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Abstract

Hospital-based healthcare is the most carbon intensive component of healthcare delivery. Mitigation in the face of the climate and

ecological crises is urgent and required under law in England, yet comprehensive guidance is lacking. This review summarizes—by

sector of emissions—current evidence on strategies that hospital trust executive boards can take to deliver decarbonisation. We identify

variable maturity of evidence available per hospital speciality and emissions sector, limited translation of successful case studies across

the sector and a lack of comprehensive guidance or policy to drive large-scale change. Strategies for hospitals to implement change need

to be accompanied by cultural shifts in approaches to environmental sustainability backed up by leadership, governance and financial

commitments. Crucially, long-term financial savings offered through environmental sustainability investments ought to be a driver, not

a barrier, to change.
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1. Introduction

Responding to the unprecedented impacts of climate
change and environmental degradation on human and plan-
etary health is increasingly urgent [ 1]. The healthcare sector
accounts for 4.4% of global net emissions, with per capita
emissions of 0.6 tonne CO2e¢ [2]. In the UK, under the
Health and Care Act 2022, NHS England developed strat-
egy to reach net zero by 2040 for greenhouse gas emis-
sions under direct influence (called scope 1 & 2 emissions),
and 2045 for those it influences (scope 3) across its oper-
ations [3]. Similar strategies exist in NHS Scotland and
Wales [4,5]. Acute services (henceforth ‘hospitals’, exclud-
ing mental health and community services) make up over
50% of emissions from clinical activity in England, and of
this, the biggest contributors are procurement (>60%) and
building energy (15%) (Fig. 1, Ref. [3,6]).

To date, there is limited evidenced guidance on how
hospitals should implement emission reduction plans. All
National Health Service (NHS) Trusts in England are re-
quired to have a Green Plan, but our research finds vari-
ability in their content and specificity, evidencing immatu-
rity in strategy [7]. As trusts renew their Green Plans, there
is opportunity to proactively address this gap in effective
strategy.

In this review we summarise current evidence and ex-
amples of strategies that executive boards at acute trusts in
the UK can take to deliver emissions reductions. We de-

scribe, by emissions sector, evidence on actions to decar-
bonise, and discuss how these can be delivered. Given clini-
cal system complexity and that the evidence base is nascent,
broad, and rapidly evolving, our recommendations will re-
quire adaptation and application to specific settings.

Our literature searches were targeted to identify arti-
cles that evidence approaches to decarbonisation of acute
hospitals within each of the emission sectors outlined in
Fig. 1. Where available, evidence from academic peer
reviewed literature was prioritised, but we also included
relevant evidence not specific to healthcare (e.g., on trans-
portation or energy use), and non-academic literature such
as policy documents and priority case studies. Literature
sources included databases (PubMed, Ovid), grey literature
via Google search engine and a UK-based green health-
care case study repository [8]. We included available ev-
idence published prior to May 2026 and from all geogra-
phies, where studies are applicable or adaptable to a UK
setting.

Whereas the focus of our review is on delivery of mit-
igation in acute hospitals in the UK, many of the principles
are transferable outside of this setting. We focus on carbon
mitigation but are cognisant of the needs for healthcare sys-
tems to also adapt to the effects of climate change, and to
recognise other harms, including environmental pollutants
(e.g., in manufacture and disposal of pharmaceuticals), and
labour abuse (e.g., in the production of medical supplies

[9D.

Copyright: © 2026 The Author(s). Published by IMR Press.
BY This is an open access article under the CC BY 4.0 license.

Publisher’s Note: IMR Press stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://www.imrpress.com/journal/BJHM
https://doi.org/10.31083/BJHM53431
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-8147-490X
https://orcid.org/0009-0003-7492-5110
https://orcid.org/0009-0004-2674-1103
https://orcid.org/0000-0003-1190-6687
https://orcid.org/0000-0002-4688-1670

