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Value Hill - We destroy at highest value
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RENEWABLES FLOW MANAGEMENT STOCK MANAGEMENT economy

BiocAs

Increasing circularity
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ELLEN MACARTHUR Linear
FOUNDATION economy

Smarter
product

use and
manu-
facture

Extend
lifespan of
product
and its
parts

Useful
application
of mate-
rials

Strategies
Make product redundant by abandoning its function or by
offering the same function with a radically different product
Make product use more intensive (e.g. by sharing product)
Increase efficiency in product manufacture or use by consu-
ming fewer natural resources and materials

Reuse by another consumer of discarded product which is
still in good condition and fulfils its original function

Repair and maintenance of defective product so it can be
used with its original function

Restore an old product and bring it up to date

Use parts of discarded product in a new product with the
same function

Use discarded product or its parts in a new product with a
different function

Process materials to obtain the same (high grade) or lower
(low grade) quality

Incineration of material with energy recovery

So, what do we mean by circular economy?
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Van een lineaire naar een circulaire economie

Lineair Circulair

Grondstoffen Grondstoffen

Niet- . Miet-
. Hernieuwbare .
hernieuwbare hernieuwbare
n
grondstoffen grondstoffen grondstoffen

Hernieuwbare

grondstoffen

Storten en Storten en
verbranden verbranden

Transitie naar circulaire economie

Bron: PBL 2016 www.pbl.nl
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Why do we
(EVU) work on
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economy?
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Ladder van Lansink 1979
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Strategies in a circular economy

Circular
economy

A

Linear
economy

Smarter
product use
and
manufacture

Extend
lifespan of

products and
its parts

Useful
application

of materials

RO Refuse
R1 Rethink
R2 Reduce
R3 Re-use
R4 Repair

R5 Refurbish

R6 Remanufacture

R7 Repurpose

R8 Recycle

R9 Recover

Make a product redundant: abandon
function or use different product

Make product use more intensive:
sharing or multi-functional products

Consume less through efficient
manufacturing or use

Re-use of functioning discarded
products by another use

Repair and maintenance of
defects to keep original function

Restore and update

Use parts in a new product
with the same function

Use products or parts in a new product
with a different function

Process materials to obtain the same
(high grade) or lower (low grade) quality

Incineration of materials with
energy recovery

WC



Table 3: Proposed conceptual framework. Healthcare specific definitions are the authors’ own, inspired by all examined established
definitions and definitions derived from the review of review results.
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TERMS HEALTHCARE-SPECIFIC DEFINITIONS
Refuse Rejecting the use of a medical product or procedure by abandoning its function or specific added value compared to
more environmentally sustainable, existing alternatives, thus avoiding unnecessary interventions.
Replace Substituting a medical product or procedure with an alternative that serves the same purpose but significantly reduces
P environmental impact.
Rethink Systemically enhancing the procedures surrounding product use to drive environmentally sustainable practices, such
as through rethinking patient transport and telemedicine, sharing products or introducing multifunctionality.
Increasing sustainability in healthcare delivery and medical product manufacturing by consuming fewer resources,
Reduce o= S
optimizing energy and water use, and carefully minimizing (unnecessary) procedures to meet healthcare needs.
The repeated use of a medical device on multiple patients for the same intended purpose, after decontamination when
Reuse . S . .
needed, and without significant modification.
Maintain Preserving the quality, function, and safety of medical products and clinical environments to ensure reliable
performance, extend their lifespan, and reduce the risk of malfunctions that could lead to potential treatment failures.
q Restoring a faulty or broken product or component to a usable state to fulfil its intended use, which typically involves
Repair - - : ; . - .
corrective maintenance, ensuring that safety and performance specifications are met for an extended period. of time.
A Restoring a product to good working condition through decontamination, repairs, upgrades, cosmetic changes,
Refurbish : :
performance checks, reinstallation, warranty assurance, and parts replacement.
Remanufacture Re-engineering products and components, often utilizing parts from discarded products for the same function, to
achieve as-new condition through decontamination, quality control, certification, repackaging, and redistribution.
R Using discarded products or parts for different purposes than originally intended, such as in varied contexts (e.g.
epurpose : . ; : .
veterinary care procedures), purposes (e.g. different human procedures) and locations (e.g. developing countries).
Through e.g. decontamination, shredding, and moulding, transforming waste materials from used products or
Recycle . . . .
resources into new raw materials, either of the same or lower quality.
Renew Replenishing waste materials, energy sources, and other substances into basic elements like carbon dioxide, water,

biomass, or human tissue (for regenerative medicine) through natural processes.

Recover energy

Incineration (or medical incineration) of waste materials with energy recovery.
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Table 3: Proposed conceptual framework. Healthcare specific definitions are the authors’ own, inspired by all examined established
definitions and definitions derived from the review of review results.

TERMS HEALTHCARE-SPECIFIC DEFINITIONS

Refuse Rejecting the use of a medical product or procedure by abandoning its function or specific added value compared to
more environmentally sustainable, existing alternatives, thus avoiding unnecessary interventions.

Substituting a medical product or procedure with an alternative that serves the same purpose but significantly reduces

LTURGEE environmental impact.

Rethink Systemically enhancing the procedures surrounding product use to drive environmentally sustainable practices, such
as through rethinking patient transport and telemedicine, sharing products or introducing multifunctionality.

Reduce Increasing sustainability in healthcare delivery and medical product manufacturing by consuming fewer resources,

optimizing energy and water use, and carefully minimizing (unnecessary) procedures to meet healthcare needs.
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The repeated use of a medical device on multiple patients for the same intended purpose, after decontamination when
needed, and without significant modification.

Preserving the quality, function, and safety of medical products and clinical environments to ensure reliable
performance, extend their lifespan, and reduce the risk of malfunctions that could lead to potential treatment failures.

