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Summary

* The quest for credible sustainability and environmental protection is now mainstream in society and has
become a common goal for medical device companies

* However, a tension exists between the desire to recycle/re-use and the culture of single-use disposable
devices which is designed to protect patient and healthcare worker safety

* Nevertheless, sustainable targets must be introduced to reduce the immense amount of waste and energy
consumption for which the healthcare sector is responsible — much higher than most other sectors

* In many instances, sustainability initiatives can be seen to have a strong business case — saving money as
well as reducing emissions

* Sustainability programmes in the medical industry are on the rise and cover three main areas,
as outlined in this short paper:-

* Recycling
* Optimizing manufacturing processes

* Sustainability by design
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Sustainability
becomes the norm

Environmental responsibility and stewardship is rapidly
becoming a normalised, ‘must do’ function within the
corporation'. At the individual level, many of us are asking
questions about how we shop greener and make conscious
choices to reduce our impact on the natural environment.
What twenty years ago was a relatively niche concern is now a
mainstream requirement.

The medical device industry is also becoming subject to
pressure from regulators, hospital systems, governments,
and consumers alike to conform to this emerging reality.
Nevertheless, conformity comes at a very real cost; at the
same time, there is a widespread feeling that there is a very
real risk of losing access to markets around the world for
medical device companies who do not take the initiative to
become more environmentally responsible and sustainable.
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Tensions for

medical products

The essential tension over medical products lies in the
relationship between sustainability and infection control, an
issue that could not be more topical as the world struggles
out of a pandemic situation. Indeed, while the immediate
issue is one of personal protective equipment (PPE) disposal,
one commentator notes “how the disruption caused by
COVID-19 can act as a catalyst for short-term and long-term
changes in plastic waste management practices throughout
the world".” We all want to reduce waste in the healthcare
system; but at the same time, we all expect to be kept as safe
as possible while undergoing medical treatment. According
to the European Centre for Disease Prevention and Control,
Healthcare Acquired Infection rates run at between 5% and
8% of patients in most developed countries'. This is still
unacceptably high and remains under threat from the spread
of antimicrobial resistance, notes the Centers for Disease
Control in the United States", which also tells us that more
than 2.8 million antibiotic-resistant infections occur in the US
each year, and more than 35,000 people die as a result. This
issue, along with concerns over avoidable healthcare worker
infections resulting from needlestick injury, have led to a strict
single-use, disposable culture around many invasive medical
devices, along with mandatory legislation in the US and
Europe. The tension between patient safety and environmental
responsibility is therefore a challenging path to tread.
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The size
of the prize

There can, however, be no doubt about the size of the
environmental problem in healthcare. The US healthcare
system contributes 10% of the nation’s carbon emissions and
9% of harmful non-greenhouse air pollutants’. Moreover, its
rate of greenhouse gas emissions increased 30% between
2006 and 2016". The healthcare sectors of the United States,
Australia, Canada, and England combined emit an estimated
748 million metric tons of greenhouse gases each year, an
output greater than the carbon emissions of all but six nations
worldwide". In Europe, legislation has been enacted over the
last twenty years to manage the situation. European standards
such as the Waste Electrical and Electronic Equipment
(WEEE); Restriction on Hazardous Substances (RoHS);
Registration, Evaluation, and Authorization of Chemicals
(REACH); and the Energy Using Products (EuP) regulations
have significantly altered the manufacturing processes,
specific labelling, compliance with disposal restrictions,

and creation of instructions for end-of-life management and
recycling. Although many medical devices are currently
exempt from these regulations, several directives, including
RoHS and WEEE, are in the process of being reviewed and
could be applicable in future. In addition, many devices are
becoming more ‘connected’ in our increasingly digitalised
world, which then brings them under the regulatory purview of
authorities that govern devices with electronic components.
Europe remains a key market for many medical device
manufacturers, and so in the United States, pressure from

a nondomestic customer base has already forced many US
companies to comply with WEEE and RoHS. In addition, many
commentators are now saying they regard the passage of
strict environmental regulation and/or legislation in the United
States as inevitable.
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The emerging business
case for sustainabillity

