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Reducing Waste in Healthcare: 
A Systemic Design Approach 
for Sustainable Disposables 
Manufacturers
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Abstract
Efficient waste management is crucial in the healthcare 
system due to the complex composition and associated risks 
to workers, patients, and the environment. While there is 
growing awareness of the need to change the system, there 
is still an urgent need for a sustainable healthcare system. 
Sustainability concepts can guide designers in taking action, 
from considering waste reduction in the choice of materials 
to optimizing management systems through information 
and staff training. Systemic design methods can help involve 
business teams in the development of sustainable practices 
and strategies for production, use, and disposal. Research 
aimed to identify the types of disposables produced accord-
ing to their polymers and weight, and to detect associated 
problems. The quantification of results led to the develop-
ment of strategies aimed at reducing the number of polymer 
types used in product manufacturing with A case study on 
the Neonatal Nasal Mask, a consumable device was con-
ducted to apply sustainable design strategies.
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Introduction

Over the past decade, the global problem related to environmental 
pollution emerged as one of the most debated issues in multiple sec-
tors and on what strategies might be necessary for a redirection of 
the globe toward a future that seems compromised. In 2017, global 
healthcare expenditure was estimated at $7.8 trillion worldwide and 
is about 10% of the world’s gross domestic product (GDP) (WHO, 
2019). In healthcare facilities, waste management plays a primary 
role because of the complex and diverse composition of the waste 
produced, the potential risks their handling poses to health, the 
safety of healthcare operators, patients, environment, and the costs 
of their disposal. For this reason, the study explored the lifecycle of 
medical consumables for Neonatology departments in a purely cor-
porate context, in which to observe, project, and test new sustainable 
solutions in the entire product lifecycle, not until they are delivered to 
the healthcare facility, but to their separation and proper disposal in 
the hospital area. Specifically, the following research questions that 
guided the study:
• Which raw materials are used in the production of the com-

pany’s single-use medical devices, and which of these could 
be replaced with sustainable alternatives?

• Which of these products are composed of two or more types 
of polymers? 

• Which of them can be redesigned by reducing the typology 
of multi-material products and the assembly parts of them?

• Which items have the highest and lowest overall weight 
among the product range, and what percentage does pack-
aging affect the overall weight of the company’s dispos-
ables?

Background and Problem Identification

From an overall perspective, pollution is a major cause of morbidity 
and mortality in the world and was associated with about 9 million 
premature deaths globally in 2015, accounting for 16% of all deaths 
(Landrigan, 2018). Environmental pollution produced by the Global 
Health system has been a serious problem to be focused on since 
as far back as 1995. On that date, the U.S. Environmental Protection 
Agency identified medical waste incineration as the main source of 
dioxin production, one of the most potent naturally occurring toxic 
and carcinogenic chemical compounds. (Thornton et al., 1996). Stud-
ies in the United Kingdom showed that 80 percent of the National 
Health Service (NHS) generates 22.8 million tons of carbon dioxide 
emissions annually, with 60 percent consisting of equipment and 
consumables (Centre for Sustainable Healthcare, 2017).

During the pandemic period, growing concern about the risk 
of infection contributed to increasing amounts of disposable items 
and their packaging disposed of as clinical waste. Almost all this 
waste was incinerated, even though some of it could potentially have 
been recycled. (Silva et al, 2020). A study led by Benson et al., shows 
that 1.6 million tons of plastic waste generated daily worldwide, also 
estimating the disposal of about 3.4 billion disposable face masks or 
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face shields being discarded daily. (Benson, 2021). By placing atten-
tion on the types of polymeric medical products, the European Com-
mission recognized plastics as a key priority for a paradigm shift, in 
which consumers should be “aware of the need to avoid waste and 
make the right choices” (Foschi & Bonoli, 2019, p.18). Numerous 
challenges are currently being pursued by hospitals and nongovern-
mental organizations aimed at making the healthcare sector sustain-
able, but these fail to counterbalance the incompatibility generated 
in the massive daily use of medical disposables and packaging with 
the strict environmental need to reduce and minimize the impact 
these products have on the environment from their production to 
their disposal.

