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Abstract — Radiology department at the Leiden University Medical Center (LUMC) aims at
preventing ultrasound gel waste of leftover ultrasound gel in the bottle and reducing the waste
of plastic gel bottles. The study identified a critical environmental issue — the excessive use of
disposable plastic ultrasound gel bottles in hospitals —and undertook a multifaceted investigation
to address this challenge. Through examination of the environmental impact, user feedback, and
risk factors associated with alternative solutions such, the research presented three sustainable
redesign proposals. Among these, the gel pack design emerged as the most promising option,
offering substantial improvements in environmental sustainability without compromising
usability or patient safety. Successful implementation of these solutions relies on collaborative
efforts involving doctors, regulatory bodies, and industry stakeholders. This research
underscored the vital role of sustainability in healthcare and highlighted the potential for
significant reductions in environmental impact and plastic waste while upholding healthcare
standards.
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1. Introduction

1.1. Background

Climate change, caused by the increasing emission of greenhouse gases, results in rising global
temperature, leading to heavy rainfall and heatwaves. These changes have significant impact on
healthcare. Meanwhile, healthcare also has major impact on the climate change, having huge carbon
footprint. In the Netherlands, CO2 emission from healthcare accounts for 4.4% of the global CO2 emission
(Sascha et al. 2023). To minimize the impact of healthcare on climate, transformation towards a
sustainable healthcare is necessary, in which reduction of general waste and raw material consumption is
one of many measures (M.A. Steenmeijer et al., 2022). Regarding this topic, the complete ultrasound gel
bottle made of plastic is considered as general waste in the hospital, targeted to be reduced.

Diagnostic ultrasound is a non-invasive imaging technology that build up fine images of internal body
structures. Because of its portability, ease of use, and various application, Ultrasound is widely used for
many clinical settings throughout the world. To ensure the image quality and avoid artefacts caused by
the air between skin and transducer, a coupling agent is necessary to good contact between them. The
World Health Organization (WHO), in the 2011 WHO Manual of Diagnostic Ultrasound, has defined five
essential ingredients in the composition of a common ultrasound gel, including carbomer,
ethylenediaminetetraacetic acid (EDTA), propylene glycol, trolamine, and demineralized water.
Commercially available ultrasound gel is usually contained in sterile plastic containers, such as sachets,
doppler-size tube, and dispenser bottle.

Sustainability should be a matter of concern for everyone including the regulatory bodies and common
man (Joseph et al, 2021). As one of many steps moving towards sustainable healthcare, reducing the
amount of plastic waste and inaccessible ultrasound gel in the complete bottles will have a significant
environmental improvement for the healthcare system. Currently, although are there sustainable
ultrasound gel solutions proposed and verified, the challenge of unusable gel in complete bottles and
plastic waste remain unsolved. This research aims at solving this challenge by aligning interests and
responsibilities of relevant stakeholders, reevaluating existing regulations, and proposing a new
sustainable design of the ultrasound gel bottle.

Numerous reports advocate for the prohibition of refilling ultrasound gel bottles and emphasize the
implementation of hygiene protocols that limit reusability. The primary objective is to mitigate cross-
infection risks. Nonetheless, the adoption of a single-use practice has exacerbated the generation of
plastic waste within the healthcare sector. Insufficient studies exist to quantify the exact volume of
ultrasound gel waste within completed bottles, and a comprehensive assessment of the gel bottle's
carbon footprint and environmental impact in the context of this single-use practice is also lacking. To
progress towards sustainable healthcare, these gaps necessitate thorough investigation and exploration
in future research endeavors.
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To solve the sustainability challenge of ultrasound gel bottle packaging, the main research question is:
“What are sustainable and desirable solutions to the ultrasound gel packaging?”

Corresponding sub research questions are:
1. What is the environmental impact of the echo-gel bottle?
2. How might we improve desirability of refilling without compromising safety and sustainability?
3. How might we improve environmental impacts by reducing disposables without increasing risks of
infection outbreaks?

This report addresses the sustainability challenge of the gel bottle in following manner. Firstly, the
stakeholder analysis is presented to describe the key actors with their interest in and influence. Identifying
shared benefits and aligned motivations is crucial for the success of any solution, requiring collaboration
among multiple actors. Secondly, baseline performance of the current gel bottle is developed and
analyzed for improvement. Refilling of gel bottle is also assessed with consideration of risk and
sustainability. Lastly, redesigns of the gel bottle are developed and assessed based on analyzing the
current challenge, user specifications, and feedback, to present concluding recommendation and
direction for future study.

1.2. Research problem

Importance of not refilling ultrasound gel bottles

As introduced by the Medical Delta and LUMC, in the past, the 250 ml ultrasound gel bottles that they
have been using are allowed to be refilled with a 5-liter refill package, besides the fact that this refilling
process was quite a struggle. The obvious reasons for refilling the bottles are cost effective and lower gel
bottle turnover, reducing both the cost and plastic waste. However, this practice, nowadays, is against the
hospital hygiene regulations, because of the potential outbreak of infections caused by the contamination
of the refill package, and such outbreak is not an isolated incident. In a report of an outbreak of
achromobacter xylosoxidans associated with ultrasound gel used during transrectal ultrasound guided
prostate biopsy announced by Olshtain et al., the team described and studied a case in September 2008,
during which 4 patients were hospitalized with fever several days after undergoing transrectal ultrasound
guided prostate biopsy. The root cause of this case that the team confirmed was contaminated lubricant
gel in a plastic container that was repeatedly refilled from a large bag. Similarly, in an analysis of
intermittent outbreaks of nosocomial infection due to Burkholderia cepacia complex in patients without
cystic fibrosis since 1992, Jacobson et al. also determined that the cause of these outbreaks was
contaminated ultrasound gel from the refilling of 250 ml gel bottles and suggested that refilling and
transportation of bottles between different united should be prohibited. In another study Investigating a
Pseudo-outbreak of Burkholderia cepacian, Silmon et al. determined that the cause was contaminated
ultrasound gel from refilling of bottles and emphasize the importance of why these bottles should not be
refilled. Transmission of infection with ultrasound gel has been well reflected in the medical literature
(Costello, 2020). Because of potential contamination of gel and bottle surface, the refilling of ultrasound
gel containers present high risk to patients. Therefore, reusable ultrasound gel container should not be
an option in the hospital.
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Figure 1: Parker Aquasonic 100, gel 250 ml bottle

Waste of ultrasound gel and bottles

As mentioned above, considering the risk of infection and outbreak among patients caused by
contaminated refilled ultrasound gel and its bottles, refilling of the gel bottle is prohibited. These plastic
bottles must be thrown as general waste after completion. The amount of waste of these bottles is
enormous, because of the high turnover of these gel bottles. At the obstetric department of LUMC alone,
around 8 to 10 gel bottles are completed every day, and there are 5 other departments (radiology,
intensive care unit, gynecology, cardiology, and urology) using ultrasound gel intensively. Among the total
plastic waste from operating room of OLVG hospital in the Netherlands, plastic medical bottle and
accessories waste takes nearly 4% of the total plastic waste (Circle Economy, 2016). Although, there is no
report presenting exact amount of plastic waste resulted from ultrasound gel bottles, this plastic waste
takes a nonnegligible percentage of the total plastic waste from health care.

Other than the issue of plastic waste from ultrasound gel bottles, the ultrasound gel wasted in completed
bottles is also worth noticing. Because of the high viscosity of ultrasound gel, there is always certain
amount of ultrasound gel inaccessible at the end of the bottle, as shown in the Figure 2. An adequate
metaphor would be the last bit of ketchup in the bottle, due to their similar viscosity. Even when the gel
bottle is placed upside down, the force of gravity is insufficient to break the static resistance and displace
the gel (Lecluyse, 2015).