Much of the US healthcare system, including large hospitals
and group purchasing organizations (GPOs), have started to
recognise that sustainable purchasing practices can actually
reduce costs over time. It is important that good citizenship
can find a compelling business case, as the combination

of the two factors has been seen historically to move such
policies into mainstream practice. Evidence of real action

on this front is embodied in the fact that many GPOs have
appointed and empowered Senior Directors of Environmentally
Preferred Sourcing who are successfully implementing the
sustainable purchasing business case"!,

Incineration of medical waste has been a traditional means

to reduce the volume of waste and destroy biohazardous
materials. However, this process produces environmental
contamination by releasing nitrous oxide, as well as known
carcinogens including polychlorinated biphenyls, furans and
dioxins*. Exposure to these compounds has been linked

with damage to foetal and adult body function as well as

the acidification of land and ocean. Moving incineration to
recycling therefore has a wide societal impact and reduces
damage to people and the environment which ultimately has a
tangible cost for society. Increasing recycling rates — especially
for plastics — is therefore greatly desirable, and where this is
not possible, European regulation sets strict emission limits for
incinerators for clinical waste*. Sophisticated filtering systems
are also being installed in incinerators to prevent toxic fumes
from polluting the atmosphere.
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3arriers to
sustainability

The situation that the medical device industry faces, then,

is that approximately 90% of medical device waste consists
of disposable, one-time-use products or components.

The simplistic view is to imagine that one can reduce the
number of disposable components. However, as we have
already remarked, safety standards often prevent this. In
addition, the industry’s business model needs to be taken
into account to make transition commercially sustainable

and ensure security of product supply. Many manufacturers
generate the bulk of their revenue from the sale of disposable
products or components. Adherence to this business model is
underscored by the risks associated with hazardous medical
waste, biological contamination, and the high cost of product
sterilization and reprocessing.

Sterilization — which could also seem a simple route to product
re-use — is often environmentally unsustainable. This is the
case even with larger equipment. Take an example from the
biopharma industry. A study in BioProcess International found
the energy consumption of a stainless steel pharmaceutical
powder handling machine, after factoring in cleaning and
sterilisation, reached 8,018 megajoules (MJ) of energy. In
contrast, the process of manufacturing and disposing of
single-use powder handling devices reached 4,156MJ. This
means that the disposable set up was ultimately better for
the environment despite the resulting waste due to the sheer
energy required to maintain the reusable system. Specifically
in the healthcare scene, several established sterilization
methods, such as the use of glutaraldehyde and ethylene
oxide, are not only harmful to the environment but also tend
to be regulated by strict disposal rules. As a result, many
hospitals and medical device companies are adopting less
toxic methods such as hydrogen plasmaX.

www.ompharmaservices.com

“Migrating to alternative materials is not a
simple process. Bio-degradable materials often
need a catalyst to initiate the decomposition.
This may be autoclave conditions, or salt water
exposure. Without these, it would be difficult

to verify product performance in the field as
batch to batch variation and changes in storage
conditions could initiate degradation at different
points. As such, bio-degradable materials
which degrade in ambient conditions often
need to be kept sealed from the elements prior
to use, which is difficult to achieve without use
of non-degradable polymers.”

Toby Cowe, Technology Development Group
Manager R&D, Owen Mumford
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Sustainability trends in the
medical device industry

Although the obstacles to sustainable design in the medical
device industry may seem considerable, much can still be
achieved. And it is likely that the medical device industry will
be challenged by governments and regulatory authorities

to square the circle between product sustainability, patient
safety standards and commercial viability. Many medical
device firms have started to establish their environmental
record and publish it to position their progress. Evidence

is emerging of the regular inclusion of environmental
credentials in medical device tenders*. As the World Health
Organisation has noted, “using health systems’ buying power
to maximize positive environmental outcomes, recognizing
that influencing suppliers to factor environmental impacts
into their manufacturing processes is a powerful lever for
significant change.”