Literature Review

One of the terms that the research pathway focuses on, closely 
related to the principles of sustainable design, is the concept of 
circular economy, one of the most recognized definitions of which is 
offered by the Ellen MacArthur Foundation, which a circular econ-
omy is one that is reparative and regenerative by design and aims 
to maintain products, components, and materials at their maximum 
utility and value at all times, distinguishing between technical and 
biological cycles (Ellen MacArthur Foundation, 2015). Another signif-
icant definition that meets the research aims refers to the EU Action 
Plan for the Circular Economy: “In a circular economy, the value of 
products and materials is maintained as long as possible; waste 
and resource use are minimized and resources are kept within the 
economy when a product has reached the end of its life, to be used 
again and again to create further value” (European Commission, 
2015). Over the past two decades, many communities around the 
world begun to recognize the need of a transformation in healthcare, 
but despite the growing attention to the urgent need for a sustain-
able health care system, there still appears to be little sustainable 
research and actions that can be implemented in Neonatology areas, 
an area where the use of single-use products has a major impact on 
costs and the environment (Newman, 2011; Nichols 2014). The rea-
sons behind the problem can be found in the pilot study by Verma et 
al., in which they state that “neonatal care is an acute case specialty, 
and causally due to the high rate of admissions with neonatal sepsis 
and other forms of infections, to maintain sterility the current prac-
tice, it is standard to discard or in sterilizing all unused items present 
at the bedside of infants who have tested positive or suspected of 
having an infection”, generating an additional cost to patient care. In 
addition, excess supplies are assumed to be infected if infant tests 
positive for infection, and all unused supplies are discarded, when 
infant is discharged or dies (Verma et al., 2019). Studies conducted 
by the Royal College Nursing (2011) provided some clues about the 
high cost and differences between the costs of “clinical” or “infec-
tious” waste and household waste, seeing that per ton, the manage-
ment of “infectious” clinical waste costs about three times that of 
household waste (RCN, 2011). A proper waste separation, as stated 
by Nichols (2014), lead to the compromise of neonatal wards and can 
reduce the ability of staff to effectively separate waste at the point 
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of generation. The goal of properly separating waste at the point of 
generation prevents non-infectious waste from being disposed of 
through the more costly clinical waste stream, thereby increasing 
costs that can be up to three times higher than ne-needed (Nich-
ols et al., 2016). In conclusion, literature suggests that healthcare 
organizations have not yet adopted the concepts of sustainable 
development and circular economy such as, for example, systems for 
tracking, monitoring, and assuming sustainable waste management 
practices aimed at waste reduction, reuse, and recycling. In this 
regard, research pushes for the implementation, in the manufac-
turing context, of methodologies and design concepts inclined to a 
multi-directional sustainability found both in the production area and 
in use and disposal.

The Sustainable Design Value

To understand in what different ways they connect with and affect 
design, it is necessary to make a distinction between the definitions 
of Green, Sustainable and Regenerative, when they are referred to 
the sphere of circular design, seemingly similar in their meaning 
but different in their design operation. Regarding Green Design, as 
stated by Raymond J. Cole, it aims to reduce the negative and harm-
ful impacts on both the environment and humans resulting from the 
development of the latter in the process of humanity’s evolution-
ary growth (Cole, 2012). The variance of regenerative design from 
concepts of sustainability is emerged in the purpose to reconnect 
humans with nature through a renewal of a set of ecological and 
social systems. Unlike its precursors, the regenerative approach 
stimulates continuous feedback at each stage of its process by 
generating results that are adaptable and dynamic to the operational 
context. Only in past few years there has been a shift toward a circu-
lar approach to resource consumption, increasing interest in circular 
actions that can be implemented even in health care settings, finding 
in such circumstances, in the figure of the designer, the expertise 
useful for the implementation of the concepts previously outlined in 
a specific context, a potential actor for a transformation to a circular 
economy. The designer capabilities within the English health system, 
as Freire and Sangiorgi (2010) state, in their analysis of the evolution 
of the sector from care to cure has been directly shifting from a mere 
design of products to a role as a facilitator of connections between 
stakeholders and simultaneously as a provider of tools, methodolo-
gies, and strategies to assess and solve the current problems of the 
complex health system (Freire and Sangiorgi, 2010).