Figure 2: Inaccessible ultrasound gel in a complete bottle

Even though, this little amount of ultrasound gel looks insignificant compared to an entire bottle, the
accumulated waste of ultrasound gel is nonnegligible in the hospital, considering the high turnover of the
gel bottle.
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Current alternatives of ultrasound gel and bottle

To prevent the ultrasound gel waste in complete bottles thrown away, the obvious solution is replacing
the gel by liquids with low viscosity, such as olive or mineral oil. In a study of comparing the sonographic
image quality between the examinations using gel and olive oil, Luewan (2007) conducted a study of 692
scans and concluded that there is no significant difference in image quality between using ultrasound gel
and olive oil. Another study, evaluating the mineral oil as an acoustic coupling medium in clinical, also
supported that mineral oil may be used as a coupling agent at the Mylar—drape interface (Gorny et al.,
2007). Both olive and mineral oil can serve as coupling agent in ultrasound imaging examinations.
However, they also have significant drawbacks. Oil is messy, can stain clothes, and again, does not provide
enough surface contact to obtain high-quality images (Binkowski et al, 2007). Without compromising the
ultrasound image quality and contaminating patients’ clothes, it seems no better coupling agent better
than commercially available ultrasound gels.

Another solution is using ultrasound gel container of a different shape to minimize the wasted ultrasound
gel at the end. Currently available on the market, ultrasound gel packed in sterilized single-use sachets
has least amount of gel remained when completed, because of the shape and physical property of the
packaging as illustrated by Figure 3.

Figure 3: Single-use sachets of ultrasound gel

Moreover, as the sachets are completed and thrown away after single use, risk of cross-infection is
significantly minimized, compared to the 250 ml gel bottle. Supported in a report of prevention of
pathogen transmission during ultrasound use, single-use sachets of sterile ultrasound gel are relatively
cheap and present the best option to minimize potential contamination and cross-infection between
patients (Costello, 2020). However, use of this type of ultrasound gel packaging will aggravate the plastic
waste from hospital, as 50% more plastic is used to contain a unit amount of gel.

Potential measures for a sustainable solution

As the accumulation of the plastic waste is one sustainability challenge of ultrasound gel bottle, recycling
this waste into new plastic product can mitigate the issue. At hospital, classification at waste generating
sources, depending upon infection chance and or plastic component (Joseph et al., 2021) has potential to
improve the recycling of plastic. At the LUMC, waste is separate into 37 streams, with half is recycled
(LUMC, 2022). However, there is no further classification of the gel bottle waste. Eliminating the use of
this fossil-based plastic could also solve the problem from origin. Biodegradation and Biobased are often
included in discussions of substitution of fossil-based plastic. Many studies have shown potential of
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biodegradable plastic in medical application that will not influence the current recycling process, such as
locally compostable single-use items (Moshood et al. 2022, Dilkes-Hoffman et al. 2022, Colwill et al. 2012,
Cornell, 2007, Song et al. 2009).

1.3. Stakeholder’s information
The stakeholder’s information helps to identify who should be closely involved in testing of redesigned
prototypes, and what fundamental rules should be followed by redesigns. In the following figure, interest
and power of stakeholders are visualized. Interest is defined as the alignment of ambition and desirability
to the sustainable solution of gel bottle, whereas the power is defined as the influence of stakeholders on
achieving this sustainable solution of gel bottle.

Doctors

Doctors at the LUMC refers to people working closely with ultrasound examinations. They have the most
experience in use of ultrasound gel and the most interest in improving sustainability of gel bottles,
proposing this sustainability challenge. Through conversations with Dr. Lap, fellow in perinatology at the
LUMC, and her colleagues, they expressed the most interest in reducing both gel waste and plastic waste
and improving usability, searching for alternative products and practices. However, their ability to driving
such change is constrained by the hygiene rules and infection prevention department, unable to
experiment products or practices that have uncertain effects on infection risk.

RIVM

The RIVM (National Institute for Public Health and the Environment) plays a significant role in promoting
and advancing sustainable healthcare in the Netherlands. The RIVM is committed to safeguarding a
healthy population living in a sustainable, safe and healthy environment (RIVM, 2023), aligning with
sustainable healthcare. It has interest in overall sustainability in healthcare, but less in the sustainability
challenge of gel bottle. Regarding the power, the RIVM has the most influence. Hygiene measures specific
to ultrasound examinations are embedded in the general precautions that are common in all departments
(RIVM, 2018).

LumMmc

The LUMC ranks the second in interest in the sustainability challenge of gel bottle. This topic aligns with
the vision of sustainability at the LUMC which aims at reducing 49% CO, emission and 50% raw material
consumption by 2030 (LUMC, 2023). Regarding the power, the LUMC ranks higher than doctors but lower
than the RIVM. The infection prevention department at the LUMC regulates and monitors procedures of
ultrasound gel application under the instruction of relevant hospital hygiene rules provided by the RIVM.
In conversation with Mw. U. van der Velden and Drs. M. Jungblut, experts of sterile medical devices at the
LUMC, they prioritized hygiene rules and safety over sustainability of gel bottle, emphasizing the critical
importance of patients’ well-being.

Medical Delta

Medical Delta is a collaborative partnership between academic institutions, healthcare organizations, and
industry in the South Holland region of the Netherlands. Together with companies, healthcare institutions
and governments, Medical Delta works on technological solutions for sustainable healthcare (Medical
Delta, 2023). In the area of sustainability, it started the Interdisciplinary Thesis Lab 'Sustainable Hospitals'
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with LDE Centre for Sustainability, aiming to facilitate on the pathway to sustainable hospitals, providing
valuable opportunity to research on actual sustainability issues of hospitals and the industry. “New
insights from young researchers on this theme are desperately needed to make healthcare more
sustainable,” said Medical Delta chairman Prof. Dr. Frank Willem Jansen.

Parker Laboratories

Parker Laboratories, Inc. is the manufacture of ultrasound gel products used in the LUMC. As a leading
global medical products company that develops, manufactures, and sells ultrasound and electromedical
contact media, as well as leading lines of institutional cleaners and disinfectants, Parker Laboratories is
focused on consistently providing products that meet or exceed industry standards and customer
expectations (PARKER, 2023). However, without specific information available regarding Parker
Laboratories' sustainability initiatives or official statements, it is challenging to determine the extent of
their power and interest in sustainable healthcare. Therefore, Parker Laboratories is assumed to have the
lowest power and interest.

As stated in this analysis, doctors at the LUMC present the most interest in solving this sustainability
challenge of gel bottle; they were closely involved in the prototype testing of redesigns. Their feedback
was collected through tests as design requirements. As the RIVM holds the most power in regulating
procedures in hospitals, the hygiene measures of ultrasound examination provided by RIVM was the
fundamental rule followed by redesigns of ultrasound gel bottle.
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2. Research methods

2.1. Baseline performance of gel bottle

Fast-track LCA

Fast-track LCA is the main tool to assess the environmental impact of the gel bottle. The Fast-track LCA is
a simplified tool of estimating the environmental impact of products. For this LCA, the IDEMAT 2021 tool
was used, to establish the baseline impact of the current gel bottle. This tool was provided in the course
material of Sustainable Design Strategies for Product (ID5356) at Delft University of Technology. Data used
in the LCA is from the IDEMAT 2021 tool, Ecoinvent database, and measurement.

System & system boundaries

The geographical boundary is within the LUMC, and the focus is redesigning the 250ml ultrasound gel
bottle for only application in external ultrasound examinations. The gel supplier is Parker Laboratories,
Inc. and the product is 0.25L Aquasonic CLEAR® Ultrasound Gel. The LCA boundary is cradle to grave.
Packaging of the product is not included. The ink of painting on the bottle is also not considered. The
transportation method from the USA to the Netherland is container ship, and from the Rotterdam port to
the LUMC is truck.

