days project. Beyond his primary role, he lends his expertise to support variousefforts to move the healthcare sector towards a circular economy, promoting sustainable practices and advocating forthe adoption of non-toxic, long-lasting products, serving as a catalyst for positive change.

Case study stakeholders:
• Rui Ruivo - Safety Engineer/ Unit Coordinator – Quality, Safety and Environment Integrated Systems Office at ULSBA(Local Health Unit of the Baixo Alentejo) - in Portuguese Unidade Local de Saúde do Baixo Alentejo- with activities inoccupational safety and environmental management (residues and energy management).• Inês Furtado - General care junior nurse. A nurse for two and a half years, she initially worked in the emergencydepartment and has been in intensive care at Beja Hospital for almost two years.• João André - Operating theatre junior nurse. He has been working at the Beja Hospital for 4 years, was in the Medicine 2department for 3 years and has been in the operating theatre for 3 months.• Cláudia Sabino - Pediatric emergency senior nurse. She has worked at Beja Hospital for 34 years, until six years ago inthe general adult emergency department and now in the paediatric emergency department.• Manuel André - Emergency room senior nurse, has been working at Beja Hospital for 35 years and has worked in theemergency department for 33 years.

Conceptual Framework
In this study, the conceptual framework will be anchored in the principles of ’systems thinking’. Embracing this approach, itis recognised the and interdependence of various components within the context of the subject under investigation.Systems, typically described as being more than the sum of their parts, comprise elements, relationships, structure, anda purpose [23]. Systems thinking is a holistic approach to analysing the components of a system, how they are connectedto form a structure, and how systems operate over time, including in the context of larger systems [23]. Understanding thefundamental characteristics of systems is crucial to understanding how systems work. Systems thinking emphasises theimportance of understanding and identifying the connections between the various components, actors and processes thatexist within a system [24]. In fact, all definitions of the circular economy take into account a varying number of ’Rs’: notonly reduce, reuse and recycle, but also remanufacture, refurbish, refuse and rethink [23]. It is qualitatively different instructure from the traditional linear economy. At its core, the circular economy has feedback cycles that are inherent in itsdesign, which means that a systems perspective is particularly appropriate [23].This study also revisits Meadows [25] concept of leverage points, places in complex systems where a small shift can leadto fundamental changes throughout the system. In her influential essay, Meadows proposed a hierarchy of interventionpoints for bringing about change. She argued that the potential for change depends on the specific characteristics of thesystem targeted by the intervention. Some of the interventions may lead to significant changes, while others may only leadto minor adjustments.Meadows [25] identified twelve leverage points for influencing system behaviour. These range from ’less effective’points, where interventions are relatively easy to implement but result in minimal overall change, to ’more effective’ points,which may be more difficult to change but can potentially lead to transformational change. To effectively influence systembehaviour and achieve desired outcomes, understanding and applying these leverage points is critical. For the purpose ofthis study, the focus will be on the six most effective leverage points which are (in decreasing order of effectiveness):

i. The power to transcend paradigms.ii. The mindset or paradigm out of which the system — its goals, structure, rules, delays, parameters — arises.iii. The goals of the system.iv. The power to add, change, evolve, or self-organise system structure.v. The rules of the system (such as incentives, punishments, constraints).vi. The structure of information flows (who does and does not have access to information).
Through the adoption of a systems perspective, the aim of this study is to explore the intricate relationships, feedback
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loops and emergent behaviours that shape the phenomenon of interest. This holistic framework will enable the tran-scendence of reductionist perspectives and the exploration of the systemic drivers and barriers influencing the dynamicsof the domain under study. Through the lens of systems thinking, it is seeked to unravel the complexities inherent inour field of research, paving the way for more comprehensive understanding and informed decision-making. Applied toHCWM, it means looking at the whole waste management system within healthcare institutions, considering how differentaspects interact and influence each other. This approach explores feedback loops, cause-and-effect relationships and widercontextual factors such as organisational structures and regulatory frameworks.
Applications of Leverage Points in Research

The study by Korhonen-Kurki et al. [26] focused on leveraging systemic change within the Finnish plastic packagingsector, within the broader context of the circular economy. The study found that circular economy concepts can be used asleverage points to bring about transformative change at all levels of the plastic packaging system. Practitioners often focuson shallow leverage points within existing structures. However, the study highlights important links between shallow anddeep leverage points. It also defines specific mechanisms of change for each level of leverage, which can help future studies.In order to encourage innovative and creative thinking, the study emphasises the importance of empirically assessing theinteractions between different levels of leverage and of fostering transdisciplinary research.
Similarly, Trbovich [27] discusses the incorporation of systems thinking into healthcare organisations and suggestsfive ways in which this can be done: a holistic view, feedback loops, interconnections, emergent properties and leveragepoints. Trbovich emphasises the importance of understanding system behaviour and finding effective leverage pointsfor change. She advocates the use of systems thinking tools to identify leverage points and to promote transformativechange in healthcare by taking into account interconnections and feedback loops. Like Korhonen-Kurki et al., Trbovichemphasises the need to think outside the box and challenge existing worldviews to move beyond conventional approaches.
The need for transdisciplinary research to stimulate innovative thinking is emphasised in both studies. Korhonen-Kurkiet al. emphasise this need to understand the interactions between different levels of leverage, while Trbovich emphasisesthe need to go beyond the conventional approaches in the healthcare sector. This similarity highlights the importance ofdiverse perspectives and interdisciplinary collaboration in addressing complex systemic issues in both the circular economyand healthcare context.
Korhonen-Kurki et al. focus on distinguishing between shallow and deep leverage points in plastic packaging, notingthat practitioners tend to identify more shallow points. Trbovich [27] recommends using systems thinking tools to identifyeffective leverage points, considering feedback loops and emergent properties. Both studies acknowledge the challengeof identifying deeper, more effective leverage points and the need to move beyond superficial interventions to achievemeaningful change.