Limits of Research Field

The research aims to reconcile the health needs of citizens with 
environmental health compromised by consumables in the health-
care sector. The scientific problem involves different healthcare 
departments, but focusing holistically on the problem would result 
in large structural and organizational complexity. Therefore, the 
survey focuses on the Neonatology department, which is likely to 
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use disposable items daily for care, considering important evidence 
demonstrated by international research, which show a high use of dis-
posable devices to minimize the risk of infection on patients (Settimo 
& Viviano, 2013).  This ultra-specialization of pediatrics deals with the 
medical treatment of newborns, and in Italy, the care is provided in 
three levels based on the number of annual deliveries and neonatol-
ogy ward characteristics. The choice of investigating this department 
is due to its high use of disposable devices to minimize the risk of 
infection on patients and collaboration with GINEVRI, a company 
engaged in producing medical equipment and disposable products 
for neonatology wards.

The reasons related to the choice of investigating this type of 
ward are summarized in two main reasons.
• The collaboration in the research path with the company 

GINEVRI, which has been engaged in the design and produc-
tion of medical equipment and disposable medical products 
for neonatology wards, with which it is possible to have a field 
screening of the types of disposable items produced in order 
to map their product life cycle from their CAD design, to pack-
aging and labeling for consecutive sale to public hospitals as 
well as private facilities.

• Evidence obtained from the scientific literature, which affirms 
a lack of focus on the quantities of waste produced in this 
department on procurement costs and the high cost of man-
agement of waste produced in the Neonatology area.

Methodology and Research Phases

The research adopted the Systemic Design method, combined with 
principles of Sustainable and Anthropocentric Design, to involve the 
business team in practices and strategies for the production, use, and 
disposal of disposable polymer products. Participatory design tools 
allowed co-design with stakeholders involved in the life cycle of plas-
tic products within specialized companies and Neonatology wards in 
Lazio. The research stages Fig. 1 carried out to achieve the subsequent 
results followed the following breakdown:

Desk Research
• Acquisition of paper and digital material of technical data and 

user manuals of consumable goods produced by the company 
GINEVRI, for a preliminary enquiry of the production pro-
cesses and raw materials adopted for each product.

Field research
• Acquisition of data from administrative staff, through the com-

pany’s management program, of the quantities and types of 
periodic purchases made by the regional operators regarding 
the purchase of consumable goods for Neonatology

• Observation of medical dispositive assembly practices and 
their packaging in single or kit mode

• Production of photographic documentation and numerical 
quantification of data related to the company’s consumable 
goods and the types of primary and secondary packaging 
adopted for transportation.
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Results

The results from the two types of research analysis allowed for the 
gaining of data collection that was crucial for the construction of the 
design phase. Among the data collected in the desk phase of the 
research were: 
• Types of consumable devices produced by company
• Production process of disposable medical devices
• Assembly processes of product components
• Primary and secondary packaging processes 
• Design methods of labeling disposable devices

Pilot desk research carried out in the company area made it 
possible to return a mapping of the items in the company to keep track 
of the quantities of material entering and leaving the company, as well 
as the type of packaging of each consumable device.

The field research, on the other hand, carried out a photo-
graphic documentation activity of the consumable goods produced in 
the company and the types of primary and secondary packaging for 
transport, through a selection and photographic documentation of the 
single-use items produced and assembled in the company in order to 
get an overview of the macro-areas of use and the choice of packag-
ing adopted for each consumable device. Fig. 2

The following parameters were considered in the field analysis:
• Name, material, available in multiples, weight of the consum-

able item
• Material, weight of packaging items 
• Percentage of weight packaging based on total weight.

Among the data acquired in the field phase of the research, 
the following can be found instead:
• The two-way disposable circuit is a heavy item composed of 

multiple polymer components that do not come into direct 
contact with the patient and can potentially be recycled 
according to specific polymer streams.

• 35.7% of the range of disposable items considered in the 
survey are composed of multi-material.

• 42.8% of the products analyzed are composed of PVC, which 
is one of the most polluting polymers for production pro-

 Fig. 1 
Research methodology 
and stages (Gabriele 
Maria Cito, 2022).



