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Abstract: The aim of building climate resilient and environmentally sustainable health care facilities

is: (a) to enhance their capacity to protect and improve the health of their target communities in an

unstable and changing climate; and (b) to empower them to optimize the use of resources and minimize

the release of pollutants and waste into the environment. Such health care facilities contribute to high

quality of care and accessibility of services and, by helping reduce facility costs, also ensure better

affordability. They are an important component of universal health coverage. Action is needed in

at least four areas which are fundamental requirements for providing safe and quality care: having

adequate numbers of skilled human resources, with decent working conditions, empowered and

informed to respond to these environmental challenges; sustainable and safe management of water,

sanitation and health care waste; sustainable energy services; and appropriate infrastructure and

technologies, including all the operations that allow for the efficient functioning of a health care

facility. Importantly, this work contributes to promoting actions to ensure that health care facilities

are constantly and increasingly strengthened and continue to be efficient and responsive to improve

health and contribute to reducing inequities and vulnerability within their local settings. To this end,

we propose a framework to respond to these challenges.

Keywords: climate resilience; environmental sustainability; climate change and health; health

care facilities
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1. Introduction

As the climate continues to change, risks to health systems and facilities—including hospitals,

clinics and community care centers—are increasing, reducing the ability of health professionals to

protect people from a range of climate hazards. Health care facilities (HCFs) are the first and last

line of defense to climate change impacts. They can be responsible for large emissions of greenhouse

gases (GHGs), but also they provide the needed services and care to people harmed by extreme

weather and other climate hazards. HCFs can also produce large amounts of environmental waste

and contamination (GHGs and other contaminants) which may be infectious, toxic or radioactive and

therefore a threat to the health of individuals and communities. HCFs provide health treatments and

related procedures to patients and vary in size from small health care clinics to very large hospitals.

In many countries, they often lack functioning infrastructure, an informed and trained health workforce

to address environmental challenges, and are subject to inadequate energy supplies, water, sanitation

and waste management services. Improving these is a priority and is key to building resilience and

contributing to environmental sustainability.

It is therefore urgent to work to enhance the capacity of HCFs to protect and improve the

health of their target communities in an unstable and changing climate and to empower HCFs to be

environmentally sustainable, by optimizing the use of resources and minimizing the release of waste

into the environment. Climate resilient and environmentally sustainable HCFs contribute to a high

quality of care and accessibility of services, and by helping reduce facility costs, also contribute to

better affordability. They are, therefore, an important component of universal health coverage (UHC).

In 2015, the World Health Organization (WHO) released the Operational Framework for Building

Climate Resilient Health Systems (Operational Framework) [1], proposing ten areas of interventions.

Here, we focus on four, which are fundamental requirements for providing safe and quality care:

(i) adequate numbers of skilled human resources with decent working conditions, empowered and

informed to respond to environmental challenges; (ii) sustainable and safe management of water,

sanitation and health care waste services; (iii) sustainable energy services; (iv) appropriate infrastructure,

technologies, products and processes, including all the operations that allow for the efficient functioning

of the HCF.

Although there is much that can be accomplished by the actions within HCFs, effective interventions

towards strengthening climate resilience and environmental sustainability often depend on good

cross-sectoral action. This is particularly true for water and energy access, construction, building

retrofitting, treatment and removal of health care waste, environmental standards, supply chains,

timely information and surveillance. Thus, many actions need to be undertaken by sectors and decision

makers outside the HCF and therefore health sector officials will need to influence, inform and request

interventions by local and national governments and policymakers.

2. Understanding Climate Resilience and Environmental Sustainability of HCFs

There are several definitions that support our understanding of these subjects. Health systems

include an ensemble of all public and private organizations, institutions and resources mandated to

improve, maintain or restore health as well as incorporate disease prevention, health promotion and

efforts to influence other sectors to address health concerns in their policies [2]. Health system resilience

is the capacity of health actors, institutions and populations to prepare for and effectively respond to

crises; maintain core functions when a crisis hits; as well as stay informed through lessons learned

during the crisis and reorganize if conditions require it [3]. It is the ability to absorb disturbance,

to adapt and to respond with the provision of needed services [4].

