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[bookmark: _Toc227940513]Executive summary
This report reviews evidence on the greenhouse gas emissions reductions associated with initiatives to reduce the amount of solid waste generated by the health system. It has three components:
1. A taxonomy of 53 interventions derived from analysis of submissions made as part of the consultation process to inform development of Australia’s first National Health and Climate Strategy in 2023.
2. A systematic review of 107 studies from the peer-reviewed literature.
3. 15 case studies provided by state and territory health departments, international health systems and the Global Green and Healthy Hospital Network.
Examples of possible interventions to reduce waste and its associated greenhouse gas emissions exist across the waste hierarchy, including actions to reduce, reuse and recycle products, in all areas of health and aged care delivery. These include a transition to electronic health records; the removal of rarely used single-use items from pre-prepared sterile surgical packs; the phase-out of non-medical device single-use plastics; avoiding glove use where not clinically indicated; the reuse of personal protective equipment (PPE), surgical textiles, procedural instruments and non-invasive medical devices; refurbishing instruments and furniture; introducing recycling streams; recycling surgical blue wrap; and training staff on appropriate waste segregation. 
The evidence presented in this report supports the prioritisation of ‘reduce’ and ‘reuse’ interventions. Small-scale changes to reduce and reuse health system products each result in significant reductions in greenhouse gas emissions. Put together as part of a systematic approach to reducing and reusing health system products wherever possible, these actions will lead to substantial progress in decarbonising the Australian health system. 
Drawing on insights in the review, we have developed a set of 33 interventions that point to concrete ways to improve the sustainability of waste management in the health system. These recommendations can be applied to all levels of the health system and are categorised as follows: 
· Governance, standards, policy and regulation
· Reduce
· Reuse
· Reprocess and refurbish
· Recycle
· Waste segregation
· Pharmaceutical waste
· Management of hazardous waste
· Supply chain
· Education, engagement and capacity building.


[bookmark: _Toc168656917][bookmark: _Toc184125125][bookmark: _Toc227940514]1 Introduction
Climate change has been described as the biggest threat to global health in the 21st century (Costello et al. 2009). In Australia, health risks arise from changes in climate hazards, including more severe fire weather days, more frequent heatwaves and extreme hot days, more time spent in drought, and increases in heavy rainfall and flood (DCCEEW 2024a). While health system strengthening and resilience is necessary to respond to the changing health risks, so too is the need to reduce the health system’s contribution to climate change. The Australian health system either directly or indirectly emitted 23.52 Mt CO2-e in 2021-22 – or 5.44% of Australia’s total greenhouse gas emissions (de Sain et al. 2025). International analysis ranks it the 11th most carbon-intensive health system in the world (Romanello et al. 2023).
The amount of solid waste generated by the health system has received increasing attention in recent years, partly in response to the rise in use of disposable personal protective equipment (PPE) and other single-use items during the COVID-19 pandemic (Capoor and Parida 2021; McGain et al. 2020). Furthermore, when considering the entire life cycle of products, including manufacturing, distribution, use and end-of-life disposal, health system solid waste contributes substantially to health system greenhouse gas emissions, making it an important target for sustainability and decarbonisation action.
Solid waste produced in the health system includes hazardous medical waste (sharps, pathological, infectious, chemical, pharmaceutical, cytotoxic, radioactive) and non-hazardous waste, including plastic waste (for example, blue wrap, tubing, bottles, syringes), paper, electronics, medical equipment and furniture (WHO 2018).
The World Health Organization (WHO) estimates 15% of waste generated by health system activities is hazardous waste (WHO 2018). The emergence of HIV and viral hepatitis in the 20th century drove concern for infection and the increase in the use of disposable equipment (Guetter et al. 2018). Given the health risks associated with hazardous waste (for example, infection, sharp injuries, toxic exposure to pharmaceutical products, chemical and radiation burns), all health system waste requires complex management.
Reducing health system waste and its greenhouse gas emissions can be achieved through addressing steps in the waste hierarchy, with some models including as many as nine ‘Rs’ to tackle waste (Alshemari et al. 2020). The waste hierarchy steps considered in this report are as follows:
· Reduce packaging and use of disposable items when they are not clinically indicated. Examples of items that can be reduced include gloves, intravenous cannulae, and rarely used items packaged in surgical sets or procedure packs.
· Reuse medical devices whose regulatory approval permits multiple uses, such as surgical and anaesthetic instruments and PPE (including surgical and isolation gowns and face masks – which are in regulatory terms considered a medical device if the manufacturer claims it prevents disease transmission, is splash resistant to blood and bodily fluids, or is suitable for therapeutic use (TGA 2024)).
· Reprocess and refurbish are two key strategies for extending the life of medical devices beyond their initial regulatory approval for use, while reducing environmental impact. In Australia, the Therapeutic Goods Administration (TGA) regulates the supply of medical devices, including approvals to use reprocessed and refurbished devices. While both reprocessing and refurbishing can be considered forms of reuse, in this report they are defined in line with the Therapeutic Goods Act 1989 and Therapeutic Goods (Medical Devices) Regulations 2002 as separate to reuse, with the identifying characteristic that both involve the registration of the reprocessing/refurbishing firm as the manufacturer of the reprocessed/refurbished device. See Table 1 for further information.
· Reprocess involves cleaning (including disinfecting and sterilising) medical and other devices labelled as ‘single-use’ for reuse to ensure these devices are safe and pose no risk of transmitting infectious agents. In the National Safety and Quality Health Service Standards, ‘reprocess’ also refers to the cleaning of reusable equipment and devices in accordance with national standards and manufacturer guidelines (ACSQHC 2024a). However, for the purpose of this report, reprocess is only applied to the cleaning of single-use items, where the firm that cleans the device becomes the manufacturer.
· Refurbish involves cleaning, rebuilding or repairing a medical device or parts – where rebuilds or repairs include disassembling, replacing, and testing components to meet original specifications or a revised one – so it can be safely reused for its intended purpose by the manufacturer.
· Recycle equipment that cannot be reused. Four categories of recycling of medical products have been described (Joseph et al. 2021):
· Primary, producing products with similar characteristics to the original material;
· Secondary (mechanical), which often results in a reduction in mechanical properties;
· Tertiary (chemical), such as pyrolysis, which produces oils, gases and hydrochar;
· Quaternary recycling, which is incineration with energy recovery.
· Replace an item with a less emissions-intensive or waste-intensive alternative. For example, replacing disposable plastic products with more biodegradable alternatives, which are then properly composted rather than sent to landfill.
· Waste segregation to reduce the amount of waste going into landfill and segregate general waste from regulated medical waste. As a result of the intensive processes required to treat hazardous waste, its management produces more greenhouse gas emissions and is more expensive than any non-hazardous waste stream. While 1 kg of municipal waste produces approximately 1 kg CO2-e, 1 kg of regulated medical waste produces 3 kg CO2-e (Cunha Neves et al. 2023).
· Management of hazardous waste to reduce the greenhouse gas emissions from waste that requires special treatment. Hazardous waste is first managed with mechanical pretreatments such as shredding, grinding and liquid-solid separation (Mazzei and Specchia 2023). There are then a wide range of ways to treat hazardous waste, including sterilisation, microwaving, reverse polymerisation, bioconversion, incineration, pyrolysis, irradiation, and nanotechnology (Mazzei and Specchia 2023).
[bookmark: _Ref196894566][bookmark: _Toc226030307]Table 1. Definition of reuse, reprocess and refurbish as used in this report
	Type of item
	Single-use
	Multiple-use

	Reuse
	Not possible, as any reuse involves a change in the legal manufacturer.
	The typical scenario when multiple-use items are cleaned for reuse in accordance with national standards and manufacturer guidelines, without a change in the legal manufacturer. Note the National Safety and Quality Health Service Standards also calls this ‘Reprocess’ (ACSQHC 2024a).

	Reprocess
	The typical case when single-use items are cleaned for reuse, resulting in a change in the legal manufacturer.
	Only possible if item is authorised for a maximum number of uses, after which cleaning to enable reuse involves a change in the legal manufacturer. See note above about different meaning of ‘Reprocess’ in the National Safety and Quality Health Service Standards.

	Refurbish
	An uncommon scenario, as single-use items would not typically be rebuilt or repaired.
	Occurs when a device is rebuilt or repaired to extend its usual lifespan, resulting in a change in the legal manufacturer.



It is important to note that in all efforts to reduce health system waste, the evidence around patient safety, infection prevention and performance throughout a medical device’s life cycle is the first consideration and this report is not suggesting that such efforts will ever come at the expense of safety and quality. This report follows the principles of sustainability research, defined as exploring the dimensions of resource consumption and environmental emissions associated with healthcare activities, with the aim of improving the quality, safety and value of these activities (Sherman et al. 2020). For example, when switching from single-use to reusable laryngoscope blades, patient safety and sterilisation processes in accordance with manufacturer instructions were factored into the environmental impacts of the switch (Rouvière et al. 2023).
In December 2023, the Australian Government launched Australia’s first National Health and Climate Strategy. The Strategy outlines 49 actions to be implemented over five years to achieve the vision of “healthy, climate-resilient communities, and a sustainable, resilient, high-quality, net zero health system.” Action 4.16 in the Strategy is the following:
	[Action 4.16] Supporting the systematic implementation of waste reduction action
The Australian Government will commission and publish a review of the potential ways in which health and aged care waste can be reduced, reused, refurbished, recycled, replaced and segregated and how these changes can be implemented. This review will then feed into the green procurement and sustainable resource use guidelines and further resources for health and aged care facilities and staff.



This report delivers this action and contains an analysis and recommendations based on the Strategy consultation responses to the question on action areas related to waste, a systematic literature review, and Australian and international case studies. It builds on broader Australia Government commitments under the 2018 National Waste Policy: less waste, more resources and the 2024 National Waste Policy Action Plan, which sets national targets for improving resource recovery, reducing waste generation, and promoting circular economy practices across all sectors, including healthcare (DEE 2018 and DCCEEW 2024c).


[bookmark: _Toc184125126][bookmark: _Toc227940515]2 Methods
[bookmark: _Toc184125127][bookmark: _Toc227940516]2.1 Analysis of National Health and Climate Strategy consultation input
The National Health and Climate Strategy was developed through an extensive consultation process, with in-person and online workshops involving over 300 stakeholders, and a call for written submissions which received 270 replies. In relation to waste and resource use, stakeholders were asked “which specific action areas should be considered relating to waste, over and above any existing policies or initiatives in this area?”
Responses were categorised into topic and consultation theme using NVIVO software. The text from responses related to waste was analysed by two authors and grouped thematically based on the waste hierarchy headings described in the introduction and other themes identified in the analysis. Duplicate recommendations were merged.
[bookmark: _Toc184125128][bookmark: _Toc227940517]2.2 Systematic review
[bookmark: _Hlk168495965]The systematic review was prospectively registered with PROSPERO on 25 February 2024 (CRD42024512694) and is reported according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta- Analyses) 2020 guidelines (Page et al. 2021). This systematic review has four research questions:
1. What sustainability principles for managing solid waste in the health and aged care sectors, aimed at reducing their environmental/ greenhouse gas footprint, are described in the literature?
2. What approaches and initiatives have been implemented in Australia and other high-income countries to reduce waste in health and aged care facilities and services?
3. What evidence exists about the effectiveness of each approach in reducing greenhouse gas emissions?
4. What are the successes, enablers, setbacks, barriers, and financial implications of such approaches and initiatives, and their applicability in Australia?
[bookmark: _Toc227940518]2.2.1 Search strategy
The CINAHL, Medline, Scopus, Web of Science Core Collection, and Google Scholar databases were searched on 26 February 2024 to identify articles published between 1 January 2008 and 31 December 2023 using search terms in the areas of health and aged care system, waste management and environmental impacts (see Appendix 1).
[bookmark: _Toc227940519]2.2.2 Study selection and screening
Article titles and abstracts were screened independently by two authors and any out-of-scope articles were removed. The full texts of the remaining articles were assessed independently by two authors according to an agreed set of inclusion and exclusion criteria. Any disagreements were resolved by discussion. The reference lists of included articles were also screened and assessed to identify any articles missed by the initial searches, resulting in inclusion of an additional 22 articles.
[bookmark: _Toc227940520]2.2.3 Data extraction and synthesis
Data from all included studies were extracted into Microsoft Excel by one of three authors and checked by a second author. As a preliminary review of the literature indicated considerable heterogeneity between studies, it was decided a priori to follow the synthesis without meta-analysis (SwiM) method (Campbell et al. 2020). Studies were categorised using the waste management groupings outlined in the introduction to this report.
All mass quantities were converted into metric units. If not already reported, where articles provided sufficient information (e.g. CO2-e reduction per procedure and number of procedures performed per year in the study setting), annual reductions in emissions or waste were calculated. Change in emissions (CO2-e) was the reported metric wherever provided. If CO2-e was not reported, change in mass of solid waste was reported. Given most studies originated from the USA, to standardise in a manner that minimised errors, all currencies were converted into USA dollars using the yearly average exchange rate for the year the study was published (OFX 2024).
[bookmark: _Toc227940521]2.2.4 Quality assessment
Due to the heterogeneity in study designs, quality assessment was undertaken using the Quality Assessment with Diverse Studies (QuADS) tool (Harrison et al. 2021). The tool was calibrated to minimise differences in human judgement between reviewers. Quality assessment for each article was performed independently by two authors and differences were resolved by discussion.
[bookmark: _Toc184125129][bookmark: _Toc227940522]2.3 Case studies
Many interventions to reduce health system solid waste and associated greenhouse gas emissions may not be published in peer-reviewed journals. Therefore, health system sustainability teams in all Australian states and territories and internationally were asked to provide case studies of local health system waste sustainability initiatives. Additional case studies were sourced from the Global Green and Healthy Hospitals initiative, which curates a repository of case studies on health system sustainability. Unlike the approach for the systematic review, cost savings are presented in their original currency. 
[bookmark: _Toc184125130][bookmark: _Toc227940523]

3 Results
[bookmark: _Toc184125131][bookmark: _Toc227940524]3.1 Analysis of National Health and Climate Strategy consultation input
Analysis of input to the consultation process to develop the National Health and Climate Strategy resulted in identification of 53 unique actions to address health system solid waste. These actions are summarised in Table 2. They have been categorised into the waste hierarchy headings described in the introduction with the following additional themes: pharmaceutical waste; organic waste; standards, policy and regulation; build an evidence base; audit; supply chain; and education, engagement and capacity building. 
In addition to the suggestions summarised in Table 2, it was suggested mandatory recycling streams and targets could be included in the National Safety and Quality Health Service Standards. Targets are not set by the Australian Commission on Safety and Quality in Health Care, who develop the National Safety and Quality Health Service Standards. However, targets set by relevant authorities (such as state/territory health departments, or the governing bodies of health services themselves) may be achieved by utilising their quality improvement systems to monitor progress while maintaining patient safety and quality of care.
[bookmark: _Ref184279661][bookmark: _Toc226030308]Table 2. Waste management interventions suggested in the National Health and Climate Strategy consultation
	Domain
	Action

	Reduce
	Electronic records: Reduce paper waste by shifting to electronic methods of data collection and communication, including e-scripts, electronic discharges, and specialist letters from hospitals to general practices.

	
	Phase out single-use plastics: Target the reduction and phase-out of single-use plastics such as disposable utensils, cups, straws and packaging materials.

	
	See also Pharmaceutical waste and Supply chain.

	Reuse 
	Reusable equipment: Move away from single-use items and towards reusable equipment.

	
	Reusable packaging: Encourage the return and reuse of uncontaminated cold gel packs and polystyrene pharmacy delivery containers or shift to refrigerated truck delivery.

	
	Sterile services upgrades: Invest in upgrading and optimising central sterile services departments to process reusable equipment.

	
	Sterilisation facilities in primary care: Expand availability of sterilisation facilities in primary care.