144 Gabriele Maria Cito, Angela Gianbattista

cesses as well as recycling activities.
• The packaging for disposable items is mostly composed of 

LDPE, which is among the least polluting materials for both 
production and recycling.
This pathway enabled an expansion and sharing of knowl-

edge about the disposables produced in the company, generating 
the following results:
• analytical assessment of primary and secondary packaging 

processes and a tracking of the types and quantities of mate-
rials produced by the company

• identification of critical issues related to packaging weight 
for certain items 

• general assessment of the major types of products pur-
chased by sanitary facilities regarding neonatal care.

Conclusions and Future Developments

In this research, an analysis of the company’s production processes 
regarding consumables for Neonatology departments was carried 
out. This research stemmed from the need to have an overview of the 
types of materials produced according to their polymer composition, 
their specific weight, and the best assembly and labeling processes 
for disposable items.

The activities carried out for the survey were:
• the observation of the company’s user manuals of each 

company’s medical device from which resulted in the identi-
fication of the types of raw materials used

• photographic documentation that allowed the cataloging of 
weights for corporate products and packaging, and finally an 
analysis of the packaging processes and

• amount of information in labeling that led to the definition of 
an adaptability of both the size of the packaging used and 
the size and information illustrated on the labels

 Fig. 2 
Photographic documenta-
tion on polymer material 
typology and packaging 
manufacturing methods 
by Ginevri Srl. (Angela 
Giambattista, 2022).
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The methodology used to carry out the survey of such desk products, 
through the acquisition of company information material acquired 
and reprocessed in the form of an Excel sheet showing an overview 
of what is the current state of the company’s disposable products 
and what are the peculiar critical issues that can be acted upon. Tab. 
I Then, field research was conducted to quantify in person, through 
observation and weighing of products and packaging useful for 
understanding the major polymers used in the range of corporate 
disposable devices.

The manufacturing company can gain greater knowledge about 
disposable products by analyzing data on their material composi-
tion and assembly. By identifying the percentage of multi-material 
types and PVC items, specific actions can be taken to address these 
issues. This research can also lead to the formulation of mono-ma-
terial products with less impactful polymers, both in their production 
and recycling. New prototypes of disposable products that reduce 
environmental impact through circular design have been developed 
based on field research. Communication with users through new 
manuals and labeling will inform them about the types of polymers 
used, increasing potential for proper recycling.

The following are the strategies that the company has begun to 
implement following the conducted analysis, with which it can rede-
sign the life cycle of consumables and their environmental impact in 
the production process. In sustainable design, the choice of materi-
als is crucial to reduce the environmental impact of products. In this 
context, we have analyzed the differences between two materials 
commonly used in neonatal nasal masks: TPU and PVC.

 Tab. I 
Multipolymers & PVC 
recycling difficulties, 
LDPE packaging for all the 
items and the percent-
age between packaging 
and overall pack weight 
showed critical issues 
such as products weigh-
ing just twice as much as 
the packaging containing 
them (Gabriele Maria Cito, 
2022).

