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Introduction

The NHS produces 250,000 tonnes of waste every year,
incurring in elevated financial costs and carbon emissions
for its disposal and processing.” Reduce and reuse is
a vital principle in preventing waste from entering the
system in the first place but it will take time to implement
and it is unlikely to ever be complete.? In the meantime,
better strategies to deal with the waste produced are
needed, with recycling being a popular option amongst
frontline staff.?

Operating theatres are resource intensive environments
and produce a high volume of waste.* There is limited
knowledge around the composition of this waste, and
how segregated waste at the end of a modern operation
would appear.® Additionally, correct segregation of this
waste could lead to benefits both in terms of cost and
environmental impact, but it is also challenging, due to
the risks of contaminated waste entering a clean recycling
stream.®7 To fill these knowledge gaps, we aimed to audit
the waste produced from a laparoscopic bowel cancer
operation, to determine if appropriate segregation can
decrease the environmental impact of waste in the
operating theatres.

Methods

We conducted an audit of the waste produced during a
laparoscopic right hemicolectomy performed in April 2023.
Approval was given by theatre management, hospital
clinical managers, and hospital level waste managers.
For this process, a clinician oversaw the collection of
the clean, potentially recyclable waste produced and
segregated it within different predefined streams. Waste

was then collected in bags and weighed with a calibrated
digital scale. Infectious and clinical waste (contaminated
with body fluids, chemicals or pharmaceuticals) was
disposed of in the usual waste streams, in keeping with
infection control and health and safety procedures. For
the same reason, sharps and surgical devices were
disposed of in the normal fashion (sharps boxes and
orange bags appropriately).

Clean, potentially recyclable waste was collected and
sorted within two initial streams: paper and carboard
and plastic. Plastic waste was further divided into soft
(low density polyethylene, LDPE, resin code 4) and hard
plastic. Hard plastic was then divided in recyclable and
non-recyclable, based on resin codes: recyclable plastic
included Polyethylene Terephthalate (PET, Resin code
1), High-Density Polyethylene (HDPE, Resin code 2) and
Polypropylene (PP, Resin code 5). Non-recyclable plastic
included items with Resin codes which are not recyclable
or that are not easily recycled locally (Polyvinyl Chloride,
PVC, Resin code 3, Polystyrene, PS, Resin code 6,
Other plastics, Resin code 7), and all other plastic items
in which a Resin code could not be identified.?

For the purpose of this audit, we considered three main
waste streams to assess the carbon footprint of the
processing of waste produced in the operating theatre
(Figure 1). Energy from waste (EfW) indicates the
production of electrical energy from the low temperature
incineration of waste. Typically, 500 to 600 kWh of
electricity is generated per ton of waste incinerated.®

Data for the carbon footprint of each waste stream was
extracted from existing literature.’®' Final estimates
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considered the transportation of the waste to the
appropriate facilities as well as the avoided emissions
from the production of energy in the EfW processes,
and the avoided primary production in the recycling
streams.'®" We estimated the carbon footprint for the
clean waste produced during the laparoscopic right
hemicolectomy in three different scenarios.

In the first scenario, or worst-case scenario, we estimated
the emissions generated if all clean waste produced
was disposed of as infectious waste in orange bags,
undergoing processing through autoclaving, shredding
and subsequently low temperature incineration with EfW.
In the second scenario, it was assumed that all clean
waste collected would be processed as domestic waste,
via EfW. In the third or best-case scenario we estimated
the carbon footprint generated if all recyclable material
was disposed of through recycling, while non-recyclable
material was processed as domestic waste. The carbon
footprint was calculated by multiplying the weight of the
waste collected by the carbon footprint of each waste
stream, according to the scenarios described above.

Results

The total weight of the clean waste collected amounted
to 2.9 Kg. Of this, 1.40 Kg was paper and cardboard,
0.68 Kg was soft plastic, 0.58 Kg recyclable hard plastic,
and 0.24 Kg non-recyclable hard plastic (Figure 2).

The carbon footprint was calculated for each of the
scenarios described above. The overall carbon footprint
from clean waste produced during one laparoscopic
right hemicolectomy would lead to the production of 1.66
KgCO2e if all waste was disposed of as clinical, 0.50
KgCO2e if disposed of as domestic waste and it would
save 1.66 KgCOZ2e if all recyclable clean material was
effectively recycled. (Table 1)

Scaling this finding to the number of colectomies
undertaken in 2022/2023'2, 19878 procedures, Scenario
1 would produce 32.8 tCO2e, Scenario 2 9.9 tCO2e
while recycling of the materials in Scenario 3 would lead
to overall saving of 33.0 tCO2e.