COMMISSIONED
SERVICES

PHARMACEUTICALS

PERSONAL TRAVEL & CHEMICALS

BUSINESS TRAVEL

CLINICAL GASES %

WATER &
WASTE MEDICINES,
MEDICAL
NHS CARBON EQUIPMENT,
FOOTPRINT AND OTHER
SUPPLY
CHAIN

MEDICAL
EQUIPMENT

BUILDING
ENERGY

NON-MEDICAL
EQUIPMENT

OTHER
PROCUREMENT

Fig. 1. Clinical activity-based greenhouse gas emissions by emissions category for National Health Service (NHS) acute services
in England. Percentage contributions of the total by category are derived from data within Tennison et al. (2021) [6] where total
greenhouse gas emissions of acute services were calculated as 12,960 kilotonnes of carbon dioxide equivalent (ktCO2e) in 2019 using
a hybrid approach of top-down modelling with bottom-up data. Image format has been based on that used in the NHS Delivering a Net
Zero NHS report ([3], p14). Accordingly, the NHS Carbon Footprint includes Scope 1 and Scope 2 emissions (in shades of green in Fig.
1). Medicines, medical equipment and other supply chain, alongside personal travel make up Scope 3 emissions and are known as the
‘NHS Carbon Footprint Plus’ (in shades of blue and purple). Further information on legend: The ‘clinical gases’ footprint is derived
from anaesthetic gases and metered-dose inhalers. Personal travel includes patient travel, staff commute and visitor travel. Business
travel includes that from NHS fleet. Commissioned services account for health services outside the NHS. Image created by the authors

using Canva.com.

2. Actions Toward Zero-Carbon Hospitals by Low carbon technologies are often prioritised as so-
Emissions Sector lutions. However, an estimated 30% of health system use
is of low-value [21]; rates of avoidable hospital admissions
total up to 40% for some patient groups [22] and inpatient
stays are the most carbon intensive form of hospital-based
care [23], so it is just as important to consider where hos-
pital care is not needed. That will likely have a greater ef-
fect on carbon emissions than any technological improve-
ment. Wright et al. [24] recommend that hospitals become
public health anchor institutions, and a movement toward

2.1 Principles of Low Carbon Care

Mortimer’s principles of low carbon care [10] - ill-
ness prevention (public health approaches), patient empow-
erment for self-care, lean services, and low carbon technol-
ogy - are considered the pillars of carbon mitigation. No-
tably, only a minority of specialities have specific guide-
lines, checklists or academic reviews based on these prin-
ciples [11,12,13,14,15,16,17,18,19,20].
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community-based care is part of the current 10 Year Health
Plan [25].

2.2 Supply Chain and Procurement

Procurement is the biggest single contributor to hos-
pital emissions (Fig. 1). Here the best approach is to first
identify opportunities for eliminating item use altogether,
and second to maximise circular economies, which priori-
tizes reuse and low carbon alternatives: this could be de-
fined as “...regenerative systems in which, through slow-
ing, closing, and narrowing supply chain loops, material in-
put, waste, and emissions are minimized” [26,27]. Circular-
ity in procurement also helps build supply chain resilience,
because linear supplies are vulnerable to disruptions in in-
ternational supply chains [28].

2.2.1 Pharmaceuticals

Hospital spend on pharmaceuticals is increasing an-
nually, reaching over £11 billion in 2024/25 in England
[29]. One decarbonization mechanism is to minimise over-
prescription, which is when prescribed medications are un-
necessary or where the benefit of medication is outweighed
by its harm. While the scale of over-prescribing in acute
care is unknown, one analysis of community prescribing in
England estimated 10% of medications could be considered
‘over-prescribed’ [30]. That is a key target to reduce carbon
emissions related with the life cycle of medication produc-
tion, use and disposal, but moreover to potentially reduce
emissions associated with managing in secondary care the
harms of medication overuse (For example, one economic
analysis estimated avoidable adverse drug reactions result
in use of over 180,000 hospital bed-days per annum in Eng-
land [31]).

Strategies to reduce low-value or harmful prescribing
are well-documented [30,32,33], but evidence of effective,
large-scale and sustainable interventions is limited, despite
much potential. For example:

e Several deprescribing tools exist to address
polypharmacy (prescribing of five or more medicines to
a single patient), which affects 45 to 97% of hospitalized
patients and is associated with patient harm [34], but
the evidence on real-world effectiveness of such tools is
limited [35].

