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PERSPECTIVE

The green ICU: how to interpret green? 
A multiple perspective approach
Elisabeth Smale1, Heather Baid2, Marko Balan3, Forbes McGain4, Scott McAlistar5, Jan J. de Waele6,7, 
Jan Carel Diehl8, Erik van Raaij9, Michel van Genderen1, Dick Tibboel1 and Nicole Hunfeld1,10* 

Abstract 

Mitigating environmental impacts is an urgent challenge supported by (scientific) intensive care societies worldwide. 
However, making green choices without compromising high-quality care for critically ill patients may be challenging. 
The current paper describes a three-step approach towards green intensive care units. Starting with the measure-
ment of environmental sustainability, intensive care units can identify hotspots, quantify the environmental impacts 
of products and procedures, and monitor sustainable progress. Subsequently, a multidisciplinary approach is pro-
posed to improve environmental sustainability, including a collaboration of procurement specialists and healthcare 
professionals, using co-creation and green teams as efficient grassroots change agents. A context-specific approach 
for enhancing sustainable healthcare practices is key in order to fit local regulatory requirements and create sup-
port of professionals. A final step is to share results and create momentum, including publishing initiatives and par-
ticipating in online (inter)national networks. Based on the core sustainability principles, this three-step approach 
towards green ICUs provides a valuable tool to professionals worldwide to facilitate change towards environmentally 
responsible intensive care units.
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Background
Mitigating climate change is an urgent challenge for 
healthcare providers due to the severe and escalating 
impacts on human health. Rising temperatures, extreme 
weather events, malnutrition, mental health issues, dis-
placement, and the spread of infectious diseases are 
already affecting human morbidity and mortality world-
wide [1]. As a result, the healthcare sector currently 
faces a growing burden from climate-related diseases, 
while healthcare itself contributes to climate change. 
Previous research in the Netherlands has shown that 
the care activities in an Intensive Care Unit (ICU) gen-
erate 17 kg of mass per patient per day, and 12 kg CO2 
eq. emissions, 300 L of water usage and 4 m2 of agricul-
tural land occupation associated with the production of 
the products used in the ICU [2]. The carbon footprint 
of treating patients with septic shock ranged from 88 and 
178 kg  CO2 eq. per patient per day in Australia and the 
USA respectively [3, 4]. On a hospital level, it was shown 
that critical care, including emergency, perioperative and 
intensive care, contribute to 9.0% of the carbon footprint 
of the hospital [5]. Evidently there will be considerable 
variation between hospitals and nations in the propor-
tion of healthcare’s carbon footprint due to ICU care. 
Accordingly, these results cannot be directly extrapolated 
to a global scale, yet it can be assumed that the global 
environmental impact of ICUs is considerable due to 
the high levels of resource consumption, energy use and 
medical waste.

To address the environmental impact of ICU care, a 
global green ICU movement is underway [6], as seen 
in how intensive care societies worldwide are explicitly 
committed to sustainability initiatives [6–12]. A recent 
Green Paper by the European Society of Intensive Care 
Medicine (ESICM) outlines directions for more environ-
mentally sustainable ICU care [7]. On a national level, 
there are other examples of greening ICUs, like Choosing 
Wisely climate-conscious recommendations by the Cana-
dian Critical Care Society [8], green practices gathered 
by the Netherlands Society of Intensive Care Medicine 
(NVIC) [9], the three-step pathway originating from a 
large hospital in The United States [10], and The Sustain-
ability Toolkit for ICU from the Australia and New Zea-
land Intensive Care Society (ANZICS) and UK’s Intensive 
Care Society (ICS) [11]. Moreover, to guide sustainability 
leaders, quality improvement approaches have been com-
bined with sustainability goals [12], and ICUs are start-
ing with green teams that support a bottom-up approach 
[13–16]. Nevertheless, clinicians and hospital leaders 
may question how to address the perceived oxymoron of 
a Sustainable ICU, i.e., it can undoubtedly be challenging 
to use fewer resources while maintaining the same high 
level of care for critically ill patients.

To put this challenge of achieving quality care stand-
ards with sustainable use of resources into perspec-
tive, the current paper pinpoints a three-step approach 
towards a green ICU by (I) measuring environmental 
sustainability, (II) outlining strategies to improve sus-
tainability and (III) elaborating on how to communicate 
results to create a synergy of sustainability initiatives 
within ICUs (Fig. 1).

How to measure sustainability in ICUs?
Given the high environmental impact of ICU care, 
assessment tools are needed to identify hotspots, quan-
tify environmental impacts, and monitor sustainable 
improvements in this resource-intensive healthcare set-
ting. Various methods, such as Life Cycle Assessment 
(LCA), Material Flow Analysis (MFA) and waste audits 
can be used for these purposes. Measuring environmen-
tal impacts can be done on different levels, encompass-
ing products, processes, care pathways and/or complete 
ICUs, and taking account of different scopes. Namely 
scope 1 includes direct emissions from sources owned 
by the organization such as anesthetic gases, whereas 
scope 2 covers emissions from energy purchased by the 
organization, namely for heating and cooling, and scope 
3 includes emissions from items/activities not directly 
owned or controlled by the organization, such as from 
the supply chain of products purchased by the organiza-
tion. All methods offer distinct advantages and challenges 
in assessing sustainability within ICU (Supplementary 
Table 1).