Definition of Functional unit

The functional unit of this fast-track LCA is weight of annual gel consumption at the LUMC, excluding
wasted gel. Assuming each department at the LUMC consumes 10 gel bottles every day on average, and
there are 6 departments that use this type of gel bottle, the number of annual gel bottle consumption at
the LUMC is 21900 bottles/yr. Translating number of bottles to actual weight of gel consumed, the
functional unit is 5058.9 kg/yr. The focus is the environmental impact of gel bottle consumption at the
LUMC for a year, translated to CO; eq.

Data source

Input of the IDEMAT tool for this fast-track LCA requires raw material type, weight of items, eco-intensity
data, transportation method and distance, and uncertainty. The bottle is made of low-density
polyethylene (LDPE) as marked on the bottom of the product. Weight of the bottle and gel waste were
measured on digital kitchen scale form HEMA. Manual of diagnostic ultrasound published by the WHO
was used to identify ultrasound gel ingredients and their ratio. Transportation method from Parker in the
USA to Rotterdam port was assumed to be container ship, and this distance was calculated by using sea
distance calculator provided by ShipTraffic.net. On-land transportation method was assumed to be truck,
and distances from Rotterdam to LUMC and from LUMC to Renewi were calculated by using Google Maps.
Eco-intensity data of EDTA, propylene glycol, trolamine are acquired from Ecoinvent database. The eco-
intensity data of carbomer 940 could not be found, and since it is one derivative of acrylic acid (Ohara,
2020), the eco-intensity data of carbomer 940 is assumed to be the same as that of acrylic acid, also
acquired from Ecoinvent database. Other eco-intensity data are provided within the IDEMAT tool.
Uncertainty was assigned as guided by the IDEMAT tool, 10% for precise data & perfect database match,
30% for plausible substitution, 100%+ for wild guess.
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2.2.  Assessment of refilling
It is believed by Dr. Lap and other doctors that refilling gel bottle is a more sustainable practice,
considering less plastic waste resulted from extended life of bottle. This refilling practice was assessed
from two different aspects, assessment of risk and assessment of sustainability. In the assessment of risk,
sixteen hospital outbreak cases related to the use of ultrasound gel (Abdelfattah et al, 2018; Dogra et al,
2021; Du et al, 2021; Garay et al, 2012; Hell et al, 2011; Hutchinson et al, 2004; Jacobson et al, 2006;
Nannini et al, 2015; Olshtain et al, 2011; Provenzano et al, 2013; Ramanathan et al, 2018; Shaban et al,
2017; Silmon et al, 2019; Solaimalai et al, 2019 ; Viderman et al, 2020; Wang et al, 2014) are reviewed to
determine the ratio of each fundamental causes of infection, assessing the actual risk of refilling gel bottle.

In the assessment of sustainability fast-track LCA was conducted using the same IDEMAT tool, to assess
environmental impact of refilling gel bottle and compare to that of the baseline. System boundary and
functional unit remain the same as that of baseline for a standardized comparison. The 5-liter SONICPAC®
refill pack form the same manufacture was the additional product added to this LCA. Instruction of use
provided by Parker Laboratories was used to determine period of refilling and cleaning material. Total
consumption of bottles and refill packs are calculated based on period of refilling. Soap and water are
additional materials required for cleaning of bottles before being refilled. Packaging material of this refill
pack is also LDPE plastic, indicated on the product. Same digital kitchen scale was used to measure weights
of gel waste and material of this refill pack, as well as soap. Eco-intensity data of soap was acquired from
Ecoinvent database, and all other inputs remain the same as that of baseline.

2.3. Design process: prototypes, testing, iteration

Sustainable design strategy

In this research, a sustainable redesign of ultrasound gel bottle will be proposed based on the result of
LCA of the current gel bottle, aiming at reducing gel waste and environmental impact, enabling circularity
of the gel bottle, and remaining within the hospital hygiene rules. The sustainable design strategy will be
utilized in the redesign process, consisting of eco-design, cradle-to-cradle (C2C) design, and biomimicry
design elaborated in the following.

e Eco-design
Eco-design is a set of strategies evaluating the sustainability performance at different stages of a
product, providing a clear understanding of possible strategies for new product design (van
Boeijen, et al. 2020) with minimized environmental impact. This set of strategies is visualized in
the following figure of the EcoDesign Strategy Wheel.
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Figure 4: The EcoDesign Strategy Wheel (Brezet and van Hemel, 1995)

C2C design

Instead of downcycling, C2C design enables circularity of materials through technical cycle,
biological cycle, or both, abandoning the concept of waste. A roadmap of C2C design consists of
five stages which can be used as a guide to improve consecutive product generations (van der
Grinten, 2022). The five stages are shown in the following.

1.

Produce without harmful contaminants: X-list materials (harmful to life and impossible to
guarantee 100% retrieval like PVC and cadmium) are phased out.

Follow informed personal preference: Contents of stock materials are not always known.
Choose on available information and common sense and involve suppliers as valued co-
developers.

Create a passive positive list: Create a positive list/ P-list of beneficial materials that could
phase out the harmful ones and pick the easy improvements first.

Activate the positive list: The product is fundamentally redesigned using p-list materials and
using design with intent; defining desired effects of the product and accepting no adverse
effects.

Rediscover: Review the design assignment beyond the biological and technical cycles. Think
of auxiliary benefits that a product could bring, making a positive impact on its context.

Biomimicry design
Biomimicry design is a process emulating nature’s genius, a way of seeking sustainable solutions

by borrowing life’s blueprints, chemical recipes, and ecosystem strategies (Benyus, 2015). The
Life’s Principles illustrated in the following figure will be used to guide the redesign of ultrasound
gel bottle.
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Figure 5. Life’s Principles for biomimicry design (Benyus, 2015)

Prototypes and iteration

Prototypes were designed and made by utilizing sustainable design strategies mentioned above, and they

were tested through iterations with participants listed in the following table. Most of these participants
were involved throughout testing iterations.

Participant Title

Dr. Lap Gynaecologist, Fellow perinatology at LUMC
Dr. Snoep Doctor of prenatal medicine at LUMC

Dr. PN Adama van Scheltema Senior doctor in prenatal medicine at LUMC
Dr. Smit Doctor of prenatal medicine at LUMC

Dr. van den Berg Innovation manager at Medical Delta

Dr. L. van Persijn - van Meerten Abdominal radiologist at LUMC

Table 1. Participants in prototype testing

The insights gained from the assessment of desirability informed the iterative design process of the gel
bottles. Feedback from medical professionals guided refinements and adjustments in the bottle design to
address identified issues and improve user satisfaction. Finally, three redesigns, one from each design
strategy, were proposed and evaluated quantitatively and qualitatively.
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2.4.  Assessment of desirability
The assessment of desirability for the redesigned gel bottles aims to ascertain the acceptance and
suitability of the redesigned gel bottles within the medical community, with a particular focus on medical
professionals, notably doctors mentioned above. In this subsection, specific methods and criteria
employed to evaluate the desirability of the redesigned gel bottle prototypes among medical
professionals are outlined.

Interviews were conducted with doctors, to assess the desirability of both current and redesigned gel
bottles. These interviews served to gather expert opinions on various aspects of the bottles. Special
attention was paid to assessing the usability and functionality of the redesigned gel bottles. This
encompassed evaluating how easily healthcare professionals could interact with and utilize these bottles
in their daily activities. Factors such as ease of handling, dispensing efficiency, and compatibility with
existing medical equipment were evaluated. This assessment aimed to pinpoint specific areas where the
redesigned bottles excelled and areas where potential improvements were needed. In addition to
usability and functionality, the extent to which the redesigned bottles met the specific needs and
preferences of healthcare practitioners was assessed with medical professionals. Understanding these
needs and preferences is pivotal in ensuring that the redesigned bottles align with the requirements of
the medical community.

