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ARTICLE INFO ABSTRACT
Keywords: Climate change poses a critical challenge to global health, influencing social and environmental
Green healthcare determinants such as housing, air and water quality, and food security. This article explores the

Continuous improvement activities

profound impact of climate change on health, projecting an additional 250,000 annual deaths
Healthcare industry

from various climate-related diseases between 2030 and 2050. Healthcare systems significantly

E;ﬁ?ﬁmem contribute to global carbon emissions. The concept of the “Green Hospital” is introduced as a
Environmental protection paradigm shift in healthcare, focusing on optimizing resource efficiency and minimizing envi-
Green hospital ronmental impact. This concept encompasses renewable energy integration, natural lighting,
Eco-friendly hospital sustainable materials, green roofs, and smart building management systems. Several challenges
Sobriety remain major, such as medical waste management, water conservation, chemical use, pollution,
Resilience and plastic usage in healthcare settings. Moreover, obstacles to green hospital initiatives should
Climate change be resolved, including system redundancy, regulatory compliance, operational demands, financial

constraints, and cultural resistance. Conclusively, an urgent reformation of healthcare systems is
needed to align with eco-friendly and sustainable practices, highlighting the necessity to reduce
CO? emissions and manage resources and waste more effectively to meet the evolving health
needs of a growing and aging global population.

1. Introduction

The influence of climate change extends to the social and environmental factors that determine health, including safe housing,
clean air and water, and sufficient food. It is projected that climate change will cause an additional 250,000 deaths annually from
malnutrition, malaria, diarrhea, and heat-related stress between 2030 and 2050. The expansion of transportation, food choices, and
energy options can lead to better health by reducing greenhouse gas emissions. Climate change has already caused various health
problems, including death and illness due to extreme weather events, disruption of food systems, increased prevalence of zoonotic and
foodborne illnesses, and vector-borne and waterborne diseases, as well as mental health issues. Furthermore, climate change un-
dermines several social determinants of good health, including access to healthcare, equality, and livelihoods. This ongoing crisis is the
most significant threat to global health, and healthcare professionals worldwide are already addressing its effects. A report published
by The Shift Project in 2021 [1] revealed that the French health sector contributes to more than 46 million tons of CO2 emissions,
which represents almost 8 % of the total emissions in France. This includes the purchase of medical equipment and medicines, as well
as patient and staff transportation and food. In the UK, the National Health Service (NHS) emits 18 million tons of CO2 annually,
accounting for almost a quarter of the total emissions coming from the public sector [2,3]. In the US, total gas emissions from
healthcare organizations increased by 6 % from 2010 to 2018 [4,5]. Moreover, the global market for medical waste management is
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expected to grow from an estimated USD 6.8 billion in 2020 to USD 9 billion by 2025 [6]. The healthcare industry is lagging on
environmental issues, with excessive energy consumption and weak waste management being the main contributors. Urgent action is
required to address this. The pursuit of green development stands as a paramount challenge, arguably the most significant, of the 21st
Century. This crucial importance of sustainable development was acknowledged much earlier, dating back to the United Nations
Conference on the Human Environment held in Stockholm in 1972. The hospital can contribute to maintaining the good health of the
population by managing its carbon emissions effectively and adopting an eco-friendly action plan [7]. As healthcare professionals, our
responsibility is not only to treat but also to prevent diseases. This requires a green/eco-friendly management of our healthcare system.

1.1. Green hospital

The concept of a “Green Hospital” encompasses various interpretations. The Office of the Federal Environmental Executive views it
as an approach that optimizes the efficiency of a building’s energy, water, and material usage, while minimizing its impact on human
health and the environment. This encompasses the entire life cycle of the building, from its location to design, construction, operation,
maintenance, and eventual dismantling [8]. The United States Environmental Protection Agency (EPA) describes green buildings as
structures created and processes used that are both environmentally responsible and resource-efficient throughout the building’s life
cycle. This includes considerations from the site location to design, construction, operation, maintenance, renovation, and even
deconstruction. This approach not only focuses on traditional aspects like economy, utility, durability, and comfort but also em-
phasizes sustainable or high-performance building practices [9]. Healthcare Without Harm characterizes a green and healthy hospital
as one that actively reduces its environmental impact and aims to eliminate its contribution to disease burden. Such a hospital ac-
knowledges the interplay between human health and the environment, incorporating this understanding in its governance, strategy,
and operations. It addresses local needs through environmental action and practices primary prevention by engaging in efforts to foster
community environmental health, health equity, and a green economy [10,11]. Thus, green healthcare is conceptualized as a
multifaceted system that focuses on restoring, managing, and optimizing human health through ecological principles. This approach is
designed to be sustainable in terms of environment, economy, and society over an indefinite period. It aims to operate in harmony with
both the human body and the natural world, ensuring that it does not disproportionately or unfairly impact any key component of the
healthcare system [12]. Often synonymous with sustainable healthcare, this concept emphasizes delivering healthcare services in a
way that is environmentally considerate. It seeks to not only promote health but also positively influence the community at large [13,
14].