System definition

Central to the systems thinking approach is defining the HCWM system by considering all stakeholders involved in theentire process. While previous studies may have focused primarily on key stakeholders such as policy makers, hospitaladministrators and healthcare workers, the scope of this study is being extended to include additional stakeholders. Inparticular, it includes companies that are responsible for both the production of healthcare products and the handling andtreatment of waste from the healthcare sector.
The inclusion of these additional stakeholders recognises the complex web of relationships and interdependencies whichshape healthcare waste management. This broader perspective allows for a more nuanced understanding of the variousfactors that influence the generation of waste, the management practices and the compliance with legal requirements. Theaim of this holistic approach is to provide insights that can be used to develop more effective strategies for the improvementof waste management practices in the healthcare sector and the reduction of environmental impacts. In figure3, it is shownin a diagram how the healthcare waste management system in Portugal is composed.

Case Study - Beja Hospital, Portugal

Beja Hospital, denominated byHospital de José JoaquimFernandes (in Portuguese) located in the south of Portugal, in Bejacity, the district capital, is located in the Baixo Alentejo region, in the midst of flat landscapes that enchant the eye, isthe seat of one of Portugal’s largest municipalities [28]. The hospital is part of the ULSBA (Local Health Unit of the BaixoAlentejo) - in Portuguese Unidade Local de Saúde do Baixo Alentejo- a structure with administrative and financial autonomy,whose board of directors is based on the premises of the hospital itself. The hospital stands as a central healthcare facilityin the region, serving as a district/regional healthcare facility offering essential hospital services along with a range ofspecialised medical disciplines, thus constituting a highly valuable health asset [28].
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Figure 3. Simplified diagram illustrating key interactions among stakeholders in the Portuguese healthcare waste managementsystem, highlighting the roles of Policy makers, Hospital Facilities, Waste Management Companies, Nurses and Suppliers.

Overview of Beja Hospital Waste Management

Beja Hospital has a structured waste management system with clear protocols for segregating, collecting and disposingof hazardous and non-hazardous waste. The hospital produces both hazardous and non-hazardous waste, with non-hazardous waste treated in a similar way to municipal waste and recycled where possible. Hazardous waste is divided intobio hazardous waste and specific hazardous waste such as needles and chemicals.Each site within the hospital, including the health centres, generates its own waste. This is separated at source.Packaging, paper and glass are sorted for recycling, while hazardous waste, including needles and bio-hazardous materials,are subject to separate treatment and disposal procedures. Before being collected by internal or external waste managementservices, bio hazardous waste is sealed in bags and stored temporarily. In the case of incineration, the waste is sent to alocal facility or, if the capacity is limited, to other incineration centres at the European level.
Beja Hospital Sustainability Strategy

The integration of sustainability into the hospital’s agendas is fairly recent and it is still in the early stages of implementation.The first sustainability project was implemented in December 2022, and focused on reusing waste fabric from operatingtheatres to reduce plastic bag consumption. The project involved reusing sterilised equipment material into fabric forinternally produced bags. The bags were distributed in the pharmacy and hospital areas.In addition to this initial project, future plans include improving waste management methods, including improvingsorting methods and diverting waste for alternative use, over and above legal obligations. There is also a desire to go beyondlegal obligations and explore more sustainable practices.There are also government-led energy conservation projects, driven by legislation to reduce energy consumption andthe search for alternative energy sources. However, with financial constraints often prioritising cost over sustainability inpurchasing decisions, there are challenges in implementing sustainable practices due to budget constraints.
Interviews Analysis
n the context of this thesis, the interviews conducted with key stakeholders in the healthcare waste management sectorwill be analysed through the lens of Meadows [25] six leverage points.
The Power to Transcend Paradigms

This leverage point is the most powerful and profound. It involves the ability to step outside the prevailing system ofthought and perceive it from a higher perspective. Transcending paradigms means not just altering the parameters or rulesof a system but fundamentally questioning and shifting the underlying beliefs and assumptions that shape the systemitself [25].
Need for Advocacy and Evolution: The hospital’s efforts to advocate for legislative change highlight the recognition thatexisting paradigms are inadequate, has pointed out by the hospital engineer, Rui Ruivo. He further elaborated that thereis a need for a systemic transformation that not only updates the legislation but also promotes a holistic and sustainableapproach to waste management. This involves not just tweaking existing rules but rethinking the entire framework withinwhich waste management operates.
Role in Legislative Change: While hospitals can and should play a role in advocating for legislative changes to improvewaste management practices, the process is challenging. The complex interplay of existing regulations and practical issues
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makes it difficult to implement change. This engineer’s insights underscore the necessity for a paradigm shift—movingbeyond the established rules and norms to adopt more sustainable and cost-effective waste management solutions.
Interconnection of Health and Environment: The senior nurses emphasis on the interconnection of healthcare and itsenvironmental impact underscores the need for a paradigm shift. In their perspective, healthcare professionals must adopta holistic view that integrates environmental considerations into everyday practices, moving beyond the traditional focussolely on patient care.
Role of Nurses in Sustainability: Nurses recognise their important role in managing healthcare waste and its impact onsustainability, both junior and senior. They emphasise the need for training, better resources and a change of attitude toadopt more sustainable practices. This reflects the need to move beyond the existing paradigm of managing waste as asecondary concern to one where it is an integral part of practicing healthcare.
Challenges and Personal Motivation: The personal motivation of junior nurses to adopt sustainable practices, despitechallenges such as time constraints and lack of training, highlights the potential for change with a paradigm shift toprioritise sustainability. It also suggests that a shift in the underlying paradigm can unlock this potential, as nurses can beempowered to make a significant impact through the provision of information, statistics and appropriate training.
Sustainability in Hospitals: Akif Görgülü points out that the transition to sustainability is already well under way ina number of hospitals. He stresses the importance of people in this transition, noting that it requires a collective effortat all levels, including management, nurses, doctors and pharmacists. Raising awareness of how climate change affectshealthcare can help motivate change. Education of healthcare professionals about the environmental impact of theirpractices is key to the promotion of a sustainable mindset. The importance of a holistic approach to changing the healthcaresustainability paradigm is highlighted by the emphasis on everyone’s involvement, from management to frontline workers.