Discussion

This study is a proof of concept that waste segregation
can be implemented and can lead to considerable
changes to the environmental impact of waste disposal
in the operating theatres. The scenarios created do
not reflect the complexity of the waste management
process in hospitals, but they highlight the importance of
appropriate segregation.

Challenges to reaching the best-case situation in
Scenario 3 are found within the operating theatre itself,
the wider hospital and the outer setting.

Within the operating theatre, appropriate segregation
can be difficult to ensure, given the high-pressure

Figure 1. Hospital waste streams considered within the waste audit and relative carbon footprint 1%

Waste type

Process

Carbon footprint

(KgCO2e/t waste)
ﬁ - [Autoclave and Shredding ] ‘ [Energy from Waste (EfW)] 569
Contaminated with bodily fluids which
pose a potential infection risk
‘ —) [Energy from Waste (Efw)] o
Waste that does not pose any
particular biological, chemical,
radioactive or physical hazard
PET/ HDPE/ PP -1508
Recyclable waste m / _
‘ —) TS ER 972
Waste that does not pose
contamination risk, which can be Paper and cardboard -120
processed into new material

EfW: energy from waste, PET: Polyethylene Terephthalate, HDPE: High-Density Polyethylene, PP: Polypropylene, LDPE: low density

polyethylene.
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Figure 2. Waste collected during the operation.

environment: this waste audit required a clinician solely
overseeing collection and sorting of the waste, which
cannot be realistically guaranteed during all operations.'
Literature shows that education and training of theatre
staff and changes in logistics such as improving in
signage and having smaller bins for clinical waste can
make a difference in implementing appropriate waste
segregation. '+

More widely, waste disposal and processing in hospitals
is dependent on existing contracts as the NHS trusts
largely depend on private companies for their waste
management. This means that waste management
can vary significantly among trusts. Transparency of
processes and results can be beneficial to ensure carbon
efficient waste streams are utilised and that contracts are
evaluated not only based on cost but also environmental
impact. Additionally, compliance to the contracts needs to
be ensured, to guarantee waste reaches the appropriate
waste stream both internally and at the point of external
collection, and that it is ultimately correctly processed.

To facilitate implementation of appropriate segregation
of waste, clear labelling of plastics and materials is
fundamental. Resin codes were useful to classify the
material produced during this case, but they were not
easily identifiable in all items. Additionally, the ability to
recycle different types of plastics changes depending on
facilities, therefore cannot be guaranteed NHS-wide at
present.

Crucially, it is important to ensure that interventions
adopted in the operating theatres to reduce the
environmental impact of waste processing are sustained
over time. Behavioural change models should be
employed to assess the barriers and facilitators to the
proposed intervention and findings should be used to
design components to the intervention, to maximise its
potential effectiveness and sustainability over time.'"18

This proof-of-concept study showed that appropriate
segregation of clean waste can lead to a significant
reduction in the environmental impact of operating
theatres. While the processing of the waste collected
in theatre depends on several factors, also external
to the operating theatre and the hospital itself, correct
segregation represents the first step that frontline teams
can address in theatres. Behavioural change models
should be utilised in the design of interventions in this
field, to ensure these are sustainable over time.
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Table 1. Estimated carbon footprint for different waste segregation scenarios

Carbon footprint (kgCO2e/kg)
Scenario 1- Worst | Scenario 2 — Scenario 3 -Best case
case Middle case
Weight
Types of waste (kg) All clean waste All clean waste Recyclable material effectively
processed as infectious | processed as recycled, non recyclable
domestic processed as domestic
Soft plastic 0.68 0.39 0.12 -0.66
(LDPE)
Paper and 1.4 0.80 0.24 -0.17
cardboard
Recyclable hard 0.58 0.33 0.10 -0.87
plastic (PET/
HDPE/PP)
Non-recyclable 0.24 0.14 0.04 0.04
hard plastic
Total 29 1.66 0.50 -1.66

LDPE: low density polyethylene, PET: Polyethylene Terephthalate, HDPE: High-Density Polyethylene, PP: Polypropylene.
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