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Over 98% of the world’'s greenhouse gas emissions in 2014 came from carbon
dioxide (CO2), methane, and nitrous oxide. Over one century, CO2 emissions
increased from 3.09 to 37.12 billion metric tons. The healthcare sector is one
of the major sources of greenhouse gas emissions. The carbon footprint of a
country’s healthcare system is influenced by its domestic economy, healthcare
expenditure, and energy system. The aim of this study is to present a concise
of the present status of carbon emissions within the healthcare sectors on a
global scale, as well as the forthcoming endeavors to mitigate these emissions. A
narrative review of studies on climate change, carbon emissions, and greenhouse
gases in the healthcare sector was conducted using Medline PubMed, Web
of Science, Scopus and Google Scholar databases from 2005 to April 2023.
According to the data, several countries emit more carbon per capita than
others. The Conference of the Parties on Climate Change (COP26) recently
encompassed extensive efforts culminating in releasing initiatives toward zero-
carbon healthcare sectors. Efforts in some medical practices, smart technology to
save energy, digital health, artificial intelligence technology, and monitoring have
contributed to reducing carbon emissions. In conclusion, the healthcare sector
with zero carbon emissions must be sustainable, adaptable, and efficient while
delivering safe, high-quality care. Addressing the sector’s carbon footprint requires
innovative strategies, a multisector approach, health professionals’ participation,
community engagement, and regular monitoring of emissions and performance
indicators to ensure patient service quality and low carbon emissions in the
healthcare sector.

KEYWORDS

climate change, global health, carbon emission, environmental health, public health,
health management, healthcare sector carbon footprint, digital practice
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Introduction

Climate change is a long-term, gradual variation in temperature
and weather patterns influenced by human activities (World
Health Organization, 2022). These factors entail variations in the
amount of solar radiation the earth receives, oceanic processes
(such as oceanic circulation), plate tectonics, forest fires, volcanic
explosions, greenhouse gases (GHGs) intensification, and aerosol
formation (Balato et al., 2013; Yue and Gao, 2018). In 2014, over
98% of the worlds greenhouse gas emissions came from CO,
methane, and nitrous oxide (Edenhofer, 2015; OECD, 2017a). CO,
emissions have escalated from 3.09 to 37.12 billion metric tons
between 1921 and 2021 (Ritchie et al., 2020). Recent analysis
has found that the three primary sources of CO, release are
the combustion of fuels associated with transportation, CO;
emissions from power generation units, and construction and
industrial sector operations (Udara Willhelm Abeydeera et al,
2019). Considering its widespread influence on society and the
economy, the healthcare sector is one of the major sources of
greenhouse gas emissions (Teghammar et al., 2019).

On average, member countries of the Organization for
Economic Co-operation and Development (OECD) spent 9%
of their gross domestic product on healthcare in 2021 (OECD,
2017b). Healthcare expenditures have skyrocketed over the past
few decades, and healthcare-seeking increased due to aging
populations, demographic shifts, and the prevalence of non-
communicable diseases. However, despite its relatively low carbon
effusions, the healthcare sector significantly contributes to the
national CO2 footprint. Each year, the healthcare sector globally
produces GHG emissions equal to 514 coal-fired power plants.
Members of the OECD, including China and India, have accorded
5% CO, from their healthcare sector to their national CO,
footprint. In 2014, the average per capita health carbon ranged
from 0.06t CO, in India to 1.51t CO, in the U.S. The carbon
footprint of a country’s healthcare system is influenced by its
domestic economy, healthcare expenditure, and energy system
(Pichler et al., 2019). A study revealed that hospital care (36%),
physicians and clinical services (12%), and prescription drugs
(10%) are the healthcare services with the biggest carbon footprints
(Eckelman and Sherman, 2016).