Health care facilities are settings that provide direct health treatment procedures for patients and

include hospitals and health care clinics. In the context of emergencies, HCFs are hospitals, primary

health care centers, isolation camps, feeding centers and others [5]. We understand resilience, in the

context of climate change, as the capacity of social, economic and environmental systems to cope

with a hazardous event, trend or disturbance, responding or reorganizing in ways that maintain their
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essential function, identity and structure while also maintaining the capacity for adaptation, learning

and transformation [6].

2.1. What Do We Understand by Climate Resilience in HCFs?

Climate resilient HCFs are those able to anticipate, respond to, cope with, recover from and adapt

to climate-related shocks and stress, so as to bring ongoing and sustained health care to their target

populations, despite an unstable climate [1]. Figure 1 illustrates the important dynamics affecting the

climate resilience of HCFs. Building on the concept of risk as a function of hazards, vulnerabilities

and exposures [6,7] (illustrated in the figure as a triangle, as defined by the Intergovernmental Panel

on Climate Change (IPCC)), it depicts how hazards, in the form of a sudden event (a shock, such as

a storm or sudden flood), or a slow-onset event (a stress, such as a drought, sea-level rise or high

volume of cases of a climate-related disease), will reduce the HCFs’ level of performance and capacity

(left axis). This would occur through a combination of impacts on key facility elements (for example,

increasing—or adding to—the vulnerability of the health workforce, its infrastructure, its water,

sanitation and energy systems), and therefore increasing risks. The level of resilience (right axis)

indicates whether the facility will recover its pre-event state, recover but to a state worse than before

(or even collapse and not recover) or recover and attain a level of resilience greater than before the

event. The figure also highlights the risk management steps for prevention, preparedness, response and

recovery [8].
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Key interventions to build resilience in HCFs include bolstering the health workforce (such as

training, communications), optimizing access to food, water, sanitation and health care waste services

through monitoring, assessment and management and improving access and reliability of energy

sources (such as back-up systems, alternative sources of energy, emergency plans), as well as the

adaptation of infrastructures and technologies (such as building retrofits, adoption of new systems and

technologies, sustainability of operations). The WHO Operational Framework provides additional

areas to be considered in specific contexts for strengthening climate resilience in HCFs, such as

strengthening health information systems, or performing climate change, health vulnerability and
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adaptation assessments [1], which can provide the necessary information and stakeholder partnerships

to support these activities.

2.2. What Do We Understand by Environmental Sustainability in HCFs?

Environmentally sustainable health care facilities are those that improve, maintain or restore

health, while minimizing negative impacts on the environment and leveraging opportunities to restore

and improve it [10]. Following the concept of risk as defined by the IPCC [6,7], environmental

sustainability aims to reduce hazards resulting from HCF operations (such as health care waste),

while simultaneously working towards decreasing exposures and vulnerabilities (both within and

outside the HCF) (Figure 2). The IPCC notes with very high confidence that the most effective

vulnerability reduction measures for health in the near term are programs that implement and improve

basic public health measures, such as the provision of clean water and sanitation, secure essential

health care, including vaccination and child health services, increase capacity for disaster preparedness

and response and alleviate poverty [6].
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Facilities need to also optimize their use of natural resources, principally that of water and energy,

ensuring a balance that is not too low to maintain good functioning, nor too high to waste and deplete

resources. Thus, in many HCFs in low-resource settings, the aim is to increase their access and use

of water and energy. Interventions for environmental sustainability are key to moving from higher

risk (left side of the graphic in Figure 2) to lower risk situations (right side of the graphic in Figure 2).

Examples of hazards that threaten environmental sustainability include biological hazards (epidemics,

pests) and human-made hazards (chemical, radiological, biological wastes, water and energy supply

disruptions, air pollution, food and water contamination, insufficient health workforce). Interventions

to reduce hazards occur mostly in HCFs (lower half of the graphic in Figure 2), while interventions

to reduce vulnerability and exposure occur mostly in patients, the health workforce and the wider

community (upper half of the graphic in Figure 2).