Meanwhile, prototype testing sessions were conducted with doctors. During these sessions, medical
professionals interacted with the redesigned gel bottles to simulate real-world usage scenarios.
Participants were encouraged to assess how easy it was to handle and dispense the gel from the
redesigned bottles. Comfort and efficiency of using the redesigned bottles were also assessed with
feedback on physical comfort while handling the bottles, preventing discomfort or fatigue from prolonged
usage. Given the diverse application of ultrasound gel and associated devices used in healthcare settings,
participants assessed the compatibility of the redesigned gel bottles with their existing tools, including
evaluating whether the bottles could seamlessly integrate with gel warmer, ultrasound machine, and
different types of examinations.

The assessment of desirability for the redesigned gel bottles involved structured interviews with medical
professionals and prototype testing. This process ensured that the redesigned gel bottles met the needs
and preferences of healthcare practitioners and complied with the necessary medical standards,
enhancing their overall desirability within the medical community.
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3. Results and discussion

3.1. Baseline performance
In this subsection, necessary information for analyzing the gel bottle is listed in the following table. The
weight of a full gel bottle is measured 291 g, and empty bottle of 27 g. The gel waste in the complete
bottle is measured around 33 g, 12.5% of total weight of gel in a full bottle. This gel waste is classified into
the use phase to better compare the environmental impact of each category. This shipping distance is
calculated 7256.1 km. On-land transportation distances from Rotterdam to LUMC and from LUMC to
Renewi are 41.9 km and 88.1 km respectively.

LDPE 1.87 0.027 21900.00 10%
Bottle Making 0.91 0.027 21900.00 10%

From PARKER (USA) to Rotterdam Port 0.00480 3E-05 7256.10 21900.00
From Rotterdam to LUMC 0.00103 3E-05 41.900 21900.00 10%
From LUMC to Renewi 0.00103 3E-05 88.100 21900.00 10%

Carbomer 940 2.2339 0.0006 21900.00 30%
EDTA 4.3407 0.000015 21900.00 10%
Propylene glycol 4.39 0.005 21900.00 10%
Trolamine (triethanolamine) 3.03 0.0007500000 21900.00 10%
Distilled water 0.00 0.024 21900.00 10%

Plastic waste handling 0.088 0.0270000000 21900.00
LDPE Plastic Incineration 0.054 0.0270000000 21900.00 10%

Table 2: Basic information of the gel bottle

A LCA is created to find out what the impact is of the gel bottle consumption at the LUMC and set the
baseline performance. The following Figure 6 illustrates the environmental impact by category.

Impacts by Life Cycle Stage (kgCO2 eq.)

Impacts bg Gomﬁonent ika CcOo2 ea.l
LDPE | |

Bottle Making e— Materials & Mfg.

From PARKER (USA) to Rotterdam Port 0
From Rotterdam to LUMC_ i Transport

From LUMC to Renewi |
Carbomer 940 m
EDTA | Use
Propylene glycol |—
Trolamine (triethanolamine) -
Distilled water | End of Life

Plastic waste handling i
LDPE Plastic Incineration
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Figure 6: LCA results of 250ml Gel bottle annL|aI consumption at the LUMC.
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The total impact is estimated around 2200 kg CO, eq /yr, with majority form raw material and
manufacturing. Even though the product is shipped from the US, the transportation is not environmentally
impactful compared to raw material and manufacturing. Environmental impact caused by gel waste is
responsible about 25% of the total impact, not as much as that of raw material and manufacturing but
nonnegligible.

User feedback

User feedback of the current gel bottle is also necessary for analyzing the baseline performance from
user’s perspective. Feedback is summarized from the problem statement, as well as gathered from
interviews with doctors in the radiology department of the LUMC. Regarding the sustainability of the
bottle, plastic waste and gel waste are the main concerns of doctors. Other than the sustainability, the
usability of the gel bottle is another target area. The majority of complains is focusing on the repetitive
shaking near the complete of the bottle to extract gel sticking on the inner wall. The other minor complain
is regarding the hygiene rule that prevents refilling the empty bottle. Some of the doctors consider this
rule is an overprotection, given that the infection risk is minimum in ultrasound examination on intact
skin. Other the other hand, the size and weight of the bottle receive much positive feedback, indicating
that the current design well fits user’s ergonomics.

3.2. Assessment of refilling

Assessment of risk

Hospital hygiene rules are set to maintain a clean and safe environment within healthcare facilities, such
as hospitals, clinics, and other medical settings, preventing the spread of infections, reduce the risk of
healthcare-associated infections and protecting the health and well-being of patients, healthcare workers,
and visitors. Regarding the use of ultrasound gel, the rules emphasize the prevention of contamination
and infection, and use as indicated by instruction. Currently, this gel bottle is designed as disposable. It
must be thrown away once completed or reach the expiration date. Therefore, any kind of procedure to
reuse or refill the bottle is prohibited, as well as extraction of leftover gel. On the other hand, from
interviews with doctors who conduct ultrasound scans, infection risk of using refilled gel bottle is believed
minimum in external ultrasound examination on intact skin, considering the sterilization process and
immune system of human. Although many studies emphasis the risk of infection of refilling gel bottles,
the fundamental cause of infection are mainly factory contamination or undetermined, and most cases
are involved with invasive procedures. From reviewing sixteen cases related to the use of ultrasound gel,
nine are caused by factory contamination, five by refilling, and two are undetermined, as the following
figure shows.
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Figure 7. Causes of outbreak in use of ultrasound gel from review of 16 cases
(Abdelfattah et al, 2018; Dogra et al, 2021; Du et al, 2021; Garay et al, 2012; Hell et al, 2011; Hutchinson
et al, 2004; Jacobson et al, 2006; Nannini et al, 2015; Olshtain et al, 2011; Provenzano et al, 2013;
Ramanathan et al, 2018; Shaban et al, 2017; Silmon et al, 2019; Solaimalai et al, 2019 ; Viderman et al,
2020; Wang et al, 2014)

Given most of the root cause of such outbreak is from factory contamination, it is arbitrary to prevent
refilling bottles for all kinds of ultrasound examination. Therefore, the risk of using refilled gel bottle in
external scans on intact skin should be reevaluated.

Assessment of sustainability

With the assumption that refilling gel bottles is allowed and instruction of use provided by Parker
Laboratories, bottles should be cleaned with soap water before being refilled and discarded after one
month. As a result, the gel bottle consumption is reduced to 720 bottles/yr. These bottles are refilled with
5-liter SONICPAC® refill pack, with consumption calculated around 967 packs/yr. Additionally, gel waste
was also found when emptying these packs, measured around 109 g/pack. This refill pack is also made of
LDPE, and its wait of material was measured 150 g/pack. Soap and water used in cleaning gel bottle for
refilling were measured, around 3 g/cleaning and 200 g/cleaning respectively. The following table
presents complete list of data used for this fast-track LCA.
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LDPE (Gel Bottle) 1.87 0.027 720.00 10%

Bottle Making 0.91 0.027 720.00 10%
LDPE (Refill Pack) 1.87 0.150 967.00 10%
Refill Pack Making 0.91 0.150 967.00 10%

From PARKER (USA) to Rotterdam Port (Gel Bottle) 0.00480 3E-05 7256.10 720.00 10%
From Rotterdam to LUMC (Gel Bottle) 0.00103 3E-05 41.900 720.00 10%
From LUMC to Renewi (Gel Bottle) 0.00103 3E-05 88.100 720.00 10%
From PARKER (USA) to Rotterdam Port (Refill Pack) 0.00480 2E-04 7256.10 967.00 10%
From Rotterdam to LUMC (Refill Pack) 0.00103 2E-04 41.900 967.00 10%
From LUMC to Renewi (Refill Pack) 0.00103 2E-04 88.100 967.00 10%