Flow Cannula - XXS 16 8 24 33,33% PVC LDPE

Flow Cannula - XS 16 8 24 33,33% PVC LDPE

Flow Cannula - S 16 8 24 33,33% PVC LDPE

Flow Cannula - M 17 8 25 32% PVC LDPE

Flow Cannula - L 17 8 25 32% PVC LDPE

Cover di Protezione
Materassini 15 12 27 44.44% PP LDPE

Nasal Cannula Ø2-
L8 Mm 2 2 4 50% TPU LDPE

Nasal Cannula Ø2-
L10 Mm 2 2 4 50% TPU LDPE

A

Nasal Cannula Ø3-
L12 Mm 3 2 5 40% TPU LDPE

Nasal Cannula Ø3-
L14 Mm 4 2 6 33,33% TPU LDPE

Circ.Disp.Risc. 2 Vie
+ Camera Umid 343 53 381 13,91% MIX LDPE

Test Lung
Ventilazione Non
Invasiva

33 3 36 8,33% VMQ LDPE

Adattatori per circ. 
Wetty 7 1 8 12,50% ND LDPE

Filtro antibatterico
per circuito paziente
Giulia

22 3 25 12% ND LDPE

Product
Name

Weight
item

Weight
pack

Weight
overall

% pack  
per  
product

Material
Item

Material
pack

Product
Name

Weight
item

Weight
pack

Weight % pack  
per  
product

Material
Item

Material
pack

Smart Flow Kit Niv
Multisize 67 16 100 16,0% MIX LDPE

Smart Flow Kit Niv
Extra Small "Rosso" 69 12 107 11,2% MIX LDPE

Smart Flow Kit Niv
   Small "Verde" 70 12 109 11,0% MIX LDPE

Smart Flow Kit Niv
Medium "Bianco" 70 12 110 10,9% MIX LDPE

Smart Flow Kit Niv
Large "Blu" 70 12 111 10,8% MIX LDPE

Circuito Paz. T-piece
C/valvola Peep 41 10 51 19,6% PVC LDPE

Tubo Doppio con
trappole PNT 53 10 68 14,70% ND LDPE

Mascherina Facciale
Size1 12 3 15 20% PVC LDPE

Mascherina Facciale
Size2 16 3 19 15,78% PVC LDPE

Sync Flow Cannula - 
XXS 71 6 77 7,79% PVC LDPE

Sync Flow Cannula - 
XS 72 6 78 7,69% PVC LDPE

Sync Flow Cannula - 
S 73 6 79 7,59% PVC LDPE

Sync Flow Cannula - 
M 73 6 79 7,59% PVC LDPE

Flow Cannula - XXS 16 8 24 33,33% PVC LDPE

Flow Cannula - XS 16 8 24 33,33% PVC LDPE

Filtro Aria Inc. 
Polytrend 19 11 41 ND /

TEX LDPEFiltro Aria Inc. 
Polytrend 19 11 41 ND /

TEX LDPEFiltro Aria Inc. 
Polytrend 19 11 41 ND /

TEX LDPEFiltro Aria Inc. 
Polytrend 19 11 41 ND /

TEX LDPE
Filtro Aria Inc. 
Polytrend

19 11 41 ND /
TEX

LDPE26,82%
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 In the following table, we summarize the characteristics of these 
two materials, including the origin of raw materials, biodegradability, 
recyclability, and the environmental costs of production, recycling, 
and disposal. Tab. II

The project resulting from the life cycle analysis carried out in the 
company in correlation with the company’s operational needs was 
the design and prototyping of a nasal mask for the Oxygen Therapy 
procedure performed with equipment for neonatal ventilation. The 
following are the strategies and applications in the company’s area 
for the specific case study:

Adoption of monomaterials  
and less environmentally impacting materials

This approach is manifested in the design of a Nasal Mask that 
meets the need to be adaptable, through a modular joint, to various 
configurations of support for neonatal breathing. Regarding the 
material choice, the company directed itself towards producing the 
designed component in Silicone TPU instead of PVC, as it offers 
greater flexibility and softness compared to PVC, making it more 
comfortable to wear and reducing the risk of skin irritation. Addition-
ally, Silicone TPU is less prone to cracking and breaking than PVC, 
which means it can last longer and require fewer replacements.

CharacteristicsT PU PVC

Flexibility8 5S hore A7 0S hore A

Breakr esistance5 0M Pa 40 MPa

Compatibility with humanb odyA pproved form edical useA pproved form edical use

Biodegradability Non-biodegradable Non-biodegradable

Emissionso ft oxic substances LowV OC emissions High VOCe missions

Recyclability Recyclable with lowc osts Difficult to recycle

Origin of rawm aterials Derived from petroleum
products

Derived from petroleum
products

Environmentalc osto fr aw material origin High High

Productionc ostM edium-lowM edium-high

Recyclingc ostL ow Medium-high

Disposal cost LowM edium-high

Availability of rawm aterials Widea vailabilityL imited availability

Environmentali mpactd uringp roductionL ow High

Environmentali mpactd uringd isposal LowH igh

POSITIVE VALUE

SYSTEMIC IMPACT ASSESSMENT

NEGATIVE VALUE

 Tab. II 
Main differences between 
TPU and PVC materials 
used in the lifecycle 
process of neonatal nasal 
masks. (Gabriele Maria 
Cito, 2022).
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Design of devices with easy disassembly of components

Through a redesign of the Nasal Mask product, in relation to the 
disposable articles with which it is used in operational settings, the 
number of components necessary for mask adaptability has been 
reduced from n° 3 to 2. This simplifies the disposal process by mak-
ing it easier to disassemble and not using multiple materials for the 
components for healthcare workers.