3. Strengthening Climate Resilience and Environmental Sustainability

HCFs and, more broadly, the health sector, though profoundly impacted by climate-related shocks

and stresses, have an opportunity to significantly reduce their GHG emissions. Therefore, facilities

can respond to the growing climate emergency by not only building resilience to respond on the front
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lines of extreme weather events and long-term stresses and treat those made ill by the climate crisis,

but also through the reduction and eventual elimination of all environmental contaminants released

by their operations. Key areas for action include water, health care waste, sanitation and wastewater,

chemicals, radiation, air quality and food (Box 1).

Box 1. Climate resilience and environmental sustainability in relation to environmental determinants

of health in health care facilities (HCFs).

Water: Much of the health care delivery in developing countries still takes place in settings with inadequate
or non-existent municipal water supply or water and wastewater treatment facilities, and in drought-prone areas
made worse by climate change. HCFs need sufficient quantities of safe water to provide quality health care
services [11].

Health care waste: Over half of the world’s population is estimated to be at risk from environmental,
occupational or public health threats resulting from improperly treated health care waste [12]. Improper health
care waste management can occur for several reasons, such as lack of awareness about the health hazards related
to health care waste, inadequate training in proper waste management, lack of infrastructure or energy and lack
of appropriate regulations or enforcement of existing regulations [13].

Sanitation and wastewater: In some settings, wastewater can be treated on site to remove chemicals that
cannot be eliminated in municipal systems. In many countries, it is mandatory to reduce biological loading,
and then treat the water in a municipal system. However, this is not alway possible in rural areas where no
service is available or in cities where the municipality requires on-site treatment. In these situations, a range of
affordable wastewater treatment technologies are available [14].

Chemicals: An estimated 1.6 million lives and 45 million disability-adjusted life years were lost in 2016 due
to exposure to selected chemicals [15]. Chemicals are ubiquitous in HCFs and used for unique purposes, such as
in chemotherapy to treat cancer, or as disinfectants for cleaning and sterilization. In addition, many medical
devices such as thermometers, which contain mercury, are still in use [16].

Radiation: Direct patient exposure to ionizing radiation during medical procedures constitutes the largest
anthropogenic source of population radiation exposure overall. Every year, an estimated seven million health
workers are exposed to radiation due to their professional activities. While new health technologies, applications
and equipment are rapidly being developed to improve the safety and efficacy of procedures, incorrect or
inappropriate handling of these technologies may result in potential health hazards for patients, health workers
and the general public [17].

Air quality: Ambient air pollution, which is principally driven by fossil fuel combustion, kills an estimated
4.2 million people annually [18]. Its health impacts, which include damage to the heart, lungs and every other
vital organ, are exacerbated by climate change [19]. Many HCFs contribute to ambient air pollution through
on-site fossil fuel energy combustion, medical waste incineration, the purchase of energy generated from fossil
fuel sources and procurement of goods that are produced and transported using fossil fuels.

Food: HCFs in many countries are major consumers of food and can therefore model and promote health
and sustainability through their food choices. A growing number of HCFs in high-income and low- and
middle-income countries that purchase and serve food to patients and workers are reducing their environmental
footprint and improving patient and worker health by making changes in hospital service menus and practices.
These include limiting the amount of meat in hospital meals, cutting out fast and junk food, composting food
waste and producing their own food on site, as well as promoting sustainability by holding farmers’ markets for
local producers to sell healthy food to the community, leading to community resilience [20].

3.1. Risks to Health Care Facilities from Climate Change

Climate threats to health systems are particularly disruptive for individuals and communities

when they affect HCFs. Climate change can impact the delivery of health care services in large

hospitals and small facilities, in high- and low-income settings alike. The increased frequency and

intensity of many natural hazards challenges the infrastructure, support systems and supply chains

that HCFs and their communities depend upon. For example, sea-level rise, or tropical storms with

increased intensity, can cause increasingly widespread and prolonged flooding that disrupts vulnerable

infrastructure and transportation systems, as well as the delivery of materials and food, and may lead

to the release of hazardous substances, the contamination of the environment and health risks [21].