	
	Incentives: Provide Government incentives (such as tax reductions) to encourage reusable equipment.

	Reprocess and refurbish
	Regulation to support reprocessing: Develop regulation to enable businesses to provide safe reprocessing of single-use medical items.

	
	Asset sharing: Encourage the sharing and repurposing of assets within health districts and to charities, for example, through the Waste Action Reuse Portal.

	Recycle
	Recycling streams: Establish comprehensive recycling systems within health system facilities for common waste streams such as paper, plastic, glass, and metal.

	
	Specialised recycling: Explore opportunities for recycling medical equipment, batteries, and other specialised waste items. 

	
	E-waste recycling: Provide improved guidance, support and infrastructure for the recycling and resource recovery of e-waste.

	Waste segregation
	Waste sorting guidance: Provide waste sorting instructions and signage on how particular waste should be segregated, disposed of, and recycled.

	
	Standardised labelling: Introduce standardised labelling of medical product components to facilitate waste segregation.

	
	Waste classification in aged care: Improve classifications of waste types in residential aged care facilities and home care.

	
	Colour-coded containers: Provide appropriate waste containers with clear colour-coding. 

	
	Ban co-mingling: Ban the co-mingling of waste in health systems.

	Hazardous waste 
	Hazardous waste management: Ensure the proper segregation, storage, and disposal of hazardous materials, including chemicals, laboratory waste, and sharps.

	
	Document hazardous waste: Ensure proper documentation and tracking of hazardous waste disposal.

	
	Ensure hazardous waste compliance: Ensure compliance with regulatory requirements for hazardous waste disposal.

	Pharmaceutical waste
	Reduce medicines waste: Improve prescribing practices, following appropriate therapeutic guidelines, to avoid overprescribing and pharmaceutical waste. 

	
	Improve inventory management: Optimise medicines inventory management: ordering, stock control systems and rotating stock to minimise excess or expired medications.

	
	Improve medication adherence: Promote patient adherence to medication regimens to avoid unused medicines waste and the need for repeat treatment courses.

	
	Optimise medicines storage: Ensure appropriate medicines storage conditions to avoid unnecessary disposal of stock.

	
	Drug take-back programs: Explore opportunities for drug take-back programs or partnerships with community pharmacies to facilitate safe disposal and reduce the environmental impact of pharmaceutical waste.

	
	Encourage safe medicines disposal: Engage with patients to encourage them to return unused or expired medications. 

	
	Pharmaceutical waste strategy: Develop a national definition of pharmaceutical waste and associated strategy to reduce it.

	Organic waste
	Organic waste recycling: Promote composting and recycling of organic waste.

	Standards, policy and regulation
	Revise facility guidelines: Revise the Australasian Health Facility Guidelines (AusHFG) schedule of accommodation to ensure sufficient space in utility rooms for multiple recycling streams and appropriate waste segregation (in addition to space for general waste, clinical waste and sharps bins) and sufficient dock space for onsite processing and storage requirements.

	
	Policy review: Review infection prevention and control policies, including for the reuse and reprocessing of medical devices, to strike an appropriate balance between infection risk and sustainability considerations.

	
	Fund local incineration and recycling: Fund local incineration and recycling facilities to reduce transport related emissions.

	
	Review expiry dates: Review the evidence base around setting expiry dates for medicines and therapeutic devices. 

	
	National Choosing Wisely: Integrate the Choosing Wisely initiative nationally. This will reduce waste by reducing low value care.

	
	National standards in emergency management: Develop national standards for health waste management during health emergencies such as pandemics that take into consideration environmental impacts.

	
	PBS criteria: Consider environmental impacts in assessments for the Pharmaceutical Benefits Scheme. 

	
	Emissions footprint rating scale: Develop an evidence-based rating scale on the emissions footprint of medicines and healthcare equipment, including for packaging.

	
	Plastic manufacture mandate: Mandate a minimum of 50% recycled plastic content in manufacture of medical single-use items.

	
	Rural and remote: Provide appropriate and sustainable waste management systems that are specific to remote and rural communities.

	Build an evidence base
	Clinical waste emissions factors: Develop standard greenhouse gas emissions factors for clinical waste. 

	
	Funding for life cycle assessment: Provide funding to undertake a comprehensive process-based life cycle assessment of commonly used reusable and single-use medical equipment and pharmaceuticals. 

	Audit
	Enhance waste data reporting: Improve data collection and regularly report on waste volumes, segregation practices, recycling rates, and waste treatment processes, to guide strategies to reduce emissions from waste management activities.

	Supply chain
	Eco-friendly medical supplies: Work with suppliers to promote the use of environmentally friendly materials, minimise packaging size and weight, explore reusable or recyclable packaging alternatives, and reduce the use of plastic in medical supplies and equipment.

	
	Resource recovery regulations: Strengthen regulations for manufacturers to ensure resource recovery at the end of the product’s life cycle, including for electronic equipment.

	
	Prioritise sustainable suppliers: Support hospitals and healthcare facilities to prioritise suppliers that have sustainable and environmentally responsible practices.

	
	Embodied carbon reporting: Mandate suppliers to report the embodied carbon of their products in tenders.

	Education, engagement and capacity building
	Comprehensive waste management training: Provide training on waste segregation, reduction, sustainability of different medicines and equipment, and safe handling and disposal of hazardous waste.

	
	Staff training: Include informational materials, training sessions, and sustainability principles in staff orientation programs.

	
	Single-use education programs: Promote awareness campaigns to educate staff, patients, and visitors about the environmental impact of single-use plastics.

	
	Active staff engagement: Encourage staff to take an active role in waste reduction and sustainability efforts.

	
	Establish green teams: Establish green teams – staff who have allocated time to implement waste and other sustainability actions in the work environment and educate colleagues.

	
	Recognise staff leaders: Recognise sustainability achievements to motivate staff and patients.

	
	Support waste reduction research: Support further research on behaviour change, education and training concerning waste reduction and sustainable resource use.

	
	Consult inclusively: Consult with the disability community, culturally and linguistically diverse groups and other stakeholders with specific needs when proposing, communicating and implementing changes in waste management practices, to ensure changes don't place undue burden on such groups.