Recently, the Climate Change Conference (COP26) was
launched in Glasgow, UK, by the World Health Organization,
United Nations (U.N.) and collaborators in November 2021, aimed
to develop sustainable and resilient climate change and low-
carbon health systems (United Nations, 2022). However, efforts
to mitigate carbon emissions in the health sector still need
more (The Lancet Planetary Health, 2021). This paper aims to
provide a brief overview of the current state of carbon emissions

Abbreviations: OECD, Organization for Economic Co-operation and
Development; GDP, Gross domestic product; HCWH, Health care without
harm; ANHE, Alliance of Nurses for Healthy Environments; NHCC, The
National Health Command Center; MoH, Ministry of Health; GHG,
CO2, Carbon dioxide; HCS, Health care sector;

EPA, Environmental Protection Agency; NHS, National Health Service; Cap,

Green House Gases;
capita; KPI, key performance indicator; NICE, National Institute for Health
and Care Excellence; CT, Computed tomography; MRI, Magnetic resonance

imaging.
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in the healthcare sector globally and future mitigation efforts.
Furthermore, this study demonstrates the digital technologies
employed for monitoring carbon emissions in health facilities in the
Kingdom of Saudi Arabia, serving as a groundbreaking initiative
that garnered commendation from numerous professionals in
the field.

Methodology

A narrative review was conducted via the Medline PubMed,
Web of Science, Scopus and Google Scholar databases using the
keywords following the search terms with the term “health sector”
or “healthcare sector” in combination with each of the following

» «

terms: “climate change;

» «

carbon emissions,” “carbon footprint,
and “greenhouse gases.” Studies published in the period between
2005 and April 2023 were included to identify the most recent
evidence. English studies were included as the most common
language in the scientific literature.

In addition, World Health Organization (WHO) and COP26
publications relating to the healthcare sector and search terms
were also included. Additional studies were identified and included
among the references cited from the included studies. Duplicate
articles were excluded. Three public health experts screened
the titles and abstracts and identified the most relevant papers
according to the search criteria.

Results

Global healthcare carbon footprint figures

The global carbon footprint of healthcare has established a
discernible pattern among lower-middle-income, upper-middle-
income, low and middle-income, and high-income countries.
A recent analysis has reported high carbon discharge among
lower middle-income and low and middle-income, compared to
upper-middle-income and high-income countries. A cumulative
screening of 7 lower-middle-income and 24 Low and middle-
income countries rendered an average CO2 intensity of 1.44 and
1.03 kgCO2e/$, respectively. In contrast, 17 Upper middle income
and 37 High-income countries marked an average of 0.87 and 0.38
kgCO2e/$, respectively (Rasheed et al., 2021). On the other hand,
a Health Care Without Harm (HCWH) report found that certain
high-income countries have exceptionally high levels of health-
related carbon emissions per person. The U.S. contributed 27%
of all GHG emissions in the healthcare sector globally, followed
by China with 17%, the European Union with 12%, Japan with
5%, Russia with 4%, India, Brazil, South Korea, Canada, and
Australia each contributing 2% independently, and the remaining
25% coming from other countries (Karliner et al.,, 2019) (Table 1).

Scopes of healthcare-associated
carbon emissions

Different nations worldwide contribute varying amounts of
GHGs while providing medical care (Lenzen et al., 2020), which

involves products, services, technologies, and instruments befalling

frontiersin.org


https://doi.org/10.3389/fsuep.2023.1230253
https://www.frontiersin.org/journals/sustainable-energy-policy
https://www.frontiersin.org

Mominkhan et al.

TABLE 1 Multi-state analysis of healthcare emissions per capita (cap).

Top emitters > 1t/cap

Major emitters

10.3389/fsuep.2023.1230253

Above average emitters Lower-than-average

(0.5-1t)/cap (0.28-0.50t)/cap emitters
Country t/cap Country t/cap Country t/cap Country t/cap
Australia 1.72 Luxembourg 0.84 European 0.49 Hungary 0.26
Union
USA 1.72 Belgium 0.83 Sweden 0.46 China 0.25
Switzerland 1.02 Japan 0.81 Malta 0.45 Latvia 0.25
Canada 1.01 Netherlands 0.79 Slovenia 0.45 Slovak 0.22
Republic
Denmark 0.78 France 0.44 Brazil 0.21
Korea 0.73 Greece 0.38 Croatia 0.19
Germany 0.71 Bulgaria 0.37 Turkey 0.19
Estonia 0.66 Spain 0.36 Mexico 0.18
UK 0.66 Czech 0.35 Lithuania 0.17
Republic
Finland 0.64 Ttaly 0.35 Romania 0.15
Ireland 0.61 Portugal 0.35 Indonesia 0.05
Norway 0.6 Cyprus 0.34 India 0.03
Austria 0.59 Poland 0.34
Russia 0.53
Taiwan 0.52