* Specific pathways could be targeted to stop prescrib-
ing outside of best practice. For example, a recent trial
showed no evidence to support routine use of proton pump
inhibitors to manage throat symptoms, despite these being
widely prescribed [36].

* In reducing antimicrobial prescribing (accounting for
£719 million of hospital spend in England in 2024/25 [29]),
a UK cluster randomised trial of a multifaceted behaviour
change intervention reduced antibiotic use by nearly 5%
[371.

Hospitals could also reduce pharmaceutical waste
through re-use and stock management. One multi-centre
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Dutch study estimated reductions of 1.9 kilograms of car-
bon dioxide equivalent (kgCO2e) per patient per year
through re-dispensing of unused oral anticancer drugs [38],
but regulatory and policy barriers may prevent uptake of
such ideas in the UK [39], and more evidence is needed
on how such systems could be more widely implemented.
Emerging evidence also suggests that digital medicines
stock management could reduce waste [40], and that many
‘expired’ medicines could in fact be safely used [41].

Strategies targeted at reducing usage of medications
associated with the highest carbon emissions are also a po-
tential mechanism to reduce pharmaceutical emissions. For
instance, using oral instead of intravenous paracetamol in
elective surgery could amount to a UK emissions reduction
of 932 tonnes of carbon dioxide equivalent (tCO2e) [42].
Another example is inhalers, which are covered in a sep-
arate section in this review. Whereas detailed life-cycle
analysis (LCA) is currently lacking for most medicines,
tools are emerging to estimate the carbon impact of dif-
ferent classes of medications, for example, the Medicine
Carbon Footprint Classifier [43,44]. Such tools could po-
tentially support hospitals to target high-impact therapeutic
areas, in balance with clinical and economic considerations,
whilst being cognisant of the limitations of such methods,
including inaccuracy in estimated impacts, the complexities
of prescribing behaviour both within and outside of acute
settings and the current lack of guidance to support hospi-
tals to implement at scale.

2.2.2 Medical and Non-Medical Equipment

Hotspots of medical equipment use include intensive
care [18], operating theatres (accounting for around 30% of
hospital waste [45,46]), renal dialysis units [47] and labora-
tory services [48]. Hospitals can identify hotspots through
material flow analysis [49] at the level of department, clin-
ical pathway or specific procedure.

Once hotspots are identified, the principle of the three
R’s is then applied: reduce use, reuse (and repair) products,
and recycle [18,50,51]. Reducing equipment use has the
biggest impact on mitigation. Examples include optimis-
ing patient selection for tests/treatments (e.g., 12 to 44%
laboratory tests ordered are considered unnecessary [52]),
avoiding opening products during surgery that may not be
required (for example, 981 items of equipment were wasted
over 85 cases of hand surgery in one U.S. centre [53]),
removal of unnecessary equipment from procedure-packs,
and avoiding unnecessary paper and electronic documen-
tation. One specific example to reduce avoidable waste in
surgery is through using surgical preference lists, tailored
procedure packs and opening equipment as needed instead
of by default — as stated in the Intercollegiate Green Theatre
Checklist [11,54].

Although context specific, reusable medical products
have a lower carbon emission profile compared to single-
use items in almost all instances, with typically 40 to 50%
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less carbon than the disposable equivalent [11,55]. Ad-
ditionally, reuse prevents other environmental degradation
(e.g., from raw materials extraction) and improves supply
chain resilience. In most cases, reuse also brings financial
savings. Our analysis of the five most common operations
performed in the NHS found that 14% of the carbon emis-
sions could be eliminated through a reduce and reuse strat-
egy, using existing technology [55].

The uptake of reusable devices can be hampered
by infection risk perceptions, policies and practice, non-
availability of reusable alternatives, and lack of human and
physical resource for decontamination [56]. There is sup-
port for reuse in the NHS: through the UK Department of
Health Design for Life programme (which aims to elimi-
nate all avoidable single-use medical products by 2045),
and through instigation of the Circular Economy Health-
care Alliance: a collection of Trusts driving forward an ev-
idenced approach to enable reuse of medical equipment.