Carbomer 940 (Wasted gel in Bottle) 2.234 0.0006 21900.00 30%
EDTA (Wasted gel in Bottle) 4.341 0.000015 21900.00 10%
Propylene glycol (Wasted gel in Bottle) 4.389 0.0045 21900.00 10%
Trolamine (triethanolamine) (Wasted gel in Bottle) 3.027 0.00075 21900.00 10%
Distilled water (Wasted gel in Bottle) 0.001 0.024135 21900.00 10%
Carbomer 940 (Wasted gel in Refill Pack) 2.234 0.00218 967.00 30%
EDTA (Wasted gel in Refill Pack) 4.341 0.0000545 967.00 10%
Propylene glycol (Wasted gel in Refill Pack) 4.389 0.01635 967.00 10%
Trolamine (triethanolamine) (Wasted gel in Refill Pack) 3.027 0.002725 967.00 10%
Distilled water (Wasted gel in Refill Pack) 0.001 0.0876905 967.00 10%
Soap 2.409 0.003 21180.00 10%
Water 0.001 0.2 21180.00 10%

Plastic waste hadalling (Gel Bottle)

LDPE Plastic Incineration (Gel Bottle) 0.054 0.027 720.00 10%
Plastic waste hadalling (Refill Pack) 0.088 0.150 967.00 10%
LDPE Plastic Incineration (Refill Pack) 0.054 0.150 967.00 10%

Table 3: Basic information of refilling gel bottle

The fast-track LCA result of this refilling practice is presented in the following figure, illustrating
environmental impact by category.

( LDI!@R@& Q&&gsmment (kg CO2 eq.) N Impacts by Life Cycle Stage (kg CO2 eq.) N
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Figure 8: LCA result of refilling gel bottle
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Figure 9: LCA results comparison of current gel bottle and refilling

The total impact of this refilling practice is estimated around 1200 kg CO; eq /yr. Gel waste in the use
phase contributes near two-third of the total impact, around 750 kg CO, eq /yr, because additional gel
waste from refill pack and use of soap water for cleaning. Raw materials and manufacturing are less
impactful, around 450 kg CO, eq /yr, more than one-third of total impact. Transport and end of life phases
remain not environmentally impactful. Compared to the baseline, refilling gel bottle presents nearly 50%
reduction in environmental impact, significantly more sustainable.

3.3. Redesigned gel bottle

3.3.1. Prototypes and desirability
With the baseline performance set in the previous section, sustainability of the gel bottle is targeted to
be improved by reducing or preventing gel waste and plastic. Regarding the usability, advantages are to
be maintained and disadvantages are to be addressed. In this section, redesigns are given to address the
sustainability challenge and usability of the gel bottle. Prototypes are presented in following table, and
desirability of each prototype is summarized in the feedback.

Prototype Name Description Feedback
Gel gun Inspired by the The entire set is
glass glue too heavy and
application gun, requires too
this gel gun many pulls for

features complete | large amount of
use of gel, with a | gel application.
main body and
replaceable gel
bottle.
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Gel syringe | This design No gel and
features complete | plastic wastes
use of gel and are desirable,
reusable body but it is not as
made of stainless | easy to use. The
steel, like a hospital has no
syringe. more

sterilization
capacity.

Table gel The design It is not easy to

dispenser features no gel use, and the size
waste and may look scary
reduced plastic to patients.
waste. The kit is
with replaceable
gel pack and main
body set on table.

Moving seal | This design The shape is
features a similar to the
movable seal that | current bottle
moves as gel and easy to use.
depleting in the However, it fails
bottle, ensuring to reduce plastic
complete use of waste and the
gel. leakage may

occurs at seal.

Super The idea of this However, the

hydrophobic | design utilizes the | performance of

coating feature of this coating is
superhydrophobic | not ideal, still
to prevent gel having
waste. remaining gel
stuck in the
container.
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Tanked gel This design This system

dispenser features a looks

system reusable 5 L gel innovative.
tank connected to | However, it feels
a pump with a not easy to use,
soft tube. Gel is considering
dispensed maintenance
through nozzle on | and cleaning.
the pump, The current
encouraging less ultrasound
gel and plastic machine has no
wastes. more space to

fit this system.

Gel pad This gel pad, This idea is
having gel innovative, and
contained in latex | the reusability is
film, features high | highly desirable.
reusability and However, this
preserves high pad is hard to
imaging quality, move on skin,
reducing plastic not easy to use
and gel waste. in practice.

Table 4: Prototypes and feedback

3.3.2. User Specification
The term "user specification" refers to the requirements or specifications defined by the users or
customers of a product or service. These specifications outline the specific needs, expectations, and
desired outcomes of the users, which serve as the basis for the design and development process.
Regarding the use of ultrasound gel in the LUMC, user specifications are gathered and continuously
updated through interviews and tests of prototypes. Following are the user specifications summarized.

LN U A WN R

L o
5 W N RO

Satisfy hospital hygiene rules.

Instruction must be developed for new designs.

Minimize gel waste, plastic waste, and infection risk.
Avoid shaking the bottle to settle gel.

Can be handled by single hand.

Should not be heavier than the current bottle.

Should contain similar amount of gel as the current bottle.
Gel should be directly applied onto patient’s skin.

Amount of gel applied can be easily adjusted.

. Should not looks scary to patient.

. Material can withstand 70% medical alcohol solution.
. Can be stored for at least 2 years.

. Waterproof and leak-free.

. Preferably able to fit into the gel warmer.
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The list of user specification above can be summarized into 3 main categories, including waste reduction,
ease of use, and risk prevention. In the waste reduction, the gel waste and plastic waste are targeted to
be minimized. Even though the raw material LDPE contributes most of the environmental impact, the gel
waste reduction is also prioritized in the redesigns, as this feature is highly valued during the interviews
with doctors at the LUMC. In the category of ease of use, shape and weigh of the should be maintained in
the redesign, but the extraction of gel near the completion should be improved, avoiding repetitive
shakings. In the risk prevention, the redesign should not increase the risk of contamination and infection
to patients. Therefore, redesigns are made based on the current hospital hygiene rules, not to be refilled.

3.3.3. Eco-design (Gel Pack)
This strategy aims at minimizing the negative impacts of the gel bottle by using the eco-design strategy
wheel, identifying possible areas for improvement in 8 categories. In the process of eco-design, the
environmental performance of the current gel bottle is evaluated and visualized in the following figure.
With plastic waste and gel waste reduction in mind while satisfying the hygiene rules, several spots are
targeted to be improved.

New concept development:
* Dematerialisation

« Functional optimisation of product
Product System Level (components)

7. Optimisation of end-of-life system ===Current gel bottle = *Gel Pack Product Component Level

@

1. Selection of low-impact materials

6. Optimisation of initial lifetime

2 2. Reduction of materials usage
* Reduction in weight

5. Reduction of impact during use T —— 2 3. Optimisation of production techniques

Product Structure level

* No waste of energy/consumables

4. Optimisation of distribution system

. priorities for the new product

existing product

Figure 10. Eco-design strategy wheel options comparing gel pack and current gel bottle.