Green health systems are based on the following ten components [15]:

1. Leadership through education, goal setting, accountability, and incorporating these priorities in all external relations and
communications,
. Substituting harmful chemicals with safer alternatives,
. Reducing, treating, and safely disposing of healthcare wastes,
Implementing energy efficiency and clean renewable energy generation,
. Reducing hospital water consumption and supplying potable water,
. Improving transportation strategies for patients and staff,
. Reducing food waste and the environmental footprint while improving patient and
worker health by making changes in hospital service menus and practices,
. Reducing pharmaceutical pollution and developing safer pharma,
9. Taking advantage of green buildings to develop safer, more resilient, greener, and healthier building products and systems.
10. Changing purchasing habits in ways that reduce environmental and human rights impacts.
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1.2. Search strategy

PubMed Medline, Web of Science, Google Scholar, IEEE Xplore, and Scopus databases were used for the research, with only articles
in English language, using the following terms: “green hospital”, “eco-friendly hospital”, and “climate change”.

1.3. State-of-the-art infrastructure

The state-of-the-art infrastructure of the eco-friendly hospital is a testament to innovative design and construction techniques that
prioritize sustainability and environmental stewardship.

1.4. Renewable energy sources

The hospital integrates renewable energy sources into its infrastructure, such as solar panels and wind turbines [16]. These clean
energy systems generate electricity to power various operations within the facility, reducing reliance on traditional energy grids and
minimizing greenhouse gas emissions. The hospital strategically places solar panels on rooftops and utilizes open areas to harness
maximum solar energy. Wind turbines, carefully positioned, capture wind power to supplement the energy needs of the hospital [17].
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1.5. Natural lighting and ventilation

The hospital maximizes the use of natural lighting and ventilation to reduce energy consumption and create an efficient healing
environment [18]. Large windows and skylights are strategically placed throughout the building to allow ample natural light to
penetrate the interiors, reducing the need for artificial lighting during the day [19]. The hospital also incorporates intelligent shading
systems to optimize natural light without compromising patient comfort or privacy. Furthermore, the design of the hospital prioritizes
cross-ventilation and utilizes natural airflow patterns to minimize the reliance on mechanical ventilation systems [20].

1.6. Sustainable materials and construction

The eco-friendly hospital prioritizes the use of sustainable materials and construction practices. During the construction phase, the
project adheres to green building standards, such as using locally sourced, eco-friendly materials and minimizing waste generation
[12]. The building materials are carefully selected to ensure low embodied energy, recyclability, and minimal environmental impact.
This focus on sustainable construction not only reduces the environmental footprint but also creates a healthier indoor environment for
patients and staff [11].

1.7. Green roof and gardens

The hospital incorporates green roofs and gardens into its infrastructure, providing multiple benefits [13]. Green roofs improve
energy efficiency by reducing heat transfer and providing natural insulation. They also absorb rainwater, reducing stormwater runoff
and supporting the overall water management system. Additionally, these green spaces create a therapeutic environment, promoting
healing and well-being for patients, while also contributing to biodiversity conservation within the urban setting [14].

1.8. Smart building management systems

To optimize energy efficiency and monitor environmental conditions, the hospital employs state-of-the-art smart building man-
agement systems [21]. These systems utilize advanced sensors and automation technology to control lighting, heating, cooling, and
ventilation systems based on occupancy and ambient conditions. The integration of these systems ensures optimal resource utilization,
minimizes energy waste, and enables real-time monitoring and adjustment for improved sustainability performance [22,23].