[bookmark: _Toc184125132][bookmark: _Toc227940525]3.2 Systematic review and case studies
After removing duplicates, the authors screened 5,283 titles and abstracts. Following title and abstract screening, full text review and reference list review, 107 studies were included (Figure 1). The annual number of articles on this subject has been increasing since 2008 (Figure 2). 27 of the 107 articles were published in 2023. The quality assessment found 20 of the studies were of low quality (corresponding to an adjusted QuADS score of 1), 65 were of moderate quality, and 22 were of high quality.
Of the 107 included studies, 51 were in relevant settings in the USA or North and Central America. Eleven studies were from the UK, 23 originated from other European countries, and one study each originated from Taiwan, Singapore and Korea. Eight studies were systematic reviews and had a global focus and two studies (Zhao et al. 2009 and Belboom et al. 2011) did not specify their geographical setting. Seven studies had an Australian focus.
96 of the 107 studies were in hospital inpatient and outpatient settings, six studies were health-system-wide analyses, two studies were in aged care settings, two studies were in the community pharmacy setting, and there was one study in dentistry. There were no studies in other primary care settings.
Aggregating by waste management practice as defined in the methods section, 14 articles focused on ‘reduce’ interventions, 45 on ‘reuse’, eight on ‘reprocess’ or ‘refurbish’, nine on ‘recycle’, five on ‘replace’, 14 on ‘waste segregation’, and two on the greenhouse gas emissions from different methods to manage hazardous waste. Ten studied multiple types of waste management interventions (Figure 3). 42 of the studies are life cycle assessments (LCAs); 21 are case studies, quality improvement projects and pilot studies; 17 are pre-post intervention studies; eight are systematic reviews; and the remaining 20 are a variety of other study types (e.g. a prospective cohort study, and a randomised controlled trial).
In contrast to the systematic review, the waste management category with the most case studies was ‘recycle’, with six case studies, followed by ‘replace’ with three. Two case studies had ‘reduce’ or ‘reuse’ interventions, and ‘reprocess’ or ‘refurbish’ and ‘waste segregation’ had one case study each.
[bookmark: _Ref197699882][bookmark: _Toc226030304]Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta- Analyses) flow diagram of search and study selection process. [image: Flowchart diagram illustrating study selection process for a systematic review, divided into three stages: Identification, Screening, and Included. Key details include total records identified (7,228), records screened (5,283), reports assessed for eligibility (315), and studies included in review (107), with exclusions and reasons noted at each step in labeled boxes with arrows showing progression.]
[bookmark: _Ref190869589][bookmark: _Toc226030305]Figure 2. Number of health system solid waste articles published by year. 
[bookmark: _Ref196484363][bookmark: _Toc226030306]Figure 3. Number of articles published by waste management practice. 
[bookmark: _Toc227940526]3.2.1 Reduce
Systematic review studies
The largest reported impact on greenhouse gas emissions among the ‘reduce’ studies was the introduction of electronic health records for a USA private healthcare managed care organisation (Kaiser Permanente, which has 8.7 million members), which was implemented in 454 medical offices and 36 hospitals. This intervention resulted in an estimated reduction of 21.80 kt CO2-e per year due to reduced paper usage.
Ten ‘reduce’ studies focused on removing rarely used items from pre-prepared surgical packs (Table 6 in Appendix 2). An intervention to remove one surgical gown and a small pack of gauze resulted in an emissions reduction of 2.50 kg CO2-e per caesarean section (de Ridder et al. 2022). An intervention in two UK hospitals to include only essential instruments, use smaller drapes and minimise the use of non-recyclable items resulted in emissions reduction of 22.20 kg CO2-e per carpal tunnel release procedure; extrapolating this to all carpal tunnel releases in the UK would result in an emissions reduction of 1.80 kt of CO2-e per year (Kodumuri et al. 2023). This intervention saved $42.20 per procedure and would save the health system $2.32 million per year if adopted across the UK.
Three articles studied the effect of medication dose rounding, the process of adjusting a drug’s dose to the nearest standard available amount, which helps minimise leftover medication and/or vial sharing (using a single multi-dose vial for multiple patients instead of discarding unused portions, reducing pharmaceutical waste) (Chillari et al 2018; Cozzio et al. 2023; Fasola et al. 2008). In an oncology unit, optimising medication use by arranging treatment sessions by pathology and/or treatment drug to allow dose rounding and vial sharing led to a reduction of 627 g of oncological drug waste per year and saved $87,277 (Fasola et al. 2008).
Case studies
Two ‘reduce’ case studies were identified. The ‘Gloves Off’ project, implemented at the John Hunter Hospital in the Hunter New England Local Health District (NSW Government 2024a), focused on reducing use of non-sterile gloves when they are not clinically indicated. The initiative consisted of targeted education and communication efforts, including classes, informal education at points of care, and creative engagement methods such as glove-themed songs. Visual aids like posters and banners were installed throughout the hospital to reinforce the campaign’s message. The initiative reduced glove use by 2.3 million pairs per year, saving an estimated 78.54 t CO2-e of emissions, $115,000 of procurement costs, and $2,000 of waste disposal costs. The Australian Commission on Safety and Quality in Health Care has also published a fact sheet on ‘Sustainable glove use for healthcare workers’ and is publishing case studies on sustainable infection prevention and control initiatives to reduce unnecessary glove use (ACSQHC 2024c).
Medical Pantry, an innovative volunteer-run Victorian charity, combats healthcare’s contribution to climate change while addressing global healthcare inequality. Since its launch in 2019, Medical Pantry has rescued and donated over 15 kt of medical supplies worth approximately $200 million. Donors may donate the supplies for reasons such as over-ordering of stock, a change in clinician preference for equipment, or products passing their expiration date. In 2025 318 donations totalling 57 tonnes and $13 million were offered, with 208 accepted by charities working on humanitarian aid, animal wildlife rescue, medical education, or research and development, amounting to 18.6 tonnes and $1.1 million. Major donors include Ramsay Health, Epworth Rehab, Northern Hospital, and Terumo (Medical Pantry 2025). For further details, see Table 15 in Appendix 3.
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Systematic review studies
‘Reuse’ was the most studied waste intervention identified in this review, with 45 studies (Table 7 in Appendix 2). Five of these studies included an Australian focus (McGain et al. 2012; McGain et al. 2010; McGain et al. 2017; Davis et al. 2018; Meissner et al. 2023).
Six studies examined the reuse of PPE. Chu et al. (2021) found that, if all USA healthcare workers had worn a reusable respirator with decontaminated filters instead of disposable respirators during the first 6 months of the COVID-19 pandemic, the solid waste reduction would have been 82.42 kt. Reuse of an embedded filtration layer face mask in Singapore would result in an emissions reduction of 242 g CO2-e per user per month (Lee et al. 2021). Vozzola, Overcash, and Griffing (2018) reported an emissions reduction of 92 kg CO2-e per 1,000 uses of a reusable isolation gown compared to a disposable gown. The reuse of surgical gowns and other surgical textiles has also been modelled: use of a reusable surgical gown resulted in a reduction of 1.08 t CO2-e per 1,000 uses (Vozzola et al. 2020).
Other small interventions can have a large impact on waste and emissions if rolled out widely. Switching from disposable to reusable sharps containers in 40 NHS trusts in the UK resulted in an estimated emissions reduction of 3.30 kt CO2-e per year (Grimmond et al. 2021). Replacing surgical blue wrap with reusable rigid sterilisation containers would result in a reduction of 0.60-1.60 t CO2-e per 5,000 sterilisation cycles (Friedericy et al. 2022). 
Twenty-three studies reported on the emissions and waste reductions resulting from the reuse of procedural instruments such as laryngoscopes, specula, surgical instruments, and endoscopes. For example, two studies reported annual emissions reductions of 9.60-22.80 t CO2-e and 26.50 t CO2-e, respectively, from the use of reusable laryngoscope blades in their respective hospitals in the USA and France (Rouvière et al. 2023; Sherman et al. 2018). Sherman et al. (2018) reported an associated cost savings of $180,000-$265,000 and $495,000-$604,000 per year from the use of reusable laryngoscope blades and handles, respectively, at Yale-New Haven Hospital. Two USA studies reported reductions of 3.24-3.47 t CO2-e and 1.01-2.70 t CO2-e per year from using reusable stainless-steel specula instead of disposable acrylic specula in their clinics (Donahue et al. 2020; Morris and Hicks 2022).
Not all studies reported a decrease in greenhouse gas emissions when switching to reusable equipment. McGain et al. (2012) found that reusable central venous catheter kits produced 809 g CO2-e more emissions per use than disposable kits (because the hospital’s electricity supply was generated by burning brown coal), although they reported a cost saving of $24,564 per year. Similarly, Rizan et al. (2022), who modelled different methods to sterilise reusable surgical instruments (i.e. washer/disinfector versus steriliser), found the emissions produced from an electric-powered steriliser would range from 422 g CO2-e per cycle in Iceland to 6.02 kg CO2-e in Australia (Rizan et al. 2022). Three studies reported higher emissions associated with reusable rather than single-use cystoscopes (Baboudjian et al. 2023; Boucheron et al. 2022; Hogan et al. 2022) whereas one study reported an emissions reduction of 1.90 kg CO2-e per case when using a reusable rather than single-use cystoscope (Kemble et al. 2023).
Case studies
Two ‘reuse’ case studies were identified. Liverpool University Hospitals NHS Foundation Trust and Warwick Med in the UK transitioned to reusable theatre caps, with two different cap options and a system for role identification. This change resulted in clinical waste reductions of approximately 1 t per year and cost savings of £50,000 over three years (NHS England 2024). South Western Sydney Local Health District utilised the Waste Action Reuse Portal (WARPIT) to repurpose unused items like furniture and equipment. Over two years, WARPIT diverted more than 65 t of waste from landfill, repurposed $53,000 worth of assets, and facilitated over $217,000 in donations of medical equipment (NSW Government 2024b). For further details see Table 16 in Appendix 3.
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Systematic review studies
Eight studies identified in the systematic review studied ‘reprocess’ or ‘refurbish’ interventions (Table 8 in Appendix 2). One of these focused on reprocessing FFP2 face masks in response to severe PPE shortages in the Netherlands during the COVID-19 pandemic. The study reported that FFP2 face masks retained the FFP2 standard of 94% for particles larger than 0.3 microns with heat sterilisation for reuse up to five times. If all healthcare workers in the Netherlands had reprocessed a single-use FFP2 face mask five times before disposing of it during a two-hour shift rather than disposing of the mask after every patient contact, there could have been an emissions reduction of 7.56 kt CO2-e per year for the country and cost savings of $663 per 100 protected healthcare workers in the first COVID-19 wave (March – July 2020) and $18 per 100 protected health workers in the second COVID-19 wave (July – December 2020) (van Straten et al. 2021a).
Five studies reported on the solid waste and emissions reductions associated with the reprocessing of non-invasive and/or invasive devices labelled as single-use. Lichtnegger et al. (2023) reported that, if all intermittent pneumatic compressors used in North and Central America in 2021 were reprocessed, the resulting emissions reduction would be 6.2 kt CO2-e, with savings of $89.15 per sleeve. Schulte et al. (2021) undertook an LCA comparing newly manufactured reprocessed electrophysiology catheters (used mainly in cardiac ablation procedures) in Germany and reported using a remanufactured catheter would result in an emissions reduction of 880 g CO2-e per use compared with use of a newly manufactured catheter. Extrapolating to all procedures across Germany, remanufacturing all electrophysiology catheters in Germany would result in an emissions reduction of 452 t CO2-e per year compared with no remanufacturing. On the other hand, Unger and Landis (2016) reported an increase of 541 kg CO2-e per year associated with the reprocessing of seven non-invasive and invasive devices in a hospital in the USA. 
Two studies examined the emissions or solid waste reductions from the refurbishment of surgical instruments. Rizan et al (2022) reported that if all surgical scissors used globally were repaired after 40 uses, rather than disposed of, there would be a reduction of 4.85 kt CO2-e per year, and repaired scissors cost $0.57 less per use.
Case study
One case study had a ‘reprocess’ or ‘refurbish’ focus. The Black Country Health Care NHS Foundation Trust in England implemented a program to refurbish and reuse office and outdoor furniture by developing a reuse network to rotate furniture stock, upcycling damaged items and donating to charity. In 2022-23, the program reduced estimated emissions by 42.90 t CO2-e, waste by 25.60 t, and costs by £81,000 (NHS Supply Chain 2023). For further details see Table 17 in Appendix 3.
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Systematic review studies
Of the nine articles that studied ‘recycle’ interventions, three of them reported the introduction of single stream (co-mingled) and specific stream (such as plastic, glass and cardboard) recycling and the resulting diversion of hospital waste from landfill to recycling (Table 9 in Appendix 2). Sullivan et al. (2023) reported an annual reduction of 58.5-91.5 t CO2-e and an annual cost savings of $15.21-$24.00 from avoided landfill waste resulting from the introduction of recycling in 21 paediatric operating rooms for three common paediatric surgical procedures in a USA children’s hospital. Two studies reported on the recycling of surgical blue wrap: Babu et al. (2019) reported diverting 565.50 kg of blue wrap from a major USA medical centre’s neurosurgery department (which has 10 operating rooms (ORs)) from municipal waste to recycling over 39 working days, and Rooney et al. (2024) reported 711.20 kg of blue wrap waste from gynaecological surgeries in an Irish maternity hospital could be recycled each year.
Murphy et al. (2023) reported on a 12-month metered dose inhaler (MDI) recycling scheme across Leicester and two counties in England. The scheme involved recycling each MDI component: the aluminium canisters were crushed to form bricks for smelting, the plastic cases were made into pellets, and the remaining propellant gas was recycled for use in refrigerators and air conditioning units. This study reported an emissions reduction of 119.30 t CO2-e for the 12-month pilot – largely driven by avoiding the release of excess propellant into the atmosphere.
Case studies
Six case studies focused on recycling initiatives (Table 18 in Appendix 3). In NSW, Hunter New England Local Health District and the Belmont Mass Vaccination Hub undertook two pilot projects to recycle plastic needle caps during COVID-19 and influenza vaccination campaigns. They diverted 70 kg of needle cap waste from landfill per month in 2021 and 35 kg in 2023 (NSW Government 2024c). By partnering with a local plastic recycler, Hunter New England Local Health District diverted 415 kg of haemodialysis single-use plastic waste from landfill in 2023, saving 2.23 t CO2-e (NSW Government 2024d). At John Hunter Hospital in NSW, recycling of baby bottles in the neonatal intensive care unit diverted 5 t of plastic from landfill in 2021, while recycling of other hard and soft plastics in 2022-23 diverted 18 t diverted from landfill, and a large number of incubators and infant warmers have been donated to wildlife hospitals and MediShare (NSW Government 2024e; 2024f). Brisbane Day Surgery diverted 127.4 cubic metres of recyclable plastics from landfill over 12 months by introducing recycling bins (Brisbane Day Surgery 2023). Additionally, the Eco WarriERs initiative at Fiona Stanley Hospital in WA introduced co-mingled, syringe, and PVC recycling bins. From April to August 2021, the number of co-mingled bins collected increased from 20 to 35, along with 6 buckets of metal instruments, 6 buckets of PVC material and 3 buckets of syringes (South Metropolitan Health Service 2022).
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Systematic review studies
Five studies included interventions that replaced a practice, leading to a change in waste and emissions intensity (Table 10 in Appendix 2). One study compared the use of polymer versus glass bottles for imaging contrast media delivery and found that a 100ml polymer bottle produced 0.22 kg CO2-e less per contrast dose than a glass bottle (Dhaliwal et al. 2014). Two studies found that robotic assisted gynaecological surgeries produced more waste than other surgical approaches (Thiel et al. 2015; Woods et al. 2015).
Case studies
Three case studies had a ‘replace’ focus. Wesley Hospital (part of UnitingCare Queensland) replaced plastic straws with paper and flexible bioplastic alternatives, reducing waste to landfill by 177 kg and saving $3,420 annually (UnitingCare 2021). In NSW, Hunter New England Local Health District replaced single-use zip-lock bags with paper bags for transporting patient clinical supplies, avoiding use of 22,850 plastic bags over 12 months (NSW Government 2024g). In Victoria, South West Healthcare replaced single-use plastics with biodegradable and compostable products, diverting 328,000 pieces of plastic medical waste from landfill in one year (South West Healthcare 2022). For further details see Table 19 in Appendix 3.
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Systematic review studies
14 studies reported on waste segregation interventions, with three (De Sousa et al. 2014; Wyssusek et al. 2016; Vasilevski et al. 2023) originating from Australia (Table 11 in Appendix 2). 13 reported on solid waste reductions, while one study reported on the estimated greenhouse gas emissions reductions. Five studies introduced new waste streams and/or introduced appropriate bins to divert waste from medical waste and landfill. Changing from a clinical waste system of 240 L bins located in dirty utility rooms to 64 L bins located in in each patient room at Sydney Adventist Hospital resulted in a reduction of 48.40 t of medical waste per year and resulted in disposal cost savings of $29,988 per year (De Sousa et al. 2014).
Nine studies involved interventions with a combination of education and engagement (such as staff training, signage and competitions) to improve waste segregation. One tertiary hospital in Spain delivered a 10-hour course on advanced healthcare waste management as well as 30-minute training sessions to 24 different areas within the hospital (Mosquera et al. 2014). They reported a significant reduction in overall waste, as well as significant reductions in infectious waste and genotoxic waste and significant increases in paper, cardboard and plastic recyclable waste, with net savings of $135,237 per year. At Princess Alexandra Hospital in Brisbane, education sessions and the appointment of waste management change champions resulted in a 13.70 t reduction in clinical waste in the operating rooms, while segregation of clinical, general and recyclable waste saved the hospital around $93,600 per year (Wyssusek et al. 2019). Interventions on the postnatal ward of a tertiary maternity service in Melbourne reduced regulated medical waste by 4.31 t per year (Vasilevski et al. 2023). In a Portuguese hospital, a one-week intervention involving education sessions and the introduction of separate waste streams for recycling, regulated medical waste and landfill in a single endoscopy unit resulted in an estimated emissions reduction of 1.70 t CO2-e per year (Cunha Neves et al. 2023).
Case study
Like the studies identified in the systematic review, the one waste segregation case study identified included separate bins, signage and staff education. By introducing separate bins and staff education, Royal Melbourne Hospital reduced clinical waste from operating theatres by 187 t since 2012-13, saving $230,000 (Royal Melbourne Hospital 2017). For further details see Table 20 in Appendix 3. 
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Two studies identified in the systematic review report on the emissions associated with different treatments of hazardous medical waste (Koo and Jeong 2015; Zhao et al. 2009) (Table 12 in Appendix 2). Both report incineration with no energy recovery as the most emissions-intensive treatment, producing 1.19 t and 1.21 t CO2-e per 1 t of medical waste (Koo and Jeong 2015; Zhao et al. 2009). However, Zhao et al. (2009) found that if energy recovery of incineration was optimised at 30%, it would result in negative emissions of -52.30 kg CO2-e, with the energy recovery offsetting the emissions from incineration, external energy and ancillary materials. Koo and Jeong (2015) found microwave disinfection produced the lowest emissions of all hazardous medical waste treatment options at 99 kg CO2-e per 1 t waste.
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Two studies identified in the systematic review modelled the reduction in greenhouse gas emissions resulting from a combination of waste management interventions, aimed at achieving maximal impact. Combining the manufacture of PPE in the UK (compared with manufacture overseas), eliminating unnecessary glove use, reuse of isolation gowns and face shields, and maximal recycling of PPE would have resulted in a 79.80 kt CO2-e reduction in the UK during the first six months of the COVID-19 pandemic (Rizan et al. 2021). A combination of interventions encouraging minimal material use, maximum reuse and maximum recycling would result in emission reductions of 277 kg CO2-e per laparoscopic hysterectomy case and 233 t CO2-e per year for a USA hospital (Thiel et al. 2018).
A summary of the different types of health system solid waste management actions across the waste hierarchy and the maximum reported effect on CO2-e emissions is presented in Table 3. Within the operating theatre, for example, most aspects of waste management have been studied, including the reuse of surgical textiles, airway devices, surgical instruments and sterile containers, and the introduction of recycling. Most studies are of a single small intervention or of applying the same type of intervention on similar medical devices. In each area of intervention, significant reductions in CO2-e emissions have been reported. Each of these emissions reductions would be additive, should all practices be adopted. 
[bookmark: _Ref190860492][bookmark: _Toc226030309]Table 3. Waste management actions identified in the systematic review and maximum reported effect on greenhouse gas emissions
	[bookmark: _Toc168656918]Waste management practice
	Action
	Maximum reported effect on greenhouse gas emissions (CO2-e)

	Reduce
	Transition to electronic health records.
	Reduction of 21.80 kt CO2-e per year due to reduced paper use across 454 medical offices and 36 hospitals.

	
	Combination of maximal reduce, maximal reuse and maximal recycling.
	Reduction of 277 kg CO2-e per case and 233 t CO2-e per year for the hospital.

	
	Remove rarely used items (such as drapes, gowns, gauze, instruments) from pre-prepared sterile surgical packs.
	Reduction of 22.20 kg CO2-e per case and 1.80 kt CO2-e per year if adopted for all UK carpal tunnel release procedures.

	Reuse 
	Use reusable (vs single-use) surgical textiles, including gowns, scrub caps and drapes.
	Reduction of 1.10 t CO2-e per 1,000 surgical gown uses.

	
	Use reusable (vs single-use) sharps containers.
	Reduction of 3.30 kt CO2-e per year for 40 English NHS trusts and 114.90 t CO2-e per year for one 850-bed hospital.

	
	Use reusable (vs single-use) procedural instruments, such as specula, airway devices, surgical instruments, and endoscopes. 
	Laryngoscope handles: reduction of 79.80-92.40 t CO2-e per year for the hospital (60,000 intubations).


	
	Use reusable rigid sterilisation containers instead of surgical blue wrap. 
	Reduction of 0.60-1.60 t CO2-e per 5,000 sterilisation cycles.

	
	Use reusable (vs single-use) PPE, including masks, respirators and isolation gowns.
	Reduction of 92.00 kg CO2-e per 1,000 isolation gown uses.

	
	Use reusable (vs single-use) non-invasive devices such as blood pressure cuffs, pulse oximeters and drug trays.
	Reduction of 6.50-7.12 t CO2-e per year for pulse oximeters in one ED. 

	
	Use reusable (vs disposable) sanitary products such as incontinence pads and menstrual products.
	Reduction of 684 kg CO2-e per 365 patient days.

	Reprocess and refurbish
	Reprocess PPE labelled as single-use.
	Reduction of 3.80 kg CO2-e per 100 uses of reprocessed FFP2 face mask. Extrapolated to the Netherlands, reduction of 7.60 kt CO2-e per year.

	
	Reprocess non-invasive and invasive devices labelled as single-use.
	Reduction of 2.80 kg CO2-e per 5 patient uses of intermittent pneumatic compression (IPC) sleeves for DVT prevention. If all 11 million IPC treatments in North and Central America in 2021 used reprocessed rather than single-use products, the reduction would be 6.20 kt CO2-e.

	
	Refurbish surgical instruments.
	Reduction of 13.30-14.00 g CO2-e per 40 uses of surgical scissors. Extrapolated globally, a reduction of 4.85 kt per year.

	Recycle
	Introduce single stream (co-mingled) recycling.
	Reduction of 58.50-91.50 t CO2-e per year for three common surgical procedures in a children’s hospital.

	
	Recycle surgical blue wrap.
	Reduction of 565.50 kg to municipal waste over 39 working days. Effect on CO2-e not reported. 

	
	Recycle respiratory inhalers.
	Reduction of 119.30 t CO2-e per year across one city and two English counties. 

	
	Educate staff on recycling.
	Reduction of 68.00 t CO2-e per year for the hospital.

	Replace
	Replace one disposable item with a less emissions-intensive disposable item.
	Reduction of 0.22 kg CO2-e per contrast dose when using a polymer bottle instead of a glass bottle.

	Waste Segregation 
	Introduce landfill, recycling and hazardous waste streams and provide appropriate waste containers.
	Reduction of 1.70 t CO2-e per year for endoscopy unit.

	
	Combination of some or all of the following interventions:
• Establish green teams
• Introduce landfill, recycling and hazardous waste streams
• Provide appropriate waste containers
• Provide waste sorting instructions and signage on how waste should be segregated, disposed of and recycled
• Provide training on waste segregation
• Promote awareness campaigns to educate staff, patients, and visitors
• Recognise sustainability achievements to motivate staff.
	Annual changes in waste streams in one hospital:
• Infectious waste: reduction of 68.23 t
• Genotoxic and pharmaceutical waste: reduction of 2.24 t
• Chemical waste: increase of 941 kg
• Paper and cardboard: increase of 21.23 t
• Plastic: increase of 15.97 t
• Glass: decrease of 11.78 t.
Effect on CO2-e not reported.