the emission of high carbon to the environment. Significant sources
of healthcare-associated GHGs are transport, energy consumption,
product manufacturing, use, and disposal (Corvalan et al., 2020).
About 40% of emissions have been attributed to electricity, heating,
cooling, or gas distribution (Royal Society, 2023). Thirteen per
cent of operational emissions were documented, followed by 11%
from other manufacturing components (elemental metal, foods,
textile, etc.), 9% from agricultural origins, 8% from other sectors
and services, 7% from transport, 5% from pharmaceutical products,
and 7% from minor categories such as waste treatment, rubber
and plastic products, primary industries, and electronic equipment
(Karliner et al., 2019).

Future initiatives for mitigating carbon
emissions in the healthcare sector

International endeavors to reduce
carbon emissions

HCWH and the Alliance of Nurses for Healthy Environments
(ANHE) sought to inform, implement, and influence the impact
of the healthcare sector on the environment. HCWH are a
collaboration of 52 countries that offer ecologically safe alternatives
to global perilous healthcare practice (Ballard, 2008). A programme
called Practice Green Health aims to limit chemical and hazardous
waste, eliminate mercury waste, reduce the amount of trash
generated by the healthcare industry, and avoid pollution in
general (Practice Green health, 2023). ANHE advocate for
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the integration of environmental health into nursing tasks
by giving nurses educational forums abroad. The association
supports environmental health through instruction, practice,
research, and policy modifications to encourage the integration
of environmentalism into nursing education and the greening of
nursing facilities (ANHE, 2023).

Several organizations have devised plans to achieve measurable
outcomes. In 2009, the US EPA (Environmental Protection Agency)
established standards for disposing of infectious waste in healthcare
facilities to minimize the emission of greenhouse gases and other
harmful substances (Roberts, 2015). The United Kingdom National
Health Service (NHS) pioneered a sustainable development unit
in 2008 with the goal of meeting the governments commitment
under the U.K. Climate Change Act. It examined the NHS’s carbon
footprint that same year. These assessments are frequently updated
and improved to quantify GHG emissions from healthcare sectors
and are pivotal to analysis on national grounds (Tennison et al,
2021). In the last decade, the World Health Organization drafted
seven elements for healthy hospitals, the planet, and people (World
Health Organization, 2010) (Box 1). Additionally, HCWH outlined
seven high-impact actions on the path toward “zero emissions”
while maintaining climate resilience and health equity across the
healthcare sector (Karliner et al., 2021) (Box 2). In a recent COP26
conference, the Health Programme aimed to enhance the emphasis
on health and the level of ambition within the framework of
COP26. The COP26 Health Programme encompassed various
initiatives toward net-carbon emissions in the healthcare sectors
(World Health Organisation, 2021) (Box 3).
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BOX 1 Seven elements of a climate-friendly hospital (World Health
Organization, 2010).

1. Energy efficiency Reduce hospital energy consumption and costs through
efficiency and conservation measures.

2. Green building design Build hospitals that are responsive to local climate
conditions and optimized for reduced energy and resource demands.

3. Alternative energy generation Produce and/or consume clean, renewable
energy onsite to ensure reliable and resilient operation.

4. Transportation Use alternative fuels for hospital vehicle fleets; encourage
walking and cycling to the facility; promoting staff, patient and community
use of public transport; site healthcare buildings to minimize the need for
staff and patient transportation.

5. Food Provide sustainably grown local food for staff and patients.

6. Waste Reduce, reuse, recycle, compost; employ alternatives to waste
incineration.

7. Water Conserve water; avoid bottled water when safe alternatives exist.

BOX 2 Seven high-impact actions on the path toward net zero.