Life cycle assessment
LCA encompasses a comprehensive evaluation of envi-
ronmental impacts through the lifecycle of a product 
or process or all products and processes within a care 
pathway or ICU. This method quantifies environmental 
impacts from raw material extraction, manufacturing, 
use, and disposal across multiple environmental indi-
cators, such as climate change, particulate matter, and 
human- and eco- toxicity [17], and expresses these per 
functional units, for example, over one year. Although 
LCAs are well-suited to quantify environmental impacts 
and identify hotspots, they require comprehensive data 
across all process stages, making LCAs labor-intensive 
and requiring specific software. It is important to note 
that LCA data must be interpreted cautiously as context-
specific small changes, like factory location or type of 
electricity used, can affect outcomes. Moreover, LCAs 
are best suited for well-defined products and processes, 
but for larger systems, such as hospitals or healthcare 
systems, extended economic input–output (EEIO) can 
estimate impacts. EEIO is a spend-based measurement 
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that calculates environmental impacts from economic 
costs in a specific sector.

Two LCAs have been conducted in the ICU setting, 
revealing contrasting findings on energy use (i.e., heat-
ing, ventilation, and air conditioning). One study found 
energy demands accounted for about three-quarters of 
the carbon footprint in American and Australian ICUs 
[3], while another American-based study reported energy 
use contributing to just one-third [4]. These differences 
may be due to variations in methodology, as the second 
study used EEIO [4], which could have deflated the car-
bon footprint of relatively cheap items like energy [18]. 
Additionally, the national energy mix, particularly reli-
ance on coal power, may have influenced the findings in 
the first study.

An increasing number of LCAs of medical products 
and pharmaceuticals have created momentum to encour-
age practitioners to shift away from single-use equipment 
[19–21]. HealthcareLCA has compiled healthcare-related 
LCA data in a free online repository, facilitating an easy 
starting point for ICU teams interested in greening their 
practices [22]. However, as illustrated by the example 

above, interpreting LCA findings for specific contexts 
requires caution [18]. Another challenge lies in translat-
ing LCA data into practice because (de)implementation 
can be complex and may require the expertise of imple-
mentation scientists [23].

Material flow analysis
Material and resource flows within a defined system, 
such as an ICU, are tracked and quantified through the 
MFA methodology. An MFA generates an overview 
of products that enter and leave the system and thus is 
well-suited to identify hotspots in material use and waste 
generation. However, it only assesses the broader envi-
ronmental impacts with additional analysis, and abso-
lute outcomes are hard to compare. Its strength lies in 
improving a system’s circularity by identifying resource 
depletion hotspots and monitoring progress towards 
reduction goals. MFA is relatively new in healthcare, but 
an ICU MFA analysis recently showed an environmental 
impact of 17  kg of mass of medical products (compris-
ing of 11.9 kg of liquids, such as intravenous fluids) per 
patient per day [2]. The main hotspots were non-sterile 

Fig. 1 Three-step approach towards green ICU’s
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gloves, isolation gowns, bed liners, surgical masks and 
syringes (including packaging), motivating the devel-
opment of green practices targeting these materials [2]. 
These hotspots, with three commonly used personal 
protective equipment products, can be easily measured, 
implemented and evaluated as green interventions by 
other ICU’s (see Table 1).

Waste audit
A waste audit is a valuable tool for developing a detailed 
understanding of waste generation and composition. 
Waste audits do not require specific knowledge or soft-
ware and offer rapid insights into feasible opportunities 
for waste reduction and waste management practices, 
including appropriate waste segregation (i.e., reducing 
the amount of specific hospital waste or increasing recy-
cling). Although waste audits are often the easiest and 
quickest method, they are the least impactful of the three 
common measurement strategies since they focus on 
downstream waste rather than root causes of waste gen-
eration. Further, even where there is a concerted effort to 
recycle, particularly amongst ICU nursing professionals, 
limited recycling rates of total waste are achieved [24, 
25]. Moreover, findings are often specific to the con-
text and represent a snapshot rather than a long-term 
trend. Several waste audits in ICUs have been published, 
including general ICU waste [26] with others focusing on 
recyclable and medication waste [27, 28]. A waste audit 

can be the starting point for an ICU recycling program 
[29], segregating waste (e.g., plastic, paper, glass) and 
optimizing waste flows. An interesting target is avoiding 
disposal of non-contaminated material (like empty medi-
cation vials) as biohazardous waste as this waste stream 
is incinerated on higher temperatures at higher finan-
cial and environmental costs. After implementing such a 
measure, the waste audit should be repeated to evaluate 
effects and find new targets.

How to change and improve environmental sustainability 
in ICUs?
Behaviour change can be challenging in ICU settings 
where patients are facing life-threatening illnesses, are 
treated by a large multi-disciplinary team and where 
local practices may be deeply ingrained, thereby relegat-
ing sustainability initiatives as a lower priority. Planning 
green practices that are feasible, realistic, and relevant 
to the local context, while maintaining safety and quality 
standards may also be challenging. However, green ICU 
initiatives may start small and practical, thereby gen-
erating motivation and support for sustainable change. 
So-called “less is more” practices that limit low-value or 
harmful care, such as unnecessary screening, diagnos-
tic and monitoring tests, over-diagnoses and over-treat-
ment, may therefore be a compelling target for reducing 
carbon emissions of ICUs, while improving quality of 
care and cutting costs [30–32]. To create a continuous 

Table 1 Quick-start practical guide with sustainability initiatives for green teams of ICUs

CRRT  continuous renal replacement therapy, CVL Central Venous Line

Topic Intervention Examples of metrics for maintaining quality 
of care

Reference

Pulse oximeters Replace disposable pulse oximeters with reusable 
alternatives

Audits to ensure proper cleaning protocols [19]

No risk, no glove Redesign of glove dispenser to ensure single 
dispensing

Hospital-acquired infection rates [25]