The Mindset or Paradigm Out of Which the System Arises

This leverage point focuses on the underlying beliefs, values, and assumptions that shape the system. It encompassesthe collective mindset that drives the goals, structure, rules, and behaviour within the system. Changing the paradigminvolves altering these foundational perspectives to transform how the system operates [25].
Shifting Perceptions towards Sustainability: The sustainability practitioners, Nicole Nordart and Tiffany Ramos, callfor a fundamental change in the way healthcare professionals think. Traditionally, patient care and operational efficiencyhave been at the forefront of the healthcare system’s focus on the environment. But Nicole and Tiffany are challenging thatparadigm by promoting the idea that sustainability is an integral part of providing quality patient care. They emphasise theimportance of looking at environmental responsibility not as a separate issue, but as an integral part of the delivery ofhealth care. Through a shift in mindset towards sustainability, their aim is to integrate environmental considerations intothe core values and practices of healthcare organisations.
Internal Motivations and Consciousness: The innate awareness of healthcare workers about material consumptionand circularity is highlighted in Tiffany’s interview. This highlights healthcare professionals’ broader awareness andwillingness to engage in sustainability initiatives. Recognising and harnessing these internal motivations requires movingbeyond the current paradigm, which often prioritises convenience and disposability over sustainability.
Budget constraints and sourcing practices: The engineer mentions that, due to budget constraints, hospitals oftenbuy from the lowest bidder. This is a reflection of the prevailing mindset within the healthcare system, where financialconsiderations strongly influence decision making. It highlights how the focus on cost effectiveness is discouraginghospitals from investing in sustainable procurement practices, perpetuating a paradigm that prioritises short-term savingsover long-term sustainability.
Financial incentives: Financial incentives are crucial. Akif Görgülü points out that while the initial investment insustainability may be high, hospitals need to be aware of the cost savings in the long term. The highlighting of thesesavings can be a strong incentive for hospitals to adopt sustainable practices. This discussion reflects the leverage pointrelated to the underlying mindset or paradigm. A paradigm shift in recognition of the long-term benefits and cost savingsof sustainable practices can be the catalyst for wider adoption and implementation in the healthcare sector.
Challenges in sustainability efforts: Rui Ruivo, the engineer, acknowledges that sustainability discussions in healthcare,and most specifically in Beja Hospital, are still in their early stages and face significant hurdles. This is indicative of aparadigm challenge within the healthcare system, where sustainability may not yet be fully integrated into decision makingprocesses. Current thinking prioritises immediate concerns such as patient care and financial stability over longer-termenvironmental considerations.

The Goals of the System

This leverage point addresses the overarching aims and purposes of the system. Goals determine the system’s directionand priorities. Aligning the system’s goals with sustainability principles can drive significant improvements and systemicchange [25].
Current Goals: The primary goal of the current healthcare waste management system is to segregate waste safely to



10 | Circular Solutions for Healthcare Waste Management: A Case Study of Beja Hospital, Portugal | 2024

avoid contamination and ensure regulatory compliance. The broader healthcare system focuses on providing high-qualitycare and treatment for patients.
Desired Goals: The interviewee’s expressed that integrating sustainability goals into the core objectives of healthcarewaste management and overall healthcare delivery is essential. This means embedding environmental responsibility,resource efficiency, and long-term sustainability into the system’s goals.
Alignment of Goals: Akif Görgülü argues that if hospitals aim to protect human health, adopting a circular approach isessential. He explains that the current linear economy is unsustainable and detrimental to human health due to increasedwaste and environmental pollution. He connects environmental degradation and climate change to increased health burdens,suggesting that circular healthcare goals are inherently aligned with the fundamental goals of healthcare institutions.Akif Görgülü explanation illustrates that sustainable healthcare practices are not only compatible with but necessary forachieving the primary goal of healthcare: protecting human health. By adopting circular practices, healthcare institutionscan reduce environmental impacts and associated health risks.
Safety concerns: It is underscored by the engineer the paramount importance of safety in healthcare, which oftentakes precedence over environmental considerations. This reflects the current paradigm within the healthcare system,where patient safety is a primary goal. Prioritising safety influences decisions about adopting sustainable practices. Heprovided the example of switching from plastic to glass cups for administering medication, highlighting the safety risksfor mentally unstable patients who could easily break the glass and harm themselves. Switching from plastic to glass cupsfor administering medication means evolving the system structure to balance safety and sustainability. This exampleillustrates how aligning the goals of the healthcare system to include both safety and sustainability need to be tailored to thehealthcare sector and can guide decision-making processes and ensure that environmental considerations are integratedwithout compromising patient safety.

The Power to Add, Change, Evolve, or Self-Organise System Structure

This leverage point involves changing the way the system organises itself. It involves modifying or evolving the structureof the system to better achieve its goals. It involves adding new subsystems and allowing the system to self-organise toimprove functionality and adaptability [25].
Current Structure: Linear, single-use models with limited feedback loops and integration across the supply chaincharacterise the existing healthcare system and waste management practices.
Desired Structure: The goal is to evolve this structure to support circular economy principles, incorporating productdesign, usage, and disposal into a cohesive, sustainable system. This includes proactive strategies for waste reduction,recycling, and stakeholder engagement.
Reprocessing Single-Use Devices: As highlighted by the sustainability practitioners and the hospital’s engineer, thechallenge to reprocess disposables and move to durable materials is a reflection of the fundamental need to develop thearchitecture of the system. Because of their convenience and initial safety assurances, current practices rely heavily onsingle-use devices. However, a structural change in the way hospitals handle and sterilise equipment is required to movetowards reprocessing. This includes the development of new protocols and investment in technology that will enablesingle-use devices to be reprocessed safely and effectively, without compromising their integrity.
Internal Controversy and Infection Control: The clash between current system structures and the need for innovationis illustrated by the internal controversy highlighted by the hospital engineer. The limitations of current materials andsterilisation technologies are at the root of infection control resistance to reprocessing single-use devices. This indicatesthe need for structural changes, such as the use of new materials that can withstand reprocessing or the development ofadvanced sterilisation methods. In order to overcome resistance and ensure security, it is essential to develop these aspectsof the system structure.
Exploration of Durable Materials: The engineer’s emphasis on exploring other types of materials that are both cost-effective and durable points to the need for systemic evolution. Transitioning from single-use materials to more durablealternatives requires changes in procurement practices, supplier relationships, and material standards. This evolution inthe system structure would support sustainability by reducing waste and enabling the safe reuse of medical devices.
Empowering Frontline Healthcare Professionals: One of the focus of the sustainability practitioner’s initiatives isthe empowerment of frontline healthcare professionals to drive change within their organisations. Through workshops,pilot projects and proactive initiatives, they provide healthcare workers with the tools, knowledge and support theyneed to implement sustainable practices. By decentralising decision-making and fostering a culture of innovation, theyempower frontline staff to identify and address sustainability challenges specific to their work environment. This approach,from their perspective, facilitates the rapid implementation of sustainable solutions tailored to the unique needs of eachhealthcare facility, as well as increasing employee engagement and ownership. Ultimately, by empowering frontline healthworkers, Nicole Nordart and Tiffany Ramos, are in some way harnessing the power to add, change, evolve and self-organisethe structure of the health system to prioritise sustainability.