. Power healthcare with 100% clean, renewable electricity.

. Invest in zero-emissions buildings and infrastructure.

. Transition to zero-emissions sustainable travel and transport.
. Provide healthy, sustainably grown food.

. Incentivise and produce low-carbon pharmaceuticals.

A U s W N =

. Implement circular health care and sustainable health care waste
management.

7. Establish greater health system effectiveness.

BOX 3 The five key health priorities for COP26.

. Building climate resilient health systems.
. Developing low carbon sustainable health systems.
. Adaptation Research for Health.

. The inclusion of health priorities in Nationally Determined Contributions.

[ I N O R N

. Raising the voice of health professionals as advocates for stronger ambition
on climate change.

The Saudi Arabia national health command
and control centre’'s novel role in
controlling carbon emissions

The National Health Command and Control Centre
(NHCC) within Saudi Arabia’s Ministry of Health (MoH) is an
interdisciplinary command center with the ability to continuously
and thoroughly assess health system performance through 11
operations centers. NHCC is designed to ensure the effectiveness
and efficiency of the health system, identify and detect substandard
services and events, and respond to these items. In addition, NHCC
leverages advanced analytics tools, such as simulation models and
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artificial intelligence, to predict and produce reports that inform
health system decision-making.

The NHCC started an initiative to reduce carbon emissions
from MoH hospitals. This initiative follows the NHCC framework,
which has four phases: oversee, investigate, intervene, and
monitor. In the “oversee” phase, the initiative began by reviewing
international efforts to measure and reduce emissions across
various health sectors. Alignment with national strategies, such as
the Saudi Green initiative, was established in this phase as well.
The NHCC then identified pioneer hospitals to set a comparison
benchmark, created appropriate initial key performance indicators
(KPIs), and determined the criteria for the selection of appropriate
pilot hospitals (i.e., hospitals with at least 400 beds). Seven
pilot hospitals were selected to provide a sense of their carbon
emission baseline, starting with three domains: electricity, water,
and waste. In the Investigation phase, carbon emissions from
electricity, water and non-medical waste were measured in each
pilot hospital. Emission patterns are investigated monthly through
KPIs. The pilot hospitals understood the scope of the initiative,
building a strong focal point through the regional health command
center, thereby creating an effective communication strategy for
increased engagement and collaboration. In the intervention phase,
the NHCC will suggest areas for improvement, intervention
activities, and emission reduction targets, along with supporting
the facilities in intervention implementation. In the monitoring
phase, the NHCC will follow up and evaluate this intervention by
using tools (e.g., ticketing system) to detect the low performance
and respond and intervene accordingly. In the monitoring
phase, performance will be reported using the NHCC dashboard
for more engagement and support from the decision-makers
(Figures 1, 2).

Pilot phase

e Seven hospitals have been chosen as pilots (all have at least 400
hospital beds)

- King Salman Hospital in Riyadh

- Prince Mohammed bin Abdulaziz Hospital in Riyadh
- King Fahad medical city in Riyadh

- King Fahad Central Hospital in Jazan

- King Khalid Hospital in Najran

- Asser Central Hospital in Asser

- King Fahad Hospital in Qassim

e Selection of initial KPIs for reporting

Reporting on monthly electricity and water consumption, as
well as waste production on the carbon emissions dashboard

- Average electricity consumption (kW/month). Per bed, per
employee, per square meter

- Average water consumption (liter/month). Per bed, per
employee, per square meter

- Average waste production (kg/month)
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FIGURE 1

NHCC initiative Framework of Carbon Reduction for the Healthcare Sector.
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e Calculating the carbon emissions from electricity and water

e Benchmarking with a selection of NHS Trusts

consumption, as well as waste production, using the U.S.

conversion factor

- Stakeholder alignment

e Gained alignment through discussions with the MoH Climate
Change Committee and MoH Facility Management

Frontiersin

Applied benchmarks from seven NHS trusts enabling
comparison per square meter, employee, patient visit, and bed:

- Leeds Teaching Hospital

- King’s College Hospital
- Manchester University Hospital
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- Cambridge University Hospital

- University College London Hospital
- Guys and St Thomas Hospital

- Imperial College Hospital

e Initiation of monthly reporting in seven hospital facilities
e Continued data gathering and reporting

Closing data gaps for square meters, patient visits, and waste
production for the 7 MoH facilities. Data are being uploaded to
the Net Zero dashboard to be presented to the decision-makers
in MoH.