What then are the key aspects of sustainability that leading
medical device manufacturers are putting into practice,

in order to deliver a sustainability contribution while also
complying with all the regulatory structures that safeguard
patients and healthcare professionals? We have summarised
them under three key headings here.

www.ompharmaservices.com
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Recyclability

There are two issues at stake under the heading of
recyclability. One is whether a device can safely and
effectively be re-used. The other is whether its materials

can be reprocessed and re-used, whether in the medical

or another context. Device re-use is — as we have already
discussed — fraught with safety concerns and questions over
the overall environmental impact of sterilisation. The Medical
Device regulation, along with local regulation from country
authorities such as the MHRA, makes it quite clear that a
recycled device has to meet all the criteria and approval
strictures that a brand new device has to go through. There
will no doubt be further developments though. In August
2019 the European Commission closed its feedback period
on safety and performance requirements for single-use
device reprocessing, and there will certainly be outputs
resulting from this consultation when pandemic aftermath
management priorities have been covered.

In terms of recyclable materials, much can be achieved.
PVC itself can be recycled several times without losing its
critical properties. Equally, work has been done around the
use of more easily recyclable plastics, such as renewable
polyethylene and polyethylene terephthalate (PET). To work
in practice, closed loop recycling schemes have to be put

in place which have a programme to recover the waste
materials from hospitals or patients and bring them back
into the recycling process. Although complex to implement
the gains from such schemes would be very considerable
indeed. There is an estimated one million tons of clean, non-
infectious healthcare plastic waste generated in healthcare
facilities every year according to the Healthcare Plastics
Recycling Council. Nor does the science of recycling stand
still. Monomer extraction techniques in development enable
recycled polymers to be broken down to their constituent
monomers. If ubiquitously adopted, this could mean a
virtually limitless recyclability of some polymers without loss
in performance*.

www.ompharmaservices.com
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Packaging plays a strong part in the recycling process. In
some instances, packaging manufacturers are decreasing
packaging volume by favouring sealed trays instead of
pouches. In addition, some are reducing the number of
components required in the overall package. For instance,
this could be achieved by laser-etching instructions

directly on to the tray, where regulation permits. Others
are exploring the use of faster degrading plastics*!. And
incorporating logistical requirements right at the beginning
of the packaging design process can help specify optimum
transport that helps reduce energy consumption — especially
where, for instance, cold chain storage is requiredi.,
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Sustainability Changes Implemented to Pharmaceutical Packaging Materials & Design
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amount of recyclable plastic
materials materials content

Question: What changes have you already implemented to pharmaceutical packaging design and materials
to provide a more sustainable alternative? (Please select all that apply)

Base: All respondents; multiple answers permitted (n=166). 'Other includes: Improved Nonreactive Materials; More Reusable And Biodegradable Components; New Way
To Administer; And Training On Critical Thinking About Sustainability With Several Groups Of Health Professionals
Owen Mumford Pharmaceutical Services, in partnership with Pharma Intelligence, Injectable Combination Products. August 2020.
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Sustainable Manufacturing

Medical device manufacturers can achieve much in the
sustainable development of their manufacturing processes,
all of which has a positive environmental impact which the
company can present to the procurement chain. Clearly,
reduced use of water, energy efficiency, logistics optimization
and reduced use of polluting chemicals are all factors

that manufacturers are attending to®*. Manufacturers are
collaborating with healthcare providers to scope out, report
and measure such improvements via organisations such
as the UK’s Sustainable Healthcare Coalition, as well a
co-operative work on environmentally sustainable patient
pathways in the health service itself.

Energy-efficiency is an important factor in making medical
device manufacturing more sustainable, not only because
it has a direct impact on CO, emissions, but because it
leads to immediate cost savings. Overall sustainability
improvement initiatives often harness future savings from
energy cost reductions to finance the whole programme.