CCRT bags Reduce plastic waste by recycling CRRT bags 
and their packaging

Check usability of plastic with waste processor [25]

Isolation gowns Replace disposable isolation gowns with reus-
able alternatives or with aprons (50% reduction 
of plastic)

Hospital-acquired infection rates [25, 36–38]

Paracetamol challenge Reducing intravenous paracetamol administra-
tions in ICUs by at least 25% by replacing it 
with oral paracetamol

The use of opioids or otheranalgesic meds 
and pain scores

[39]

Infusion bags Choose appropriate size of infusions bags Number of complications like fluid overload 
or dehydration and incomplete infusions

[40]

Recycling infusion bags Recycling all i.v. fluid bags that are not contami-
nated with blood or infectious substances

Check usability of plastic with waste processor [41]

Absorption mats (bed liners) Replace by towels (washing process is optimized 
from environmental perspective)

Regular audits of the laundry processes ICU Erasmus MC

Catheter replacement Only change indwelling catheters on clinical sus-
picion of infection, instead of routine replacement 
every 5–8 days

Evaluate the CVL infection rates [9]
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cycle of implementing and evaluating green practices, 
multi-disciplinary approach that interlinks healthcare 
professionals (i.e., nurses, intensivists, clinical pharma-
cists amongst others in the ICU clinical team) with hos-
pital procurement, suppliers, waste management services 
and the infection prevention and control team is needed 
[33].

Green teams
Green teams are effective grassroots change agents 
for local sustainability projects in ICUs [16]. Several 
resources to guide green team leaders have been pub-
lished [13, 15]. An important first step for green teams 
is to engage with the right stakeholders, representing a 
broad range of expertise, at least including ICU health-
care providers (e.g., intensivists, nurses and pharmacists), 
quality managers, procurement and infection prevention 
control.

A following critical step for newly formed green teams 
is goal-setting and careful selection of initiatives with 
a high likelihood of success as this provides the oppor-
tunity to further engage professionals and celebrate 
successes. The green team model effectively enabled sus-
tainability achievements on various projects and in dif-
ferent ICUs [34]. To enable a quick start guide, Table  1 
describes a list of initiatives that have been successfully 
implemented to reduce the environmental impacts of a 
Dutch ICU.

Upon achieving early successes as a newly formed 
green team, it is important to maintain an overview of 
the effect of sustainability on the quality of care. The use 
of metrics to ensure maintenance of quality of care must 
ensure that sustainability practices do not negatively 
impact quality of care. Different measures can be utilized 
for this purpose, like studying hospital-acquired infection 
rates after changing hand hygiene and glove use policies, 
or studying the use of other opioids and other analgesics 
during the paracetamol challenge (Table 1). Green teams 
can rely on existing quality of healthcare measures (e.g., 
complication rates, treatment durations, readmissions, 
mortality rates) that are collected as part of standard 
care, like the National Intensive Care Evaluation (NICE) 
in the Netherlands [35]. Such an approach can be com-
plemented with a multi-directional perspective (e.g., bal-
ancing measures) that avoids negative impacts elsewhere 
(in the hospital).

Co‑creation perspective
Environmental hotspots in healthcare are often complex 
issues stemming from multiple sources. For instance, 
excessive glove consumption in the ICU is a common 
challenge. In 2019, an average of 108 gloves were con-
sumed and disposed per patient per day at the Erasmus 

MC ICU [2], contributing significantly to material con-
sumption and waste. Healthcare worker behavior, infec-
tion prevention protocols, and supplier-related packaging 
inefficiencies drive this excessive use of gloves. Address-
ing these challenges requires a collaborative approach 
involving all relevant stakeholders, which was used in 
the co-creation of an ICU glove dispenser that only dis-
pensed one glove at a time and better meets infection 
prevention criteria [25]. Although patients and family 
members are not the key stakeholders in glove use, their 
views and clear communication about new ways of work-
ing is needed, such as an information poster in the family 
waiting room [42].

Co-creation in healthcare involves the collabora-
tive effort of multiple stakeholders, including patients, 
families, healthcare providers, policymakers, industry 
representatives, and researchers, to jointly develop and 
implement healthcare solutions. Key benefits of co-cre-
ation in healthcare include combining knowledge and 
perspectives, creating shared understanding, building 
trust, and increased ownership. Accordingly, stakehold-
ers can develop sustainable solutions that meet the needs 
of all involved and contribute to a more environmentally 
friendly healthcare system. One of the challenges for co-
creation in the healthcare sector is the high workload. 
Consequently, co-creation sessions must be designed in 
such a way that require minimal time of healthcare work-
ers to get and stay involved.

Procurement perspective
The environmental impact of ICUs is influenced by 
which products are selected (e.g., reusables versus single-
use disposables) and which suppliers are chosen (e.g., 
location of manufacturing, mainly related to the electric-
ity grid used). Procurement professionals support ICUs 
in specifying what products are needed, how much is 
needed, which purchasing criteria are used to award 
contracts, the type of contract used, and to what extent 
suppliers are incentivized to develop and offer sustain-
able products and services to ICUs. Purchasing deci-
sions are typically made in multidisciplinary teams with 
budget holders, clinical professionals, medical technol-
ogy, assortment coordinators and procurement involved 
[43]. All these professional experts need to be aware of 
environmental impact, hotspots, and alternatives on the 
market and be willing to include environmental impact 
in their decisions. Too often, however, knowledge about 
sustainability is limited, and procurement decisions are 
based on product quality and price only or are influ-
enced by greenwashing as products are promoted as 
environmentally preferable. Procurement can actively 
seek sustainable technologies, business models, and sup-
pliers, while incorporating sustainability criteria into the 
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process and collaborating with both internal teams and 
the supply market to help overcome these challenges.