Different perspectives to reduce carbon
emissions

Several methods have been documented and internationally
practiced to minimize carbon in the healthcare sector. The U.S.
has employed energy-cutting stratagems by switching-off electronic
devices on inoperative timings. This facilitates carbon emission
reductions in a convenient, rapid manner (Sadler and Guenther,
2015; Frumkin, 2018). Hospitals are the chief biohazard waste-
producing centers globally (Padmanabhan and Barik, 2019; Kenny
and Priyadarshini, 2021). Disposal processes involve high carbon
production (Rizan et al,, 2021). This can be mitigated by identifying
waste areas and providing specialized training to the staff on using
the National Institute for Health and Care Excellence (NICE)
“do not do” recommendation database and “Choosing Wisely”
list of low-value interventions. Carbon emissions can be further
reduced by embracing support initiatives in clinical leadership skill
development and in clinical settings to minimize carbon waste.
Curtailing the disposal of viable pharmaceutical products is a
feasible indirect approach (Tong et al, 2011; The Academy of
Medical Royal Colleges, 2014). In addition, NHS should ensure that
products are being prepared under environmental sustainability
regulations (NHS Supply Chain, 2012; Samuel and Lucassen, 2022).
Public awareness sessions are equally important to convey the
extent of environmental severity (Edwards and Roberts, 2009;
Capstick et al, 2015; Rahimi, 2020). Telemedicine should be
encouraged, and face-to-face consultations should be justifiably
called, as telemedicine has evinced potentially high scores in
reducing carbon consumption (Holmner et al., 2014; Tsagkaris
et al., 2021; Lokmic-Tomkins et al.,, 2022; Maria et al., 2022;
Morcillo Serra et al., 2022; Patel et al,, 2023). According to a study
by Holmner et al., carbon emissions have decreased by 40-70 times
because of people using telemedicine instead of commuting to
medical facilities (Holmner et al., 2014). Another study showed that
an autonomous A.I. could reduce GHG emissions by 80% but only
compared marginal GHG emissions from one additional diabetic
eye exam (Wolf et al., 2022).

McAlister et al. assessed the carbon footprint of hospital
diagnostic imaging in Australia. Clinicians can reduce diagnostic
imaging carbon emissions by ordering less imaging, employing
low-impact imaging (X-ray and U.S.) instead of MRI and C.T. scans
where clinically appropriate, turning off scanners, when possible, to
reduce standby power emissions; reducing scan impact enhances
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resource efficiency (McAlister et al., 2022a). Another study by
Heye et al. (2020) showed that the energy consumption of MRI
and C.T. was about 4% of the total energy consumed in the
hospital and found that MRI consumed fifth times energy than C.T.
devices. Potential energy and cost savings could be achieved during
unproductive inactivity and system downtime patterns (Heye et al.,
2020). Friedericy et al. (2019) noted that carbon emissions could
be mitigated in operating rooms by using sustainable energy and
turning off the heating, ventilation, and air conditioning after
hours. Anesthetists can significantly minimize the carbon footprint
of the operating room by using intravenous anesthesia instead
of inhalation anesthesia. Circular procurement, choosing reusable
vs. disposable materials, and recycling can all help to reduce the
operating room’s indirect carbon emissions and waste generation
(Friedericy et al., 2019). Furthermore, empowering patients can
facilitate fewer rehospitalisations and relatively fewer hospital visits,
which will eventuate in the use of less carbon (Charmel and
Frampton, 2008). Several studies have found that using metered
dose inhalers in people with respiratory diseases increases carbon
emissions over time (Wilkinson et al., 2019; Janson et al., 2020;
Panigone et al., 2020; Kponee-Shovein et al., 2022; Wichers and
Pieters, 2022). When possible, using alternatives such as powder-
free inhalers or soft mist inhalers can reduce carbon emissions
(Pernigotti et al., 2021).