The gel pack, shown in the following figure, is the redesign to improve the environmental impact of
material and waste reduction, while maintaining a similar shape and volume to fit the current ultrasound
system. In this design, the overall goals are dematerialization and functional optimization. Material
consumption of the gel pack is significantly reduced by thinning the bottle wall to form a soft pack, during
prototype testing, gel waste can be eliminated by this design, and repetitive shaking of the bottle can be
avoided, resulting in less annual gel consumption and better user experience.
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Figure 11: Digital model of 250ml Gel Pack

Environmental impact of this redesign is also assessed by using the fast-track LCA with the same
boundaries and standard as that of the baseline performance. The functional unit still resemble the weight
of annual gel consumption at the LUMC, but the gel pack consumption is reduced to 19162.5 packs/yr,
because of the elimination of 12.5% gel waste. As the following table shows, mass of the bottle is reduced
from 27g to 15g, and gel waste in the use phase is removed. 30% uncertainty was assigned in this LCA,
because the weight of gel pack is measured on prototype, and the weight of actual product may vary.
Distance of each transportation remains the same, as manufacture is assumed to be the same. Eco-
intensity data is still provided by the fast-track LCA tool.

LDPE . 19162.50
Pack Making 0.91 0.015 19162.50 30%

From PARKER (USA) to Rotterdam Port 0.00480 3E-05 7256.10 19162.50 30%
From Rotterdam to LUMC 0.00103 3E-05 41.900 19162.50 30%
From LUMC to Renewi 0.00103 3E-05 88.100 19162.50 30%

Plastic waste handling 0.088 0.015 19162.50 30%
LDPE Plastic Incineration 0.054 0.015 19162.50 30%

Table 5. Basic information of 250ml| Gel Pack
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Figure 12: LCA results of 250ml Gel Pack anhual consumption at the LUMC

As the LCA result shown in the figure 12, the total impact is estimated around 860 kg CO; eq /yr, with
majority from raw material and manufacturing. This significant reduction in the total impact is achieved
by material reduction and gel waste elimination.
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3.3.4. C2C design (Paper Sachet)
This strategy aims at treating waste as food with the end goal of doing good instead of less bad (van der
Grinten, 2022). In the process of C2C design, the cycle of a gel bottle is visualized in the following figure.
When the bottle is finished, the waste is first collected on site and then transported to the waste
treatment facility where it is prepared for incineration. Emission from incineration enters the atmosphere,
which never returns to the cycle, since the LDPE plastic is made of monomer ethylene sourced from fossil
fuel (Malpass, 2010).

LDPE plastic

Production naki
- . making Chemical
treatment

Crude Oil
Extraction

Plastic
waste
collection

Plastic Incineration

treatment

Figure 13: Cycles of gel bottle

Paper gel sachet, a C2C redesign of the gel bottle, aims at enabling a closed loop cycle of material while
satisfying users’ requirements. Regarding the sustainability, the sachet is made of FSC (Forest Stewardship
Council) certified kraft paper made from well managed forest, standing for eco-friendly and sustainable
(FSC, 2011). As shown in the following figure, the loop is achieved biologically and technologically. After
waste collection and separation, emission from incineration is absorbed by well-managed forest that
supplies raw material for the production. Through technological cycle, the paper waste can be recycled
after treatment for secondary paper production, replacing virgin paper. Regarding other criteria of user
specification, this paper sachet, during prototype testing, allows complete use of ultrasound gel and ease
of use, avoiding gel waste and shakings. The sachet is designed to contain 60g of gel separated into 6
equal sections, enough for a regular ultrasound scan while adjustable for additional applications.
Secondary.

Bees farm
paper
? production
\ \ Paper
A

Recycling
\\ s < ~
\
Emission to
atmosphere
‘\ Incineration

Figure 14: Cycles of 60g kraft Paper Sachet. (The dash arrow line represents that a portion of emission to
the atmosphere is absorbed by plants that support bees farm and FSC certified paper production)

Beeswax
production

FSC certified
paper pulp

Paper
treatment
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Environmental impact of kraft paper gel sachet is assessed by using the fast-track LCA with the same
boundaries and standard as that of the baseline performance, shown in the following table and figure.
Compared to a standard gel bottle that contains 263g of gel, this sachet only contains 60g. Therefore, the
annual paper sachet consumption 83996 sachets/yr, still maintaining the same functional unit as that of
the baseline. Beeswax is used for water impermeable layer. Electricity consumption is approximated from
energy consumption of paper cup production (Garrido & Alvarez del Castillo, 2007). 30% uncertainty was
assigned in this LCA, because the weight of paper sachet is measured on prototype, and the weight of
actual product may vary.

Kraft Paper 0.20 0.007 83996
Beeswax 0.17 0.003 83996 30%
Sachet making electricity consumption 0.003 0.013 83996 30%

From PARKER (USA) to Rotterdam Port 0.00480 1E-05 7256.10
From Rotterdam to LUMC 0.00103 1E-05 41.900 83996 30%
From LUMC to Renewi 0.001 1E-05 88.100 83996 30%

Paper Incineration -0.884 0.003 83996 30%
Paper Recycling -1.59 0.0066 83996 30%

Table 6: Basic information of 60g Paper Sachet

Impacts by Component (kg CO2 eq.) Impacts by Life Cycle Stage CO2eq.
i I H— pacts by ¥ ge (| q.)

Sachet making electricity consumption Materials & Mfg.

From PARKER (USA) to Rotterdam Port i
From Rotterdam to LUMC

Transport

From LUMC to Renewi

Paper ;
: - - : -2000 -1500 -1000 -500 0 500

-1400 -1200 -1000 -800 -600 -400 -200 o] 200 400

Figure 15: LCA results of 60g Paper Sachet annual consumption at the LUMC.

The fast-track LCA of this design results in around -940 kg CO, eq/yr. Impact from raw material and
manufacturing is significantly reduced by use of low-impact material, kraft paper. Another significant
improvement of environmental impact is from end-of-life phase. This negative total impact is achieved by
replacing virgin paper production with recycled kraft paper and incineration for energy.
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3.3.5. Biomimicry design (Gel Pod)

The strategy aims at taking inspiration from nature to improve the design of gel bottle, using the e
principles laid out by the framework of biomimicry design (Benyus, 2015). First, current design on Life's
principles is evaluated and summarized in the following figure. Adapting to changing condition is
presented in the current gel bottle as it can be warmed for better comfortability and used in multiple
types of ultrasound scans across 5 departments at the LUMC. The current design also presents locally
attuned and responsive, using LDPE plastic widely used in the matured bottle making industry. Resource
efficient is presented in the waste treatment by incinerating LDPE plastic for electricity generation. Design
opportunities are found in resource efficient and using life-friendly chemistry by minimizing gel waste and
using biobased plastic.

Present Not present

ADAPT TO CHANGING EVOLVE TO SURVIVE
CONDITIONS :

BE LOCALLY ATTUNED INTEGRATE DEVELOPMENT
AND RESPONSIVE WITH GROWTH

BE RESOURCE EFFICIENT USE LIFE-FRIENDLY
(MATERIAL AND ENERGY) CHEMISTRY

Figure 16: A summary of the Life principles evaluations of the gel bottle.

From exploring how nature holds dispense gel-like liquid, aloe vera is chosen as an inspiration for the
redesign, since it contains abundant liquid gel that leaks form where the damage occurs. As illustrated in
the following figure, the mechanism is simple that the liquid gel in contained in the cell wall, and gel leaks
out when the cell wall is damaged. Emulated from this mechanism, the gel pod (Figure 18) uses starch-
based thermoplastic (TPS), resembling the cell wall, to contain ultrasound gel. The gel pod is designed to
contain 20g of ultrasound gel which is enough for the scan that requires least amount of gel. Meanwhile,
during prototype testing, this design also results in zero gel waste, and gel can be easily squeezed out by
either fingers or ultrasound probe.