| 11

The Rules of the System

This leverage point includes the formal and informal rules, incentives, penalties, constraints and protocols that governbehaviour within the system. Rules shape how the system operates and evolves by dictating actions and interactions withinthe system. [25].
Legislation Slowing the Pace: Akif Görgülü suggests that while there is a general desire to be sustainable, the absence ofstrict legislation slows the progress. He argues that laws mandating environmental practices should compel all stakeholdersto comply, thereby accelerating the adoption of sustainable practices. Voluntary actions, on the other hand, lead to slowerand less uniform implementation.
Outdated Legislation: Rui Ruivo, the hospital engineer’s frustration with the outdated legislation from 1996 (Dispatchno. 242/96 of 13 August that establishes rules for the organisation and overall management of hospital waste) directlyaddresses the formal rules governing hospital waste management. These rules, which have not been updated for almost 30years, significantly constrain how hospitals can manage waste, despite advancements in technology and processes.
Lack of Updates and Confusion from EU Directives: The engineer, highlighted that while some new regulations haveemerged from EU directives, they have often added to the confusion rather than clarified procedures. This shows the impactof conflicting or unclear rules on the system’s efficiency and the ability to implement sustainable practices effectively.
Discussions on Legislative Changes: The engineer also notes that, although there have been ongoing discussions aboutchanging the law since 2006, when he started working at the hospital, no significant updates have occurred. This stagnationhighlights how slow or resistant the system can be to change its rules, even when the need for change is recognised.
Challenges with Newer Legislation: Newer pieces of legislation aimed at sustainability, such as mandates to reducewater and waste by 5% annually, often fail to consider practical implementation and enforcement, as highlighted by RuiRuivo. This adds layers of complexity and shows that even well-intentioned rules can create challenges if they are notpractically feasible or well-enforced.
Historical Practices and Bureaucratic Hurdles: Nicole Nordart’s frustration with the excessive waste generated inhospitals and her desire to return to more sustainable practices highlight a need to challenge and rethink the currentreliance on disposable products. She acknowledges that the bureaucratic hurdles, such as needing approval from hygienenurses and other bureaucratic hurdles can be seen as rules of the system that need changing. Addressing these rules directlythrough policy changes would fit.

Information Flows

This leverage point involves the pathways through which information is transmitted within the system. Information flowsare crucial because they determine how well-informed the actors within the system are about the state of the system, theiractions, and the consequences of those actions. Effective information flow can enhance decision-making, accountability,and performance [25].
Need for Transparency and Information Flow: Transparency and traceability are paramount according to Akif Görgülü,the sustainability coordinator. He notes that a significant issue in procurement is the lack of information about the chemicalsin products. Increased transparency and adherence to EU regulations on eco-labels can lead to better-informed purchasingdecisions. Akif Görgülü also mentions that suppliers sometimes lack information about their products, highlighting theneed for a robust system to track and share this information. Akif Görgülü advocates for a top-down and bottom-upapproach. Top-down involves legislation at the EU and national levels to mandate transparency from suppliers. Bottom-upinvolves hospitals actively seeking information from suppliers about the chemicals in their products. This dual approachensures comprehensive information flow and informed decision-making in procurement.
Lack of Formal Training and Clear Communication: Both junior nurses highlight the lack of formal training andclear communication regarding waste management protocols. This indicates a breakdown in the flow of critical informa-tion needed to perform waste segregation and disposal tasks correctly. Without structured training sessions and clearcommunication, nurses are left uncertain and confused, impacting the effectiveness of waste management practices.
Reliance on Posters and Lack of Direct Support: The reliance on posters for guidance, rather than direct communicationor support from supervisors, reflects an ineffective information flow structure, as noted by the nurses. Posters may providesome information, but they lack the interactive and detailed guidance that direct communication and training sessions canoffer.
Stigma and Judgement: One junior nurse expressed concern about the stigma associated with asking questions onsorting the waste, suggesting that the flow of information is not only inadequate but also impeded by a workplace culturethat discourages open communication. This cultural barrier further obstructs the dissemination of important wastemanagement information.
Realities of Clinical Practice: The frustration expressed by the nurses regarding impractical initiatives points to adisconnection between the information provided by those designing the initiatives and the realities faced by clinical staff.They suggest that information flows need to be bi-directional, with feedback from frontline staff being incorporated intothe design and implementation of sustainability initiatives.
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Raising Awareness of Financial Implications: The senior nurse, Cláudia Bicho, also emphasises the importance ofraising staff awareness about the financial implications of waste management, suggesting that there is a gap in the flow ofinformation regarding the costs associated with different waste disposal methods. Improving this aspect of informationflow could enhance staff understanding and potentially lead to more cost-effective practices.
Mapping the Integration: Exploring the Intersection of Topics and Leverage Points in Healthcare Sustain-
ability

To enhance visualisation of the integration between topics discussed in the interviews and Meadows leverage points, aVenn diagram was crafted (figure 4). This visual tool facilitates analysis and insight by helping to understand the overlapand interaction between interview topics and leverage points.An explanation is now provided to clarify why certain issues are considered to apply to more than one leverage point,and to show how they are interlinked and play a wider role in the system.
1. The Power to Transcend Paradigms
Need for Advocacy and Evolution:
• Leverage point: 6. The Structure of Information Flows• Explanation: Effective advocacy requires the right information to reach decision-makers. This requires a change in thestructure of information flows to ensure that the realities of waste management inefficiencies are communicated tothose who can influence legislation.