Discussion

This study sheds light on global carbon emissions in the health
sector and efforts to mitigate greenhouse gases. Globally, the figures
showed higher carbon emissions per capita from the health sector
in some countries than others (Pichler et al., 2019). The efforts of
countries to reduce these figures in the future contribute greatly
to the health of the environment and the health of society in the
first place due to the known harmful effects of carbon emissions.
In the scope of community health, the effects of carbon emissions
reduction influence health benefits and decrease disability-adjusted
life years (Gavurova et al., 2021). Climate change fatalities are
estimated to be approximately 250,000 deaths annually between
2030 and 2050 (Burch et al., 2022). Moreover, climate change can
potentially result in the geographical dissemination of infectious
diseases (Bhandari et al, 2020). Unfortunately, delaying carbon
footprint reduction could affect the health and quality of life in the
next few years.

The global figures for carbon emissions in the health sector are
expected to be three times higher in the year 2050 (Karliner et al,
2019). International collaboration in reducing carbon emissions
benefits all countries and is not limited to a host country as an
effect of climate change and purely global health security (Yellapu
et al., 2022). Efforts are ongoing to find solutions to reduce
carbon emissions and need more (Yao et al., 2022). The most
important step is commitment and performance monitoring of
carbon emissions (McAlister et al., 2022b), as tangible results from
reducing carbon emissions need a long time, but in the short-term,
avoiding damage from warming impacts (Sun et al., 2022).

In summary of recommendations of this study to mitigate
carbon footprint in the healthcare sectors:
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- Developing innovative strategies with specific goal targets and
indicators for each health facility to enhance reducing carbon
emissions, commencing from health centers and extending
to hospitals.

each health

facility and periodically verifying these indicators are

- Monitoring performance indicators for
essential practices.

- Promoting research and studies focusing on carbon emissions
reduction within the health sector.

- Implementing intelligent technological systems in the
healthcare sector that resulted in significant and expeditious
transformations, including, for instance, energy-efficient
lighting solutions, smart air conditioning, and intelligent
occupancy sensors for energy savings.

- Involving healthcare professionals in mitigating carbon
footprint by minimizing unnecessary medical procedures that
can be conducted with minimal environmental impact.

- Engaging the community in utilizing contemporary
technologies such as telemedical consultations.

- Implementation of renewable energy sources in establishing
new health facilities, alongside promoting health facilities that
exclusively rely on clean energy.

- Recognizing and capitalizing on new methods of
energy efficiency.

- Enhancing community engagement to actively participate in
the pursuit of carbon emission reduction targets within the
healthcare sector.

- Encouraging multisector collaboration between health and

other stakeholders.

This study effectively elucidates the fundamental objective,
albeit it possesses some limitations. The scope of the search was
limited to articles in the English language. Moreover, it is important
to acknowledge that the scope of our search was constrained using
certain search terms and a specific period from 2003 to the present.
Consequently, relevant publications may have been overlooked.
Moreover, CO2 emissions in some nations have been founded in
estimation numbers, offering an overview of the issue. However, it
is important to note that these estimates should not be solely relied
upon for precise figures.

Conclusion

Ensuring the healthcare sector’s longevity, adaptability, and
sustainability with zero carbon footprint and facing imminent and
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continuous challenges while simultaneously delivering safe, high-
quality, and efficient healthcare poses a considerable challenge
for policymakers, healthcare providers, and individuals seeking
healthcare services. In addition, more creative approaches are
needed to reduce the healthcare sector’s carbon footprint without
jeopardizing patient service quality. Community engagement and
healthcare workers’ contributions should be engaged in the
action plan to reduce carbon emissions. Finally, monitoring
carbon emissions and performance indicators on a periodic basis
prompts the health sector to work collectively to achieve the
desired goals.
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