Cell wall

/ (Galacturonic acid-rich)

Degenerated cellular

organelle

(Galactose=rich)
Liquid gel
(Mannose-rich)

Figure 17: Schematic representation of aloe vera leaf pulp structure (Hamman, 2008).
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Starch-based
Ultrasound gel TPS (Outside)

(Inside) . /

Figure 18: Digital model of 20g Gel Pod

Environmental impact of kraft paper gel sachet is assessed by using the fast-track LCA with the same
boundaries and standard as that of the baseline performance, shown in the following table and figure.
Compared to a standard gel bottle this gel pod only contains 20g gel. Therefore, the functional unit is
changed to 251987 pods/yr, still resembling the annual gel consumption at the LUMC. 30% uncertainty
was assigned in this LCA, because the weight of gel pod is measured on prototype, and the weight of
actual product may vary.

Starch based plastic 1.22 0.001 251987 30%
Pod film making 0.28 0.001 251987 30%

From PARKER (USA) to Rotterdam Port 0.00480 1E-06 7256.10 251987 30%
From Rotterdam to LUMC 0.00103 1E-06 41.900 251987 30%
From LUMC to Renewi 0.001 1E-06 88.100 251987 30%

Plastic waste handling 0.088 0.0010000000 251987.00 30%
Starch Plastic Incineration -1.387 0.0010000000 251987.00 30%

Table 7: Basic information of 20g Gel Pod
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Impacts by Component (kg CO2 eq.) Impacts by, Life Cycle Stage (kg CO2 eq.)
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Figure 19: LCA results of 20g Gel Pod annual consumption at the LUMC.

The fast-track LCA of this design results in around 50 kg CO, eq/yr. Impact from raw material and
manufacturing is significantly reduced to around 370 kg CO, eq/yr, achieved by using low impact material.
This low impact material, starch-based plastic also enables the negative impact in the end-of-life phase,
incinerated for electricity production instead of burning fossil fuel.

3.4. Assessment of redesigns
Assessment of improvement in the environmental impact of redesigns is shown in the following figure.
Compared to the baseline (PARKER Gel Bottle), all three redesigns present reduction in the total impact,
with the gel pod having the most significant reduction. This significant impact reduction of paper sachet
is achieved by incineration for electricity and paper recycling replacing virgin paper in the end-of-life phase,
where the carbon footprints are -0.88 kg CO, eq and -1.6 kg CO. eq respectively, because incineration
consumes bio-based material for electricity generation instead of fossil fuel.

Total Impacts (kg CO2 eq.)

PARKER Gel Bottle

Gel Pack

Gel Pod

-1500 -1000 -500 o] 500 1000 1500 2000 2500 3000

Figure 20: LCA results comparison of 3 redesigns and the current gel bottle.

Along with the sustainable impact, these three redesigns are further evaluated by using the Harris profile
(Boeijen et al., 2014) shown in the following figure. The order is in hierarchy; the top factor (sustainable
impact) is most important, the bottom (innovativeness) is the least important. Sustainable impact
represents the total carbon footprint of the design. Feasibility represents the technology readiness of
material and production method used by the design. Viability represents the long-term practicality of the
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design in the hospital environment. Desirability reflects feedback of the design from doctors during
prototype testing. Innovativeness reflects the uniqueness of the design compared to other medical
products.

Gel pack Paper sachet Gel pod
- -+ 4+ - -+ o+t - -+ o+t
Sustainable impact
Feasibility
Viability | |
Desirability
Innovativeness

Figure 21: Harris profile comparing the three redesigns.

As shown in the Harris profile, the gel pack that utilizes eco-design scores high in every part other than
innovation. Sustainable impact scores “+”, as this redesign reduces environmental impact by nearly half
compared to the baseline, but not as much as other two redesigns. Its feasibility scores “++”, as this design
targets material reduction; its production method is mature in the industry, having similar product such
as soft fluid flask. It also scores “++” in viability, as it is practical for long-term reliable usage in the hospital
environment, like IV fluid bag. It is also highly desirable to doctors, scoring “++”. They described that “this
gel pack fells similar to the bottle but much more handy. It is nice to have reduced plastic waste and no
gel waste, and also a bonus that it fits into the warmer on the ultrasound machine.” Because there are
abundant of similar products available on the market, is not innovative compared to other two redesigns,
resulting in “- -” score.

From Harris profile, the paper sachet utilizing the C2C design strategy scores highest in sustainable impact,
feasibility, and desirability, with slightly less score in sustainable impact and viability. Having the most
reduction in environmental impact, the paper sachet scores “++” in sustainable impact. Through taking
material from nature and treating waste as food, the C2C designed paper sachet use FSC certified kraft
paper to achieve circularity. The feasibility also scores “++”, as its ability to contain and dispense
ultrasound gel is tested by prototypes and production method is mature in the industry. Viability of this
redesign only scores “+” with gray color, since the prototype testing is only short-term; its long-term
storage stability and application in hospital environment are unknown. This design is also highly desirable
to doctors, as they are using similar product but for the sterilized ultrasound examinations, scoring “++”
in desirability. “It is nice to have no plastic and gel wastes,” said by doctors in prototype testing, “It is not
as handy as gel pack, but only slightly. The warmer can fit multiple of this sachet, which is a bonus. But
can this packaging material hold gel for a year, for storage?” On the other hand, this design of a paper
liquid container is unpresidential in the medical use, but similar products using different material can be
found in medical use, resulting in “-” score.

Biomimicry design is the solution emulated from the nature. The gel pod utilizing this strategy scores
highest in the sustainable impact and feasibility, since it significantly reduces the carbon footprint utilizes
starch based TPS that already available, resulting in “++” in both sustainable impact and feasibility. Its
viability scores “+” with gray color, because the prototype was tested viable in the short term, but
unknown for the long-term storage stability and application in hospital environment. Despite its superior

29 |Page



sustainability, it is not so desirable to doctors, scoring “-”. Said by doctors participated in prototype testing,
“this gel pod looks really interesting; use of biobased material and no gel waste are nice. The warmer can
also fit many of this pod but may hard to reach near bottom. It is hard to use when large amount of gel is
required, like scanning for overweight patients. Reliability of this biobased material for long-term storage
is also concerning.” Innovativeness of this redesign scores “+”, since use of this biobased material is
unpresidential in medical use, and no similar product can be found in hospital.

From result of Harris profile, the gel pack is recommended as a design solution to the gel bottle. Even
though the gel pack is not the most sustainable design among the three, it is the most desirable, feasible,
and viable. Gel pod is the most innovative design and sustainable, but it is not desirable to doctors,
because of limited use situation. Paper sachet has the most potential to replace gel pack as final
recommendation, if it can be tested viable for long-term application in hospital environment.

3.5. Discussion and practical implementation

The pursuit of sustainability, both environmentally and financially, within healthcare institutions has
become a paramount concern. The findings of this research dedicate to presenting desirable and
sustainable solutions in ultrasound gel packaging at the LUMC. Through stakeholder analysis, doctors who
perform ultrasound examinations at the LUMC were primary participants involved in prototype testing of
redesigns, as they presented the most interest in solving the sustainability challenge of ultrasound gel
packaging. Hygiene measures specific to ultrasound examinations provided by the RIVM was the
fundamental rule followed by redesigns, as the RIVM holds the most power in regulating medical
procedures and products.

Firstly, environmental impact of gel bottle was assessed to establish a baseline performance. By
conducting a fast-track LCA with IDEMAT tool, the total environmental impact of annual ultrasound gel
consumption at the LUMC was estimated around 2200 kg CO, eq /yr, with majority contributed by raw
material, manufacturing, and gel waste. Meanwhile, user feedback on the gel bottle was collected,
revealing pressing needs in reduction of plastic and gel wastes, as well as improving usability.

Following was the assessment of refilling which was desirable and believed more sustainable by many
doctors but prohibited by hygiene rules. This assessment approached the problem from two directions,
risk and sustainability. Results of the assessment indicates that using refilled gel bottle on intact skin is
not as risky as factory contamination, and this practice can reduce nearly half of environmental impact
compared to baseline.