Often, HCFs are not built to physically and operationally cope with these and other climate-related

risks, such as droughts, extreme temperatures, wildfires and changed patterns of climate-sensitive

diseases. For example, in some countries, water scarcity and unpredictability in supply is increasingly
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affecting HCFs, preventing them from providing essential hygiene and infection prevention and control

services. This is particularly important for facilities to respond to outbreaks.

All risks associated with climate change can impact the functioning of HCFs directly, and also

result in increased demand for their services. For example, flooding can cause significant damage to

hospital mechanical equipment while contaminating available water sources, and simultaneously the

HCF must deal with an increased number of persons seeking health care. Prolonged high winds can

damage roof-top equipment and cause structural damage to buildings and electric transmission lines

and other public infrastructure. Health workers protect the health of their communities before, during

and after disasters, as first responders to emergencies, but are also vulnerable to the impacts of extreme

weather events.

3.2. Risks to Environmental Sustainability from Health Care Facility Operations

HCFs, when not well designed, equipped and managed, produce adverse environmental impacts,

affecting the health of the health workforce and of the community they aim to serve and protect.

A minimum requirement for climate resilient, safe and high-quality care is access to reliable sources

of water and energy; yet many HCFs lack even these basic resources. Environmental sustainability,

from this perspective, means implementing interventions that optimize the consumption of resources

(such as water, energy, food), and reduce GHG emissions and waste discharge (including biological,

chemical, radiological). It also includes procuring goods and services that follow the principles

of environmental sustainability. Importantly, sustainability measures need to be evaluated for

their performance and functionality, because quality of care should be the most important criteria.

Therefore, more sustainable goods, materials and services should be considered when they do not

compromise health care provision, and do not adversely affect the health and safety of health

care workers.

Health care contributes to air pollution and GHG emissions through energy consumption

(transport, electricity, heating and cooling) as well as product manufacture, use and disposal.

Direct emission sources include those emanating directly from on-site fuel consumption in HCFs and

vehicles owned by HCFs (known as Scope 1 GHG emissions). Indirect emissions refer to energy used

by facilities, such as electricity, steam, cooling and heating (Scope 2 GHG emissions). A third significant

source of emissions primarily derived from the health care supply chain is through the production,

transport and disposal of goods and services, such as pharmaceuticals and other chemicals, food and

agricultural products, medical devices and hospital equipment as well as instruments purchased and

used by HCFs (Scope 3 GHG emissions) [22]. Several tools are available to measure GHG emissions,

such as the Greenhouse Gas Protocol [23], and the IPCC guidelines for national GHG inventories [24].

3.3. The Policy Context

Of the global mandates for responding to climate resilient and environmentally sustainable health

systems, the WHO Global Strategy on Health, Environment and Climate Change (the Strategy) and

the 2030 Agenda for Sustainable Development are especially relevant for HCFs. Approved by the

72nd World Health Assembly in 2019, the Strategy covers all aspects of health and environment with

emphasis on climate change and responds to health risks and challenges up to 2030. The Strategy has

12 goals, one of which responds to health care settings, with the goal that “All health care facilities

and services are environmentally sustainable: using safely managed water and sanitation services

and clean energy; sustainably managing their waste and procuring goods in a sustainable manner;

are resilient to extreme weather events; and capable of protecting the health, safety and security of the

health workforce” [25].

The 2030 Agenda for Sustainable Development, adopted by all UN Member States in 2015,

provides a shared blueprint for peace and prosperity for the people and the planet, now and into

the future [26]. At its heart are the 17 Sustainable Development Goals (SDGs), which are an urgent

call for action by all countries in a global partnership. SDGs recognize that ending poverty and
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other deprivations must go hand in hand with strategies that improve health and education, reduce

inequality and spur economic growth—all while tackling climate change. Making HCFs climate

resilient and environmentally sustainable would contribute to achieving SDGs related to climate

change, sustainable consumption, water and sanitation, energy, employment, resilient infrastructure

and health and well-being (Table 1).

Table 1. Selected Sustainable Development Goals (SDGs) and targets with implications for health

care facilities.

