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Introduction

The healthcare sector is one of the most
carbon-intensive sectors, contributing to
4.4% of global net greenhouse gas emis-
sions and toxic air pollutants (Karliner et
al. 2022). Around 71% of emissions are
primarily derived from the production,
transport, and disposal of medical products

GREENER ICU

The Green Intensive Care:
From Environmental Hotspot

to Action

Together we must reduce the impact of the healthcare sector and shift

towards a circular economy. This paper describes the shift of three ICU

environmental hotspots: gloves, gowns, and CRRT bags.

such as pharmaceuticals, medical devices,
personal protective equipment (PPE),
hospital equipment, and instruments. The
Netherlands is above the global average,
with 7% of its national footprint associ-
ated with the healthcare sector (Gupta
Strategists 2022). Hospital care results per
year in 3.8 kilotons of extracted materials,
17.6 kilotons of CO, emissions and 4803
kilotons of waste (Steenmeijer et al. 2022).
Zooming in on the waste, this consists of
15% hazardous materials (e.g. blood and
infected materials) and 85% general hospital
waste, of which 55% is plastics (WHO 2018).
In the last decade, there was a tendency
to increase efficiency and prevention of
iatrogenic infection. Therefore, there was
a shift to single-use products, especially
in the operating room and the intensive
unit (ICU). In these departments, most of
the (plastic) waste is generated (Hunfeld
et al. 2022).

Given the current climate crisis, we
must start working towards more holistic
approaches to reduce the impact of the
healthcare sector and shift towards a circular
economy (Hinrichs-Krapels et al. 2022).
We discuss three relevant approaches.
First, a circular economy contains three
core principles: (1) design out waste and
pollution, (2) keep products and materi-
als in use for as long as possible, and (3)
regenerate natural systems (Ellen MacAr-
thur Foundation 2020). While simple in
theory, there are many complexities and
trade-offs when shifting towards circular
practices. Second, the 7 Pillars of the
Circular Economy framework (materials,
energy, water, biodiversity, human society

and culture, health and well-being, and
generating value) can be used as a holistic
lens to map or to describe sustainabil-
ity issues and to identify environmental
hotspots (Kirchherr et al. 2017). Third,
based on these environmental issues and
hotspots, the 10R strategies can be used as
a starting point for circular interventions
by healthcare staft (Reike et al. 2018). The
10Rs represent Refuse, Rethink, Reduce,
Reuse, Repair, Refurbish, Remanufacture,
Repurpose, Recycle and Recover. Refuse
(meaning not buying/using the product
in the first place) is the strategy with the
highest impact in the hierarchy of circular
interventions, while Recover (generating
energy from incineration of waste) repre-
sents the strategy with the lowest impact.

In the transition from a linear to a
circular system, knowledge about the
environmental impact of products and
actions is needed in order to determine
environmental hotspots and to use the 10R
strategies. This knowledge can be obtained
through so-called Life Cycle Assessments
(LCA) or a Material Flow Analysis (MFA).
LCAs involve the analysis of the environ-
mental impact of natural resource extrac-
tion, manufacturing, packaging, transport,
use/reuse, and recycling/waste disposal of
certain products or processes (McGain et
al. 2020). LCAs related to intensive care
medicine have been performed for reusable
central venous catheter insertion kits and
septic ICU patients in the United States
and Australia (McGain et al. 2020; McGain
et al. 2018). An LCA of all the activities
occurring within the entire ICU would
be a considerable undertaking, though
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not impossible. Another method is the
Material Flow Analysis (MFA). An MFA
provides a quantitative understanding of
all the goods and waste flows that enter and
leave the system. It can be used to manage
resources and waste flows (Brunner and
Rechberger 2004; Allesch and Brunner
2015). We are the first ICU that applied an
MFA to identify environmental hotspots
in the hospital context at the department
level. We have recently published the results
of this MFA (Hunfeld et al. 2022). This
MFA provides the necessary information
for intensive care in its desired transition
from a linear to a circular system, with
detailed insights into materials mass, carbon
footprint, agricultural land occupation and
water usage related to the products that
are used in the intensive care unit.

From the MFA, we identified multiple
environmental hotspots. This paper will
describe how the intensive care of Eras-
mus MC improved its sustainability by
changing three environmental hotspots:
gloves, gowns and CRRT bags and their
packaging.