	
	Introduce medicine take-back programs to facilitate safe disposal and reduce the environmental impact of pharmaceutical waste.
	156 kg of unused medications and 70 kg of recyclables were collected in take-back drives. 77 kg of medications and recyclables were collected in the drop-box over 7 months. Effect on CO2-e not reported.
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[bookmark: _Toc227940535]4.1 Reducing health system waste and associated greenhouse gas emissions – strategies and barriers
This report provides three perspectives on options to reduce health system waste and associated greenhouse gas emissions in Australia: an analysis of responses to the public consultation on the National Health and Climate Strategy; a systematic review of the international literature on health system waste management; and a review of case study examples from Australia and England. 
The Australian context for health system waste is shaped by numerous factors, including how it is regulated, the level of public and practitioner awareness of recycling and waste segregation, the infrastructure and personnel available for reprocessing and refurbishment of clinical items, and the robustness of recycling systems. Until recently there has been a comparatively high proportion of electricity generated from the combustion of coal (now rapidly reducing) which has inflated the emissions footprint of clinical sterilisation activities, making single-use items comparatively more sustainable than in many other parts of the world (McGain et al. 2012; 2017; Rizan, Chantelle et al. 2022). These results highlight the importance of grid decarbonisation alongside the circular use of medical devices.
Seven studies identified in the systematic review originated from Australia or had an Australian focus. Of these, just three were interventional studies, all addressing waste segregation (De Sousa et al. 2014; Vasilevski et al. 2023; Wyssusek et al. 2016). A further 13 Australian case studies were identified, with at least one case study addressing each step in the waste hierarchy. Examples of this include optimising medicines inventory management, and the return and reuse of cold gel packs and polystyrene pharmacy delivery containers when uncontaminated.
Studies included in the systematic literature review support the shift towards a more circular economy, and the prioritisation of upstream actions in the waste hierarchy – with 45 studies having a ‘reuse’ focus. There were also 14 studies with a ‘reduce’ focus, but this number would likely have been higher if studies on reducing low-value care had been included in the review. In contrast, the reported case studies had a greater emphasis on interventions further down in the waste hierarchy, with six of the 15 case studies reporting recycling interventions.
As identified in the literature and the case studies, a wide range of initiatives to reduce the greenhouse gas emissions of waste have been implemented in high-income countries. Although Turley et al. (2011) reported the greatest annual effect on greenhouse gas emissions with Kaiser Permanente’s transition to electronic health records, their calculations imply that 1 kg of paper produces 20 kg of CO2-e, a figure 13.2-18.5 times greater than other reported emissions factors for office paper (EPA Victoria 2013). Furthermore, the authors do not take into account the increased electricity consumption from the use of electronic records.
Four academic studies comparing reusable and single-use urological endoscopes reported higher emissions per use for the reusable scope (Baboudjian et al. 2023; Boucheron et al. 2022; Hogan et al. 2022; Davis et al. 2018). However, these results are likely due to methodological flaws such as improbable assumptions of steriliser energy consumption, miscalculations of energy consumption to CO2-e emissions conversions, and incomplete life cycle analysis (Rizan and Bhutta 2022b; Kemble et al. 2023).
Overall, the evidence makes clear the need to reduce reliance on single-use items, by reducing unnecessary use, switching to reusable items where clinically safe and appropriate, and by making single-use more sustainable, for example by using materials with lower embodied emissions (such as bio-based plastics), or introducing recycling schemes for items like surgical blue wrap. In the ‘Single-use switch’ whitepaper, Bupa and Health Care Without Harm recommend healthcare providers, health professionals, regulatory bodies, manufacturers and suppliers reduce the environmental impact of single-use items in the health system (Bupa and Health Care Without Harm 2025). 
While not included in the systematic review, there is also a body of research exploring novel ways to recycle hazardous medical waste. For example, researchers have explored mechanical recycling options for face masks, including the production of injection-moulded materials, construction composite materials and sound-absorbing materials, and chemical recycling options including production of gas sensors and rechargeable battery separators, while ensuring strict control of infectious agents (Kheirabadi and Sheikhi 2022). 
The operating room was the largest focus of articles included in the systematic review, which is arguably appropriate given operating rooms have been reported to contribute 25-35% of total hospital waste by volume (Thiel et al. 2019). However, studies in other large areas of the health system are lacking. Of particular note is the lack of studies on reducing emissions from waste in primary care and aged care, although (not included in the systematic review) Fehrer et al. (2023) provided a qualitative analysis of relevant interventions in primary care.
Identified enablers of successful interventions to reduce health system waste and associated greenhouse gas emissions included developing checklists and simple instructions (Albert and Rothkopf 2015). Continued education and regular monitoring can also help sustain waste and emissions reductions (Fraifeld et al. 2021). Elements of staff culture required for change were also identified by several studies, including a mindset shift, a team approach, and leadership across all areas of a health service, including nursing, medical specialties, environmental services, and executives (Kodumuri et al. 2023; Wormer et al. 2013). Based on their pilot to recycle surgical blue wrap from neurosurgery procedures, Babu et al. (2019) recommend initially conducting a pilot within a department with enthusiastic champions, to demonstrate success and build support and buy-in for an institution-wide roll-out.
Several studies reported barriers to the implementation of health system waste interventions. Patient and staff safety was one concern raised by staff involved in a waste segregation intervention (Wyssusek et al. 2019). Other staff-related barriers cited were lack of knowledge and awareness, staff attitudes, concerns about increased workload, resistance to change, and staff turnover (Baker et al. 2020; Chillari et al. 2018; Eckelman et al. 2012; Lattanzio et al. 2022; Martin et al. 2017; Pradere et al. 2023; Shum et al. 2022; Sullivan et al. 2023; Vasilevski et al. 2023). Organisational barriers include lack of support from hospital leadership, regulations, policies and guidelines (such as regulations that prohibit the takeback of controlled substances), and long or complicated approval processes (Fraifeld et al. 2021; Pradere et al. 2023; Shum et al. 2022). Logistical barriers include difficulty determining the workflow (e.g. involving infection prevention and control, identifying a vendor, linking with the supply and/or sterile processing department), working across departments, lack of adequate storage, and lack of adequate recycling facilities (Baker et al. 2020; Fraifeld et al. 2021; Pradere et al. 2023; Rooney et al. 2024).
57 studies reported the economic cost impact of the waste intervention. 54 of these – across all areas of the waste hierarchy – found cost savings associated with interventions to reduce waste and emissions. With cost pressures at the facility and system level, these findings on cost savings provide further support for actions to reduce the greenhouse gas emissions from health system waste.
Microwave disinfection (which is energy efficient) is only approved by the Australian Environmental Protection Agencies for sharps and clinical waste treatment (EPA Victoria 2009). Incineration is the only approved method for the treatment of human tissue, cytotoxic and pharmaceutical waste (EPA Victoria 2009). Therefore, significant emissions reductions from hazardous waste management could be achieved by ensuring that waste which does not require incineration is separated from hazardous waste, and by optimising energy recovery from the incineration process.
This systematic review focused on the environmental impacts of different strategies to manage health system solid waste. Although this is the focus, patient and population safety is always the first consideration when making waste management decisions, and health system environmentally sustainability is aligned with patient safety, quality and value (Sherman et al. 2020). Switching from single-use to reusable devices may involve using a completely new product. Policies and procedures to reuse medical devices may, in some cases be more complex and more time consuming and, if sterilisation and storage protocol is not strictly adhered to, may result in adverse patient outcomes. Therefore, it is essential that facilities observe manufacturers’ instructions, National Safety and Quality Health Service Standards, and local infection prevention and control guidance, and also factor in other considerations such as the availability of stock to account for the time required to clean devices and the need for outsourcing when transitioning from single-use to reusable devices. Furthermore, while van Straten et al. (2021) studied the reprocessing of single FFP2 masks, it is important to note that this intervention was in response to a PPE shortage crisis during the COVID-19 pandemic and, as described in section 4.2.2, reprocessed devices must be listed on the Australian Register of Therapeutic Goods (ARTG) to ensure patient safety and product performance.
Infection prevention and control has been a consideration throughout the studies included in this review. For instance, Eckelman et al. (2012) note that data in the literature do not support selecting disposable laryngeal mask airways for all patients to avoid any possible risk of infection; and the WHO Global Guidelines for the Prevention of Surgical Site Infection found no difference between disposable and reusable surgical drapes in the prevention of surgical site infection (WHO 2016).
[bookmark: _Toc227940536]4.2 Report limitations
There are limitations within each of the three analyses. Firstly, with regard to the consultation analysis, the focus of the consultation was on the National Health and Climate Strategy as a whole – not on interventions to reduce emissions from health system solid waste specifically. Individuals and organisations did have the opportunity to make detailed contributions to a question around actions related to health system waste, however it is likely that responses would have been more numerous, diverse and detailed had there been a consultation explicitly targeted at actions to reduce greenhouse gas emissions from health system waste.
The systematic literature review has several limitations. The search strategy may not have captured all eligible studies; however the fact the reference list was screened to identify additional studies will have mitigated this. It was also not feasible to systematically search the grey literature. Due to the heterogeneity in study designs, interventions and local contexts, it was not possible to pool and meta-analyse any results, and it is also challenging to compare and prioritise different interventions. Nevertheless, this review reports on the evidence for a suite of interventions that could be adopted at the health system, facility or departmental level, depending on local resources, leadership and staff support – and provides indicative evidence on the magnitudes of the waste and emissions reductions on offer from each type of intervention.
The case studies included were limited to those reported to the Global Green and Healthy Hospitals Network and those shared by state and territory health departments and NHS England. It is likely other excellent case studies exist that are not known to the above-mentioned organisations.
[bookmark: _Toc227940537]4.3 Regulation and guidelines for medicines, medical devices, packaging, and health facilities in Australia
Several actions recommended in the National Health and Climate Strategy consultation and in the literature involve updating regulations and guidelines for therapeutic goods and health facilities. This section outlines key regulations and guidelines for medicines, medical devices and health facilities in the context of addressing health system waste.
[bookmark: _Toc227940538]4.3.1 Medicines
The TGA regulates therapeutic goods through pre-market assessment; post-market monitoring and enforcement of standards; licensing of Australian manufacturers; and verification of compliance with Australian standards by overseas manufacturers.
The Australian Government funds a National Return and Disposal of Unwanted Medicines Program, which enables people to take their unwanted and expired medicines to any participating pharmacy for disposal in line with Environmental Protection Authority requirements (mostly through incineration). The program has reportedly collected 13 kt of unwanted medicines since 2001 (Return Unwanted Medicines 2025).
[bookmark: _Toc227940539]4.3.2 Medical devices
Australian legislation around medical equipment and devices includes the Therapeutic Goods Act 1989 and Therapeutic Goods (Medical Devices) Regulations 2002. The term ‘medical device’ covers a wide range of products, including gloves, bandages, syringes, blood pressure cuffs and imaging equipment. To uphold patient safety, all medical devices supplied in Australia must be included in the TGA’s Australian Register of Therapeutic Goods. The higher the potential risks of a device, the more it needs to be examined and monitored. Devices are classified by considering a number of criteria, including (TGA 2022):
Intended use 
Invasiveness (e.g. a bandage on the surface of the skin versus a catheter to be inserted into the body)
Where on (or in) the body it will be used
How long it will be used for.
Medical Devices must comply with all relevant Essential Principles, which cover safety, performance and risk mitigation. Once a device is approved, the manufacturer is expected to continue to monitor the performance and safety of their device, and make sure it continues to comply with the Essential Principles. The TGA undertakes post-market monitoring to check for continued compliance, and also requires manufacturers and sponsors to report adverse events and other information involving medical devices within specific timeframes (TGA 2022).
The 2019 Action Plan for Medical Devices (TGA 2023) aims to strengthen Australia’s medical device regulatory system, maintain a focus on patient care and improve transparency and public confidence. The Action Plan outlines three strategies to achieve this:
Improve how new devices get on the market
· More rigour in assessment processes
· More reviews of low and medium risk devices
· Higher level scrutiny of clinical evidence
· Ensure new and emerging technologies are safe
Strengthen monitoring and follow-up of devices already in use
Provide more information to patients about the devices they use.
In 2020, the Australian Government announced it would establish a Unique Device Identification (UDI) system to enable tracking and tracing of medical devices and strengthen Australia’s post-market adverse event system. The system is now operational, with the Australian UDI Database publicly accessible and supporting improved patient safety and regulatory oversight.
Action 3.17 of the Preventing and Controlling Infections Standard within the National Safety and Quality Health Service Standards (ACSQHC 2024a) stipulates that reprocessing of reusable devices and equipment should be consistent with the current Australian Guidelines for the Prevention and Control of Infection in Healthcare (ACSQHC 2024b) and meet relevant national and international standards as well as comply with manufacturers’ guidelines.
The 2023 Australian Standard AS 5369:2023: Reprocessing of reusable medical devices and other devices in health and non-health related facilities provides guidance on classifying reusable medical devices into product families, along with uniform minimum requirements for cleaning, disinfection and sterilisation of reusable medical devices and other devices to ensure safe reuse.
Refurbishment and reprocessing are defined in law by Regulation 1.5 of the Therapeutic Goods (Medical Devices) Regulations 2002, which states refurbishment has occurred “if the medical device, or a part of the device, is substantially rebuilt from one or more used medical devices of that kind so as to create a medical device that is able to be used for the purpose originally intended by the manufacturer of the original device.” Crucially, under the Therapeutic Goods Act 1989, anyone who assembles, refurbishes, re-labels, or processes a device for reuse becomes the manufacturer of the good, and must comply with all regulatory requirements associated with this status. 
Australian medical device manufacturers must be certified by the TGA, have any refurbished, reprocessed, reused or recycled medical devices registered in ARTG, and take full responsibility for the device’s safety and performance. Refurbished medical devices must meet the same regulatory requirements as new devices. They must be clearly labelled as refurbished, undergo conformity assessment (if applicable), and be included in the ARTG as a separate entry. This process ensures refurbished devices comply with the regulatory requirements for safety and performance, effectively treating them as new entries for regulatory purposes
The designation of a medical device as ‘single-use’ is determined by the manufacturer and specifies the device’s intended purpose and validated safety profile, with the role of the TGA being to ensure that such labelling complies with regulatory requirements and that the device meets applicable safety and performance standards. It has, however, been proposed that regulators could take greater responsibility in prioritising circular product design and safe reuse, for example by restricting single-use disposable labelling to products for which safe reuse cannot be reasonably demonstrated (MacNeill et al. 2020). MacNeill et al. (2020) also argue for a servitisation model, which places greater expectation on the manufacturer to design durable products that are reusable and easy to disassemble and repair. Other incentives, such as procurement rules requiring the purchase of reusable products where available, would also drive increased demand for and use of reusable devices.
[bookmark: _Toc227940540]4.3.3 Packaging reform
The Australian Government is reforming Australia’s packaging regulations, including for soft plastic packaging, to minimise packaging waste and pollution and to build a circular economy for packaging. This will make businesses responsible for the environmental impact of the packaging they place on the market. Through these reforms, the Australian Government is exploring requirements for improved packaging design, including to reduce waste, improve recyclability and increase the use recycled content (DCCEEW 2024b). New obligations may apply for some packaging used for health system products.
[bookmark: _Toc227940541]4.3.4 Australasian Health Facility Guidelines
The Australasian Health Facility Guidelines (AusHFG) provide practical recommendations on the infrastructure planning of common clinical departments suitable for application to health facilities in Australia and New Zealand. Resources are reviewed and updated every five years.
The Guidelines include recommendations for spaces for dirty utility and clean up rooms (to support waste management at point of generation) and disposal/waste rooms (for temporary holding of waste prior to removal to the waste compound/loading dock) in the Health Planning Units (HPU) Schedules of Accommodation. For example, HPU 520 Operating Suite describes the operational, functional and design requirements for units providing surgical and related procedural services from the preoperative through to postoperative care phases (AHIA 2024). Within Section 2.2.8 Waste Management of HPU 520 it states, “It is essential that the design of the unit supports recycling processes at all stages including clean-up areas, disposal rooms and loading docks. Typical waste streams within Operating Suites will include general waste, clinical waste and recycling including separate streams for paper/cardboard, sterile wraps, hard plastics, PVC, single-use metal instruments, and glass. In selected clean-up rooms, cytotoxic waste streaming will also occur.” HPU 700 Logistics / Back of House Services includes recommendations associated with waste holding areas, compounds and loading docks (AHIA 2022). There are also recommended arrangements for individual rooms in the AusHFG Standard Components, for example AusHFG Disposal Room DISP-15 (AHIA 2023).
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Table 4 outlines 33 recommendations for interventions to reduce emissions from health system waste. Overall, our findings indicate that interventions focused on reducing waste, or on reuse (and reprocessing and refurbishing), offer the largest emissions and waste reduction opportunities. This implies that recommendations pertaining to ‘reduce’ and ‘reuse’ (as well as ‘reprocess’ and ‘refurbish’) should be considered for prioritisation over interventions further down the waste hierarchy, such as recycling and replacing. However, interventions to reduce or reuse often require process improvements that can take a long time to implement, and in some cases it may be possible to roll out recycle or replace interventions more quickly, in parallel with pursuing more impactful longer-term changes.
Table 4 provides a guide to action across all levels of the health system, from the clinical and infection prevention and control teams in a health service department, to governments and regulatory bodies. All health system entities are encouraged to use these recommended interventions to inform their own efforts to systematically reduce greenhouse gas emissions from health system waste.
[bookmark: _Ref197700261][bookmark: _Toc226030310]Table 4. Recommendations for interventions to reduce greenhouse gas emissions from health 
	Governance, standards, policy and regulation

	1. Greater promotion of high-quality care: Promote high-quality care, eradicating waste and inefficiency while maximising patient outcomes, by reducing low value care tests and procedures, which will reduce all the associated waste from the treatment.