Emissions associated with digital services may also
need to be considered separately, given they span multiple
emissions categories [57]. As discussed elsewhere in this
review, digital interventions can support carbon mitigation
but must also be subject to energy efficiency interventions.
With the increasing digitisation of NHS services in the UK
and rising use of artificial intelligence software, this area
requires more evidence.

2.2.3 Food and Catering

Whereas food contributes a low amount to overall
NHS carbon footprint, in hospitals it could contribute up
to 30% of scope 3 emissions due to high consumption
[58]. Mitigation activities include low-carbon menus (the
Healthier Planetary Health Diet [59]), reduction of food
waste, considering local food suppliers to reduce transport
and storage emissions (but context dependent, as this may
not always produce carbon mitigation [60]), and reducing
single-use catering plastics [61]. The NYC Health + Hos-
pitals [62] program in a US hospital is premised on nudging
patients and staff to choose more sustainable, healthier food
options, and achieved a 36% reduction in food emissions
with a satisfaction rate of over 90%. However, with inter-
ventions in this area mainly supported by small-scale case-
studies, more work is needed to understand how lower car-
bon food provision could be delivered at scale across NHS
sites in the UK.

2.3 Buildings and Energy

Hospitals are intensive sites of energy use compared to
other healthcare facilities [6]. Decarbonisation of the UK
national grid contributed to a 64% reduction in emissions
from energy use between 1999 and 2019 [6], but gas as an
energy source makes up the majority of energy emissions
in the NHS estate [57]. Existing guidance outlines an ap-
proach to decarbonise the NHS estate [63], which includes
four main aspects:

(1) Reduce energy use and improve energy efficiency.
Measures include adopting Building Management Systems,
digital optimisation of electrical equipment use, maximis-
ing building use, and installing energy-efficient lighting.
For example, operating theatres may use six times the en-
ergy of other hospital estate [45] with heating, ventilation
and air conditioning (HVAC) systems contributing over
90% of this. HVAC can be safely switched off in elective
theatres out of hours [64]. Similarly, Roletto et al. [65]
identified 40-91% of energy used by radiological devices as
“nonproductive” and estimated savings of 14,180-171,000
kWh per annum using workflow informatics tools to switch
off ‘idle’ devices.

(2) Preparing buildings for electricity-driven heating:
e.g., improving insulation, replacing windows with high-
performance alternatives, green/cool roofing, and reducing
thermal bridging.

(3) Switching to non-fossil fuel heating: removal of
coal/oil boilers, electrically-led heating, use of heat pumps
and links to district heat networks.

(4) Investing in on-site generation: Solar generation
has tripled in the NHS since 2019 [57]. The compact lay-
out of some hospital buildings may make on-site generation
challenging, so alternatives such as solar farming (where
energy is connected directly to a hospital’s electrical sys-
tem) should also be considered. Uptake could however
be limited by restrictions enforced through power purchase
agreements [66].

2.4 Waste Management

Waste, particularly recycling, are often evocative top-
ics in discussions around sustainability. However, the pri-
mary mechanism of reducing emissions from waste ought
to be waste reduction through mechanisms outlined else-
where in this review (see 2.2.2). Low carbon waste manage-
ment should only be explored where realistic opportunities
for reduced use or reuse/repair of equipment have been ex-
hausted. Effective waste management is through maximis-
ing material recovery for recycling (associated with lower
carbon emissions than current forms of disposal) and choos-
ing the lowest carbon options for waste disposal [67]. This
requires effective waste segregation at source, supported by
education programs for clinical staff [26]. Where disposal
is necessary, waste should be treated cognisant of environ-
mental impacts: for example, coupling incineration to elec-
tricity generation or completing autoclave decontamination
to enable infectious waste to be managed with lower tem-
perature incineration [67]. NHS Clinical Waste Strategy
aims for a 30% reduction in carbon emissions and savings
of £11 million through implementing such waste segrega-
tion and disposal principles [68].

In reality, the ideals of waste management are diffi-
cult to achieve. Waste segregation in UK hospitals is poor,
with one audit showing half of waste in clinical bins was
inappropriate and poorly resolved by educational interven-
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tions [69]. This sector requires significant innovation and
research [26].