From Hotspots to Three Cases

To approach the transition towards a
circular hospital from a holistic view, we
set up a multidisciplinary consortium
comprising partners from an academic
hospital (Erasmus MC), a technical univer-
sity (T'U Delft) and a university of social
sciences (Erasmus University Rotterdam).
Within the circular economy, co-creation
and collaboration are key and ideally,
co-creation and collaboration involve
the whole value chain (Figure 1). Our
consortium is built around the hospital
value chain and serves an extensive network
(from materials producers to waste proces-
sors). The relevance of this value chain is
described previously (Hinrichs-Krapels et

[ Materials

Consumables
Producer Manufacturer

EmﬂmasmUSMc
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al. 2022) and concludes that if we want to
move towards more radical and long-term
shifts in designing interventions towards
transitions, a quadruple-helix approach
will be necessary. This will involve cross-
disciplinary and cross-sectoral research
and implementation across (1) industry,
(2) government, (3) academia, and (4)
the public. Together with master students
from Industrial Design Engineering and
Behavioural Economics, we examined how
to improve three environmental hotspots.
We will describe these cases in more depth
below. The case description will follow the
following items: environmental hotspot
analysis, R approach (Figure 2), redesign,
behavioural change (if applicable) and
supply chain implications.

The final phase of a case consists of
implementation of the redesigned product
in the ICU. In our setting, this is guided by
the green team of the ICU. This green team
is vital to harnessing employee expertise,
motivating, and finding new and better
ways to transition (Trent et al. 2023). Our
ICU green team is a diverse team, repre-
senting the ICU medical profession by
nurses, doctors, and pharmacists, together
with expertise from infection prevention,
logistics and procurement, and project
management leadership.

Gloves

Hotspot analysis

The largest number of individual units
procured for the ICU are nitrile gloves, with
an average of around 108 gloves being used
daily per patient treated in the ICU. Their
aggregated weight also makes up more
than 12% of the total weight of disposable
medical material used. From the impact
assessment, nitrile was highlighted as the
material with the highest impact intensity in
terms of carbon footprint (9.3 kg CO,-eq/

Figure 1. Current linear value chain of medical consumables in the hospital care sector
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kg nitrile) and water usage (0.5 m?® water/
kg nitrile) (Circular Intensive Care Unit
Erasmus MC, Report Metabolic 2021).
Given the high environmental impact of
gloves, we aimed to redesign their use.

R-approach

Refuse and Reduce will result in the larg-
est impact. This requires a change in the
behaviour of the medical staff. In our ICU,
it is currently common to wear gloves for
all procedures. We recently started a new
campaign, together with the infection
prevention department, showing medical
staff when gloves are needed. For example,
in a non-isolation patient's room: only
wear gloves when dealing with excreta
(e.g., bodily waste including faeces, urine,
and mucus), medication (administration
of chemotherapy), and blood. To refuse
and reduce the use of gloves, we combined
this campaign with a newly designed
glove box. Rethink is the other R-strategy
related to the gloves. Both the packaging
(short-term solution) and the material
(nitrile, long-term solution) require a
more sustainable redesign.

Redesign

This research and design project addressed
the problem from three different perspec-
tives: user-centred, product-centred, and
supply-centred (vd Berg et al. 2022). The
users of the gloves were observed during
their work to identify the problems that
occur. The product was analysed by trying
to take out the gloves one by one from the
cardboard dispenser. Due to poor design
and packaging, the gloves are difficult to
dispense one by one. By analysing the
waste, it became clear that around 6% of
the gloves end up in the waste unused.
The project resulted in a redesign of the
current glove dispenser with a focus on
five aspects: 1) dispensing one glove at
a time, 2) dispensing gloves at the cuft,
according to infection prevention rules,
3) vertical position of the box, which is
more ergonomic to the user, 4) the use
of colours on the dispenser for different
sizes, so nurses will see at a glance which
size gloves the box contains, and 5) a
small V-shaped opening which makes the
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Figure 2. The 10R Circular Economy strategies depicted along the value chain (purple) for

medical consumables

undesirable behaviour of placing gloves
back almost impossible. The final glove box
design can provide benefits for multiple
stakeholders within the healthcare system
and also outside the ICU.

Supply chain implications

The case highlighted two important inter-
faces with the supply chain: First of all, in
line with the above analysis, a redesign and
manufacturing of a new type of dispenser
and a better approach to how the dispensers
are filled (stacked instead of bunched up).
At the same time, another interface with
the supply chain is to ask the market to
design and manufacture (at scale) different
types of gloves consisting of material with
less environmental impact (e.g. a different
type of nitrile [Hunfeld et al. 2022]).