	2. Australasian Health Facility Guidelines (AusHFG): When updating the AusHFG Schedules of Accommodation, ensure appropriate space is allocated for waste management and segregation of recycling streams (1) at point of generation, (2) in utility rooms, and (3) in the loading dock for onsite processing and storage.

	3. Enhance safety and quality standards: When reviewing and updating national safety and quality standards, consider appropriate provisions across the waste hierarchy, for example: reducing use of PPE and other healthcare products when they are not clinically indicated; reusing devices where clinically safe and appropriate; introducing recycling and other waste segregation streams.

	4. Establish waste governance: Establish governance structures and a cross-departmental program team (including procurement, supply chain, estate management, infection prevention and control, and clinical and executive leadership) to coordinate and drive action, leadership buy-in and cultural change on health system waste.

	5. Review infection control policies: Review infection prevention and control policies to ensure the decision on whether to use single-use or reusable medical devices is evidence-based and considers population health and environmental impact as well as patient safety and relevant regulations.

	6. Optimise implementation through shared resources: Develop centralised, ready-to-use implementation toolkits, including materials such as such as communications plans, messaging templates, promotional materials, and standardised metrics, to support evidence-based and consistent interventions to reduce waste and resource use.

	7. Promote a servitisation model: Review legislation, regulations, reimbursements, and procurement policies to enable a servitisation model of medical device use to allow the reuse, repair and refurbishment of medical devices.

	Reduce

	8. Transition to digital records: Transition to electronic health records, prescriptions, investigation requests and correspondence, while maintaining provisions for accessibility and the right to health.

	9. Reduce non-medical-device single-use plastics: Reduce and/or phase out the use of non-medical-device single-use plastics in health and aged care facilities.

	10. Reduce items in pre-prepared packs: With the engagement and guidance of clinical teams, review all pre-prepared procedural packs and remove rarely used single-use items.

	Reuse

	11. Encourage reuse: Review the use of single-use medical devices, PPE and surgical textiles, identify reusable options where safe reuse is possible, and explore ways to encourage greater reuse, such as through procurement policy, incentives and improved access to reusable products.

	12. Greater use of rigid sterilisation containers: Use reusable rigid sterilisation containers instead of single-use blue wrap to contain sterilised surgical equipment.

	13. Improve access to sterilisation services: Support improved access to sterilisation services for all areas of the health system, including primary care, aged care and hospitals.

	14. Use low emissions cleaning: Adopt the least emissions-intensive available method of appropriate, evidence-based medical device cleaning – for example using washer/disinfectors and sterilising instruments in sets.

	15. Switch to renewable energy: Accelerate the transition to renewable electricity, including through the use of power purchase agreements and uptake of on-site renewables, to ensure the emissions saved from avoiding single-use items are not offset by the energy used for sterilising, washing or cleaning reusable devices.

	Reprocess and refurbish

	16. Support reprocessed medical devices: While transitioning to a market that encourages manufacture of reusable medical devices, support the registration of reprocessed products on the Australian Register of Therapeutic Goods as well as their procurement and use.

	Recycle

	17. Greater use of recycling streams: Establish comprehensive recycling systems within healthcare facilities for common waste streams such as paper, plastic, glass and metal.

	18. Greater proportion of recycled medical waste: Explore opportunities for recycling medical equipment, batteries, blue wrap and other specialised waste items.

	Waste segregation

	19. Standardise waste signage, bin labelling and colour-coding: Develop nationally standardised waste signage, bin labelling and colour-coding as well as centralised resources such as waste sorting instructions and signage.

	20. Standardise waste labelling of medical device components: Introduce standardised labelling of medical device components to facilitate waste segregation.

	21. Streamline waste processes: Promote consistency of waste streams to support effective and coordinated recycling and waste segregation.

	22. Increase staff incentives: Introduce staff competitions and incentives to increase uptake of appropriate waste segregation.

	Pharmaceutical waste

	23. Greater optimisation of medicines inventory: Optimise medicines inventory management to minimise excess and expired medications.

	24. Share drug vials where appropriate: Consider introducing vial sharing and dose rounding where clinically appropriate and safe, to reduce waste from oncologic and other specialised medicines.

	25. Support the return and disposal of unwanted medicines: Encourage the return and environmentally friendly disposal of expired or unused medicines.

	26. Recycle inhalers: Introduce metered dose inhaler take-back and recycling schemes, where all components of inhalers (aluminium, plastics, propellant) are recycled.

	Supply chain

	27. Work with suppliers to reduce plastic: Work with suppliers to use sustainable plastic and packaging materials, minimise packaging size and weight while maintaining its functionality, explore reusable or recyclable packaging and applications, label the plastic content of medical devices to improve their recyclability, and reduce plastic in medical supplies and equipment.

	28. Review resource recovery regulations: Review regulations for manufacturers and importers to encourage resource-recovery at the end of the product’s life cycle, including for electronic equipment.

	29. Report embodied emissions in tenders: Require suppliers to report the emissions embodied in their products in tenders.

	30. Green procurement and sustainable resource use guidelines: Introduce measures in the National Health and Climate Strategy green procurement and sustainable resource use guidelines (Action 4.17) to enable healthcare facilities to prioritise reusable and more environmentally friendly products and sustainable and environmentally responsible suppliers – including by requiring suppliers to report the emissions embodied in their products in tenders.

	Education, engagement and capacity building

	31. Mandatory waste management training: Provide mandatory staff training on waste segregation, reduction, sustainability of different medicines and equipment, safe handling and disposal of hazardous waste, and broader health system sustainability.

	32. Create green teams: Establish green teams within primary care, aged care, other community health care, and hospitals.

	33. Inclusive consultation: Consult with the disability community, culturally and linguistically diverse groups, regional, rural and remote communities, and other stakeholders with specific needs when proposing, communicating and implementing changes in waste management practices, to ensure changes do not place undue burden on such groups.
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Appendix 1: Systematic review methods
Database search strategy
The CINAHL, Medline, Scopus, and Web of Science Core Collection databases and Google Scholar database were searched on 26 February 2024 to identify relevant articles. Searches returned a total of 7,228 results. Full record of database searches:
CINAHL (via EBSCOhost)
	Search #
	Concept
	Search terms
	Results

	#1
	Health and aged care system
	‘aged care’ OR ‘care facilit*’ OR ‘care home*’ OR ‘community care’ OR ‘community health care’ OR ‘health care’ OR hospital* OR ‘long term care’ OR ‘nursing home*’ OR ‘primary care’ OR ‘primary health care’ OR (MH ‘Community Health Services+’) OR (MH ‘Nursing Homes+’) OR (MH ‘Primary Health Care’)
	1,664,577

	#2
	Waste
	Waste OR (MH ‘Hazardous Materials’) OR (MH ‘Medical Waste+’)
	12,800

	#3
	Management
	dispos* OR manag*OR reduc* OR recycl* OR refurbish* OR reprocess* OR reuse OR segregat* OR treatment
	1,384,143

	#4
	Waste management
	#2 AND #3
	4,470

	#5
	Waste disposal
	(MH ‘Medical Waste Disposal’) OR (MH ‘Refuse Disposal+’)
	5,080

	#6
	Waste management / disposal
	#4 OR #5
	6,692

	#7
	Environmental impacts
	Co2 OR decarboni* OR ‘eco-friendly’ OR emission* OR environment* OR green OR greenhouse OR impact* OR pollution OR sustainab*
	847,362

	
	
	#1 AND #6 AND #7
	908

	
	Date 2008-
	Limiter applied
	689

	
	Language: English
	Limiter applied
	645



Medline (via EBSCOhost)
	[bookmark: _Hlk159844411]Search #
	Concept
	Search terms
	Results

	#1
	Health and aged care system
	‘aged care’ OR ‘care facilit*’ OR ‘care home*’ OR ‘community care’ OR ‘community health care’ OR ‘health care’ OR hospital* OR ‘long term care’ OR ‘nursing home*’ OR ‘primary care’ OR ‘primary health care’ OR (MH ‘Community Health Services+’) OR (MH ‘Homes for the Aged’) OR (MH ‘Nursing Homes+’) OR (MH ‘Primary Health Care+’)
	8,277,171

	#2
	Waste
	Waste OR (MH ‘Hazardous Waste+’) OR (MH ‘Medical Waste+’) OR (MH ‘Solid Waste+’) 
	191,629

	#3
	Management
	dispos* OR manag*OR reduc* OR recycl* OR refurbish* OR reprocess* OR reuse OR segregat* OR treatment
	6,679,627

	#4
	Waste management
	#2 AND #3
	106,927

	#5
	Waste disposal
	(MH ‘Medical Waste Disposal’) OR (MH ‘Refuse Disposal+’)
	60,079

	#6
	Waste management / disposal
	#4 OR #5
	114,960

	#7
	Environmental impacts
	Co2 OR decarboni* OR ‘eco-friendly’ OR emission* OR environment* OR green OR greenhouse OR impact* OR pollution OR sustainab*
	4,699,916

	
	
	#1 AND #6 AND #7
	3,660

	
	Date 2008-
	Limiter applied
	2,719

	
	Language: English
	Limiter applied
	2,646



Scopus
	Search #
	Concept
	Search terms
	Results

	#1
	Health and aged care system
	‘aged care’ OR ‘care facilit*’ OR ‘care home*’ OR ‘community care’ OR ‘community health care’ OR ‘health care’ OR hospital* OR ‘long term care’ OR ‘nursing home*’ OR ‘primary care’ OR ‘primary health care’
	4,784,718

	#2
	Waste
	waste 
	903,114

	#3
	Management
	dispos* OR manag*OR reduc* OR recycl* OR refurbish* OR reprocess* OR reuse OR segregat* OR treatment
	168,408

	#4
	Environmental impacts
	Co2 OR decarboni* OR ‘eco-friendly’ OR emission* OR environment* OR green OR greenhouse OR impact* OR pollution OR sustainab*
	13,550,517

	
	
	#1 AND #2 AND #3 AND #4
	2,256

	
	Date 2008-
	Limiter applied
	1,668

	
	Language: English
	Limiter applied
	1,599

	
	Remove editorials and opinion pieces
	Limiter applied
	1,466



Web of Science
	Search #
	Concept
	Search terms
	Results

	#1
	Health and aged care system
	‘aged care’ OR ‘care facilit*’ OR ‘care home*’ OR ‘community care’ OR ‘community health care’ OR ‘health care’ OR hospital* OR ‘long term care’ OR ‘nursing home*’ OR ‘primary care’ OR ‘primary health care’
	2,039,662

	#2
	Waste
	waste 
	640,621

	#3
	Management
	dispos* OR manag*OR reduc* OR recycl* OR refurbish* OR reprocess* OR reuse OR segregat* OR treatment
	6,929,428

	#4
	Environmental impacts
	Co2 OR decarboni* OR ‘eco-friendly’ OR emission* OR environment* OR green OR greenhouse OR impact* OR pollution OR sustainab*
	10,025,997

	
	
	#1 AND #2 AND #3 AND #4
	2,373

	
	Date 2008-
	Limiter applied
	2,158

	
	Language: English
	Limiter applied
	2,096

	
	Remove editorials and opinion pieces
	Limiter applied
	1,971



Google Scholar (via Publish or Perish software)
	Search terms:
waste-management | primary-care | environmental-impacts

	Date range: 2008-2024.

	Exclude patents.

	Limit to first 500 results, sorted by relevance.



Study selection and screening
All records identified in the database searches were uploaded to Covidence systematic review software (Veritas Health Innovation) for de-duplication and study selection. Article titles and abstracts were screened independently by two authors and any out-of-scope articles removed. The full texts of the remaining articles were assessed by at least two authors according to the following criteria:
Inclusion criteria – all of the following:
Studies of hazardous and non-hazardous solid waste generated in health and aged care settings
Principles and interventions aimed at achieving outcomes to reduce greenhouse gas emissions and/or improve environmental sustainability from health system waste
Peer-reviewed original modelling studies, intervention studies, case studies, and systematic reviews 
Full text available in English.
Exclusion criteria – any one of the following:
Studies of wastewater, food waste, waste energy and fuel, and anaesthetic gases
Studies of waste from health facility construction, refurbishment and decommissioning
Waste from upstream production and supply chains, or health and aged care procurement
Low value care (which is ‘waste’ in the sense it is care of low or no clinical value)
Opinion articles or editorials
Studies that do not report on a change in CO2-e emissions and/or quantity of solid waste
Studies from low- and middle-income countries.
Reasons were provided for any articles excluded at the full-text screening stage. Any disagreements were resolved by discussion.
Data extraction
Study characteristics
Author
Year of publication
Geographical region
Study design
Study setting (e.g. operating theatre, hospital, primary care, residential aged care) 
Recommendations
Coding for waste management practice
Reduce
Reuse
Reprocess
Refurbish
Recycle 
Replace
Waste segregation
Management of hazardous waste
Type of intervention (description, e.g. use of reusable endoscope compared with disposable endoscope)
Method of measuring greenhouse gas emissions and/or solid waste quantity
Effect (change in kg CO2-e emissions OR change in kg solid waste per year OR per item (if not reported or able to be calculated per year))
Cost effect in USA dollars (if study reported a different currency, converted using the yearly average exchange rate as reported by OzForex Limited (OzForex Limited 2024) for the year in which the study was published) if reported
Setbacks/barriers/challenges encountered
Quality assessment.
[bookmark: _Toc226030311]Table 5. Description of analysis using synthesis without meta-analysis (SWiM) method
	SWiM reporting item
	Item description 
	Application in this review

	Methods
	
	

	1. Grouping studies for synthesis
	Provide a description of and rationale for the groups used in the synthesis. Detail and provide rationale for any changes made subsequent to the protocol in the groups used in the synthesis.
	Grouping will be by step in the waste hierarchy (reduce, reuse, reprocess, refurbish, recycle, replace, waste segregation, management of hazardous waste). Subsequent to the protocol, studies were also subgrouped by clinical setting where possible.

	2. Describe the standardised metric and transformation methods used
	Describe the standardised metric for each outcome. Explain why the metric was chosen and describe any methods used to transform the intervention effects as reported in the study to the standardised metric, citing any methodological guidance consulted.
	Change in kg CO2-e emissions OR change in kg solid waste per year OR per item (if not reported per year). Change in kg CO2-e emissions per year will be the gold standard metric for supporting which interventions to prioritise. When included, the economic cost will be reported in USA dollars.

	3. Describe the synthesis methods
	Describe and justify the methods used to synthesise the effects for each outcome when it was not possible to undertake a meta-analysis of effects estimates.
	The effect estimates will be summarised by each study in a table. It will not be possible to add or pool the effect due to heterogeneity in study types, types of interventions, effect reported and risk of double counting.