Overall productivity, achieved through the adoption of

new generation manufacturing technology, may not only

be more energy efficient, but can also reduce waste and
shorten time to market. A good example is the adoption

of 3D printing to develop and test prototypes, possibly
developing the optimum product mould more quickly,
fulfilling both human factors usability testing but also refining
production parameters to minimise raw materials volumes
and maximise output productivity. Another example is the
adoption of ‘digital twin’ production software, that uses inline
sensors to create a virtual, real-time mirror of the production
environment. This allows production line refinements to be
developed, tested and implemented, all without interrupting
actual physical production. The goal here is to get as near
as possible to ‘zero defect’ manufacturing, again reducing
waste.

www.ompharmaservices.com
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“Owen Mumford has adopted many onsite
changes to ensure all our energy is coming
from clean renewable sources. We are also
investigating a wide range of materials and
additives which can reduce the energy
required to process into final product. Bio
based materials can offset the carbon
emitted during processing as the monomer
source grows. A growing range of sources
for bio based monomers is available, such
as wood pulp or sugar cane.

However, when assessing the most
appropriate material for a part, the

entire lifecycle of the product needs

to be considered. For example: bio-
degradable polymers can contaminate a
recycling stream and emit methane when
incinerated... and methane has a carbon
emissions impact 25x greater than CO,.”

Toby Cowe, Technology Development
Group Manager R&D, Owen Mumford
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Sustainability by Design

Many of the key principles of sustainable product design
start by understanding and developing a product life cycle,
not just a product - considering concept development,
material selection, design and engineering, manufacturing,
packaging, transportation, sales, use, and end-of-life
disposal, right from the start. This approach is already
deployed for manufacturing efficiency, time to market, risk
reduction, safety and regulatory compliance, and packaging
and transportation costs. It is simply a case of extending
existing disciplines to also evaluate energy efficiency,
environmental impact, material usage, and recycling. In some
aspects, existing FDA and EMA quality system requirements
touch on these environmental considerations — particularly
around tracking, materials safety/efficacy and disposal.
Similarly, LEAN manufacturing methodologies seek to
reduce inefficiency in several key related areas, such as
overproduction, waiting time, transportation, processing,
inventory, motion, and scrap.

“Device design considerations can have

a large impact of the carbon footprint of
therapies. Furthermore, a reduction in the
amount of single use plastic associated to
each treatment whilst maintaining safe and

effective usability characteristics can be
achieved with careful consideration at
a design stage.”

Toby Cowe, Technology Development
Group Manager R&D, Owen Mumford

A number of other more specific sustainability considerations
can be built into product design and engineering. For
example: ease of disassembly will have a major impact

on recycling costs and methods; device size optimisation,
device simplification and packaging reduction will reduce
waste and transport impact; and harmonising raw materials
and production methods between different products will
save on cost and waste, while also opening the possibility of
greater agility of production tasks between production lines.
For disposable products, choosing materials that limit
environmental damage during disposal and incineration can
reduce toxic air emissions and reduce waste processing
costs.
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“Considerations made about medical
waste handling regulations for target
markets inform how single use materials
are specified (bio-based for incineration
markets, bio-degradable for landfill
markets). An understanding of user
behaviours can help select the most robust
re-usables with the greatest opportunity
for recycling.”

Toby Cowe, Technology Development
Group Manager R&D, Owen Mumford

The current reality is that most devices - especially parenteral
or other invasive products — will have to retain a disposable
element to meet regulatory safety and hygiene requirements.
However, the art is to design a minimum disposable unit
within a reliably re-usable ‘shell’. As devices rapidly become
more digitally connected (delivering stupendous therapy
and cost benefits for remote patient management and safe
self-administration) commercial considerations have to drive
developments in this direction. The costs of disposable
electronics would simply not be viable, and — as we have
previously noted — would not be acceptable in the light of
electronics disposal regulations. All the design science then
has to be focused on creating a simple, repeatable interface
between the two component sections so as not to impair the
functionality or efficacy.

For more information please contact
pharmaservices@owenmumford.com
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