Gowns

Hotspot analysis

Our MFA showed that 16 single-use gowns
per ICU patient per day are used. Of all
personal protective equipment, gowns were
the largest contributor to CO, emissions
during the first six months of the COVID-
19 pandemic (Rizan et al. 2021), which
means that a reduction in gown usage is an
important step towards a circular hospital.

R-approach

We aimed to Reduce gown usage in two
distinctive ways: a transition from wearing
gowns to wearing aprons when working
with non-isolation patients and - when
working with these non-isolation patients
- to only wear aprons when dealing with

excreta and blood. To achieve this goal,
behavioural change in ICU personnel
was needed.

Redesign

The case of gowns did not need a redesign.
There are aprons and washable gowns
available on the market.

Behavioural change

To facilitate behavioural change, we
combined a policy change and informa-
tional campaign with nudging. To examine
the effect of two different nudges on gown
usage amongst ICU personnel, we ran a field
experiment at Erasmus MC (consisting of
4 ICU Units: A, B, C and D). Specifically,
we tested the effect of a visual prime and
social norm nudge on apron usage. Upon
the introduction of the policy change,
for 1.5 weeks, we counted how many
aprons were used during the day shift in
non-isolation rooms across the ICU (i.e.,
baseline measurement). Next, we introduced
a visual prompt sticker and prime (i.e.,
banner) in Units A and B and a social norm
sticker in Units C and D. The social norm
sticker stated that 81% of ICU personnel
from a comparable hospital preferred to
act sustainably and only wear an apron
when needed. To examine the effective-
ness of our interventions, for a period of
1.5 weeks, we counted how many aprons
were used. To examine the effect of each
nudge independently, we distinguished
between Units A and B and Units C and
D. We found an 8 percent point decrease in
apron usage between the pre-intervention

measurement and the post-intervention
measurement in the visual prime condition.
Unexpectedly, the social norms stickers
led to a 6 percent point increase in apron
usage. Neither differences were statistically
significant. We will continue our search
for ways to encourage more sustainable
behaviour amongst ICU employees. We
have conducted a series of interviews with
ICU personnel to involve the employees
themselves in this behavioural transition.
Another step forward would be to move
from Reduce to Reuse by moving from
single-use aprons to washable aprons.

Supply chain implications

This case shows multiple implications for
the supply chain. One implication is a switch
from single-use gowns to less polluting
washable gowns (Vozoola et al. 2018).
For Erasmus MG, this requires a tender
because of the academic hospital status.
This takes time, so Erasmus MC decided
to switch to aprons in the meantime. These
aprons fulfil the infection prevention rules
regarding non-isolation patients. However,
gowns are needed for isolation patients.
At the moment, we don't have informa-
tion about the environmental impact of
aprons compared to washable gowns. This
information is needed before we can set
out a future policy: switching to washable
gowns for all patients or the use of wash-
able gowns for isolation patients only?

CRRT bags and their packaging
Hotspot analysis

One of the low-hanging fruit cases are
the continuous renal replacement therapy
(CRRT) bags with their packaging. On
average, the ICU of Erasmus MC uses
30,000 5-litre bags (Fresenius Medical,
's-Hertogenbosch, the Netherlands) per
year. This adds up to 3,600 kg of plastic
waste. Since this is a clean waste stream that
can be separated easily from other waste
streams, we asked the waste processor if it
was possible to create a separate logistics
recycle stream for the CRRT packag-
ing and the bags. The waste processor
analysed the type of plastic, and both the
bag and the packaging appeared to be a
pure polypropylene polymer suitable for
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high-quality recycling. The connectors at
the bottom of the bag have to be removed
because they consist of a different type of
plastic, unsuitable for this type of recycling.

R-approach

For this hotspot, the Recycling of empty
CRRT bags (without connectors) and their
packaging is a fitting strategy.

Redesign

In this case, there was no need to redesign
the product itself. However, a special
cutting tool was designed to split the
connectors from the bag. Also, a box was
made to store empty bags and packaging.
This box is attached to the CRRT trolley
that is parked outside the patient's room
containing new CRRT bags. The ICU nurses
are asked to put the CRRT bag packaging
in this box as well as the empty bags after
having removed the connectors.

Supply chain implications

This case also highlighted two interfaces
with the supply chain. First of all, a reverse,
closed-loop supply chain needs to be
developed to recycle the packaging. Second,
collaboration with the supplier needs to
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