2.5 Water Usage

Calculations of water-related emissions primarily de-
rive from supply and treatment. To reduce emissions, hos-
pitals should therefore reduce water utilisation and increase
recovery, ideally using a comprehensive water management
programme [6,70]. In an Australian context, it was esti-
mated that water consumption could be reduced by 10 to
25% [71]. Renal dialysis is a hotspot: a patient receiving
intermittent haemodialysis may utilise over 18,500 litres of
water per annum [47] and there are over 25,000 patients re-
ceiving haemodialysis in the UK [72]. Options to reduce
consumption include guidelines for reduced activity via de-
layed dialysis, optimising dialysis flow rates and reverse
osmosis systems, water recycling for other hospital activ-
ities (which could save millions of litres), and zero liquid
discharge water treatment processes [50]. Other opportu-
nities include switching off idle equipment such as steam
sterilizers [70,73].

2.6 Travel and Transport

Successful strategies to mitigate travel and transport
footprints are relatively well-evidenced, with the highest
impact approach being to avoid unnecessary journeys [74].

Staff and patient travel contribute similarly to health-
care emissions [57]. The carbon footprint of most out-
patient consultations is however dominated by the patient
journey to the hospital (ranging 0.70 to 372 kilograms of
carbon dioxide equivalence per consultation depending on
distance and mode of transport [75]). Remote/digital con-
sultations and streamlined pathways should be used where
clinically safe and appropriate.

Data from Getting it Right First Time (GIRFT) show
large variation in patient pathways between hospitals, for
example in the proportion of outpatients followed up af-
ter initial consultation, highlighting room for improvement
[76]. A review of telemedicine found insufficient evidence
on patient outcomes, acceptability and cost, but also no ev-
idence of patient harm [77]. A targeted rather than blan-
ket approach to remote consultation is needed: for exam-
ple, our data from ear, nose and throat (ENT) consultations
during the COVID-19 pandemic revealed patients having
their first consultation remotely were more likely to have
follow up or investigation than those seen face to face,
whereas follow-up patients showed no difference [78]. We
also found that patients consulting for symptoms of recur-
rent tonsillitis were satisfied with and accurately assessed
remotely [79]. Another opportunity is to offer “one-stop”
services, where investigations (such as radiology or blood
tests) that aid diagnosis or prepare a patient for surgery are
all performed at a single hospital visit, ideally the same day
as a consultation.
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Where transport is necessary, green transport can be
supported or incentivised. This could include active travel
schemes, infrastructure and schemes to support cycling,
public transport and electric vehicles [80].

2.7 Clinical Gases

Owing to the potency of greenhouse gases released
during their use, clinical gases (anaesthetic gases and me-
tered dose inhalers) require special consideration.

In acute trusts anaesthetic gases contribute a larger
portion of clinical gas emissions than inhalers. There has
been a 98% reduction in emissions from desflurane since
2019/20 in England, owing to a drive to eliminate its use in
favour of other anaesthetic gases with lower global warm-
ing potential [57]. To further drive emission reductions,
there is also a need to eliminate nitrous oxide (N,O) (in-
cluding decommissioning N,O manifolds), and where ap-
propriate use total intravenous anaesthesia (TIVA) and re-
gional anaesthesia in place of clinical gases [11].