1.9. Initiatives for a green hospital

1.9.1. Medical waste

According to a report published in 2021 by The Shift Project think tank, poorly treated medical waste poses a threat to more than
half of the world’s population, exposing them to environmental, labor, or public health hazards [24]. Medical waste can be poorly
managed due to various reasons, such as lack of awareness of the health risks associated with it, insufficient training in proper waste
management, lack of infrastructure, energy or appropriate regulations, or poor enforcement of existing regulations. Additionally,
greenhouse gas emissions and air pollution can result from the transportation and incineration of medical waste using fossil fuel
vehicles, inappropriate incineration technologies, or incineration of unsuitable materials. Suppliers should also be held accountable for
the materials used and the channels of waste disposal. Non-hazardous materials such as cardboard, paper, glass, plastics, and food,
which constitute 85 % of medical waste, can be recycled and should be separated from hazardous waste to reduce disposal costs [25].
Although reducing waste is crucial for a more sustainable future, hospitals have a high dependence on single-use plastics and
disposable items due to fundamental infection control measures. However, there could be other ways to reduce waste in hospitals too,
despite the use of some products that cannot be changed or reused in a sterile hospital environment.

1.9.2. Water

Water is crucial not only for keeping the environment clean, but also for promoting good health in patients by allowing them to stay
hydrated and maintain proper hygiene practices. Proper sanitation of water is a critical issue, as wastewater may contain harmful
chemicals that need to be removed. To address this issue, some health facilities have implemented on-site wastewater treatment
systems, such as biodigestion systems, that can remove harmful chemicals and generate methane gas, which can be utilized as a source
of fuel within the facility [26]. Moreover, an essential aspect of the hospital’s infrastructure is its advanced water conservation systems.
Rainwater harvesting techniques are employed to collect and store rainwater from roofs and open areas. This water is then treated and
used for non-potable purposes, such as irrigation, flushing toilets, and cooling systems. Additionally, the hospital implements grey-
water recycling systems to treat and reuse water from sinks, showers, and laundry facilities. These measures significantly reduce the
hospital’s water consumption and promote responsible water management practices.

1.9.3. Chemicals use

Chemicals are commonly used in healthcare settings, including for cancer treatment and disinfection. However, the use of
chemicals can pose risks to both human health and the environment. For example, medical devices containing mercury are still used in
some facilities. By addressing the use of chemicals and the associated risks, healthcare facilities can better protect the health of patients
and those living in the surrounding area [27].
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1.9.4. Hospital pollution

Ambient air pollution, caused mainly by burning fossil fuels, results in approximately 4.2 million deaths annually, and its impact on
health is intensified by climate change [28]. Healthcare facilities can contribute to ambient air pollution through the on-site com-
bustion of fossil fuels, incineration of medical waste, procurement of energy from fossil fuel sources, and the purchase of goods
produced and transported using fossil fuels. The transportation systems of facilities and patient and staff transportation also contribute
to air pollution related to transportation, which produces smog and poor air quality, negatively impacting human health. Strategies
such as transportation planning and procurement that reduce air pollution and associated greenhouse gas emissions, and switching to
cleaner fuels and cooking technologies can help reduce indoor air pollution [29]. Therefore, it is worth considering incorporating
telemedicine into the health system, which has been shown to be associated with a significant reduction in the carbon intensity of
ambulatory visits [30].

1.9.5. Plastic

In healthcare, single-use plastics serve important purposes, but they often end up being wasted or overpackaged. Innovative so-
lutions can be explored, such as creating surgical intervention packs instead of individually wrapped products. Recycling facilities can
be introduced in hospitals and waiting rooms to minimize the amount of waste that goes to landfills, but it’s essential to provide clear
labelling to ensure that people know which items can be recycled. Reusable sharps bins can replace disposable ones that have been
incinerated, reducing the need for single-use plastics [31].

1.9.6. Food products

A sustainable healthcare facility should prioritize reducing the consumption of meat and increasing the intake of fruits and veg-
etables for patients. The use of antibiotics in cattle feed to increase yields is a common practice that can lead to the development of
superbugs, which can be harmful to human health. Local breeds of cattle that are fed natural green fodder should be preferred if meat is
to be included in patients’ diets. Additionally, meat production requires a high amount of water, with 1 kg of meat protein taking up to
7900 L of water, compared to 4650 L for 1 kg of vegetable protein, except for milk. By reducing the consumption of meat, healthcare
facilities can help conserve water resources. Furthermore, vegetarian diets are known to have health benefits [32]. To minimize meat
consumption, healthcare facilities can consider introducing vegetarian options in their menus [33].