Finally were three redesigns using the sustainable design strategy, dedicating to providing desirable and
sustainable design solution to the challenge of ultrasound gel packaging. These designs all presented
significant improvement in environmental impact compared to the baseline. The gel pack was the
recommended as the final design solution, given its high desirability and viability. The paper sachet could
be the best solution overall, if its long-term application in hospital can be tested viable.

Implementing these solutions also requires corporation of multiple stakeholders. Doctors should propose
the design of gel pack and paper sachet to the LUMC and collaborate with Medical Delta, experimenting

safety of these designs in long-term application. Doctors should also actively contact with Parker
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Laboratories and express their needs for a more sustainable and user-friendly ultrasound gel packaging.
Meanwhile, given the superior sustainability of refilling, risk of using refilling gel bottle in examinations
on intact skin should be reevaluated with collaboration of RIVM, Medical Delta and other healthcare
institutions, to provide evidence-based suggestion for enabling reusing ultrasound gel packaging without
compromising safety.

3.6. Limitations & recommendations for future work
Based on findings of this research, there are several potential directions for future investigation and
development that involves environmental, financial, and waste management aspects. Firstly, a
comprehensive examination of the implementation of the recommended eco-designed gel pack could
provide valuable insights into its real-world impact on reducing raw material consumption and minimizing
wastes. This could involve not only tracking its usage and user satisfaction but also conducting a cost
analysis to evaluate its financial feasibility compared to the current gel bottle.

Moreover, the long-term practicality of the C2C designed paper sachet as a sustainable solution warrants
further exploration, including its financial viability. Rigorous stability testing under various conditions and
over extended periods would be necessary to ascertain its viability as a medical liquid container.
Simultaneously, a thorough cost-benefit analysis could provide a clear understanding of its financial
feasibility in the context of the LUMC's operations.

Additionally, it's essential to consider the impact of waste treatment facilities on material circularity,
especially in collaboration with companies like Van Straten Medical, which specializes in recycling
polypropylene plastic medical waste and medical instruments into new medical products (Bijleveld, 2020).
Exploring corporation with Van Straten Medical's vision of expanding the types of plastic recycled could
facilitate the transformation towards material circularity.
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4. Conclusion

Climate change, driven by escalating greenhouse gas emissions, induces global temperature rises, leading
to increased precipitation and heatwaves, with profound consequences for healthcare. Simultaneously,
healthcare significantly contributes to climate change. To mitigate healthcare's environmental impact, a
shift toward sustainable practices is imperative, encompassing measures like waste reduction and
decreased resource consumption, exemplified by efforts to reduce plastic waste, notably the single-use
plastic ultrasound gel bottles in hospitals. Addressing this issue necessitates collaboration among
stakeholders, regulatory reevaluation, and the development of a sustainable ultrasound gel bottle design.
This research has delved into the critical pursuit of sustainability within healthcare institutions, focusing
on the specific challenge of ultrasound gel packaging at the LUMC. By engaging stakeholders, primarily
doctors performing ultrasound examinations, and adhering to the rigorous hygiene guidelines set by the
RIVM, this study has embarked on a journey to offer desirable and sustainable solutions.

The initial assessment of the environmental impact of the gel bottle established a baseline performance,
revealing significant contributions from raw materials, manufacturing processes, and gel waste. User
feedback emphasized the urgency of reducing plastic and gel waste while enhancing usability. Exploring
the potential of refilling, a solution favored by many doctors, required a dual evaluation, taking both risk
and sustainability into consideration. The results suggested that refilled gel bottles, when used on intact
skin, posed a lower risk compared to factory contamination, while substantially reducing environmental
impact. Three redesigns, guided by sustainable design principles, were proposed to address the challenge
of ultrasound gel packaging. These designs demonstrated notable improvements in environmental impact
compared to the baseline, with the gel pack emerging as the recommended solution, due to its high
desirability and feasibility. The paper sachet, while promising, awaits further testing for long-term hospital
application.

The implementation of these solutions necessitates collaborative efforts from multiple stakeholders.
Doctors are encouraged to advocate for the adoption of the gel pack and paper sachet designs within the
LUMC, partnering with organizations like Medical Delta to assess their safety in real-world scenarios.
Additionally, engagement with Parker Laboratories can help drive the development of more sustainable
and user-friendly ultrasound gel packaging. Furthermore, the reevaluation of the risk associated with
using refilled gel bottles in examinations on intact skin is essential. Collaboration between the RIVM,
Medical Delta, and other healthcare institutions can provide evidence-based recommendations,
potentially paving the way for the safe reuse of ultrasound gel packaging without compromising patient
safety.

This research underscores the paramount importance of sustainability within healthcare institutions,
particularly in addressing the challenge of ultrasound gel packaging. Through a comprehensive approach
involving stakeholder engagement, environmental impact assessment, and sustainable design strategies,
this study has presented viable solutions. There is potential for substantial reductions in environmental
impact and plastic waste, while maintaining the highest standards of hygiene and patient safety.
Collaboration among healthcare professionals, regulatory bodies, and industry stakeholders is crucial to
bring these sustainable solutions to fruition, marking a significant step towards a more environmentally
responsible and financially efficient healthcare system.
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Appendix A: Relevant hygiene rules

Hospital hygiene rules are a set of guidelines and practices aimed at maintaining a clean and safe
environment within healthcare facilities to prevent the spread of infections and ensure the well-being of
patients, staff, and visitors. Regarding the use of ultrasound gel, rules are set not only to enhance the
quality of ultrasound imaging, but also to minimize the risk of infection to patients, considering that
standard ultrasound gel is unsterilized, and patients range from those who are ‘fit and well’ to vulnerable
individuals (UKHSA, 2022). Following 10 points are the summary of hygiene rules to follow when using
ultrasound gel:

1.

Hand Hygiene: Always clean your hands thoroughly with soap and water or use an alcohol-based
hand sanitizer before and after handling ultrasound gel.

Single-Use Containers: Prefer single-use, disposable containers of ultrasound gel whenever
possible. These containers should be sealed and properly labeled with expiration dates.
Contamination Prevention: Avoid touching the tip of the ultrasound gel bottle or container with
gloves or any other surface to minimize the risk of contamination.

Clean and Intact Packaging: Inspect the packaging of ultrasound gel before use. Ensure it is clean
and intact, without any signs of damage or tampering.

Application Technique: Use a clean, sterile, or disinfected spatula or dispenser to remove the gel
from the container. Avoid direct contact between the ultrasound probe and the container to
prevent cross-contamination.

Avoid Cross-Contamination: Never reuse ultrasound gel from one patient to another. Each patient
should have a fresh, unused portion of gel to minimize the risk of infection transmission.

Spillage Management: If there is any spillage of ultrasound gel, clean it up immediately using
appropriate cleaning methods and disinfect the area to prevent the spread of pathogens.
Storage: Store ultrasound gel containers in a clean and dry area, away from direct sunlight and
extreme temperatures. Follow the manufacturer's instructions for storage conditions and shelf
life.

Proper Disposal: Discard used ultrasound gel containers, spatulas, and any contaminated
materials in accordance with the healthcare facility's waste management protocols and local
regulations.

10. Training and Education: Healthcare professionals involved in ultrasound procedures should

receive proper training on the correct handling and usage of ultrasound gel. Stay updated on best
practices and guidelines related to ultrasound gel hygiene.
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Appendix B: LCA Excell file of refilling

Excell file is included in the deliverable package.
File name: Refilling LCA-calculator-IDEMAT-2021-v2.1
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Appendix C: LCA Excell file of redesigns

Excell file is included in the deliverable package.
File name: Gel Bottle Redesign LCA-calculator-IDEMAT-2021-v2.1
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