Role of Nurses in Sustainability:
• Leverage point 4: The power to add, change, evolve, or self-organise system structure.• Explanation: This could also be seen as an example of changing the structure of the system. Providing nurses withthe training and resources they need to manage healthcare waste in a more sustainable way is also a structural changewithin the system.

Sustainability in Hospitals:
• Leverage point 3: The Goals of the System• Explanation: Akif Görgülü emphasis on the shift towards sustainability and the need for a collective effort from all levelsof the organisation is consistent with the redefinition of the system’s goals. The goal is shifting from simply managingwaste to trying achieving sustainability in healthcare practices.

Interconnection of Health and Environment:
• Leverage point 3: The Goals of the System• Explanation: The nurses’ perspective on integrating environmental considerations into healthcare practice suggests ashift in the system’s goals to include environmental sustainability alongside caring for patients.

2. The Mindset or Paradigm Out of Which the System Arises
Budget Constraints and Sourcing Practices:
• Leverage point 3: The Goals of the System• Explanation: The current objectives of the system reflect an emphasis on financial considerations over sustainability.Shifting the focus to long-term sustainability goals would require a redefinition of what the system is trying to achieve.

5. The Rules of The System
Outdated Legislation:
• Leverage point 5: The Power to Transcend Paradigms• Explanation: The frustration with outdated legislation reflects the need to move beyond the existing paradigms thatgovern waste management. There is an opportunity to shift towards more sustainable practices by updating regulationsto reflect current technology and processes.

Challenges with Newer Legislation:
• Leverage point 6: The Structure of Information Flows• Explanation: The practical challenges associated with recent sustainability mandates highlight the need for a betterflow of information and communication between policy makers and healthcare institutions. Improvements in access toinformation on the practical implementation of regulations can facilitate compliance and effectiveness.
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Figure 4. Mapping the Intersection: Exploring how interview topics intersect with Leverage Points in Healthcare Sustainability. Eachcluster represents a distinct Leverage Point, with topics colour-coded accordingly. In the overlap between clusters, topics arehighlighted with the colours of the Leverage Points they belong to in the analysis, illustrating their integration across multipledimensions of systemic change.

Analysis

Case Study

It is possible to state that Beja Hospital is relatively new to the implementation of sustainable practices. The hospital’swaste management system is well managed and organised. However, there is a need to integrate sustainability and circulareconomy principles into the hospital’s existing structures and strategies. According to the hospital’s engineer, there is aclear intention to adopt these principles in the future. In addition, the nurses have expressed a desire for the hospital totake the initiative to become more environmentally friendly. With its current waste management framework already inplace, Beja Hospital is in a strong position to transition towards more sustainable and circular practices, aligning with thegrowing commitment from its staff to promote a greener healthcare environment.
Barriers and Challenges

The analysis of barriers and challenges identified the literature review reveals significant economic, regulatory, operational,and social hurdles to integrating CE practices in healthcare waste management. These barriers are echoed in the findingsfrom the interviews conducted, demonstrating a strong correlation between theoretical and practical insights.
Economic and financial barriers are a significant obstacle to the adoption of CE practices. High initial investment andongoing financial burdens are key issues. The interview with the engineer Rui Ruivo highlights the unnecessary financialburden of treating non-hazardous waste as hazardous due to outdated legislation and highlight this economic burden.In addition, the engineer mentioned that the hospital often buys the cheapest products due to budget constraints. Thisreflects the prevailing mindset within the healthcare system where financial considerations heavily influence decisionmaking. This emphasis on cost effectiveness discourages hospitals from investing in sustainable procurement practices.It perpetuates a paradigm that prioritises short-term savings over long-term sustainability. The consistent theme offinancial constraints, highlighting the high costs and economic challenges of implementing CE practices, is underlined by
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both the theoretical framework and the interview findings.
Policy and regulatory challenges are another major barrier. The lack of supportive legislation and incentives makesit difficult for healthcare institutions to transition to CE practices. The interview with the Portuguese hospital engineerreveals that outdated legislation, such as the 1996 directive, leads to systemic inefficiencies. Hospitals need to lobbyfor legislative changes to support sustainable initiatives. This correspondence between the interviews and the barriersidentified in the literature review, highlights the significant impact of inappropriate policy and regulatory environments,and the need for updated and supportive legal structures.
Organisational and social barriers include poor design, misconceptions about sustainability and the dominance ofsingle-use medical devices. Social barriers hindering the adoption of CE practices include cultural norms and attitudestowards waste disposal. The interviews with the nurses and sustainability practitioner’s highlight the need for training,better resources and a change of attitude among healthcare workers towards the adoption of sustainable practices. Theemphasis on internal motivation and awareness of material consumption and circularity mentioned by the nurses andsustainability practitioners in the interviews, correlates with the broader organisational and social barriers identifiedin the literature review. This consistency underlines the need to promote a culture of sustainability within healthcareorganisations.
Harding et al. [21] identified several factors affecting the implementation of sustainable strategies in the operating room,and these factors can also be related to the findings from the interviews conducted at Beja Hospital, despite the differentenvironments. One of the key concerns highlighted by Harding et al. was the extra workload associated with sustainablepractices. This concern was strongly echoed by the nurses at Beja Hospital, who identified the increased workload as one ofthe biggest barriers, if not the biggest, to implementing more sustainable actions such as recycling.
Additionally, the author also pointed out the lack of facilities as a significant obstacle. This issue was also highlighted bysenior nurse Cláudia Sabino. There is a notable lack of space in the hospital rooms for additional bins, which complicatesefforts to increase recycling. The current space constraints make it challenging to introduce more bins to support sustainablewaste management practices.
Overall, the findings from the interviews strongly reflect the barriers and challenges identified in the literature review.Both highlight significant economic, regulatory, operational and social barriers to the integration of CE practices intohealthcare waste management. Overcoming these barriers requires comprehensive strategies. These include legislativereform, financial incentives, updated infrastructure and cultural change within healthcare organisations. Aligning theo-retical and practical insights highlights the multifaceted nature of the challenges and underlines the need for a holisticapproach to address them.