1.9.7. Cleaning products

The cleaning products commonly used in hospitals can be detrimental to the health of vulnerable patients such as fetuses, new-
borns, and elderly individuals, due to the harmful chemicals they contain. To promote the development of sustainable healthcare
facilities, it is crucial to prioritize the use of environmentally friendly cleaning products. Moreover, hospitals often purchase furniture
and equipment that is coated with special chemicals to prevent fire hazards. However, it is well known that these chemicals can have
negative effects on patients and the hospital environment. Therefore, there should be a greater focus on eco-friendly furniture options
that are free of harmful chemicals [34].

1.9.8. Financial impact for healthcare systems

Gwyneth et al. [35] showed in US that a quality improvement initiative in an operating room transitioned to a waterless surgical
scrub, saving $2233 per year and 2.7 million liters of water annually. Moreover, another initiative through proper waste management
led to annual savings of $694,141 and a 30 % reduction in medical waste [35]. Hospitals also reported savings through energy effi-
ciency, reusing single-use devices, and waste management. For example, energy-efficient practices in operating rooms can save $25,
000 annually per room, and the average hospital has about 11 operating rooms. Additionally, reusing single-use devices saved another
hospital $2.5 million annually. Managing waste streams effectively, including recycling, can also result in significant cost savings [35].

The NHS’s investment in public sector decarbonization is expected to save £650 million per year. Over 30 NHS healthcare facilities
secured £329 million for energy-efficient innovations, which is estimated to save 1 million tons of carbon. Examples include the use of
LED lighting and solar power, with savings amounting to hundreds of thousands of pounds annually in energy costs at specific hospitals
[36].

Between 2005 and 2013, a study [37] on energy consumption was conducted in 12 hospitals and 70 healthcare centers in Spain,
constructed from 1980 to 2005. This study, carried out through audits by the Extremadura Energy Agency between 2005 and 2012,
indicated potential energy savings in healthcare buildings. Buildings smaller than 5000 m? without beds could save up to 8.60
kWh/m2 annually, costing around 1.55 €/m2. For larger buildings over 5000 m? with beds, the savings could reach 6.88 kWh/m2 per
year, equating to an expense of 1.25 €/m2 [37]. In a study by Vanhoudt et al. [38], a hospital in Belgium demonstrated the potential to
save up to 71 % in primary energy consumption by utilizing thermal energy storage combined with a heat pump, as opposed to
traditional gas-based boilers and water chillers. Additionally, Yun et al. (2012) [39] found that deviations in occupancy patterns from a
building’s initial design can lead to increased energy use for lighting, with a potential for up to 50 % energy savings through
adjustments.

1.9.9. Barriers and obstacles to green hospital
Creating a green hospital faces numerous obstacles, including:

1. System Redundancy: Hospitals must have backup systems to ensure continuous operation during emergencies, which often
requires additional resources.
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2. Regulatory Compliance: Adherence to health, safety regulations, and building codes can sometimes restrict the adoption of

sustainable practices in healthcare settings.

3. Extended Operational Hours: Hospitals operate 24/7, leading to increased resource consumption and challenges in imple-

menting energy-saving measures.

4. Infection Control: Stringent protocols for infection control can conflict with environmentally friendly practices.
5. Ventilation Requirements: Hospitals need more frequent air exchanges compared to standard office buildings to maintain a

sterile environment.

6. Accreditation and Licensing: Meeting various central, state, and accreditation standards can limit the ability of facilities to

choose environmentally sustainable options.

7. High Energy and Water Consumption: Healthcare facilities consume significantly more energy per square foot than typical

commercial buildings and use between 80 and 150 gallons of water per bed each day.

8. Large Waste Generation: Hospitals produce approximately 0.5 Kg of hazardous waste per bed daily.
9. Chemical Usage: The use of hazardous chemicals for cleaning, disinfection, sterilization, disease treatment, and research pose

environmental risks.

10. Building Life Cycle: While hospital exteriors have a long lifespan, interiors often require renovations every few years,

impacting sustainability.