There are several practices, following the principles
of sustainable healthcare, by which reductions in emissions
from inhalers could be achieved [81]—for example, the
rate of inhaler use can be lowered by reducing incidence
of respiratory diseases (e.g., smoking cessation interven-
tions), and improving symptom control of respiratory con-
ditions (poorly controlled asthma has 8-fold higher green-
house gas emissions per capita in the UK compared to well
controlled asthma, largely due to increased reliever inhaler
usage [82]). Dry powder inhaler (DPI) and soft-mist in-
haler (SMI) are low carbon options compared with cur-
rently available pressurised metered-dose inhalers (pMDI)
and appropriate preferencing of DPI over pMDI could re-
duce the European carbon footprint from inhalers by an es-
timated 85% [83]. Smaller cannister pMDI should also be
preferred where available and necessary (e.g., such practice
led to a reported decrease in the average emissions from
short-acting beta-2 agonist inhalers from 24.2 kgCO2e in
2020 to 16.1 kgCO2e¢ in 2024 in England) [84]. However,
while these methods have been outlined with a focus on
primary care in mind (given the larger burden of inhaler-
related emissions in that context), there has been relatively
little attention on how acute trusts specifically can reduce
their emissions from inhalers. Interventions may not nec-
essarily translate across settings. For example, care is re-
quired to make clinically appropriate switches to inhalers
with lower carbon emissions that preserve disease control,
as not all patients are able to demonstrate effective tech-
nique for their use [83]. In-hospital populations contain dis-
proportionate numbers of patients with frailty compared to
the general population which can limit DPI/SMI use and
disparity across acute services in the provision of specialist
respiratory teams to support this may affect the ability to
implement safe switching.
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Table 1. Summary of decarbonisation interventions by carbon emissions sector for acute hospitals in the UK.

Aim

Examples of interventions

Potential Barriers

Maturity of Evidence

Supply Chain and Procurement

Reduce overprescribing
of pharmaceuticals

De-prescribing tools to reduce polypharmacy
Standardised pathways to avoid suboptimal prescribing
Antimicrobial stewardship behavioural interventions

- Human resource intensity required to implement beha-
vioural interventions at scale

- Lack of efficacious deprescribing tools identified

- Regional variation in pathways, prescribing patterns
and prescribing systems

- Limited evidence on scale of overprescribing in
hospital contexts

- Lack of prior large-scale, effective and sustaina-
ble interventions demonstrating reductions

- Strong evidence associating patient harm with
polypharmacy

- Evidence largely based on proxy measures and
plausibility

Lower carbon medicinal
forms prioritised

Lower carbon alternatives prioritised, utilising carbon foot-
print estimations and LCA data

- Lack of guidance on how to integrate carbon footprint
data into pharmaceutical governance
- Limited numbers of drugs with LCA available

- LCAs available for different medicinal forms of
isolated drugs and alternatives only, with direct ev-
idence of carbon mitigation when alternatives used
- Carbon footprint estimates available for range of
pharmaceuticals via indirect measures

Reduce waste from
unused pharmaceuticals

Exploration of opportunities to re-stock unused pharmaceu-
ticals
Improved stock management

- UK policy and regulation currently prevent re-stocking
- Regional variability in stock management systems

- Limited exploration of safe and patient-friendly
methods to implement re-stocking in UK setting

- Few studies examining extended pharmaceutical
stability and safety for reuse

Reducing consumption
of medical and

non-medical equipment

Patient selection for tests/treatment optimised

Reducing number of unnecessary but opened products for
surgeries

Removal of unnecessary products from procedure packs
Avoiding unnecessary paper and electronic documentation
Prioritising reusable products instead of disposable ones

- Lack of availability of many reusable alternatives

- Human and physical resources required for decontami-
nation

- Infection risk perception, policy and practice

- Need for governance practices to support reuse

- Patient selection optimisation and reusable equip-
ment are well-evidenced in literature

- There is centralised government support (through
Design for Life)

Addressing emissions
from food and catering

Introducing low-carbon menus
Food waste reduced

Local food suppliers prioritised
Single-use catering plastics reduced

- Evidence for environmental benefits of local suppliers is
context dependent

- Case study evidence only, has demonstrated
benefits of reduced carbon emissions, healthier food
choices and higher patient satisfaction

Estates and Facilities

o)

)

(i

4

Decarbonising NHS
estate’s building and

energy consumption

Reduction in energy use and improved energy efficiency
through addressing hotspots

Buildings prepared for electricity-driven/non-fossil fuel
heating

Investment in on-site energy generation

- Existing power purchasing agreements
- Upfront cost to estate improvements
- Technical challenges in retrofit of some buildings

- Well-evidenced, existing guidance for hospitals
based on successful case-studies and knowledge
from other sectors

Ss3id NI
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Table 1. Continued.