Intensivist perspective
Every day, everything intensivists do has an environmen-
tal footprint. Environmental sustainability from an inten-
sivist perspective starts with being aware of this footprint 
and being open to optimizations through refusing, reduc-
ing, reusing, recycling, rethinking, and research [44]. 
These actions can be incorporated into individual patient 
decisions daily, prioritizing patient-centered outcomes 
whilst encouraging financially and environmentally sus-
tainable outcomes. All ICU physicians can follow the 
adage less is more in the ICU [30–32], encouraging cli-
nicians to achieve the best for the patient using just 
enough resources and no more. Sustainability initiatives 
on this level include but are not limited to more prudent 
ordering of ICU tests [45], undertaking those difficult 
end-of-life care conversations and advanced Care plan-
ning, altering dogmatically held prescribing patterns like 
potassium supplementation post cardiac surgery [46], 
and reducing heating, ventilation, and air conditioning 
(HVAC) energy use through collaboration with hospi-
tal engineers [47]. Finally, a daily review of all drugs the 
patient is receiving, specifically antimicrobials as these 
impact the environment in multiple ways [48], is a simple 
yet effective strategy to reduce the environmental impact 
of intensive care.

Nursing perspective
ICU nurses comprise a large proportion of the ICU work-
force; therefore, nurse involvement is crucial to reducing 
the environmental footprint of ICUs. For every clinical 
shift caring for an ICU patient, nurses monitor the health 
status continuously, prepare and administer medica-
tions, hydration and nutrition, provide personal care 
and change linen, all of which involves resources with 
an environmental impact. Circular economy principles 
[44, 49] encourage reusable supplies to prevent such high 
volumes of waste generated from the accumulation of 
these nursing activities, examples include reusable gowns 
[36], incontinence pads [50] and cloths [51]. Switching 
from sterile to non-sterile clean water for mouth care 
and enteral flushes reduces financial and environmen-
tal costs. Reducing routine intravenous line changes 
to weekly, only changing ventilator tubing if obviously 
soiled and avoiding the unnecessary use of gloves and 
personal protective equipment are other practical things 
nurses can do to decrease excessive waste [47]. Further-
more, it is essential for nurses and others in the ICU team 
to ensure waste is segregated into the appropriate bin 
to avoid needless incineration and to support recycling 
where possible.

Pharmacist perspective
Medications are a large contributor to the environmen-
tal impact of healthcare in general [52] and specifically in 
ICUs [2], indicating an important role for pharmacists in 
establishing environmentally sustainable ICUs. Pharma-
cists should make sure that medications are only given 
if medically needed within the ICU setting, eliminating 
inappropriate medications during ICU admission, like 
bisphosphonates and over-the-counter medications, and 
advising about stop dates for temporarily used medica-
tions (i.e., antibiotics, electrolytes, delirium medica-
tions and anti-emetics) [9]. Also, the pharmacist has a 
crucial voice in the sustainable administration of medi-
cation, such as choosing the right administration route 
(enteral > parenteral) [53], infusion rate and appropri-
ate volume of infusion bags or syringes [40]. Switching 
from intravenous to oral paracetamol administration 
reduces carbon emissions up to 16 times [54], and in a 
Dutch study, this approach appeared feasible for 50% of 
the administrations [39]. Finally, an important task lies 
in reducing and managing pharmaceutical waste, for 
instance by monitoring expiry dates, switching the stock 
to prefilled sterilized ready-to-administer syringes [55] or 
advising on more extended use of unmanipulated infu-
sion bags [56].

Artificial intelligence perspective
Artificial intelligence (AI), specifically in the form of 
large language models (LLMs), is increasingly being used 
in healthcare. LLMs are a powerful example of genera-
tive AI applied to language, enabling the automation of 
tasks that involve the understanding and producing of 
text, enabling analysis of vast amounts of (medical) data. 
As such, LLMs hold promise in addressing several press-
ing healthcare challenges by optimizing workflows, sup-
porting clinical decision-making, and improving patient 
outcomes. However, these models depend on energy-
intensive hardware, requiring vast amounts of energy, 
water and generating substantial GHG emissions [57, 58]. 
Estimates indicate that the training of a LLM emits sim-
ilar GHGs as an MRI operating for 9.5  years, while the 
emissions of a trained model is expected to be way lower 
than an MRI (respectively 0.5 g and 14,600 g CO2-equiv-
alent) [57]. It is important that users of LLMs in health-
care are aware of these impacts and make responsible 
choices to reduce their energy use. Importantly the sus-
tainable use of AI is one of the key principes of the World 
Health Organization (WHO) and is as such a moral obli-
gation of its users.

Regulatory perspective
To drive meaningful change toward sustainable practices, 
regulatory support is essential—particularly once the 
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low-hanging fruit has been picked, and more bold, trans-
formative initiatives are needed to meet sustainability 
goals. This requires the support of the hospital adminis-
tration. Whereas many sustainability initiatives may cut 
costs, others may incur investment cost (i.e., the purchas-
ing of reusable equipment/supplies). A valuable approach 
that is now being implemented in some hospitals is to 
reinvest the cost-savings generated by Green Teams into 
supporting further sustainability initiatives, providing 
dedicated support to increase their efforts via a so-called 
‘green fund’.

Also at the governmental level, both locally and nation-
ally, regulatory guidance can aid sustainable change. By 
setting targets for sustainability, initiating nationwide 
research programs, providing guidelines and stimulating 
collaborations, for instance, governmental support have 
supported change in several countries, including ‘the 
Green Deal for Sustainable Healthcare’ in the Nether-
lands, ‘ delivering a net zero NHS’ in the UK and the ban 
on desflurane in Scotland [59–61]. A potential next step 
for local governments could be to benchmark variations 
in wasteful practices across ICUs to support more effec-
tive change management.