11. Financial Constraints: The high cost of implementing green technologies can be a deterrent for many healthcare facilities.
12. Lack of Awareness: A general lack of awareness about the benefits and practices of sustainable healthcare can hinder its

adoption.

13. Technological Limitations: Current technology may not always offer sustainable alternatives that meet the specific needs of

healthcare facilities.

14. Cultural Resistance: Resistance to change within the organizational culture of hospitals can impede the adoption of green

practices.

15. Supply Chain Issues: Limited availability of sustainable materials and products can restrict green hospital initiatives.

2. Conclusion

Climate change is one of the most pressing and complex challenges of our time. To preserve our planet’s ecosystem, we must

drastically reduce our net carbon dioxide (CO2) emissions, better manage our resources, and better manage our waste, while
continuing to meet the health needs of a growing and aging population. Every gesture counts.

CRediT authorship contribution statement

Alexandre Vallée: Conceptualization, Validation, Writing — original draft.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to

influence the work reported in this paper.

References

[1

—

[2]
[3]

[4]
[5]

[6]
[71

[8]
[91

[10]
[11]

[12]

[13]

The Shift Project, Décarbonons la santé pour soigner durablement !, 2021. https://theshiftproject.org/wp-content/uploads/2021/06/PTEF_Decarbonons-la-
sante-pour-soigner-durablement RI_Juin-2021.vf_.pdf.

Unit, NHS Sustainable Development. Saving Carbon, Improving Health: NHS Carbon Reduction Strategy for England, 2009.

J. Berniak-Wozny, M. Rataj, Towards green and sustainable healthcare: a literature review and research agenda for green leadership in the healthcare sector, Int.
J. Environ. Res. Publ. Health 20 (2023) 908, https://doi.org/10.3390/ijerph20020908.

M.J. Eckelman, K. Huang, R. Lagasse, E. Senay, R. Dubrow, J.D. Sherman, Health care pollution and public health damage in the United States: an update,
Health Aff. 39 (2020) 2071-2079, https://doi.org/10.1377 /hlthaff.2020.01247.

M. Lenzen, A. Malik, M. Li, J. Fry, H. Weisz, P.-P. Pichler, L.S.M. Chaves, A. Capon, D. Pencheon, The environmental footprint of health care: a global
assessment, Lancet Planet. Health 4 (2020), https://doi.org/10.1016/52542-5196(20)30121-2 e271-e279.

H. Hu, G. Cohen, B. Sharma, H. Yin, R. McConnell, Sustainability in health care. https://doi.org/10.1146/annurev-environ-112320-095157, 2022.

S.M. Lee, D. Lee, Developing green healthcare activities in the total quality management framework, Int. J. Environ. Res. Publ. Health 19 (2022) 6504, https://
doi.org/10.3390/ijerph19116504.

J. Howard, Federal Commitment to Green Building: Experiences and Expectations, Office of Federal Environmental Executive (US), 2003. http://www.ofee.gov/
sb/fgb_report.html.

K. Bandhauer, M. Gerber, S. Simon, S. Smith, C. Buffo, S. Gitlin, Sustainable Design and Green Building Toolkit for Local Governments, Environmental
Protection Agency (US), 2013. Report No.: EPA904B10001, http://www.epa.gov/greenbuilding/pubs/about.htm.

J. Karliner, R. Guenther, Global Green and Healthy Hospitals Agenda, Health Care without Harm, 2011. www.greenhospitals.net.

V.S. Dhillon, D. Kaur, Green hospital and climate change: their interrelationship and the way forward, J. Clin. Diagn. Res. 9 (2015) LE01-5, https://doi.org/
10.7860/JCDR/2015/13693.6942.

S. Lattanzio, P. Stefanizzi, M. D’ambrosio, E. Cuscianna, G. Riformato, G. Migliore, S. Tafuri, F.P. Bianchi, Waste management and the perspective of a green
hospital—a systematic narrative review, Int. J. Environ. Res. Publ. Health 19 (2022) 15812, https://doi.org/10.3390/ijerph192315812.