	4. Criteria used to prioritise results for summary and synthesis
	Where applicable, provide the criteria used, with supporting justification, to select the particular study or studies for the main synthesis or to draw conclusions from the synthesis (e.g. based on study design, risk of bias assessments, directness in relation to the review question).
	1. Study design
· Life cycle assessment
· Other study designs to measure CO2-e and/or change in kg waste
2. Directness in relation to the review question (i.e. was the intervention to reduce greenhouse gas emissions from health system waste).
3. Quality assessment.

	5. Investigation of heterogeneity in reported effects
	State the method(s) used to examine heterogeneity in reported effects when it was not possible to undertake a meta-analysis of effect estimates and its extensions to investigate heterogeneity.
	Due to diversity in study design, intervention and method of measuring greenhouse gas emissions and/or waste, it will not be possible to investigate heterogeneity in reported effects.

	6. Certainty of evidence
	Describe the methods used to assess the certainty of the synthesis findings.
	Studies were assessed according to the quality assessment. Those considered high quality were considered to have a higher certainty of evidence.

	7. Data presentation methods
	Describe the graphical and tabular methods used to present the effects (e.g. tables, forest plots, harvest plots). Specify key study characteristics (e.g. study design, risk of bias) used to order the studies in the text and any tables or graphs, clearly referencing the studies included.
	Presented in tables by waste hierarchy grouping, ordered by priority based on criteria listed in reporting item 4.

	Results
	
	

	8. Reporting results
	For each comparison and outcome, provide a description of the synthesised findings and the certainty of the findings. Describe the result in language that is consistent with the question the synthesis addresses, and indicate which studies contribute to the synthesis.
	Results will be grouped by waste hierarchy headings and then presented by priority based on reporting item 4. Other information presented will include where the intervention was performed and the scale of the intervention (e.g. one hospital ward vs an entire state).

	Discussion

	9. Limitations of the synthesis
	Report the limitations of the synthesis methods used and/or the groupings used in the synthesis and how these affect the conclusions that can be drawn in relation to the original review question.
	Heterogeneity of the study types, method of measuring CO2-e emissions, studies which do not measure CO2-e emissions, the types of intervention, inability to undertake meta-analysis, lack of certainty regarding effectiveness of intervention and ranking of interventions.




[bookmark: _Toc227940544]Appendix 2: Studies from the systematic review
[bookmark: _Hlk168496933][bookmark: _Hlk168478378]This appendix provides tables summarising the studies identified in the systematic review. When reporting effects on waste and/or greenhouse gas emissions and economic costs, the following conventions are adopted:
· If not already reported in the primary article, where articles provided sufficient information (e.g. the CO2-e reduction per procedure and the number of procedures performed per year in the study setting), yearly reductions in emissions or waste were estimated and reported. 
· All mass quantities were converted into kilograms.
· All currencies were converted into USA dollars using the yearly average exchange rate as reported by OzForex Limited (OzForex Limited 2024) for the year in which the study was published.
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	Article and geography
	Study design and service area
	Intervention
	Waste and/or emissions impact
	Cost impact

	Transition to electronic health records

	Turley et al. 2011
USA
	Case study
Health system-wide
	Transition to electronic health records for Kaiser Permanente’s 8.7 million members across 454 medical offices and 36 hospitals.
	Reduction of 21.80 kt CO2-e per year from reduced paper usage.
	Not reported.

	Remove rarely used single-use items (such as drapes, gowns, gauze, instruments) from pre-prepared sterile surgical packs

	Kodumuri et al. 2023
UK
	Pre-post-intervention study
Orthopaedic surgery
	• Reduced the generic instrument set to a carpal tunnel release specific set with only essential surgical instruments
• Switched to smaller (90x90cm square) drapes without compromising sterility of surgical field
• Minimised use of single-use non-recyclable items such as single-use plastic dishes, suction tubing, plastic sheets.
	Reduction of 22.20 kg CO2-e per procedure. If adopted across the UK, reduction of 1.80 kt CO2-e per year.
	Saved $42.20 per procedure. If adopted across the UK: savings of $2.32 million per year.

	de Ridder et al. 2022
Netherlands
	Case study
Obstetrics and gynaecology
	Application of Healthcare Sustainability Mode and Effect Analysis to waste generated from C-section resulted in removal of a gown and gauze package from the surgical pack.
	Reduction of 2.50 kg CO2-e per C-section.
	Not reported.

	Braschi et al 2022
USA
	Intervention study
General surgery
	Excluded or reduced unused items from standard surgical packs for laparatomy and head and neck surgeries.
	Waste reduction of 1.11 t per annum.
	Saving of $45,719 per annum.

	Baxter et al. 2021
USA
	Life cycle assessment
Orthopaedic surgery
	Assessment of lean use (vs high use) of disposable items by hand surgeons.
	Reduction of 10.90 kg CO2-e per case. Extrapolating to the USA: reduction of 800 kt CO2-e per year if all USA hand surgeons could reduce their surgeries by 10.90 kg CO2-e per case. 
	Saving of $2.4 billion if all USA surgeons could reduce waste by 10.90 kg CO2-e per case.

	Farrelly et al. 2017
USA
	Pre-post intervention study
Paediatric surgery
	Removed surgical instruments in paediatric surgical trays.
	Tray weights reductions (kg):
• Neonatal: 3.40
• Major: 5.40
• Minor: 2.0
• Chest: 1.80.
	Estimated annual savings of $53,193-$531,929.

	Van Demark et al. 2018
USA
	Quality improvement project
Orthopaedic surgery
	Reduced number of instruments in prepacked hand surgery packs.
	Waste reduced by 2.30 kg per case, or 1.20 t per year.
	Savings of $6115.60 per year.

	Velicki et al 2023
USA
	Pre-post-intervention study
Orthopaedic surgery
	Removed and replaced items in surgical kit for carpal tunnel and trigger release surgical procedures.
	Waste reduced by 2.04 kg per pack.
	Savings of $49.43 per pack.

	Thiel et al. 2019
USA
	Pilot study
Orthopaedic surgery
	Comparing waste generation in hand surgery of:
• Wide-awake surgery with local anaesthetic vs sedation
• Use of a minimal custom pack.
	Waste reduced by 0.4 kg per surgery using the minimal custom pack.
	Savings of $125.44 per surgery using the minimal custom pack.

	Cunningham et al. 2023
USA
	Pre- post-intervention study
Paediatric surgery
	Replaced regular surgical pack with a lean surgical pack, removing 46 unused items.
	Plastic landfill waste reduced by 1.83 t per year. Rollout across USA would result in reduction of 6.40 kt per year.
	Savings of $28,955 per year.

	Penn et al. 2012
USA
	Quality Improvement Project
Ear, nose and throat surgery
	Quality improvement project to remove rarely used single-use instruments from surgical trays for tonsillectomy and tonsillectomy/adeno-tonsillectomy.
	Annual waste reduction for the hospital [USA] of 1.35 t [384.65 t]. 
	Annual cost saving for the hospital [USA] of $830.59 [$237,440]. 

	Introduce dose rounding and/or vial sharing for of per body weight/body surface area medications

	Fasola et al. 2008
Italy
	Pre- post-intervention study
Oncology
	Interventions to reduce drug wastage: per pathology/per drug treatment sessions and rounding of drug dosages.
	Pharmaceutical waste reduction of 626.90 mg per year.
	Savings of $87,277 per year.

	Chillari et al. 2018
USA
	Retrospective study
Oncology
	Rounding of chemotherapy agent by +/-5% or 10%.
	Rounding down by 5% [10%]: pharmaceutical waste reduction of 83.80 mg [129.01 mg] per year.
	Rounding down by 5% [10%]: savings of $22,849 [$30,911] per year.

	Cozzio et al. 2023
Italy
	Pre-post-intervention study
Haematology
	Drug (vial) sharing scheme for orphan drug patisiran for treatment of polyneuropathy in people with hereditary transthyretin-mediated amyloidosis.
	Average mg/session used vs discarded (wasted) was 30.18 vs 3.15 before intervention and 108.95 vs 2.00 after intervention, equivalent to an 82.96% reduction in waste (drug
discarded).
	Cost saving of $28,359 per annum for a single patient weighing 70 kg.
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	[bookmark: _Hlk169090745]Article and geography
	Study design and service area
	Intervention
	Waste and/or emissions impact
	Cost impact

	Use reusable PPE, including masks, respirators and isolation gowns

	Vozzola et al. 2018
North America
	Life cycle assessment
Inpatient ward
	LCA of disposable isolation gowns (vs reusable).
	Reduction of 92 kg CO2-e per 1,000 uses.
	Not reported.

	Baker et al. 2020
USA
	Case Study
Inpatient ward
	Switch from disposable to reusable isolation gowns.
	Reduction of 233.53 t waste over 3 years.
	Saved $851,984 over 3 years.

	Chau et al. 2022
UK
	Life cycle assessment
Hospital-wide
	LCA of disposable surgical masks, cloth masks, disposable respirators, reusable respirators, rigid half masks.
	• Cloth vs Disposable surgical mask: reduction of up to 10.90 kg CO2-e per worker per year.
• FFP3 mask reused via HPV decontamination vs Disposable: reduction of up to 56 kg CO2-e per healthcare worker per year.
• Rigid half mask vs disposable FFP3 mask: reduction of up to 63 kg CO2-e per healthcare worker per year.
	Not reported.

	Lee et al. 2021
Singapore
	Life cycle assessment
Health system wide
	LCA of embedded filtration layer reusable face masks (vs single-use surgical masks).
	Emissions reduction of 242 g CO2-e per user per month.
	Not reported.

	Schmutz et al. 2020
Switzerland
	Life cycle assessment
Health system wide
	LCA of 2-layered reusable cotton masks vs single-use surgical masks.
	With strict washing and mask replacement, emissions per use from the cotton mask (0.23 kg CO2-e) and surgical mask (0.24 kg CO2-e) were similar.
	Not reported.

	Chu et al. 2021
USA
	Cost analysis
Health system-wide
	Model estimating usage, costs and waste from seven respirator usage strategies over the first 6 months of the COVID-10 pandemic.
	Use of reusable respirator with decontaminated filters by all US healthcare workers would have reduced solid waste by 82.42 kt compared with disposal of the respirator after each patient encounter.
	Saving of $5.55 billion across the USA from using reusable compared with disposable respirator.

	Use reusable sharps containers

	Grimmond et al. 2021
UK
	Pre- post-intervention study
Hospital-wide
	Conversion from single-use to reusable sharps containers. Compared baseline (2018) from 17 trusts to 40 trusts using reusable containers in 2019.
	Reduction of 3.30 kt CO2-e per year for the 40 trusts using reusable sharps containers.
	Not reported.

	McPherson et al. 2019
USA
	Life cycle assessment
Hospital-wide
	LCA of reusable (vs disposable) sharps containers in 1100 bed health system with 5 general acute care hospitals.
	Reduction of 162.40 t CO2-e per year, and elimination of 50.20 t plastic and 8.10 t cardboard waste.
	Not reported.

	Grimmond and Reiner 2012
USA
	Life cycle assessment
Hospital-wide
	LCA of reusable (vs single-use) sharps containers in 850-bed hospital.
	Reduction of 114.90 t CO2-e per year.
	Not reported.

	Use reusable non-invasive devices such as blood pressure cuffs, pulse oximeters and drug trays

	Sanchez et al. 2020
USA
	Life cycle assessment
Hospital-wide
	LCA of environmental impact of use of reusable (vs disposable) blood pressure cuffs in different settings.
	Annual CO2-e reductions:
• Outpatient: 2.60 t
• Ambulatory: 1.30 t
• Inpatient: 266 kg
• ICU: 507 kg.
	Annual cost impact:
• Outpatient: $13,100 savings
• Ambulatory: $6,333 savings
• Inpatient: $3,351 additional cost
• ICU: $1,066 savings

	Duffy et al. 2023
Canada
	Life cycle assessment
Emergency department
	LCA comparing reusable (vs disposable) pulse oximeters.
	Reduction of 6.50-7.20 t CO2-e per year for the ED.
	Not reported.

	Byrne et al. 2023
UK
	Life cycle assessment
Hospital-wide
	Switched from single-use pulp to reusable plastic trays in a London NHS Foundation Trust.
	In the first year, emissions from plastic trays were 5.90 t CO2-e vs 5.30 t CO2-e for pulp trays – but emissions savings expected in future years due to reuse.
	Initial cost was $13,060 for reusable plastic trays vs $17,413 for pulp trays.

	McGain et al. 2010
Australia
	Life cycle assessment
Anaesthetics
	LCA of reusable (vs single-use) anaesthetic plastic drug trays.
	Reduction of 16 g CO2-e per use.
	Cost saving of $0.22 per use.

	Use reusable sanitary products such as incontinence pads and menstrual products

	Griffing and Overcash 2023
USA
	Life cycle assessment
Hospital-wide
	LCA of reusable (vs disposable) incontinence pads.
	Reduction of 684 kg CO2-e per 365 patient days.
	Not reported.

	Willskytt and Tillman 2019
Sweden
	Life cycle assessment- Aged care
	LCA of reusable (vs different types of disposable) incontinence products with observational study of effective use and customisation.
	Reduction of 137 g CO2-e per hygienic use from reusable pants plus pads with higher renewable material composition, as compared with disposable pants.
	Not reported.

	Blair et al. 2022
UK
	Data analysis
Obstetrics and gynaecology
	Model of use of reusable menstrual management products (menstrual cups and underwear) vs tampons and single-use pads .
	Waste reduction of 22.91 kt and emissions reduction of 78.94 kt CO2-e per year if rolled out across UK.
	Annual costs per person:
• 
Menstrual cup: $2.72 
• Reusable underwear: $86.60 
• Single-use pads: $34.50
• Tampons: $23.50.

	Use reusable procedural instruments, such as specula, airway devices, surgical instruments, and endoscopes

	Sherman et al. 2018
USA
	Life cycle assessment
Anaesthetics
	LCA of reusable (vs disposable) rigid laryngoscope handles and blades across a hospital (60,000 intubations).
	Annual CO2-e reductions:
• Handles: 79.80-92.40 t
• Blades: 9.60-22.80 t.
	Annual savings:
• Handles: $495,000-604,000
• Blades: $180,000-265,000.

	Rouvière et al. 2023
France
	Life cycle assessment
Anaesthetics
	LCA of reusable (vs single-use) laryngoscope blades in a 30-theatre hospital.
	Reduction of 26.50 t CO2-e per year.
	Savings of $6,269 per year.

	Eckelman et al. 2012
USA
	Life cycle assessment
Anaesthetics
	LCA of reusable laryngeal mask airway (LMA) (vs  single-use).
	Reduction of 3.90 kg CO2-e per 40 uses.
	Savings of $1.60 per use.

	McGain et al. 2017
Australia
	Life cycle assessment
Anaesthetics
	LCA of reusable (vs single-use) LMAs and direct laryngoscopy blades, facemasks and circuits.
	• Increase of 480 kg CO2-e per year using Australian energy mix
• Reduction of 4.30 t CO2-e per year if using European energy mix.
	Savings of $24,564 per year.

	Sorensen et al. 2023
Denmark
	Life cycle assessment
Respiratory medicine
	LCA of disposable camera double-lumen tube (which doesn't need a bronchoscope) (vs conventional disposable double-lumen tube with a reusable bronchoscope) for one lung ventilation.
	Reduction of 350 g CO2-e per case.
	Not reported.

	McGain et al 2012
Australia
	Life cycle assessment
Intensive care
	LCA of reusable (vs single-use) central venous catheter kits.
	Increase of 809 g CO2-e per use.
	Savings of $2.38 per use.

	Donahue et al. 2020
USA
	Life cycle assessment
Obstetrics and gynaecology
	LCA of reusable (vs single-use) specula.
	Reduction of 3.24-3.50 t CO2-e per year in the study hospitals and clinics.
	Not reported.