Recommendations

Healthcare Waste Management System

Currently, the system predominantly functions with unilateral communication, represented by the grey arrows. Policy-makers set regulations that healthcare facilities, suppliers, and waste treatment companies must follow, often withoutsufficient feedback loops. Healthcare facilities interact directly with suppliers and waste treatment companies, and nursesare on the front lines, generating waste and adhering to prescribed protocols.
The diagram on figure 5 presents an idealised framework for waste management in the Portuguese healthcare sector,highlighting the key stakeholders and the desired communication flow. Each cluster represents a stakeholder, and thearrows indicate the direction and nature of the exchange of information. In the improved system, policy-makers would notonly be directing, but would also be receiving feedback from healthcare facilities, suppliers and environmental organisations.This feedback loop ensures that policies are practical and grounded in the realities of healthcare operations. Suppliers andhealthcare facilities would engage in ongoing dialogue to ensure that sustainable practices are feasible and supported byappropriate materials and technologies. Similarly, waste management companies would work more closely with healthcarefacilities to help optimise how waste gets processed. The inclusion of environmental organisations, shown in blue, is acrucial improvement. These organisations can act as key intermediaries, providing sustainability expertise, workshopsand continuing education for health professionals.
Nurses, who play a critical role in generating waste, would be better informed and more actively involved in sustainabilityefforts through education and support from environmental organisations or companies. This holistic, interconnectedapproach aims to enhance the overall sustainability of the healthcare sector in Portugal, making waste management moreefficient and environmentally friendly.

Enhance Information Flows

Stakeholder Engagement
Develop structured programs for regular communication and feedback among all stakeholders, including healthcareproviders, waste management companies, environmental organisations, and regulatory bodies.
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Figure 5. The diagram shows the current unilateral flow of information (grey arrows), while the blue arrows indicate the desiredbilateral communication Portugal’s healthcare waste management system. Environmental organisations (blue) are introduced as keystakeholders to enhance bilateral communication and sustainability practices.

Improve the flow of information regarding sustainability practices and their impacts. Ensure that all staff are aware ofhow their actions affect the environment and the financial costs associated with improper waste management. Providecontinuous education on waste sorting and management, emphasising the importance of proper practices in reducingenvironmental harm and hospital costs. Develop tailored strategies for different healthcare settings, considering thespecific challenges and opportunities in areas like operating rooms. Engage with stakeholders across the value chain tooptimise packaging and waste management processes
Government Guidance for Regulatory ComplianceIn order to address the lack of understanding of the regulatory framework and its application in hospitals, it is recommendedthat a dedicated team or individual from the government be assigned to visit hospitals and provide guidance. It will be a"liaison" between the hospital and the government to ensure that the hospital is fully informed and complies with thelaw. By providing personalised support and clarification, this initiative would enhance the ability of hospitals to apply theregulations correctly and improve the overall level of compliance.
Inter-Hospital Communication and CollaborationIt is also recommended to create opportunities for those involved in developing and implementing the hospital’s sustain-ability strategy to visit and work with teams in other hospitals. This mobility will enable them to share best practices,learn from one another and foster a cooperative environment that drives innovation and improvement in sustainabilityinitiatives across the healthcare industry.
Strengthen Regulatory Frameworks

It is essential that legislation is regularly reviewed and updated in line with the evolution of sustainability requirementsin the healthcare sector. This will ensure that the regulatory environment remains relevant and effective in promotingenvironmentally responsible practices. Updated legislation should also provide a clear pathway for healthcare facilities toadopt more sustainable practices, taking into account the integration of new technologies and innovative approaches towaste management.
Shift the System Goals

Shift the focus of healthcare waste management to waste prevention and reduction. Set ambitious targets for reducingand diverting waste from landfill, with a strategic roadmap outlining specific actions and timelines for achieving thesetargets. Prioritise waste minimisation strategies such as reusable medical devices, source separation and on-site treatmenttechnologies.
Prioritising Sustainability in Healthcare Goals• Integrate Sustainability into Core Objectives: Healthcare institutions should embed sustainability in their missionand strategic goals. This includes the setting of measurable sustainability targets in addition to clinical and operationaltargets.
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• Sustainability Committees: Establish dedicated committees to oversee sustainability initiatives and ensure that theyreceive the same level of attention and resources as other key objectives in the healthcare sector.
Development of a strategic roadmap with specific actions and timelines for the achievement of the waste reductiontargets. Ensure that waste management goals are aligned with broader organisational goals by incorporating sustainabilitymetrics into hospital performance evaluations and decision-making processes.

Change the Underlying Mindset

In order to effectively improve waste management practices in the healthcare sector, the promotion of a culture of
sustainability within healthcare facilities is crucial. This can be achieved through the integration of waste reductiongoals into the facilities core values and daily practices. Awareness-raising campaigns should be launched to educate staffabout the importance of reducing and recycling waste, emphasising how their actions in waste handling directly affect theenvironment. These campaigns should include information sessions in which relevant statistics and data are presented tohighlight the impact of unsustainable waste management practices on the environment.