How to share sustainability results?
Disseminating the results of environmental impact stud-
ies in ICU is important to increase the magnitude and 
level of evidence to inform sustainability initiatives for 
those in clinical, research, education, management, 
and policy roles. As with other research, it is of utmost 
importance that non-successful results are also shared 
to prevent duplication of work. Healthcare journals are 
now encouraging publications related to environmental 
topics, including the Intensive Care Medicine’s My Green 
ICU collection [6] and the Canadian Anesthesia Journal’s 
green edition [62]. Moreover, platforms like the Health-
careLCA database make LCA data freely accessible [22]. 
Other opportunities to share results can come through 
conference presentations, webinars, and online networks.

While broad dissemination remains important to 
share ideas with a broader audience, regional sustain-
ability networks are equally vital. Uniform approaches 
may be applicable to some general challenges, like reduc-
ing energy use via building efficiency and smart HVAC 
systems, but other initiatives require a context-specific 
approach. For instance, low value care practices highly 
differ between healthcare systems and the suitable (de)
implementation tools may vary per context. Regional 
sustainability networks, like Choosing Wisely Canada 
[8] and the Green ICU in the Netherlands [9], are essen-
tial to tailor initiatives and implementation strategies to 
local needs. By linking sustainability to quality improve-
ment efforts through the Sustainability in Quality 

Improvement (SusQI) Framework [63], regional net-
works can build upon national guidelines while address-
ing the unique challenges of each ICU. This multi-level 
approach will drive more effective and contextually rel-
evant sustainability actions across the healthcare system.

Discussion
Climate change already significantly impacts human 
health, indicating the urgent need for mitigating meas-
ures of all human activities, specifically the ones in 
healthcare. All ICU activities have an environmental 
footprint; therefore, we have the collaborative responsi-
bility to achieve the best quality care for patients, while 
benefiting the triple bottom line (environmental, social, 
and economic benefits).

Measuring local resource use is a good starting point 
to identify environmental hotspots and guide the multi-
disciplinary ICU green team, as the three-step approach 
implies. However, measuring environmental impacts can 
pose challenges that may require specialized expertise. 
While methods such as LCAs, MFAs, and waste audits 
are needed to provide insight to environmental targets, 
it should not distract from the main goal: implementing 
sustainability reforms. Clinicians could start by focus-
ing on low-hanging fruits, such as reducing low-value/
high-resource practices, yielding immediate improve-
ments. In this process, implementation research could 
help to ensure practical, scalable strategies. Once these 
are addressed, a collaboration with procurement special-
ists, industry partners, and policymakers can help further 
develop evidence-based initiatives for achieving sustaina-
ble ICUs. Accordingly, sustainability measures, like mass, 
carbon footprint and waste generation, should be incor-
porated as core outcome parameters for teams caring 
for critically ill patients, while maintaining or improving 
medical and nursing standards. This ensures that sustain-
ability is prioritized alongside high-quality care.

Disseminating environmental impact data and sustain-
ability successes within the hospital, regionally and glob-
ally, is critical for an efficient and collaborative approach 
to the planetary health emergency. Although this paper 
discussed a perspective from ICUs of high-income set-
tings, we must consider the viewpoints and learnings 
from low and middle-income countries that provide criti-
cal care medicine in resource-limited settings, such as a 
solar-power based baby-warmer to prevent hypothermia 
among newborns in India [64] and at a healthcare insti-
tution in India the carbon footprint per phacoemulsifi-
cation was approximately 5% of the same procedure in 
the United Kingdom with comparable outcomes [65]. 
Vice versa, many green ICU initiatives start with simple, 
low-cost actions that have an immediate environmental 
and financial impact, thus LMICs can adopt these basic 
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steps to begin their journey towards greener practices. 
For instance, reducing energy consumption by optimiz-
ing temperature and ventilation, replacing fossil fuel with 
renewable energy generation, or reducing low-value care 
like the overuse of medications [66]. Further, minimizing 
waste through better management practices, or reduc-
ing unnecessary resource use (such as single-use plas-
tics) can often be implemented with minimal investment. 
By incorporating the viewpoint of LMICs, we can cre-
ate more effective and equitable solutions to sustainable 
challenges, which is of outmost importance as particu-
larly these countries will disproportionately experience 
the health effects of climate change [1].

Conclusions
In conclusion, this paper provides a three-step approach 
towards green ICU’s: (I) measuring environmental sus-
tainability; (II) addressing ways to improve sustainabil-
ity; and (III) elaborating on how to share results to create 
a synergy of sustainability initiatives within ICUs. By 
embracing this approach, we can pave the way for more 
sustainable ICU practices that not only enhance patient 
care but also contribute to the health of future genera-
tions and the planet.

Abbreviations
ANZICS  Australia and New Zealand intensive care society
ESICM  European society of intensive care medicine
EEIO  Extended economic input–output
HVAC  Heating, ventilation, and air conditioning
ICS  Intensive care society UK
ICUs  Intensive care units
LCA  Life cycle assessment
MFA  Material flow analysis
NVIC  Netherlands society of intensive care medicine
SusQI  Sustainability in quality improvement
WHO  World health organization

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13054- 025- 05316-8.

Additional file 1.

Author contributions
All authors have drafted the work and/or substantively revised the manuscript, 
and approved the final version.