	Morris and Hicks 2022
USA
	Life cycle assessment
Obstetrics and gynaecology
	LCA of reusable stainless steel (vs acrylic single-use) speculum.
	Reduction of 1.01-2.70 t CO2-e per year for the clinic.
	Not reported.

	Rizan and Bhutta 2022a
UK
	Life cycle assessment
General surgery
	LCA of currently available hybrid (reusable/ single-use) instruments for laparoscopic cholecystectomy (vs single-use equivalents).
	Reduction of 5.40 kg CO2-e per operation.
	Cost saving of $70 per operation.

	Boberg et al. 2022
Sweden
	Life cycle assessment
General surgery
	LCA of reusable (vs mixed vs single-use) trocar system for laparoscopic cholecystectomy.
	Reduction of 446 kg CO2-e per 5,000 uses switching from single-use to reusable.
	Savings of $4,471 per year switching from single-use to reusable.

	Meissner et al. 2023
Australia, Canada, France, Italy, New Zealand, USA and UK
	Cross-sectional survey and product material analysis
Bariatric surgery
	Comparison of multi-use (vs single-use) staplers in laparoscopic bariatric surgery.
	Waste reduction of 0.81 kg per sleeve gastrectomy and 0.75 kg per Roux-en-Y gastric bypass.
	Not reported.

	Meissner et al. 2021
Global
	Total material requirement analysis
Surgery
	Comparison of multi-use (vs single-use) staplers for (1) laparoscopic sleeve gastrectomy, (2) laparoscopic gastric bypass, and (3) video-assisted thoracoscopic lobectomy
	Reduction of accumulated waste per surgery of 0.28 kg for (1), 0.96 kg for (2) and 0.86 kg for (3).
	Not reported.

	Namburar et al. 2022
USA
	Audit
Gastro-enterology
	Comparison of using reusable (vs single-use) endoscopes for endoscopies performed in two academic medical centres.
	Waste reduction of 1.91 t per reusable endoscope over its lifetime (2,000 uses).
	Not reported.

	Pesante et al. 2023
USA
	Retrospective study
Orthopaedic surgery
	Switched from single-use to reusable reamer shafts for intramedullary nail fixation procedures of femur and tibia fractures.
	Metal waste reduction of 10.90 kg [16.78 t] per year for one surgeon [if rolled out across USA].
	Savings of $15,643 [$24.8 million] per year for one surgeon [if rolled out across USA].

	Erivan et al. 2023
France
	Randomised controlled trial
Orthopaedic surgery
	Assessment of reusable [vs single-use] ancillaries for dual mobility cup in total hip replacement.
	No significant difference between the two groups.
	No significant difference in cost.

	Unger and Landis 2014
USA
	Life cycle assessment
Dentistry
	LCA of reusable (vs disposable) dental burs.
	Reduction of 0.77 kg CO2-e per 30 uses.
	Not reported.

	Kemble et al. 2023
USA
	Life cycle assessment
Urology
	LCA of reusable (vs single-use) cystoscopes.
	Reduction of 1.90 kg CO2-e per case.
	Not reported.

	Baboudjian et al. 2023
France
	Life cycle assessment
Urology
	LCA of reusable (vs single-use) cystoscopes.
	Increase of 1.02 kg CO2-e per case.
	Not reported.

	Davis et al. 2018
Australia
	Life cycle assessment
Urology
	Assessment of reusable video ureteroscope (vs single-use digital ureteroscope).
	Increase of 0.07 kg CO2-e per case.
	Not reported.

	Hogan et al. 2022
Ireland
	Prospective cohort study
Urology
	Prospective comparison of reusable (vs single-use) cystoscopes in a single medical centre.
	Increase of 1.82 kg CO2-e per case.
	Not reported.

	Boucheron et al. 2022
France
	Retrospective study
Urology
	Comparison of reusable (vs single-use) cystoscope.
	Waste increase of 946.80 kg per year.
	Cost increase of $6,651 per year.

	Rizan et al. 2022
UK
	Life cycle assessment
Operating room
	LCA of different methods to sterilise reusable surgical instruments.
	Annual CO2-e reductions at the study hospital:
• Washer/ disinfector vs steriliser in sets: 40.85 t
• Sets vs all individually wrapped items in washer/disinfector: 85.41 t
• Sets vs all individually wrapped items in steriliser: 94.74 t.
	Not reported.

	Toia et al. 2023
USA
	Observational study
Radiology
	Mathematical model of administration of iodine contrast media by multi-use syringeless injector (vs single-use syringe-based injector).
	Plastic waste reduction of 395.80 kg over 16 weeks.
	Not reported.

	Use reusable surgical textiles, including gowns, scrub caps and drapes

	Vozzola et al. 2020
North America
	Life cycle assessment
Operating room
	LCA of reusable (vs single-use) surgical gowns.
	Reduction of 1.10 t CO2-e per 1,000 uses.
	Not reported.

	Burguburu et al. 2022
France
	Life cycle assessment
Operating room
	LCA of reusable (vs single-use) scrub suits.
	Reduction of 53 kg CO2-e per user per year.
	Not reported.

	Agarwal et al. 2023
USA
	Interventional study and life cycle assessment
Operating room
	LCA of reusable (vs single-use) scrub caps.
	Annual emissions reduction of 22 kg CO2-e.
	Not reported. 

	Conrardy et al. 2010
USA
	Pre-post-intervention study
Operating room
	Replaced operating room consumables (e.g. disposable surgical gowns, back table covers, towels, and surgical packs items) with reusable equivalents at two facilities.
	Annual waste reductions of 22.70 t and 20.41 t at the two facilities.
	Annual savings of $14,000 and $12,600 for the two facilities.

	Use reusable rigid sterilisation containers instead of surgical blue wrap.

	Friedericy et al. 2022
Netherlands
	Life cycle assessment
	LCA of rigid sterilisation containers (vs blue wrap).
	Reduction of 0.60- 1.60 t CO2-e per 5,000 sterilisation cycles.
	Not reported.

	Marchand et al. 2020
USA
	Pre-post-intervention study
Orthopaedic surgery
	Analysis of optimised and sealed 3 container trays (vs traditionally blue-wrapped 6 vendor trays) for total knee arthroplasty.
	Waste reduction of
287.50 kg per annum.
	Savings of $249,245 per year.
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	Article and geography
	Study design and service area
	Intervention
	Waste and/or emissions impact
	Cost impact

	Reprocess PPE labelled as single-use

	van Straten et al. 2021
Netherlands
	Life cycle assessment
	LCA comparing disposable FFP2 face masks that were sterilised and used five more times (six times in total) (vs used once) during a 2-hour shift in an average hospital in the Netherlands during the COVID-19 pandemic.
	• Reduction of 3.80 kg CO2-e per 100 uses
• Extrapolating to the Netherlands: a reduction of 7.60 kt CO2-e per year. 
	Savings of $663 [$18] per 100 protected healthcare workers in the first [second] COVID-19 wave.

	Refurbish surgical instruments

	Rizan et al. 2022
UK
	Life cycle assessment
	LCA of repairing reusable scissors onsite, offsite and not repairing them.
	Per use emissions (g CO2-e): 
• Replacing scissors after 40 uses: 70.30
• Offsite repair every 40 uses: 57.0
• Onsite repair every 40 uses: 56.30
Reduction of 4.85 kt CO2-e per year globally if all reusable surgical scissors were repaired.
	Per use costs
• Reusable scissors no repair: $1.77 
• Reusable scissors offsite repair: $1.20 
• Reusable scissors onsite repair: $1.20.

	van Straten et al. 2021
Netherlands
	Prospective feasibility study
	Repair of stainless steel surgical instruments and, when this is no longer possible, melting of stainless steel into components for instrument mesh baskets and for stainless steel components used in instrument fixation.
	• Stainless steel diverted from landfill: 3.57 t per year.
• Stainless steel refurbished: 614 kg per year.
• Stainless steel recycled: 2.96 t per year.
	Savings of $120,014 per year.

	Reprocess non-invasive and invasive devices labelled as single-use

	Lichtnegger et al. 2023
North and Central America
	Life cycle assessment
Inpatient ward
	LCA of reprocessed (vs single-use) intermittent pneumatic compression (IPC) sleeves for deep vein thrombosis prevention in surgical patients.
	Reduction of 2.80 kg CO2-e per 5 patient uses. Reduction of 6.20 kt CO2-e if used in all 11 million IPC treatments in North and Central America in 2021.
	Savings of $89.15 per sleeve in disposal costs.

	Schulte et al. 2021
Germany
	Life cycle assessment
Cardiology
	LCA of remanufactured (vs newly manufactured) electrophysiology catheters.
	Reduction of 880 g CO2-e per use Reduction of 452 t CO2-e per year if rolled out across Germany.
	Not reported.

	Velagic et al. 2023
Croatia
	Retrospective study
Cardiology
	Reprocessing single-use intra-cardiac echocardiography catheters.
	Waste reduction of 98.40 kg per year.
	Savings of $308,244.2 per year.

	Unger and Landis 2016
USA
	Life cycle assessment
Hospital-wide
	LCA of Phoenix Baptist Church hospital's reprocessing of 7 devices: deep vein thrombosis compression sleeve, pulse oximeter, ligasure, harmonic scalpel, endoscopic trocar, arthroscopic shaver, and scissor tip.
	Reprocessed devices resulted in an increase of 541 kg CO2-e per year.
	Not reported.

	Boone 2010
USA
	Case study
Hospital-wide
	Reprocessing single-use devices in a medical centre.
	Waste reduction of 492 kg [4082 kg] in 2004 [2009].
	Savings of $34,387 [$251,000] in 2004 [2009].
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Table 9. Summary of ‘Recycle’ articles
	[bookmark: _Hlk168495369]Article and geography
	Study design and service area
	Intervention
	Waste and/or emissions impact
	Cost impact

	Introduce single stream (co-mingled) recycling

	Sullivan et al. 2023
USA
	Audit
Paediatric surgery
	Introduced recycling in paediatric operating rooms for three common procedures in a children’s hospital.
	Reduction of 58.50-91.50 t CO2-e per year.
	Savings of $15.21-24.00 per year.

	Stone 2017
Canada
	Case study
Hospital-wide
	Introduced recycling (waste diversion) program across two hospital sites and created a green team and community partnership.
	Waste to landfill reduction of 37.40 t per year.
	19% saving in waste management costs over four years; 31% cost saving in last financial year relative to base year.

	Albert and Rothkopf 2015
USA
	Case study
Plastic surgery
	Introduced paper and plastic recycling at one campus and single stream recycling at three campuses as well as recycling of blue wrap.
	Recycled 601.44 t single stream, paper and plastic waste per annum and 1.2 t of blue wrap in 10 months.
	$41,844 saved per annum.

	Recycle surgical blue wrap.

	Rooney et al. 2024
Ireland
	Pilot study
Obstetrics and gynaecology
	Baled and collected blue wrap for polypropylene recycling.
	711.20 kg could be recycled each year.
	Savings of $78 per year.

	Babu et al. 2019
USA
	Pilot study
Neurosurgery
	Baled, collected and sold blue wrap in a major medical centre. Included staff training.
	Diverted 565.50 kg from municipal waste over 39 working days.
	Annual saving of $174,240 in costs plus new revenue of $5,000.

	Educate staff on recycling

	Riedel 2011
USA
	Case study
Hospital-wide
	Staff education (oral presentation, lectures, newsletters) and placement of recycling bins for single stream recycling around a hospital.
	Reduction of 68 t CO2-e per year.
	Savings of $11,971 per year.

	Wormer et al. 2013
USA
	Case study
Operating room
	Established Green OR committee, Solid Waste Reduction and OR Recyclables and Reusables campaigns.
	Diversion from general waste to recycling per year: 
• 5.83 t of single-use devices .
• 227 kg of alkaline battery waste.
	Savings of $13,610 per year.

	Audit of recyclable waste

	Piccoli et al. 2015
Italy
	Audit
Haemodialysis
	Modelling of different waste management policies in haemodialysis.
	Potential to recycle 34.80-114.80 kg per patient per year.
	Savings per session under optimal segregation: 
• In centre bicarbonate dialysis: $18.70
• Home dialysis: $4.77
• In centre haemofiltration: $15.53.

	Recycle respiratory inhalers

	Murphy et al. 2023
UK
	Pilot study
Community pharmacy
	12-month inhaler postal take back and recycle scheme across Leicester, Leicestershire, and Rutland funded by Chiesi.
	Reduction of 119.30 t CO2-e over 12 months.
	Not reported.
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	Article and geography
	Study design and service area
	Intervention
	Waste and/or emissions impact
	Cost impact

	Replace one disposable item with a less carbon-intensive disposable item.

	Dhaliwal et al. 2014
USA
	Life cycle assessment
Radiology
	LCA of polymer (vs glass) bottles for contrast media delivery.
	Reduction of 0.22 kg CO2-e per contrast dose.
	Not reported.

	Belboom et al. 2011
	Life cycle assessment Pharmacy
	LCA of polymer (vs glass) vials for drug delivery.
	Reduction of 15.10 kg CO2-e per 1,000 uses.
	Not reported.

	Replace surgical procedural approaches with less waste-intensive procedural approaches

	Andrade et al. 2014
USA
	Retrospective study
Thoracic surgery
	Study of two mediastinal lymph node sampling procedures: endobronchial ultrasonography with transbronchial needle aspiration (EBUS-TBNA) vs mediastinoscopy.
	EBUS-TBNA generated less solid waste (0.50 kg vs 1.80kg) and less emissions (0.60 kg vs 2.30 kg CO2-e) per case.
	EBUS-TBNA cost more per case ($2689 vs $2356) and generated lower profit ($849 vs $1093).

	Thiel et al. 2015
USA
	Life cycle assessment
Obstetrics and gynaecology
	LCA comparing hysterectomy approaches in one hospital.
	Waste per case (kg): 
• Robotic: 13.70
• Laparoscopic: 10.40
• Abdominal: 9.20
• Vaginal: 8.60.
	Not reported.

	Woods et al. 2015
USA
	Retrospective study Obstetrics and gynaecology
	Review of endometrial cancer staging surgical approaches.
	Waste per case (kg):
• Robotically assisted laparoscopy: 14.30
• Conventional laparoscopy: 11.20
• Laparotomy: 8.30.
	Not reported.
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	[bookmark: _Hlk169093935]Article and geography
	Study design and service area
	Intervention
	Waste and/or emissions impact
	Cost impact

	Introduce landfill, recycling and hazardous waste streams and provide appropriate waste containers

	De Sousa et al. 2014
Australia
	Pre-post-intervention study
Hospital-wide
	Introduced 64 L reusable linerless clinical waste bins in clinical unit utility rooms to replace plastic-bag-lined 240 L clinical waste bin.
	Reduction per year:
• Clinical waste: 48.40 t
• General waste: 30.73 t.
	Disposal cost saving of $29,988 per year.

	Lawlor 2014
UK
	Case study
Nuclear medicine
	Hospital radiopharmacy department switched from disposing all waste as clinical waste to segregating into waste streams (offensive (clinical), plastic, waste and domestic) and monitoring for radioactive contamination of non-clinical streams.
	Annual waste reduction from 300 kg clinical to 96 kg offensive, 
62 kg plastic, 39 kg paper and 91 kg domestic.
	Savings of $187 per year.

	Hubbard et al. 2017
USA
	Pilot study
Anaesthetics
	Study of introducing solid waste bags in the pre-theatre room before patient entry into the OR to reduce volume going to regulated medical waste.
	Anticipated annual reduction in regulated medical waste of 8.50 t.
	Waste disposal savings of $2,200 per year, which has 2 autoclave machines on-site for processing regulated medical waste.

	Debois et al. 2013
USA
	Case study
Cardiac surgery
	Diverted heart-lung machine bypass circuits from regulated medical waste to clear bag waste or municipal solid waste by rinsing blood from the circuits.
	6.80 t would be diverted from regulated medical waste per 1,000 cases.
	Added cost of $2 per case.