A.C. O’Hara, A.C. Miller, H. Spinks, A. Seifert, T. Mills, A.R. Tuininga, The sustainable prescription: benefits of green roof implementation for urban hospitals,
Front. Sust. Cities (2022) 4. https://www.frontiersin.org/articles/10.3389/frsc.2022.798012. (Accessed 24 November 2023).


https://theshiftproject.org/wp-content/uploads/2021/06/PTEF_Decarbonons-la-sante-pour-soigner-durablement_RI_Juin-2021.vf_.pdf
https://theshiftproject.org/wp-content/uploads/2021/06/PTEF_Decarbonons-la-sante-pour-soigner-durablement_RI_Juin-2021.vf_.pdf
http://refhub.elsevier.com/S2405-8440(24)00800-4/sref2
https://doi.org/10.3390/ijerph20020908
https://doi.org/10.1377/hlthaff.2020.01247
https://doi.org/10.1016/S2542-5196(20)30121-2
https://doi.org/10.1146/annurev-environ-112320-095157
https://doi.org/10.3390/ijerph19116504
https://doi.org/10.3390/ijerph19116504
http://www.ofee.gov/sb/fgb_report.html
http://www.ofee.gov/sb/fgb_report.html
http://www.epa.gov/greenbuilding/pubs/about.htm
http://www.greenhospitals.net
https://doi.org/10.7860/JCDR/2015/13693.6942
https://doi.org/10.7860/JCDR/2015/13693.6942
https://doi.org/10.3390/ijerph192315812
https://www.frontiersin.org/articles/10.3389/frsc.2022.798012

A. Vallée Heliyon 10 (2024) e24769

[14] O. Starry, A. Viray, B. Park-Egan, A.C. Terway, T. Oxendahl, T. Burdsall, A pilot study considering ecoroofs as therapeutic landscapes, Front. Sust. Cities (2022)
4. https://www.frontiersin.org/articles/10.3389/frsc.2022.811306. (Accessed 24 November 2023).

[15] J. Fadda, Green Healthcare System: Main Features in Supporting Sustainability of Healthcare System—A Review, 2020, pp. 113-128, https://doi.org/10.1007/
978-3-030-30841-4 8.

[16] S.M. Vaziri, B. Rezaee, M.A. Monirian, Utilizing renewable energy sources efficiently in hospitals using demand dispatch, Renew. Energy 151 (2020) 551-562,
https://doi.org/10.1016/j.renene.2019.11.053.

[17] M.H. Jahangir, S. Eslamnezhad, S.A. Mousavi, M. Askari, Multi-year sensitivity evaluation to supply prime and deferrable loads for hospital application using
hybrid renewable energy systems, J. Build. Eng. 40 (2021) 102733, https://doi.org/10.1016/j.jobe.2021.102733.

[18] M.Y. Park, C.-G. Chai, H.-K. Lee, H. Moon, J.S. Noh, The effects of natural daylight on length of hospital stay, Environ. Health Insights 12 (2018)
1178630218812817, https://doi.org/10.1177/1178630218812817.

[19] J. Watt, The ventilation, heating and lighting of hospital wards, Proc. Roy. Soc. Med. 26 (1933) 1411-1426.

[20] R.A. Hobday, S.J. Dancer, Roles of sunlight and natural ventilation for controlling infection: historical and current perspectives, J. Hosp. Infect. 84 (2013)
271-282, https://doi.org/10.1016/].jhin.2013.04.011.

[21] W. Cheng, W. Lian, J. Tian, Building the hospital intelligent twins for all-scenario intelligence health care, Digit Health 8 (2022) 20552076221107894, https://
doi.org/10.1177/20552076221107894.

[22] B.W. Pickering, J.M. Litell, V. Herasevich, O. Gajic, Clinical review: the hospital of the future - building intelligent environments to facilitate safe and effective
acute care delivery, Crit. Care 16 (2012) 220, https://doi.org/10.1186/cc11142.

[23] H. Kwon, S. An, H.-Y. Lee, W.C. Cha, S. Kim, M. Cho, H.-J. Kong, Review of smart hospital services in real healthcare environments, Healthc Inform Res 28
(2022) 3-15, https://doi.org/10.4258/hir.2022.28.1.3.

[24] A. Priiss, E. Giroult, P. Rushbrook, World Health Organization (Eds.), Safe Management of Wastes from Health-Care Activities, World Health Organization,
Geneva, 1999.

[25] C. Kenny, A. Priyadarshini, Review of current healthcare waste management methods and their effect on global health, Healthcare (Basel). 9 (2021) 284,
https://doi.org/10.3390/healthcare9030284.