Funding
Not applicable.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or 
analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
HB has received a grant from SBRI Healthcare Competition 24 for ‘Delivering a 
Net Zero NHS for a Healthier Future’. FM has received royalties for a patented 
device for the treatment of patients with respiratory infectious diseases 
(the McMonty by Medihood). FM is also a founder of ReResp (developing 
a reusable N95 mask). JW has consulted for Biomerieux, Menarini, MSD, 
Pfizer, Roche Diagnostics, ThermoFisher and Viatris (fees and honoraria paid 
to institution). NH received grants from the Dutch Research Council for 
developing evidence-based Strategies to create Circular Hospitals through the 
10-Rs framework (ESCH-R) and from the Netherlands Organization for Health 
Research and Development (ZonMw) to implement sustainability initiatives 
in Dutch hospitals. JDW is supported by a Sr Clinical Research Grant from the 
Research Foundation Flanders (FWO, Ref. 1881020N).

Received: 17 December 2024   Accepted: 9 February 2025

References
 1. Romanello M, Walawender M, Hsu S-C, Moskeland A, Palmeiro-Silva Y, 

Scamman D, et al. The 2024 report of the Lancet Countdown on health 
and climate change: facing record-breaking threats from delayed action. 
The Lancet. 2024;04(10465):1847–96.

 2. Hunfeld N, Diehl JC, Timmermann M, van Exter P, Bouwens J, Browne-
Wilkinson S, et al. Circular material flow in the intensive care unit-
environmental effects and identification of hotspots. Intensive Care Med. 
2023;49(1):65–74.

 3. McGain F, Burnham JP, Lau R, Aye L, Kollef MH, McAlister S. The carbon 
footprint of treating patients with septic shock in the intensive care unit. 
Crit Care Resusc. 2018;20(4):304–12.

 4. Prasad PA, Joshi D, Lighter J, Agins J, Allen R, Collins M, Pena F, Velletri J, 
Thiel C. Environmental footprint of regular and intensive inpatient care in 
a large US hospital. Int J Life Cycle Assess. 2022;27(1):38–49. https:// doi. 
org/ 10. 1007/ s11367- 021- 01998-8.

 5. Ise Lau A, Burdorf SH, Wijk L, Tauber M, Hunfeld N. The carbon footprint 
of a Dutch academic hospital—using a hybrid assessment method to 
identify driving activities and departments. Front Public Health. 2024. 
https:// doi. org/ 10. 3389/ fpubh. 2024. 13804 00.

 6. Bein T, McGain F. Climate responsibilities in intensive care medicine—let’s 
go green! An introduction to a new series in Intensive Care Medicine. 
Intensive Care Med. 2023;49(1):62–4.

 7. De Waele JJ, Hunfeld N, Baid H, Ferrer R, Iliopoulou K, Ioan A-M, et al. 
Environmental sustainability in intensive care: the path forward. An ESICM 
Green Paper. Intensive Care Med. 2024;50(11):1729–39. https:// doi. org/ 10. 
1007/ s00134- 024- 07662-7.

 8. Canadian critical care society. Choosing Wisely Canada 2024 [Available 
from: https:// choos ingwi selyc anada. org/ recom menda tion/ criti cal- care/.

 9. [Dutch] NNtGI. The Green ICU 2024 [Available from: https:// degro eneic. 
nl/.

 10. Masud FN, Sasangohar F, Ratnani I, Fatima S, Hernandez MA, Riley T, et al. 
Past, present, and future of sustainable intensive care: narrative review 
and a large hospital system experience. Crit Care. 2024;28(1):154.

 11. Trent L, Polley H, Anstey M, McGain F, Wilson D, Mitchell T. ANZICS: A 
beginners guide to sustainability in the IC. Society TAaNZIC, editor2022.

 12. The centre for sustainable healthcare. Helping you to Use SusQI 2024 
[Available from: https:// www. susqi. org/.

 13. Bhonagiri D, Grimes C, Dam E, Winson E, Johnston-Walker L, Trent L, 
et al. A beginner’s guide to Green Teams in the ICU. Society TAaNZIC, 
editor2024.

 14. Garzón A, Cantor A, Soche A. 20–4DYV Green teams in intensive care 
units: alliances for life and planet. BMJ Open Quality. 2024; 13.

 15. Practice Green health. A guide for creating effective green teams in 
health care. 2008 8 September 2008

 16. Trent L, Law J, Grimaldi D. Create intensive care green teams, there is no 
time to waste. Intensive Care Med. 2023;49(4):440–3.

https://doi.org/10.1186/s13054-025-05316-8
https://doi.org/10.1186/s13054-025-05316-8
https://doi.org/10.1007/s11367-021-01998-8
https://doi.org/10.1007/s11367-021-01998-8
https://doi.org/10.3389/fpubh.2024.1380400
https://doi.org/10.1007/s00134-024-07662-7
https://doi.org/10.1007/s00134-024-07662-7
https://choosingwiselycanada.org/recommendation/critical-care/
https://degroeneic.nl/
https://degroeneic.nl/
https://www.susqi.org/


Page 9 of 9Smale et al. Critical Care           (2025) 29:80  

 17. Huijbregts MAJ, Steinmann ZJN, Elshout PMF, Stam G, Verones F, Vieira M, 
et al. ReCiPe2016: a harmonised life cycle impact assessment method at 
midpoint and endpoint level. Int J Life Cycle Assess. 2017;22(2):138–47.

 18. McAlister S, Barratt A, Bell K, McGain F. How many carbon emissions are 
saved by doing one less MRI? Lancet Planet Health. 2024;8(6):e350.