	Combination education and engagement interventions

	Cunha Neves et al. 2023
Portugal
	Pre-post-intervention study
Gastro-enterology
	Audit of waste within endoscopy unit then 1-week intervention of seminars presenting audit data and education on waste handling, segregation and disposal. Added plastic and paper recycling bins and relocated landfill and regulated medical waste bins.
	Estimated reduction of 1.70 t CO2-e per year.
	Saving of $6,493 per year.

	Wyssusek et al. 2016
Australia
	Quality improvement project
Operating room
	Education sessions and waste management change champions on segregating general, clinical and recyclable in the OR.
	Reduction in clinical waste of 13.70 t over 4 weeks.
	Saving of $93,600 per year.

	Nabiyouni and Franchetti 2019
USA
	Case study
Hospital-wide
	Applying Lean Six Sigma principles to reduce red bag waste, improve efficiency, and reduce cost and errors.
	Could reduce medical waste by 99.90 t per year.
	Savings of $31,657 per year.

	Mosquera et al. 2014
Spain
	Pre-post-intervention study
Hospital-wide
	30 min training sessions on 24 different areas (lab, ward, dialysis, etc) and 10-hour course on advanced health care waste management in one hospital.
	[bookmark: _Hlk168492896]Annual changes in waste (t):
• Infectious: 68.23 reduction
• Genotoxic and pharmaceutical: 2.24 reduction
• Chemical: 0.94 increase
• Paper and cardboard: 21.23 increase
• Plastic: 15.97 increase
• Glass: 11.80 decrease.
	Savings of $135,237 per year.

	Vasilevski et al. 2023
Australia
	Pre- post-intervention study
Obstetrics and gynaecology
	Posters, newsletter items, face-to-face and online education sessions, monthly incentives, and sustainability champions aimed at correct waste disposal.
	Annual changes in waste per year (t):
• Clinical: 4.31 reduction 
• General: 2.15 increase
• Recyclable waste: 0.07 increase.
	Waste management cost saving of 30.4% (January to July) and 48% (July to December) in 2021.

	Giacchetta and Marchetti 2013
Italy
	Case study
Obstetrics and gynaecology and surgery
	Interventions to promote compliance with regulation and the environmental corporate policy for surgery and obstetrics and gynaecology: staff training; signage; posters; placement of medical waste containers on ward; and defining procedures.
	Annual medical waste reduction:
• Surgery: 1.53 t 
• Obstetrics and gynaecology: 2.34 t.
	Annual cost savings of:
• Surgery: $1,508.
• Obstetrics and gynaecology: $2,297.

	Martin et al. 2017
USA
	Pre-post-intervention study
Anaesthetics
	Introduced a new system in anaesthesia to facilitate and optimise waste segregation; educated staff through modules, printed materials, posters, and staff education and training; posted metrics of success.
	Diverted 4.40 t of landfill waste and 2.40 t medical waste per year.
	Not reported.

	Chen 2021
Taiwan
	Pre-post-intervention study
Inpatient wards
	Four interventions across a facility: photographs next to waste bins; competition with rewards and establishment of medical waste classification audit team; education and training; point out location of medical waste disposal rooms on admission and have maps at nursing stations.
	Reduced infectious waste by 3.20 t per year.
	Saved $84,876 per year.

	Fraifeld et al. 2021
USA
	Pre-post-intervention study
Anaesthesia
	Quality improvement project to improve compliance with waste segregation in the 35 ORs of a tertiary care centre including education, visual aids and container optimisation.
	Reduced regulated medical waste by 0.24 kg per case.
	Saved $28,392 per year.

	Introduce drug take-back programs to facilitate safe disposal and reduce the environmental impact of pharmaceutical waste

	Gray-Winnett et al. 2010
USA
	Case study
Community pharmacy
	Unused medication take-back and mercury thermometer exchange events and drop-box installation.
	Collected:
• 156 kg of unused medications and 70 kg of recyclables in two events
• 77 kg of medications and recyclables in the drop-box over 7 months.
	Not reported.


[bookmark: _Ref195104020][bookmark: _Toc226030318][bookmark: _Hlk168498615]Table 12. Summary of ‘Management of hazardous waste’ articles
	Article and geography
	Study design and service area
	Intervention
	Waste and/or emissions impact
	Cost impact

	Health system wide

	Koo and Jeong 2015
Republic of Korea
	Life cycle assessment
	LCA of four regulated waste management systems.
	Emissions (t CO2-e) per 1 t of medical waste 
• Incineration: 1.21
• Incineration with heat recovery: 0.46
• Steam sterilisation: 0.49
• Microwave disinfection: 0.10.
	Not reported.

	Zhao et al. 2009
Not specified
	Life cycle assessment
	LCA comparing hazardous waste incineration with autoclave sterilisation and sanitary landfill.
	Emissions (t CO2-e) per 1 t medical waste:
• Incineration with no energy recovery: 1.19
• Incineration with 15% energy recovery (conventional): 0.68
• Incineration with 30% energy recovery (optimised): -0.05
• Autoclave sterilisation with sanitary landfill: 0.46
• Autoclave sterilisation with sanitary landfill and 10% electricity recovery: 0.45.
	Not reported.
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[bookmark: _Toc226030319]Table 13. Summary of studies examining multiple waste management strategies (not including systematic reviews)
	Article and geography
	Study design and service area
	Intervention
	Waste and/or emissions impact
	Cost impact

	Combination of minimal materials, maximal reuse and maximal recycling

	Rizan et al. 2021
UK
	Life cycle assessment
Health system-wide
	LCA of four PPE scenarios during the first 6 months of the COVID-19 pandemic: (1) manufacture PPE domestically; (2) eliminate glove use; (3) reuse gowns and face shields; and (4) maximise PPE recycling.
	Reductions (kt CO2-e):
• (1): 12.50
• (2): 48.30
• (3): 11.11
• (4): 37.30
• All four: 79.83.
	Not reported.

	Thiel et al. 2018
USA
	Life cycle assessment
	LCA of laparoscopic hysterectomy interventions: maximise recycling; maximise regulated medical waste; reuse all cotton towels, switch to reusable linens (gowns and drapes); reprocess single-use devices; use minimal instruments.
	Reduction of 277 kg CO2-e per case and 232.70 t CO2-e per year for the hospital from minimising materials and maximising reuse and recycling.
	Not reported.



[bookmark: _Toc226030320]Table 14. Summary of systematic reviews
	Article
	Intervention(s) studied
	Databases and review period
	Total (Australian) studies included
	Type of studies included

	Cohen et al. 2023
	Environmental impact of services, procedures and products within obstetric and gynaecological care.
	MEDLINE, Embase and Scopus
All time up until 21 December 2022
	17 (0)
	Any study type, LCAs, (narrative) reviews and editorials.

	Lam, L et al. 2023
	Interventions to improve the environmental sustainability of surgical practice.
	MEDLINE, Embase and Cochrane
January 2012 to 2 February 2022
	21 (5)
	Primary research studies, including conference abstracts.

	Lattanzio et al. 2022
	Experiences acquired in worldwide nosocomial settings related to the management of healthcare waste.
	MEDLINE, Scopus, ISI Web of Knowledge
1 January 2020 to 30 April 2022
	19 (2)
	Research articles, brief reports, commentaries, and letters.

	Papadopoulou et al. 2022
	Studies of minimally invasive surgical operations: emissions footprint, waste, and other operating theatre environmental impacts.
	MEDLINE, Embase, Web of Science
1974 to July 2021
	16 (0)
	Full-text articles including LCAs, observational studies and interventional studies.

	Perry et al. 2023
	Sustainability practices within the perioperative environment evaluating the effectiveness of different interventions and their subsequent impact on the environment.
	PubMed and Web of Science
All time up to 2 March 2020
	34 (7)
	Published studies that describe the interventions or processes to improve operating theatre sustainability.

	Pradere et al. 2023
	Strategies for reducing greenhouse gas emissions in the operating theatre while preserving quality of care.
	MEDLINE and Cochrane
All time up to April 2021
	38 (not specified)
	Qualitative and quantitative studies reporting methods to reduce operating theatre environmental impact.

	Shum et al. 2022
	Current knowledge of interventional radiology waste generation and ways of reducing waste, to quantify the environmental and financial impact of waste and improve waste management.
	MEDLINE and Embase
	68 (not specified)
	All article types including original research, reviews, editorials, conference abstracts and commentaries.

	Siu et al. 2017
	Comparing cost, environmental impact, infection risk and utility of reusable and single-use laparoscopic instruments or equipment.
	MEDLINE and Embase
	24 (not specified)
	Peer-reviewed primary research studies, excluding case reports, case series and animal studies.
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[bookmark: _Ref195093833][bookmark: _Toc226030321]Table 15. ‘Reduce’ case studies
	Case study
	Intervention
	Waste and/or emissions impact
	Cost impact

	Gloves Off Project, John Hunter Hospital, NSW Australia (NSW Government 2024a)
	Pilot project to improve hand hygiene and reduce unnecessary non-sterile glove use through formal education, informal education, staff engagement, fun sessions and communication interventions.
	Projected annual reduction of:
• 2.3 million gloves used (21% reduction)
• 8 t of waste
• 78.54 t of CO2-e.
	Projected annual cost saving of $115,000 per annum and $2,000 avoided in waste disposal services.

	Medical Pantry, VIC Australia (Medical Pantry 2025). 
	Initiative by volunteer-run charity since 2019 to rescue surplus medical supplies from hospitals and manufacturers and donate them to charities working in humanitarian aid, animal wildlife rescue, medical education, or research and development.
	• Over 15 kt of medical supplies diverted from landfill since 2019.
	• $200 million in supplies rescued and redistributed since 2019. 




[bookmark: _Ref195103456][bookmark: _Toc226030322]Table 16. ‘Reuse’ case studies
	Case study
	Intervention
	Waste and/or emissions impact
	Cost impact

	Switching to Reusable Theatre Caps, Liverpool University Hospitals NHS Foundation Trust and Warwick Med, UK (NHS England 2024).
	Introduced latex-free reusable bandana-style and elasticated scrub caps with buttons for facemask loops and color-coding and embroidered name for easy role identification.
	Anticipated saving of 1 t of clinical waste per year relative to disposable scrub caps.
	Projected savings on theatre cap spending of £50,000 over 3 years.

	Waste Action Reuse Portal (WARPIT), South Western Sydney Local Health District, NSW Australia (NSW Government 2024b).
	Introduced a Waste Action Reuse Portal which allows staff to list and claim items no longer in use, such as furniture and equipment.
	65 t of waste diverted from landfill over two years.
	Repurposing of $53,000 worth of assets within the district. More than $217,000 of medical assets redistributed to developing countries via Rotary Medishare charity.



[bookmark: _Ref195103591][bookmark: _Toc226030323]Table 17. ‘Reprocess’ or ‘Refurbish’ case study
	Case study
	Intervention
	Waste and/or emissions impact
	Cost impact

	Refurbishment and Reuse of Furniture, Black Country Health Care NHS Foundation Trust, Dudley, Sandwell, Walsall and Wolverhampton, UK (NHS Supply Chain 2023).
	Developed a reuse network to rotate furniture stock, upcycle damaged furniture to near-new condition, and donate to charity to extend product life.
	Reduction of 25.60 t of waste and 42.90 t of CO2-e in 2022-23 compared with 2021-22.
	Savings of £81,000.



[bookmark: _Ref195103727][bookmark: _Toc226030324]Table 18. ‘Recycle’ case studies
	Case study
	Intervention
	Waste and/or emissions impact
	Cost impact

	Needle Cap Recycling Program, Belmont Mass Vaccination Hub, Hunter New England Local Health District, NSW Australia (NSW Government 2024c).
	Two pilots in 2021 and 2023 partnered with plastics manufacturers to divert plastic needle caps from vaccination campaigns to recycling into building and engineering parts and other products
	• 2021 pilot: diverted 70 kg of COVID-19 vaccine needle caps per month from landfill.
• 2023 pilot: diverted 35 kg of plastic needle caps from landfill during annual influenza vaccination campaign.
	Not reported

	Recycling Renal Dialysis Plastics, Hunter New England Local Health District, NSW Australia (NSW Government 2024d).
	Partnered with local plastic recycler to explore opportunities to divert plastic haemodialysis treatment waste from landfill.
	Throughout 2023, 415 kg of single-use plastic was diverted from landfill, resulting in an emissions reduction of 2.23 t CO2-e.
	Not reported

	Greening the NICU, John Hunter Hospital, NSW Australia (NSW Government 2024e).
	Recycling single-use baby bottles in 2021.
	5 t of plastic diverted from landfill in 2021.

	Not reported

	Circular Economy
John Hunter Hospital
NSW, Australia (NSW Government 2024f).
	Recycling of soft plastic, such as sterile wrap, plastic wrap and IV bags, and hard plastic, such as pourable fluid bottles, baby bottles, pathology plastics, breathing circuits, needle caps and plastic packaging in 2022-23.
	In 2022-23 diverted 12 t of soft plastic and 6 t of hard plastic from landfill.
	Not reported

	Diverting recyclable waste from landfill, Brisbane Day Surgery, QLD Australia (Brisbane Day Surgery 2023).
	Introduced colour-coded bins for easier segregation of recyclables in anaesthetic bay and operating theatres, including separate sorting of PVC recycling. These measures were supported by onsite training and signage. 
	Diversion from landfill over 12 months in cubic metres:
• Commingled recyclable material: 53 
• Healthcare plastics: 68.64
• PVC: 5.76.
	Not reported

	Eco WarriERs, Fiona Stanley Hospital, WA Australia (South Metropolitan Health Service 2022).
	From April to August 2021, introduced co-mingled syringe and PVC recycling bins across the emergency department with education sessions to enhance staff awareness and engagement.
	Co-mingled recycling bins collected from ED increased from 20 to 35, while 6 buckets with metal instruments, 6 buckets with PVC material, and 3 buckets with syringes were also collected.
	Not reported





[bookmark: _Ref195103906][bookmark: _Toc226030325]Table 19. ‘Replace’ case studies
	Case study
	Intervention
	Waste and/or emissions impact
	Cost impact

	Minimising Plastic Straw Use, Wesley Hospital, Uniting Care Auchenflower, QLD Australia (UnitingCare 2021).
	Replaced plastic straws with a paper and flexi bioplastic alternative.
	Reduced total monthly of straw usage by 84% (41,500 plastic straws reduced to 5,000 paper and 1,500 flexi plastic straws) which reduced waste to landfill by 177 kg. 
	Annual savings of $3,420.

	Put a Stop to Plastic Bags, Hunter New England Local Health District, NSW Australia (NSW Government 2024g).
	Substituted single-use zip lock plastic bags with paper bags for transport of patient clinical supplies.
	22,850 fewer zip-lock bags ordered over 12-months. 
	Not reported.

	Reducing single-use plastics, South West Healthcare, VIC Australia (South West Healthcare 2022).
	Replaced single-use plastics with biodegradable and compostable products, including straws, injection trays, kidney dishes, denture pots and lids, and anaesthetic trays.
	Diverted 328,000 pieces of plastic medical waste from landfill in one year.
	Not reported.



[bookmark: _Ref195103990][bookmark: _Toc226030326]Table 20. ‘Waste segregation’ case study
	Case study
	Intervention
	Waste and/or emissions impact
	Cost impact

	Reducing Waste from Operating Theatres, Royal Melbourne Hospital, VIC Australia (Royal Melbourne Hospital 2017).
	Introduced cardboard and paper recycling bins, comingled glass and plastic bins, aluminium bins, battery bins and PVC bins and educated staff on the correct disposal of waste.
	Reduction of 187 t of clinical waste since 2012-13 (reporting year not specified, but case study submitted in 2017).
	Savings of $230,000 since 2012-13.
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