SDGs Targets HCF Action Areas

13. Take urgent action to combat
climate change and its impacts

13.1 Strengthen resilience and
adaptive capacity to
climate-related hazards and
natural disasters in all countries

Health workforce; Infrastructure,
technologies and products

13.2 Integrate climate change
measures into national policies,
strategies and planning

Health workforce;
Infrastructure, technologies and
products

13.3 Improve education,
awareness-raising and human and
institutional capacity on climate
change mitigation, adaptation,
impact reduction and early
warning

Health workforce

12. Ensure sustainable
consumption and production
patterns

12.4 By 2020, achieve the
environmentally sound
management of chemicals and all
wastes throughout their life cycle,
in accordance with agreed
international frameworks, and
significantly reduce their release to
air, water and soil in order to
minimize their adverse impacts on
human health and the
environment

Water, sanitation and health care
waste

12.5 By 2030, substantially reduce
waste generation through
prevention, reduction, recycling
and reuse

Water, sanitation and health care
waste

12.7 Promote public procurement
practices that are sustainable, in
accordance with national policies
and priorities

Infrastructure, technologies and
products

6. Ensure availability and
sustainable management of water
and sanitation for all

6.1 By 2030, achieve universal and
equitable access to safe and
affordable drinking water for all

Water, sanitation and health care
waste

6.3 By 2030, improve water quality
by reducing pollution, eliminating
dumping and minimizing release
of hazardous chemicals and
materials, halving the proportion
of untreated wastewater and
substantially increasing recycling
and safe reuse globally

Water, sanitation and health care
waste

6.4 By 2030, substantially increase
water-use efficiency across all
sectors and ensure sustainable
withdrawals and supply of
freshwater to address water
scarcity and substantially reduce
the number of people suffering
from water scarcity

Water, sanitation and health care
waste
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Table 1. Cont.

SDGs Targets HCF Action Areas

7. Ensure access to affordable,
reliable, sustainable and modern
energy for all

7.1 By 2030, ensure universal
access to affordable, reliable and
modern energy services

Energy

7.2 By 2030, increase substantially
the share of renewable energy in
the global energy mix

Energy

7.3 By 2030, double the global rate
of improvement in energy
efficiency

Energy

8. Promote sustained, inclusive
and sustainable economic growth,
full and productive employment
and decent work for all

8.8 Protect labour rights and
promote safe and secure working
environments for all workers,
including migrant workers, in
particular women migrants, and
those in precarious employment

Health workforce

9. Build resilient infrastructure,
promote inclusive and sustainable
industrialization and foster
innovation

9.4 By 2030, upgrade infrastructure
and retrofit industries to make
them sustainable, with increased
resource-use efficiency and greater
adoption of clean and
environmentally sound
technologies and industrial
processes, with all countries taking
action in accordance with their
respective capabilities

Infrastructure, technologies and
products

3. Ensure healthy lives and
promote well-being for all at
all ages

3.8 Achieve universal health
coverage, including financial risk
protection, access to quality
essential health-care services and
access to safe, effective, quality
and affordable essential medicines
and vaccines for all

Access to health care facilities

3.9 By 2030, substantially reduce
the number of deaths and illnesses
from hazardous chemicals and air,
water and soil pollution and
contamination

Water, sanitation and health care
waste

Source: [26].

4. A Framework for Action

Climate resilient and environmentally sustainable HCFs can be defined as those able to anticipate,

respond to, cope with, recover from and adapt to climate-related shocks and stresses, while minimizing

negative impacts on the environment and leveraging opportunities to restore and improve it, so as to

bring ongoing and sustained health care to their target population and protect the health and well-being

of future generations [1,10] Here, we propose a framework for HCF action (Figure 3). There are three

objectives under each of the four fundamental requirements to provide safe and high-quality care

that are central to the action framework [1]. We propose this framework to develop a set of potential

interventions that health sector decision makers can employ to enhance both climate resilience and

environmental sustainability.