Use of circular design integrated into the product design phase

The mask design includes the adoption of a modular joint that allows 
the mask to be adapted to various configurations of support for 
neonatal breathing. This circular design approach creates a versatile 
product that can be used for different needs and in different con-
texts, reducing the need to produce and dispose of specific devices 
for each individual use. Additionally, the circular design of the mask 
reduces the number of components necessary for adaptability, 
simplifying the disposal process and reducing the use of multiple 
materials for the components.

Selection of products with potential for sustainable conversion

Considering disposal impacts, both PVC and Silicone TPU are mate-
rials that can be recycled, but with different difficulties and costs. 
PVC is known to be difficult to recycle and often requires the use 
of special disposal processes. Silicone TPU, on the other hand, is a 
relatively new material and is still developing efficient recycling tech-
niques. However, Silicone TPU offers greater chemical resistance 
than PVC, which means it can be disposed of more safely without 
releasing toxic substances into the environment.

Adoption of new production processes and methods

In the previously mentioned project, alternative production meth-
ods to PVC for some disposable articles for neonatology allow for a 
reduction in production impacts because:
• Silicone TPU is less prone to thermal deformations than 

PVC, which means it can be processed at higher tempera-
tures without damage.

• Silicone TPU is less likely to adhere to working surfaces than 
PVC, which means it can be processed with fewer release 
agents and solvents.

Labeling with instructions for correct disposal

The labeling of the mask includes information on the material used 
for production and instructions for the correct disposal of the prod-
uct. In this way, healthcare workers can correctly dispose of the 
mask and reduce the negative environmental impact associated with 
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the production and disposal of disposable medical devices. Proper 
labeling can also help ensure that the mask’s materials are correctly 
separated for recycling or appropriate disposal.

While sustainable production can be challenging due to increased 
costs and difficulty sourcing sustainable materials, companies can 
benefit from increased efficiency, better resource management, and 
improved customer loyalty. GINEVRI has implemented strategies 
such as using less impactful materials, designing disassemblable 
devices, and adopting circular design to reduce the environmen-
tal impact of its products and promote a circular economy. These 
practices could lead to increased efficiency and cost reduction while 
improving the company’s reputation in sustainability.
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The 8th International Forum of Design as a Process, 
themed “Disrupting Geographies in the Design World” 
was held in Bologna from 20 to 22 June 2022. The 
event was organised by the Advanced Design Unit of 
the Alma Mater Studiorum – Università di Bologna, 
Department of Architecture, in collaboration with two 
partner universities: Tecnológico de Monterrey (TEC) 
and Pontificia Universidad Católica de Chile.

The Forum engaged speakers from the Global 
Design community, expanding the original vocation of 
the Latin Network for the Development of Design as a 
Process to include researchers and designers of the 
Mediterranean Area, Middle East, IOR (Indian Ocean 
Region), and Global South regions. The goal was to 
share new perspectives on imagining design futures 
in a responsible and just perspective, at the forefront 
of change, while building strategic partnerships and 
creating accessible knowledge.

Structured around three pillars — seminars, 
workshops, and exhibitions — the Forum hosted 
meetings, reflection opportunities, networking 
activities. It involved designers, scholars,  
young researchers, design entrepreneurs,  
in an experimental format.

Speakers’ contributions not only inspired the 
practices of the designers’ community, but also 
resonated with students and the broad audiences.  
The presentations explored intersections of materiality 
and culture, post-coloniality, decoloniality, gender 
studies, and other areas of human thought and action 
which seek to analyse, question and challenge the 
disruptive geographies in the world, today.

The papers submitted to the five tracks proposed 
are published in the Digital Special Issue 1 of diid. 
disegno industriale – industrial design, celebrating 
during those days its 20th anniversary and serving as 
the fourth partner of the event.
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