Restoring a faulty or broken product or component to a usable state to fulfil its intended use, which typically involves
corrective maintenance, ensuring that safety and performance specifications are met for an extended period. of time.
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Restoring a product to good working condition through decontamination, repairs, upgrades, cosmetic changes,
performance checks, reinstallation, warranty assurance, and parts replacement.

Re-engineering products and components, often utilizing parts from discarded products for the same function, to
achieve as-new condition through decontamination, quality control, certification, repackaging, and redistribution.
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Using discarded products or parts for different purposes than originally intended, such as in varied contexts (e.g.
Repurpose ; : ) ) :
veterinary care procedures), purposes (e.g. different human procedures) and locations (e.g. developing countries).
Through e.g. decontamination, shredding, and moulding, transforming waste materials from used products or
Recycle . ) . :
resources into new raw materials, either of the same or lower quality.
Replenishing waste materials, energy sources, and other substances into basic elements like carbon dioxide, water,
Renew : . . -
biomass, or human tissue (for regenerative medicine) through natural processes.
Recover energy Incineration (or medical incineration) of waste materials with energy recovery.
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Circular R-Strategies in Healthcare
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DESIGN STRATEGIES REGROW STRATEGIES RETURN (AGE

Minirr Collectand Most health devices
er sort devices are dismantled and
(in full orin washed with water
C part) based and soap after use.
same on the
function ir intended After this step, the
more next CRF. devices go on

separate routes.
Although some steps
1
0. B'ODEGRAD are similar, they often
£ happen at different
locations.

9. ComposT

Consume
less

energy

w

3, REDUCE

: NS : g
Produce Quality Package (and (Sterile) Use F ERG'
parts Asentiie check sterilize) storage (& REPAIR) Dlimantie and pr-clean = " kECO\lER N

Final device

2. RETHINK Design, life cycle, and CRFs steps

The decontamination process =
is also called reprocessing

General design phases

Prepare
circular
strategy

. Linear life cycle steps

‘ Tangible factors

D Circularity preparations

. Refuse - 1st circular flow

<
é\)Q' . Rethink - 2nd circular flow
& .
5 @ Reduce - 3th circular flow
Design the
device for @ reuse - 4th circular flow
all steps
listed in the . Repurpose - 5th circular flow
desired
circular @ Remanufacture - 6th circular flow
flows. For .
@ design Locations (7) Recycle - 7th circular flow
the device Manufacturer (OEM) ”
so it can Test Shredding 2 . Regenerate - 8th circular flow
easily be material @ Health care facility 3
adjusted to quality to X g . Compost - 9th circular flow
anew determine Full device is If needed Parts are Some [@] Home of the user / patient H ,
function. suitability Process the Shred the sy add (new) tested, and devices Recycling company # Biodegrade - 10th circular flow
For ) . materials products meet the set part d if possible need to be . 3
choose suitable for into small Hazardous sty assemble repaired in After cleaned Composting plant (1) Recover energy - 11th “circular" flow
materials product recycling parts that parts standards into the case of cleaning, if again . -
that can with the into can be (toxins, for a new same (@9 defects needed, (preferably Hazardous waste facility £9 Transport (often) needed
regenerate, same or a mmju(l»:’)n.— sorted into h.dncmcs device (®) or a new Non-defect the device in a specific @ Waste Incinieration plant > Parts possibly switching CRF
compost, or different ready base types of etc.) a or use cycle function spare parts parts are washing
biodegrade. function materials. materials removed @ @® are saved disinfected, machine, Other / third party T Possible waste or leakage

(landfill or incinerate)

DESIGN STATEGIES MECHANICAL STRATEGIES
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Examples of Healthcare specific nuances

© d

£

Safety Patient Contamination Standards and
protocols data risks regulations

D

What barriers to circularizing active medical devices can be
defined and how can we potentially overcome them?

o

Practitioner
workload
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BARRIERS TO CIRCULARITY IN HEALTHCARE

e Literature review of 94 articles

« 21 expert interviews

Read the article

Examples of barriers m Example quote

Safety, infection, and contamination risks

Practical difficulties related to collection and
separation logistics

Regulations that complicate the process

Financial constraints of different stakeholders

Unsuitable device/material characteristics for
circular strategies

Unawareness about and complexity of the
circular economy

171

145

125

108

81

78

“ ..itcan be dangerous. .. if you come into contact with certain pharmaceutical
substances, sharps, lots of types of things, they can be contaminated with viruses
from other persons”.

“There are unlimited logistic issues. There is no return flow in place”.

“Brazilian legislation prohibits the reuse and reprocessing of CIED, such as
pacemakers, defibrillators, and CRT devices”.
“You need economies of scale to be economically successful in something”.

“The design team strictly adhered to the glued solution, as that was the only way to
create a completely watertight devices that are still hygienic”.

“People are often not aware of the impact of everything we use. Locally, but also in
the supply chain”.
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Dispoable Gloves - 108 per patient per day
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Case 4: Endocutter
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This configuration already exists
[33]

Re-use or Remanufacture

Single-fire end-effector guarantees a sharp knife
aveary fire, but increases waste per fire

o——

Shaft can be reprocessed x times

Device needs to be operated
through sterile barrier - impairs
useability and increases bulk,
weight and cost.

Valuable components can be

reused often

Disposable sterile barrier for a non-sterile
handla
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Product Service Systems & New Business Models
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Dialysis bags at ICU

4500 kg
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“R” STRATEGIES CIRCULAR ECONOMY
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Two cases
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Which two R-Strategies do fit with your case and vision?
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First ideas how to make your case suitable for those R-
Strategies

* Product

 Circular system

« Business model

« Organizational change
« Behaviour cahnge
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Questions
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