
Circular Healthcare Flows

The intentional act of 
rejecting the production, 
consumption, or use of a 
medical product, material, 
or procedure, particularly 
those that are 
unnecessary, 
unsustainable, or harmful.

Incineration (or medical 
incineration) of waste 
materials with energy 
recovery.

Transforming waste 
materials, energy sources, 
and other substances into 
basic elements like carbon 
dioxide, water, biomass, or 
human tissue (for 
regenerative medicine) 
through natural processes.

Transforming waste 
materials from used 
products or resources into 
new raw materials, either 
of the same or lower 
quality, through e.g. 
decontamination, 
shredding, and moulding

Using discarded products 
or parts for different 
purposes than originally 
intended, such as in varied 
contexts (e.g. veterinary 
care procedures), 
purposes (e.g. different 
human procedures) and 
locations (e.g. developing 
countries).

Restoring products and 
components, often 
utilizing parts from 
discarded products, to 
achieve as-new condition 
through disassembly,
decontamination, quality 
control, certification, 
repackaging, and 
redistribution.

Restoring a product to 
good working condition 
through decontamination, 
repairs,  upgrades, 
cosmetic changes, 
performance checks, 
reinstallation, warranty 
assurance, and parts 
replacement.

Repeated use of a medical 
device on multiple 
patients for the same 
intended purpose, after 
decontamination when 
needed, and without 
significant modification.

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.

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.

Increasing efficiency in 
healthcare delivery and 
medical manufacturing by 
minimising energy and 
resource use, avoiding 
unnecessary production or 
consumption, limiting 
hazardous substances, 
and minimising 
(unnecessary) procedures.

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.

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

Incineration 
with energy 
recovery is 
not circular, 

but does 
avoid burning 
fossil fuels for 

energy.

LEAKAGE
Some 

devices /
parts do not 

need 
medical 

incineration, 
but do need 
disinfection 

to assure 
safe disposal 

before the 
incineration.

Remove 
infectious or 
hazardous 
parts (e.g., 

sharps, 
blood, toxins) 

for 
incineration 

in specialized 
medical 
waste 

incinerators 
with energy 

recovery 
using closed 
containers.

Material is 
broken down 
by naturally 

occurring 
micro-

organisms. 
The material 
residue flows 

back into 
earth's 

biological 
processes.

Test material 
quality to 
determine 

suitability for 
the use in a 

new product 
with the 

same or a 
different 
function.

In case of 
regenerative 
implants, the 
human body 
breaks down 
and absorbs 
the material, 
allowing it to 
support the 

regeneration 
of tissue or 

bone.

If needed, 
new parts 
are added, 

and the 
device is 

assembled 
with a new 
function.

Depending 
on the 

changes and 
function, 

actions like 
sterilization 

may be 
required.

Shred the 
products into 

small parts 
that can be 
sorted into 

types of 
materials.

Materials are 
processed 

through e.g. 
grinding, 

melting, or 
chemical 
treatment 

into 
production-
ready base 
materials.
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For 
refurbish, 

software is 
updated, 

and minor 
malfunction

s and 
aesthetic 

defects are 
repaired.

For remanu- 
facture, 

device parts 
are tested 

and 
restored to 
meet the 
as-new 

qualification
. Non-defect 
spare parts 
are saved.

The device 
is resold for 
its next use. 

They are 
often priced 
lower due to 
lesser value 
perceptions 

(despite 
new 

condition). 
This pricing 
strategy can 

also help 
open new 
markets.

Devices are 
checked to 

meet quality 
standards 

for the next 
use cycle. 

Sometimes, 
devices may 
need to be 
packaged 

and 
sterilized to 

prepare 
next use.

Devices 
that were 
previously 

taken apart 
to enable 

proper 
cleaning are 
reassemble

d into the 
same 

product.

To reach the 
as-new 

qualification
ssome 

device parts 
may need to 

be 
discarded 

and 
replaced 
with still 

functioning 
spare parts.

REPROCESSING FOR INTENDED USE

Minimize the 
energy usage 
required for 

the device to 
be able to 

operate 
efficiently.

RESEARCH, DESIGN, AND DEVELOPMENT

"Do we really 
need this?" 

If not, 
consider 

eliminating it. 
An ethical 
evaluation 

may be 
needed.

Develop an 
alternative 
solution: 
offer the 

same 
function 

in a more 
sustainable 

Combine 
multiple 

functions into 
one device, 

reducing the 
need for 
multiple 
devices.

Enable 
portability to 

increase 
accessibility 
and reduce 
the need for 

multiple 
fixed 

machines.

Enable 
shared 

device use to 
reduce 
excess 

equipment 
and waste.