 19. Duffy J, Slutzman JE, Thiel CL, Landes M. Sustainable purchasing practices: a 
comparison of single-use and reusable pulse oximeters in the emergency 
department. West J Emerg Med. 2023;24(6):1034–42.

 20. McGain F, Story D, Lim T, McAlister S. Financial and environmental 
costs of reusable and single-use anaesthetic equipment. Br J Anaesth. 
2017;118(6):862–9.

 21. Sherman JD, Raibley LA, Eckelman MJ. Life cycle assessment and costing 
methods for device procurement: comparing reusable and single-use 
disposable laryngoscopes. Anesth Analg. 2018;127(2):434–43.

 22. Drew J, Christie SD, Rainham D, Rizan C. HealthcareLCA: an open-access 
living database of health-care environmental impact assessments. Lancet 
Planet Health. 2022;6(12):e1000–12.

 23. Davies JF, McGain F, Sloan E, Francis J, Best S. A qualitative exploration of bar-
riers, enablers, and implementation strategies to replace disposable medical 
devices with reusable alternatives. Lancet Planet Health. 2024;8(11):e937–45.

 24. Kubicki MA, McGain F, O’Shea CJ, Bates S. Auditing an intensive care unit 
recycling program. Crit Care Resusc. 2015;17(2):135–40.

 25. Hunfeld N, Diehl JC, Zee S, Gommers D, van Raaij E. The green intensive care: 
from environmental hotspot to action. 2023; 23.

 26. Corbin L, Hoff H, Smith A, Owens C, Weisinger K, Philipsborn R. A 24-hour 
waste audit of the neuro ICU during the COVID-19 pandemic and opportu-
nities for diversion. J Climate Change Health. 2022;8:100154.

 27. Barbariol F, Deana C, Lucchese F, Cataldi G, Bassi F, Bove T, et al. Evaluation of 
drug wastage in the operating rooms and intensive care units of a regional 
health service. Anesth Analg. 2021;132(5):1450–6.

 28. McGain F, Story D, Hendel S. An audit of intensive care unit recyclable waste. 
Anaesthesia. 2009;64(12):1299–302.

 29. Barbariol F, Baid H. Introduction to an intensive care recycling program. 
Intensive Care Med. 2023;49(3):327–9.

 30. Bell KJL, Stancliffe R. Less is more for greener intensive care. Intensive Care 
Med. 2024;50(5):746–8.

 31. Kox M, Pickkers P. “Less is more” in critically ill patients: not too intensive. 
JAMA Intern Med. 2013;173(14):1369–72.

 32. Auriemma CL, Van den Berghe G, Halpern SD. Less is more in critical 
care is supported by evidence-based medicine. Intensive Care Med. 
2019;45(12):1806–9.

 33. McNab D, McKay J, Shorrock S, Luty S, Bowie P. Development and applica-
tion of ‘systems thinking’ principles for quality improvement. BMJ Open 
Qual. 2020;9(1):e000714. https:// doi. org/ 10. 1136/ bmjoq- 2019- 000714.

 34. Gisbert-Mora C, Sablé S, Vinclair C, Pillot J, Rozé H. How a green team can 
rapidly lower the carbon footprint of paracetamol route use in intensive 
care. Intensive Care Med. 2024;50(9):1506–7.

 35. [Dutch] NICE. National intensive care evaluation [Dutch] 2025 [Available 
from: https:// www. stich ting- nice. nl/.

 36. Vozzola E, Overcash M, Griffing E. Environmental considerations in the selec-
tion of isolation gowns: a life cycle assessment of reusable and disposable 
alternatives. Am J Infect Control. 2018;46(8):881–6.

 37. Angelopoulos N, Angiolella S, Lyons P, Ross B, McGain F. Survey of intensive 
care unit staff views on a newly introduced reusable isolation gown. Aust 
Health Rev. 2023;47(1):131–3.

 38. Van Der Zee S, Verhoog T, Post T, Garcia-Gomez P, Van Raaij EM, Diehl JC, 
Hunfeld N. Nudging intensive care unit personnel towards sustainable 
behaviour. Nurs Crit Care. 2024;30:37–46.

 39. Hunfeld N, Tibboel D, Gommers D. The paracetamol challenge in intensive 
care: going green with paracetamol. Intensive Care Med. 2024;50:2182–4.

 40. Touw H, Stobernack T, Hunfeld NGM, Pickkers P. Size does matter. Sustain-
able choice of intravenous bags. Intensive Care Med. 2023;49(12):1529–30. 
https:// doi. org/ 10. 1007/ s00134- 023- 07240-3.

 41. Yap A, Ho GWK, Huang H, Ng CH, Liu EH. Recycling medical polyvinyl chlo-
ride waste. Br J Anaesth. 2024;133(6):1530–1.

 42. Royal College of Nursing. You may notice that staff don’t always wear gloves. 
. 2024.

 43. Hinrichs-Krapels S, Diehl JC, Hunfeld N, van Raaij E. Towards sustainability for 
medical devices and consumables: the radical and incremental challenges 
in the technology ecosystem. J Health Serv Res Policy. 2022;27(4):253–4.

 44. Baid H, Damm E, Trent L, McGain F. Towards net zero: critical care. Bmj. 
2023;381:e069044.

 45. Hjortsø CJS, Møller MH, Perner A, Brøchner AC. Routine versus on-demand 
blood sampling in critically ill patients: a systematic review. Crit Care Med. 
2023;51(6):717–30.

 46. O’Brien B, Campbell NG, Allen E, Jamal Z, Sturgess J, Sanders J, et al. Potas-
sium supplementation and prevention of atrial fibrillation after cardiac 
surgery: the TIGHT K randomized clinical trial. JAMA. 2024;332(12):979–88.