Many of the required interventions are linked and therefore may address multiple objectives that

do not always fall neatly into one category. For example, a climate resilient intervention to cope with

recurrent drought may be to harvest rainwater during the rainy season and store it in containers for

later use. An environmentally sustainable intervention would be to ensure that the containers are

properly sealed so that they do not become mosquito breeding sites and lead to vector-borne disease

outbreaks. Building climate resilience and environmental sustainability are best addressed together for

achieving synergies and resource efficiency.
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4.1. Interventions to Strengthen Climate Resilience and Environmental Sustainability in Health Care Facilities

Given the complexity and variety of HCFs, there is no easy or simple way to identify all possible

interventions required. Here, we propose beginning with the four fundamental priorities discussed

earlier (health workforce; water, sanitation and health care waste; energy; and infrastructure, technology

and products). Each of these can be subdivided into three objectives [1] for both climate resilience

and environmental sustainability. This would produce 24 sets of interventions. Moreover, HCFs

and health sector officials would need to reach out to decision makers outside of the health sector to

collaborate on the implementation of some of the climate resilience or environmental sustainability

measures. It is possible that HCF officials may not be able to complete all interventions at once,

and that not all HCFs will have the required capacity and resources to undertake these interventions.

Moreover, as it may not be possible to complete all of these interventions in a short period of time,

it may be better to approach the use of this framework as supporting continuous improvement over

time. Therefore, the identification of needed and priority interventions for a specific HCF will depend

upon the local context. HCF staff would benefit by integrating information from this framework

and the interventions into regular health facility planning processes, so as to be more efficient and

maximize the use of resources. Interventions cannot be rated as either done or not done. We suggest

a simple rating of interventions, into three performance groups: (i) low (indicates low performance,

or unavailable activity, or unable to complete); (ii) medium (indicates medium performance, or activity

in progress, or incomplete); and (iii) high (indicates high performance or completed activity, or achieved

and tested).
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4.2. Area 1: Health Workforce

Health workers have a key role in building climate resilience and environmental sustainability

of HCFs. Health care workers are the main actors in ensuring that interventions are effective for

their own roles and activities, as well as for other components of the framework. Because building

climate resilience and environmental sustainability are relatively new approaches for health workers,

building awareness, training and empowering health workers are key requirements for the successful

implementation of interventions. In many settings, already stressed by lack of staff and resources,

building resilience and environmental sustainability need to be integrated as a support to health care

work and the protection of health and safety of staff, patients and communities. Objectives for the

implementation of this component:

• Human resources—HCFs having a sufficient number of health workers with healthy and safe

working conditions and capacity to deal with health risks from climate change, as well as the

awareness and empowerment to ensure environmentally sustainable actions.
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• Capacity development—training, information and knowledge management targeted at health

care workers to respond to climate risks and minimize environmental threats resulting from the

operation of the HCF.

• Communication and awareness raising—communicate, coordinate and increase awareness related

to climate resilience and environmental sustainability among health workers, patients, visitors,

target communities and with other sectors.

4.3. Interventions for Climate Resilience

The health workforce may be affected by two main mechanisms as a result of climate change.

The first relates to changes in the frequency and intensity of extreme weather events and longer-term

climatic changes that may affect the facility or the workforce’s ability to perform their duties, or even

to reach the facility. The second is through changed patterns of climate-sensitive diseases, to which the

health workforce may not have the experience to respond in a timely manner. One key requirement

is, therefore, to have in place sufficient numbers of skilled and informed health workers. This is

a constraint in many countries and needs urgent attention. Another key requirement is ensuring

the health and safety of health workers, by identifying occupational hazards to prevent and control

exposures (climate and non-climate related). The health workforce includes not only nurses and

doctors and other health specialists, but also staff undertaking diverse occupational activities, such as

administration, reception, radiography, maintenance, housekeeping, food service, laboratory work

and specialist technicians and cleaning and laundry services, as well as hospital caretakers, dietitians,

waste management staff, ambulance assistants and technicians and transport drivers. Workplace risks

are therefore varied, and even those not in direct contact with patients can be exposed to contaminating

agents of a biological, chemical, radiological or physical nature and to ergonomic and psychosocial

hazards [27]. Efforts to achieve sustainable, healthy and safe working conditions in the health sector

are thus important to both improving patient and community well-being, and for reducing the risks to

workers engaged in health care-related activities. The interventions build overall resilience, and in

particular climate resilience of the health workforce.