[26] M. Ng, S. Dalhatou, J. Wilson, B.P. Kamdem, M.B. Temitope, H.K. Paumo, H. Djelal, A.A. Assadi, P. Nguyen-Tri, A. Kane, Characterization of slaughterhouse
wastewater and development of treatment techniques: a review, Processes 10 (2022) 1300, https://doi.org/10.3390/pr10071300.

[27] B. Charlier, A. Coglianese, F. De Rosa, F. De Caro, O. Piazza, O. Motta, A. Borrelli, M. Capunzo, A. Filippelli, V. Izzo, Chemical risk in hospital settings: overview
on monitoring strategies and international regulatory aspects, J. Public Health Res 10 (2021) 1993, https://doi.org/10.4081/jphr.2021.1993.

[28] N. Watts, M. Amann, N. Arnell, S. Ayeb-Karlsson, K. Belesova, M. Boykoff, P. Byass, W. Cai, D. Campbell-Lendrum, S. Capstick, J. Chambers, C. Dalin, M. Daly,

N. Dasandi, M. Davies, P. Drummond, R. Dubrow, K.L. Ebi, M. Eckelman, P. Ekins, L.E. Escobar, L. Fernandez Montoya, L. Georgeson, H. Graham, P. Haggar,
1. Hamilton, S. Hartinger, J. Hess, I. Kelman, G. Kiesewetter, T. Kjellstrom, D. Kniveton, B. Lemke, Y. Liu, M. Lott, R. Lowe, M.O. Sewe, J. Martinez-Urtaza,
M. Maslin, L. McAllister, A. McGushin, S. Jankin Mikhaylov, J. Milner, M. Moradi-Lakeh, K. Morrissey, K. Murray, S. Munzert, M. Nilsson, T. Neville,
T. Oreszczyn, F. Owfi, O. Pearman, D. Pencheon, D. Phung, S. Pye, R. Quinn, M. Rabbaniha, E. Robinson, J. Rocklov, J.C. Semenza, J. Sherman, J. Shumake-
Guillemot, M. Tabatabaei, J. Taylor, J. Trinanes, P. Wilkinson, A. Costello, P. Gong, H. Montgomery, The 2019 report of the Lancet Countdown on health and
climate change: ensuring that the health of a child born today is not defined by a changing climate, Lancet 394 (2019) 1836-1878, https://doi.org/10.1016/
S0140-6736(19)32596-6.

[29] K. Vichova, M. Hromada, The evaluation system to ensure the transport of emergency supplies of fuel to the hospitals, Transport. Res. Procedia 40 (2019)
1618-1624, https://doi.org/10.1016/j.trpro.2019.07.224.

[30] I. Dacones, C. Cave, G.L. Furie, C.A. Ogden, J.E. Slutzman, Patient transport greenhouse gas emissions from outpatient care at an integrated health care system
in the Northwestern United States, 2015-2020, J. Climate Change Health 3 (2021) 100024, https://doi.org/10.1016/j.joclim.2021.100024.

[31] T.R. Grimmond, A. Bright, J. Cadman, J. Dixon, S. Ludditt, C. Robinson, C. Topping, Before/after intervention study to determine impact on life-cycle carbon
footprint of converting from single-use to reusable sharps containers in 40 UK NHS trusts, BMJ Open 11 (2021) e046200, https://doi.org/10.1136/bmjopen-
2020-046200.

[32] M.M. Mekonnen, A.Y. Hoekstra, A global assessment of the water footprint of farm animal products, Ecosystems 15 (2012) 401-415, https://doi.org/10.1007/
$10021-011-9517-8.

[33] J. Kaluza, K. Lozynska, J. Rudzinska, D. Granda, E. Sicinska, M.K. Szmidt, Mediterranean-style diet and other determinants of well-being in omnivorous,
vegetarian, and vegan women, Nutrients 15 (2023) 725, https://doi.org/10.3390/nul5030725.

[34] K. Borges de Oliveira, O.J. de Oliveira, Making hospitals sustainable: towards greener, fairer and more prosperous services, Sustainability 14 (2022) 9730,
https://doi.org/10.3390/5u14159730.