Environmental organisations or companies can be a key part of the sustainability education process for employees.As close contacts and key stakeholders, these organisations can bridge the gap between healthcare professionals andenvironmental issues through workshops and training sessions. Their expertise and involvement can provide practicalguidance and support, making the concepts of sustainability more accessible and actionable for staff in the healthcaresector.It is also important to actively encourage behaviour change among healthcare professionals. This can be achievedthrough the implementation of recognition and reward schemes that reward individuals and departments which areexemplary in waste management practices. By publicly recognising and rewarding efforts to reduce waste and promotesustainability, healthcare organisations can create incentives for positive behaviour change and inspire others to followsuit. To ensure long-term sustainable practices within the healthcare facility, these initiatives should be ongoing andintegrated into the organisational culture.
Fostering Interdisciplinary Collaboration and Challenging Existing Paradigms

Importance of Interdisciplinary CollaborationHealthcare waste management is a multifaceted issue that intersects with various fields, including healthcare, environmen-tal science, engineering, public health, and economics. Addressing this complex challenge requires insights and expertisefrom diverse disciplines to develop innovative, sustainable solutions. Encouraging collaboration among these fields canlead to breakthroughs that a single-discipline approach might overlook.
Organising Forums and WorkshopsThe organisation of forums and workshops that bring together experts from a wide range of fields. These events shouldbring together healthcare professionals, environmental scientists, waste management experts, policy makers, engineersand economists.
• Objective: The main objective is to provide a platform for knowledge exchange, discussion of challenges and brain-storming of innovative solutions for sustainable waste management in the healthcare sector.• Structure: These sessions can take the form of keynote presentations, panel discussions and interactive workshops.Key topics could include new technologies for waste reduction, best practices for waste separation, and strategies forsustainable operations in the healthcare sector.• Outcomes: To address specific issues identified during the discussions, develop actionable plans and collaborativeprojects. For example, a workshop could lead to the development of a new protocol for the segregation of waste or to thecreation of a pilot programme for the reuse of medical supplies.

Emphasising Interconnectedness of Environmental, Social, and Economic FactorsAs part of a holistic approach, the interconnectedness of environmental, social and economic factors in the design ofsustainable waste management practices should be emphasised. It should be highlighted that effective waste managementnot only benefits the environment, but also improves public health, reduces costs and improves the overall sustainabilityof healthcare systems.
• Environmental Factors: Discuss the environmental impact of healthcare waste. This includes pollution and resourcedepletion. Emphasise the importance of waste generation reduction and waste separation to minimise environmentaldamage.• Social Factors: Address the social implications of waste in the healthcare sector, including the impact on public healthand the importance of educating healthcare workers about how to deal with waste.



| 17

• Economic Factors: Explore the economic benefits of sustainable waste management. These include the cost savingsfrom reduced waste disposal fees and the potential income from recycling programmes. Discuss how an investment insustainable practices can lead to a long-term financial benefit for a health care facility.
Streamlining Sustainable Practices

Rethinking how sustainability can be implemented in the healthcare sector is crucial. Conventional sustainable practicesapplied in the general society may not be the most adequate ones to the healthcare sector, the ones applied to the sectorsuch as using both paper and plastic materials in the products packaging to reduce overall plastic usage or replacing plasticcups with glass ones to make less waist and reduce plastic, are not always suitable for healthcare settings. Rui Ruivo, theengineer, provided an example where using glass cups instead of plastic could pose dangers depending on the patient’smental condition. The healthcare sector is uniquely complex, with specific challenges such as time constraints, limitedspace, inadequate infrastructure, and the need to consider patients’ mental and physical health. These factors significantlyinfluence the feasibility of adopting sustainable practices and must be carefully considered when developing strategies toreduce waste in healthcare environments.
Simplifying Hospital Recycling: Rethinking Packaging and Supplier Collaboration for SustainabilityThe nurses’ findings revealed that the current practice of separating paper from plastic packaging makes the hospital’sefforts to recycle difficult. Despite being personally motivated to adopt more sustainable practices, nurses face shift timeconstraints that make it difficult to dedicate sufficient time to segregating waste. This highlights the need to rethinkpackaging design to facilitate recycling. Some of the nurses interviewed suggested that, especially as transparency isrequired, it would streamline recycling efforts if all packaging materials were made of plastic. By putting all plastic wastein the same bin, the nurses believe it is possible to improve recycling rates and offer a practical solution to improve wastemanagement practices within the hospital, while saving space by only needing one bin and not two.The need to overhaul product packaging in the healthcare sector underlines a wider need to work with suppliers. Thesesuppliers have an important role to play in moving the industry towards a more sustainable path and contributing to thegoal of carbon neutrality. Recognising their key role, suppliers are seen as catalysing change by adopting green practices.In particular, they have the power to introduce products into hospitals and healthcare facilities that are inherently lessharmful to the environment. This pivotal role in decision-making extends to decisions on the use of recycled materialsand other environmentally conscious alternatives. As a result, suppliers are emerging as a key stakeholder in driving thetransition to sustainability within the healthcare supply chain. This will require a collaborative effort to align productofferings with the imperatives of going green and going carbon neutral.Current packaging, often composed of both plastic and paper, is impractical for quick and effective recycling. Byshifting to single-material packaging, hospitals can significantly improve recycling rates and reduce environmentalimpact. Collaborate with manufacturers to redesign packaging that balances usability, safety, and sustainability.
Kickstart Recommendations for Hospitals
The following section presents initial recommendations for waste management strategies tailored for hospitals that areeither beginning to implement these practices or are in the early stages of doing so. These strategies are illustrated infigure 6.