Aim

Examples of interventions

Potential Barriers

Maturity of Evidence

Optimising waste
management

Waste segregation at source
Education programs for clinical staff
Incineration coupled with electricity generation

- Poor existing waste segregation practices
- Education may not improve waste segregation
- Regional variation in waste facilities and services

- Innovation and research needed to support
improvement at national scale

Optimising water usage
and efficiency

Improved efficiency in renal dialysis
Water recycling for hospital activities
Zero liquid discharge water treatment processes

- Financial investment to modify local water restructure
- Possible disruption to clinical services during improve-
ments

- Hospital water usage and efficiency has had limi-
ted exploration in a UK context

- Guidance on UK hospital water management not
recently updated

- Limited linkage made between water usage and

carbon mitigation in literature

Travel and Transport

Reducing travel and
transport emissions

Reduction in unnecessary journeys
Telemedicine adaptation
Green and active transport

- Adaptation and appropriate usage of remote novel clin-
ical pathways
- Funding opportunities to support green travel initiatives

- Well-evidenced regarding decreasing travel and
impact on carbon mitigation with systematic rev-
iew evidence

- Further exploration and elaboration on optimal
efficiency needed by different clinical pathways

Clinical Gases

Reducing emissions
from clinical gases

Desflurane and nitrous oxide removed from hospital prac-
tice

Total intravenousanaesthesia and regional anaesthesia pri-
oritised

Smaller canister common propellant inhalers prioritised
DPI/SMIs prioritised over pMDIs and suitable patients
switched

- Further data on clinical outcomes from TIVA and regio-
nal anaesthesia may be required

- Clinical complexity in inhaler choice

- Variation in human and time resource for inhaler revie-
ws and education of clinical staff

- Desflurane has been nearly eliminated from UK
clinical practice

- Demonstrable environmental and financial bene-
fit to N,O manifold decommissioning

- In general practice setting, demonstrable benefits
at scale to switching to inhalers smaller cannister
sizes by default

- Limited published evidence regarding switching

inhalers in hospital setting

DPI, Dry powder inhaler; SMI, soft-mist inhaler; pMDI, pressurised metered-dose inhaler; LCA, life-cycle analysis; TIVA, total intravenous anaesthesia; N, O, nitrous oxide.
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2.8 Summary of Interventions

Whereas interventions for hospitals to mitigate their
carbon emissions may need to be individualised, most
strategies are likely to be in common. Table 1 summarises
several interventions discussed through this review by each
sector of emissions, alongside potential barriers and esti-
mated maturity of evidence (based on the type and avail-
ability of evidence, and whether there has been success-
ful implementation). We also highlight that several inter-
ventions are likely to have co-benefits to clinical and non-
clinical outcomes. For example, addressing overprescrip-
tion may reduce adverse effects including hospitalisations,
antimicrobial resistance, and other forms of environmental
pollution (which in turn can harm people), as well as poten-
tially being cost saving through reduced prescription costs.
Other interventions can improve patient quality of life, such
as reducing unnecessary travel for appointments that could
be undertaken remotely, improving access to active travel,
and reducing numbers of unnecessary invasive investiga-
tions.

3. Implementation of Hospital
Decarbonisation Strategies

Executive leadership is needed to deliver decarboni-
sation strategy [85], but our recent analysis indicates only
76% of English NHS trusts have an executive lead for sus-
tainability and that most of the initial wave of Green Plans
(92%) did not iterate specific, measurable, achievable, rel-
evant and time-bound (SMART) objectives across areas of
decarbonisation [7]. Even where an executive lead is ap-
pointed, that does not equate to sustainability being priori-
tised within that trust [86]. As Green Plans are now being
refreshed, the ideas presented here could help drive their
content but must also be supported by metrics and account-
ability. Most interventions do not have precise estimates of
their expected carbon mitigation, but proxy measures can
and should be used (or estimated) and monitored over time,
for example, volumes of medication/equipment use, weight
of waste (food, clinical and other), proportion of on-site en-
ergy production that is zero/low-carbon options [87].