[35] G.A. Sullivan, H.J. Petit, A.J. Reiter, J.C. Westrick, A. Hu, J.B. Dunn, B.C. Gulack, A.N. Shah, R. Dsida, M.V. Raval, Environmental impact and cost savings of
operating room quality improvement initiatives: a scoping review, J. Am. Coll. Surg. 236 (2023) 411, https://doi.org/10.1097/XCS.0000000000000478.

[36] Public building upgrades to save taxpayers £650 million per year, GOV.UK. (n.d.). https://www.gov.uk/government/news/public-building-upgrades-to-save-
taxpayers-650-million-per-year (accessed November 26, 2023).

[37] J. Garcia-Sanz-Calcedo, A. Al-Kassir, T. Yusaf, Economic and environmental impact of energy saving in healthcare buildings, Appl. Sci. 8 (2018) 440, https://
doi.org/10.3390/app8030440.

[38] D. Vanhoudt, J. Desmedt, J. Van Bael, N. Robeyn, H. Hoes, An aquifer thermal storage system in a Belgian hospital: long-term experimental evaluation of energy
and cost savings, Energy Build. 43 (2011) 3657-3665, https://doi.org/10.1016/j.enbuild.2011.09.040.

[39] G.Y. Yun, H. Kim, J.T. Kim, Effects of occupancy and lighting use patterns on lighting energy consumption, Energy Build. 46 (2012) 152158, https://doi.org/
10.1016/j.enbuild.2011.10.034.


https://www.frontiersin.org/articles/10.3389/frsc.2022.811306
https://doi.org/10.1007/978-3-030-30841-4_8
https://doi.org/10.1007/978-3-030-30841-4_8
https://doi.org/10.1016/j.renene.2019.11.053
https://doi.org/10.1016/j.jobe.2021.102733
https://doi.org/10.1177/1178630218812817
http://refhub.elsevier.com/S2405-8440(24)00800-4/sref16
https://doi.org/10.1016/j.jhin.2013.04.011
https://doi.org/10.1177/20552076221107894
https://doi.org/10.1177/20552076221107894
https://doi.org/10.1186/cc11142
https://doi.org/10.4258/hir.2022.28.1.3
http://refhub.elsevier.com/S2405-8440(24)00800-4/sref24
http://refhub.elsevier.com/S2405-8440(24)00800-4/sref24
https://doi.org/10.3390/healthcare9030284
https://doi.org/10.3390/pr10071300
https://doi.org/10.4081/jphr.2021.1993
https://doi.org/10.1016/S0140-6736(19)32596-6
https://doi.org/10.1016/S0140-6736(19)32596-6
https://doi.org/10.1016/j.trpro.2019.07.224
https://doi.org/10.1016/j.joclim.2021.100024
https://doi.org/10.1136/bmjopen-2020-046200
https://doi.org/10.1136/bmjopen-2020-046200
https://doi.org/10.1007/s10021-011-9517-8
https://doi.org/10.1007/s10021-011-9517-8
https://doi.org/10.3390/nu15030725
https://doi.org/10.3390/su14159730
https://doi.org/10.1097/XCS.0000000000000478
https://www.gov.uk/government/news/public-building-upgrades-to-save-taxpayers-650-million-per-year
https://www.gov.uk/government/news/public-building-upgrades-to-save-taxpayers-650-million-per-year
https://doi.org/10.3390/app8030440
https://doi.org/10.3390/app8030440
https://doi.org/10.1016/j.enbuild.2011.09.040
https://doi.org/10.1016/j.enbuild.2011.10.034
https://doi.org/10.1016/j.enbuild.2011.10.034

	Green hospitals face to climate change: Between sobriety and resilience
	1 Introduction
	1.1 Green hospital
	1.2 Search strategy
	1.3 State-of-the-art infrastructure
	1.4 Renewable energy sources
	1.5 Natural lighting and ventilation
	1.6 Sustainable materials and construction
	1.7 Green roof and gardens
	1.8 Smart building management systems
	1.9 Initiatives for a green hospital
	1.9.1 Medical waste
	1.9.2 Water
	1.9.3 Chemicals use
	1.9.4 Hospital pollution
	1.9.5 Plastic
	1.9.6 Food products
	1.9.7 Cleaning products
	1.9.8 Financial impact for healthcare systems
	1.9.9 Barriers and obstacles to green hospital


	2 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	References