Establish a Sustainability Team. Establish a dedicated team interested in sustainability to drive and implementinitiatives. This team should include representatives from different departments, including nurses, doctors, management,finance, marketing and HR to ensure a holistic approach and diverse perspectives.
Conduct Comprehensive Waste Assessments. Conduct waste audits periodically to determine waste generation andcosts. This helps to identify problems, set benchmarks and improve current practices to help develop action plans. Tomaintain a detailed and up-to-date overview, conduct these assessments on a monthly basis, covering all types of wastegenerated.
Set Realistic Targets and Goals. Setting achievable goals and targets is critical to the success of a sustainability strategy.While it may be tempting to set ambitious targets in order to compete with larger hospitals, targets that are too high can bea source of discouragement and a drain on resources. Instead, set realistic standards that reflect real commitment andaccountability for environmental impact. This will encourage greater commitment to sustainability goals.
Design a Strategy. Upon completion of the previous steps, design a strategy for the integration of sustainabilityand circular economy principles into waste management activities. This strategy should be in line with the set goals andobjectives and take into account the results of the waste audit and the specific needs of the hospital. It should include specificactions, timelines and responsibilities. This will ensure a clear and practical path to success. To ensure feasibility andcompliance, it must be tailored to the hospital’s context, including the types of waste generated and existing infrastructure.
Engage Employees. Employee engagement needs to be considered in the design and implementation of strategy. Whilethose in leadership roles decide on the overall strategy, it is crucial to consider the interests and capacities of the employees
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responsible for execution. Strategies often require staff, such as nurses, to be engaged to succeed. Therefore, providingtraining, educational materials and ongoing communication is essential to ensure understanding and compliance.
Monitor and Evaluate. Track progress and adjust strategy as necessary. Conduct follow-up waste audits. Evaluateperformance against targets. Regular monitoring enables timely adjustments and continuous improvement.
Report. Reporting on results and progress is essential. Sustainability reporting builds trust between the hospital and itsstakeholders by demonstrating the hospital’s commitment to transparency. Transparent reporting also invites meaningfulstakeholder feedback, drives innovation and demonstrates good leadership.

Figure 6. Roadmap strategies for sustainable healthcare waste.

Actions for Integrating Circular Economy Practices

Reduce the Use of Gloves Where Possible

At Great Ormond Street Hospital in England, a campaign called "Gloves Are Off" was launched to reduce the unnecessaryuse of non-sterile gloves. Under the leadership of the lead infection prevention control nurse and two practice educators, theteam found that around 200,000 pairs of gloves were being ordered each week. Nurses frequently reported skin problemsand contact dermatitis suspected to be caused by the gloves. All stakeholders were educated, emphasising that usingnon-sterile nitrile gloves was often unnecessary, and that disinfected hands were better for patients unless contact withbody fluids, non-intact skin or mucous membranes was expected. The campaign saved 21 tonnes of plastic in one year [29].
Replace Disposable Meal Sets

To reduce waste, hospitals can also replace disposable plastic bowls, plates and cups with reusable alternatives. Metal ordurable plastic dining sets can be sanitised and reused, significantly reducing waste. Switch from disposable plastic cups toreusable plastic cups for medication dispensing, given the patient safety issues with glass. This change will reduce wasteand promote sustainability in healthcare facilities.
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Purchase Reusable TextilesIt is also possible to switch from disposable to reusable textiles, such as gowns, curtains and linen. Reusable textiles can bewashed and sterilised, which reduces the amount of waste that is generated. This change not only reduces environmentalimpact, but can also be cost effective in the long run. The implementation of a robust washing and sterilisation processwill ensure that safety and hygiene standards are maintained. This change supports a circular economy through theminimisation of waste and the promotion of resource efficiency.
Discussion
Systems thinking, while valuable for understanding the complexities of healthcare waste management, can sometimesbe overly broad, potentially compromising study depth and specificity. This broad scope can lead to over-generalisation,making it difficult to focus on the specific, actionable insights that are relevant to individual hospitals. The identification ofkey leverage points becomes difficult, with the risk of a scattergun approach where resources are spread too thinly. Inaddition, the resource-intensive nature of such a comprehensive analysis can be a strain on the study’s resources andtimeline, leading to superficial analysis. The implementation of broad recommendations can also be a challenge for healthcare institutions, as the result can be ambiguous conclusions and recommendations that are difficult to translate intoconcrete actions. It’s therefore crucial to balance the breadth of systems thinking with the need for specific, actionableinsights tailored to the context of Portuguese hospitals.The case study was carried out at Beja Hospital in Portugal and provides detailed insights specific to this institution.However, the findings may have limited applicability to other hospitals or regions operating under different regulatoryframeworks, waste management practices or economic conditions. Local policies, resources and cultural attitudes to wastemanagement can present unique challenges and opportunities for each healthcare facility and region. As a result, whilethe study provides a valuable, context-specific understanding and highlights key issues and potential strategies, cautionshould be exercised in attempting to apply these findings on a universal basis. To ensure that strategies for integratingcircular economy principles into healthcare waste management are adaptable and effective in different contexts, furtherresearch in different settings is needed to validate and extend these findings.The study only has interviews with the case study stakeholders (nurses and hospital engineer), and the sustainabilitypractitioners and coordinator, which does not provide a complete picture of the waste management system. Interviews withregulators, suppliers, and waste management companies were not conducted, limiting insights into regulatory, upstream,and downstream factors affecting waste management. This gap hinders a complete understanding of the regulatorylandscape, upstream influences on waste generation, and downstream waste management processes.
Conclusion
This thesis explored the integration of circular economy principles into healthcare waste management, focusing on BejaHospital in Portugal. The primary research question was how can leverage points be capitalised in a systems-thinkingperspective for Portuguese hospitals to enhance circular economy principles in their waste management. Through acomprehensive analysis of existing practices, barriers, and potential strategies, the study provided several insights.Results showed that while Beja Hospital has a well-managed waste system, there are significant opportunities toimprove sustainability by adopting circular economy practices. Recommendations such as reducing the use of gloveswhere possible and the purchase of reusable textiles can significantly reduce waste. In addition, sustainable practicescan be further supported by improving regulatory compliance through specific government guidelines and promotingcommunication between hospitals.The study highlights the importance of addressing economic, regulatory, operational and social challenges in theimplementation of these practices. The need for better information flows and stakeholder engagement to overcome thesebarriers was highlighted in interviews with hospital stakeholders. The proposed actions aim to shift the objectives of thesystem towards sustainability, emphasising the interconnectedness of environmental, social and economic factors.In conclusion, a multi-faceted approach involving regulatory guidance, staff engagement and inter-hospital collabo-ration is required to integrate circular economy principles into healthcare waste management. Through the adoption ofthese strategies, healthcare facilities can significantly reduce their environmental impact, promote resource efficiency andcontribute to a more sustainable future. Paving the way for a greener and more sustainable healthcare industry, this studynot only provides valuable insights for Beja Hospital, but also provides a framework that can be adapted and implementedin other healthcare settings.
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