Dedicated sustainability teams, resource and gover-
nance are also necessary, alongside coherent system-wide
approaches (with leadership crossing organisational bor-
ders). Historically many changes in sustainable health-
care have relied on volunteerism, but this is no basis for
large-scale change: for example, our evidence suggests that
the move to reusable medical equipment is often led by
committed individuals working against, rather than with,
systems, which limits adoption and scale [88]. Instead,
GIRFT exemplifies how evidence-based carbon savings
can be identified and implemented at each stage of a clinical
pathway [89]. Another example is the NHS Scotland Na-
tional Green Theatres Programme, which through oversee-
ing evidence-based actions by Health Boards is projected to
save 21,973 tCO2e and £7.9 million per annum [7]. Such

approaches will become increasingly important: while we
should commend the decrease of 14% in 5 years in the NHS
carbon footprint [57], progress may not be sustained: the
“low-hanging fruit” may be gone.

Sustainability should be integrated into decision-
making wherever relevant [90]. This may seem difficult,
even impossible, when facing financial difficulties, but
green strategies frequently save money. There are sev-
eral examples where hospitals have saved substantial sums
through green strategy, year-on-year. For example, one
trust is expected to save £75,000 over 10 years from nitrous
oxide manifold decommissioning, another stated they will
save over £225,000 per year in energy bills following so-
lar panel installation [91]. But to realise this, we must also
take a re-imagined approach to financing, such as strategic
capital planning, allowing upfront financial investment to
achieve long-term savings.

Patient outcomes, including safety, also need to be
considered when making changes to health systems. There
is potential for harm: for example, inappropriate switch-
ing of inhalers could increase risk of asthma exacerbation.
However, as highlighted elsewhere in this review, many
sustainability interventions have neutral effect or even con-
tribute to improved clinical outcomes. What is important
is that evidence drives decision-making: misconceptions
of the impact of “going green” on patient outcomes does
prevent uptake of impactful changes (e.g., operating the-
atre practitioners’ refusal to use reusable drapes and gowns
despite no evidence of infection risk [92]).

We should also recall that to date no single healthcare
organisation has achieved net zero carbon emissions and the
barriers to doing so are frequently outside the domain of a
single trust [85,86,93,94]. Hence change also needs sup-
port from national institutions, to target these barriers (such
as opening up funding opportunities), support development
of evidence-based research on knowledge gaps to inform
national guidance, and build accountability, commission-
ing and delivery structures that support low carbon models
of care—for example for reusable products, through prefer-
encing their purchase, developing regulations that support
reuse, and building infrastructure to enable decontamina-
tion.

4. Conclusion

The challenge to decarbonise hospitals is not to be un-
derestimated. Yet, despite urgency, the scale of contribu-
tion of acute care to carbon emissions, and statutory require-
ments for hospitals to develop decarbonisation strategy,
there has been to date limited progress. We have outlined
here evidence and possible strategic priorities for decarbon-
isation of acute hospitals by sector of emissions, which re-
quires the necessary leadership, governance and monitoring
structures to ensure timely implementation. Successful case
studies of going green are frequently not transferred to other
settings, reflecting a lack of system-wide learning, policy or
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funding mechanisms to support sustained reductions in hos-
pital carbon emissions. Whereas sustainability may be seen
as a sideline to other hospital commitments, the significant
financial savings of “going green”, alongside other possible
co-benefits to patient and staff wellbeing, should be seen as
important additional drivers of change.

Key Points

» Hospital emissions in England have been described
according to emissions sector, with the largest contribution
derived from procurement of medicines, medical equip-
ment, food and other supplies.

* Hospitals in England are required by contract to
have emission reduction strategies, but to date these have
not been comprehensive, specific, measurable and action-
focussed.

* Actions to decarbonize hospitals should be under-
pinned by the principles of low carbon care, but specific
actions will vary by emissions sector. This review summa-
rizes key actions that can be taken by emissions sector to
mitigate carbon emissions in UK hospitals.

* Differences in the availability and maturity of evi-
dence between emissions sectors may limit the possibility
of implementation of successful emissions strategies, par-
ticularly for emissions from supply chain and procurement.

* To ensure large-scale implementation and avoid re-
liance on volunteerism, a comprehensive strategy needs to
involve changes to supporting leadership, governance and
financial structures within hospitals and nationally.
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