 47. See KC. Improving environmental sustainability of intensive care units: a 
mini-review. World J Crit Care Med. 2023;12(4):217–25.

 48. De Waele JJ, Leroux-Roels I, Conway-Morris A. Environmental sustainability 
and antimicrobials: an underestimated problem with far-reaching conse-
quences. Intensive Care Med. 2024;50(3):453–6.

 49. Kirchherr J, Reike D, Hekkert M. Conceptualizing the circular economy: an 
analysis of 114 definitions. SSRN Electr J. 2017. https:// doi. org/ 10. 2139/ ssrn. 
30375 79.

 50. Griffing E, Overcash M. Reusable and disposable incontinence underpads: 
environmental footprints as a route for decision making to decarbonize 
health care. J Nurs Care Qual. 2023;38(3):278–85.

 51. Maloney B, McKerlie T, Nasir M, Murphy C, Moi M, Mudalige P, et al. The envi-
ronmental footprint of single-use versus reusable cloths for clinical surface 
decontamination: a life cycle approach. J Hosp Infect. 2022;130:7–19.

 52. Lenzen M, Malik A, Li M, Fry J, Weisz H, Pichler P-P, et al. The environmen-
tal footprint of health care: a global assessment. Lancet Planet Health. 
2020;4(7):e271–9.

 53. Eii MN, Walpole S, Aldridge C. Sustainable practice: prescribing oral over 
intravenous medications. BMJ. 2023;383:e075297.

 54. Davies JF, McAlister S, Eckelman MJ, McGain F, Seglenieks R, Gutman EN, 
et al. Environmental and financial impacts of perioperative paraceta-
mol use: a multicentre international life-cycle analysis. British J Anaesth. 
2024;133:1439–48.

 55. van Gelder TG, Lalmohamed A, Dorst-Mooiman KD, Dekker JC, Schinkel MJ, 
Sikma MA, et al. Drug waste of ready-to-administer syringes in the intensive 
care unit: aseptically prepared syringes versus prefilled sterilized syringes. 
Eur J Pharm Sci. 2023;191:106590.

 56. Dutch Coordination Center for Medicine Shortages (LCG). Guideline for 
acute shortage of crystalloid infusion fluids [Dutch] 2024 [Available from: 
https:// lcg. nl/ medic ijnen tekort/ infus ievlo eisto ffen-2/.

 57. Truhn D, Müller-Franzes G, Kather JN. The ecological footprint of medical AI. 
Eur Radiol. 2024;34(2):1176–8.

 58. Li P, Yang J, Islam MA, Ren S. Making AI Less "Thirsty": uncover-
ing and addressing the secret water footprint of AI models. ArXiv. 
2023;abs/2304.03271.

 59. A Greener NHS. Delivering a ‘Net Zero’ National Health Service. 2022.
 60. Rijksoverheid. Green deal sustainable healthcare 3.0 [Dutch]: Rijksoverheid; 

2022 [Available from: https:// www. rijks overh eid. nl/ onder werpen/ duurz 
ame- zorg/ meer- duurz aamhe id- in- de- zorg.

 61. Hendrickx JFA, Nielsen OJ, De Hert S, De Wolf AM. The science behind ban-
ning desflurane: a narrative review. Eur J Anaesthesiol. 2022;39(10):818–24.

 62. Schwarz SKW. Green anesthesia” in the “green journal. Can J Anesth/J Can 
Anesth. 2023;70(3):291–4.

 63. Mortimer F, Isherwood J, Wilkinson A, Vaux E. Sustainability in quality 
improvement: redefining value. Future Healthc J. 2018;5(2):88–93.

 64. Thavaraj V, Ramji S, Sastry O, Sharma N. Solar powered baby/infant radiant 
warmer installed in neonatal intensive care unit in a tertiary care hospital. J 
Clin Neonatol. 2017;6(1):15. https:// doi. org/ 10. 4103/ 2249- 4847. 199760.

 65. Thiel CL, Schehlein E, Ravilla T, Ravindran RD, Robin AL, Saeedi OJ, et al. 
Cataract surgery and environmental sustainability: waste and lifecycle 
assessment of phacoemulsification at a private healthcare facility. J Cataract 
Refract Surg. 2017;43(11):1391–8.

 66. Albarqouni L, Palagama S, Chai J, Sivananthajothy P, Pathirana T, Bakhit M, 
et al. Overuse of medications in low- and middle-income countries: a scop-
ing review. Bull World Health Organ. 2023;101(1):36-61D.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1136/bmjoq-2019-000714
https://www.stichting-nice.nl/
https://doi.org/10.1007/s00134-023-07240-3
https://doi.org/10.2139/ssrn.3037579
https://doi.org/10.2139/ssrn.3037579
https://lcg.nl/medicijnentekort/infusievloeistoffen-2/
https://www.rijksoverheid.nl/onderwerpen/duurzame-zorg/meer-duurzaamheid-in-de-zorg
https://www.rijksoverheid.nl/onderwerpen/duurzame-zorg/meer-duurzaamheid-in-de-zorg
https://doi.org/10.4103/2249-4847.199760

	The green ICU: how to interpret green? A multiple perspective approach
	Abstract 
	Background
	How to measure sustainability in ICUs?
	Life cycle assessment
	Material flow analysis
	Waste audit

	How to change and improve environmental sustainability in ICUs?
	Green teams
	Co-creation perspective
	Procurement perspective
	Intensivist perspective
	Nursing perspective
	Pharmacist perspective
	Artificial intelligence perspective
	Regulatory perspective


	How to share sustainability results?
	Discussion
	Conclusions
	References