Re-
assemble 

(if needed)

Quality 
check & 
sterilize Restore 

and 
update

Re-
assemble

Quality 
check & 
sterilize

Resell 
product

Quality 
check & 
sterilize

Resell 
product

Utilize 
spare 

parts (if 
needed)

Restore 
and 

update

Adapt 
into new 
function

Product with
new function

Clean 
further (if 
needed)

Depollute

Shred 
materials

Sort and 
process 

materials

Quality 
check

7  - REUSE8 - REFURBISH

9 - REMANUFACTURE

Bio-(body) 
integration 

Minimize 
material

use

PERFORMANCE SUSTAINMENT

Collect and sort devices by type, condition, classification 
(non-critical, semi-critical, critical), and next CHF. Health 
devices are decontaminated after use in up to four steps, 

depending on the device type and required level of 
decontamination. Some need dismantling before cleaning.

1. Pre-Cleaning: Contaminated devices may undergo 
manual and/or mechanical pre-cleaning (e.g., rinsing, 

ultrasonic cleaning) to remove visible residues.
2. Cleaning: All devices undergo manual or mechanical 

cleaning. This removes (in)visible contaminants.
3. Disinfection: Devices that contact skin or mucous 
membranes (e.g., thermometers, endoscopes) are 

disinfected manually or mechanically using chemicals 
and/or heating. Low-level disinfection removes most 

bacteria, some viruses, and fungi, while high-level 
disinfection eliminates nearly all microorganisms except 

some spores.
4. Sterilisation: Devices that penetrate sterile tissues or 

the bloodstream (e.g., surgical instruments) must be 
sterilised. A device is sterile when the probability of viable 
microorganisms is less than 1 in a million (SAL). There are 
various methods to sterilise a medical device (Steam, EtO, 

Radiation, H3O3). The preferred method depends on 
material properties, the number of devices, the costs, 

environmental impact and availability).

TAKE-BACK & DECONTAMINATION

Quality
check

Self 
repair

Serviced 
repairQuality 

check

6 - REPAIR

Most health 
devices are 
periodically 
checked to 
determine 

what kind of 
maintenance 
or repair they 

require.

Devices are 
regularly 

maintained 
(e.g., testing, 
calibration, 

installation), 
with worn 

parts 
replaced 

before failure 
occurs.

Sometimes, 
defects can 
be repaired 
directly by 
the user. 
Devices 

might first 
have to be 

dismantled.

To ensure 
quality, some 

defects are 
repaired by a 
service party. 

Devices 
might need 

to be 
dismantled.

After 
serviced 

repair,  it is 
assessed 
whether 
repair is 

carried out in 
accordance 
with quality 
standards.

Disinfect

Incinerate 
& recover 

energy
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more use 
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Increase 
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END OF LIFEEnd of useDetermine
strategy

Minimize
energy use

4 - REDUCE

Minimize 
Product 

use

Collect and sortUsed
product

USEQuality
check

Package 
& 

steriliseFinal
product

Produce
parts

(re)-
assemblePREP Procurement 

& storage

Quality
check5

 - M
AINTAIN

Detailed design

Realisatio
n

Verification

Compost 
or 

degradate

Dismantle Decontaminate

Maintain/ 
prevent 
failure For energy recovery,

attention should be 
paid to different treatments

of e.g. hazardous waste,
infectious waste, and

radioactive waste.

Preferably, refuse, replace, rethink, and reduce are 
considered in the design phase, but after 

commercialisation, user behaviour can for example also 
lower energy use, enable sharing, or influence 

procurement decisions. 

Devices should be designed to support as several circular 
strategies to minimize environmental impacts a much as 

possible. For example, ensure quality assessment for 
maintain and repair, prioritize durability for reuse, enable 

easy reassembly for repurpose, and use materials 
suitable for recycle and/or renew.

Detailed
criteria

Value 
proposition

System 
design

Business 
model

START Def  ine need
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Linear life cycle steps

Design process steps

Key steps in the system

Circularity preparation steps

Tangible factors

General steps / icons

Transport (often) needed

Parts might transfer to [CHF]

Expected stakeholder / location icons

Healthcare facility

Manufacturer

Home of the user / patient

Recycling company

Composting plant

Hazardous waste facility

Waste incineration plant

Other / service provider

Incinerate 
infectious 

parts

Hazardous 
parts (toxins, 

batteries, 
etc.) are 

removed.

Minimize 
product use 
by limiting 

use to when 
essention. 

For example, 
only during 

critical 
procedures, 

reducing 
overall usage 

and 
extending 
lifespan.

Minimize 
material use 
(and waste) 
during both 
production 

process and 
the device’s 
use phase.

Adapted from
Hoveling et al. (2026)
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