4.4. Interventions for Environmental Sustainability

Much of the environmental impacts from HCFs relate to issues associated with water, sanitation

and hygiene (WASH), wastes (including biological, chemical and radiological hazards), energy and

procurement practices. However, these are mediated in part by what the health workforce does or

is unable to do. Thus, the health workforce has a large responsibility in ensuring environmentally

sustainable practices through their actions. Health care waste, for example, is highly dependent

on the actions of health workers. Impacts from biological, chemical or radioactive sources, if not

adequately managed and disposed of, will affect health workers, as much as patients, visitors and

surrounding communities. Therefore, this is an area particularly amenable to health workforce actions.

However, even a well-informed health workforce may be unable to implement all needed actions in

all areas. Water sources and energy sources, for example, may not depend on the HCF or its staff.

Similarly, procurement may be done centrally, without consultation or inputs from specific HCFs.

This implies that many interventions may need to be taken at levels other than the HCF itself and

may depend on the local context, including the health system, actions by local governments and

national policies.

4.5. Area 2: Water, Sanitation and Health Care Waste

The availability of sustainable water, sanitation and environmental, chemical and health care

waste management services are essential to quality of care and infection prevention and control in HCFs.

Important advances and commitments in this area have been achieved in recent years. The WHO,

with international agencies, Member States and other partners are now actively responding to this

critical component for health and well-being [28]. An example is WASH FIT, a tool to prioritize risks
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and make improvements [11]. These actions are also key to climate resilience and environmental

sustainability as outlined in the proposed interventions below. The WHO Chemicals Road Map [16]

requests action to prevent and mitigate chemical health risks in HCFs. Objectives for the implementation

of this component are:

• Monitoring and assessment—information regarding water, sanitation, chemical use and health

care waste management considers climate resilience and environmental sustainability for

promoting action.

• Risk management—strengthened capacity of HCFs to manage water, sanitation, chemicals and

health care waste risks to workers, patients and served communities, by including assessments of

climate resilience and environmental sustainability in responding to hazards and identifying and

reducing exposures and vulnerabilities.

• Health and safety regulation—water, sanitation, chemical safety and health care waste

regulations are implemented, taking into consideration climate variability and change, and

environmental sustainability.

4.6. Interventions for Climate Resilience

Lack of high-quality water, or irregular access, is a major problem in many HCFs in less developed

regions, particularly in areas of natural water scarcity, and has implications for sanitation and hygiene.

This problem is increasingly aggravated by climate variability and change and may result in a shortage

of water for prolonged periods or excess water for short periods (drought followed by heavy rains

and flash floods). Floods may also adversely impact sanitation systems and overflow of wastewaters.

In periods of drought, and even when water becomes available, people may take different initiatives to

overcome shortages, such as storing water, or accessing water of lower quality. Sea-level rise may also

increase salinity in coastal aquifers, affecting water quality and flooding sewage systems. Achieving

optimal use of water resources means that some HCFs may need to conserve water, while others need

to increase their use. This needs careful consideration to ensure that actions in one area do not impact

on other areas.

4.7. Interventions for Environmental Sustainability

Managing water, sanitation, chemical hazards and hazardous health care waste are essential

components of an HCF’s environmental sustainability, in all countries and settings. According to the

WHO, of the total amount of waste generated by health care activities, 15% is considered hazardous,

which may be infectious, toxic or radioactive. Concerns include lack of proper disposal of syringes,

open burning and incineration of health care wastes with consequent emissions of particulate matter

(and in some cases of dioxins and furans, and toxic metals) and unintended release into the environment

of pharmaceuticals, or chemical and biological hazards, including drug-resistant microorganisms [29].

Key areas of action include the substitution of harmful chemicals to improve the health and safety of

patients, HCF staff, communities and the environment by using safer chemicals, materials, products

and processes throughout HCFs. For the remaining waste (approximately 75–90%) generated in

HCFs, which is considered non-hazardous, it is key to promote proper segregation and recycling.

There is also a need to eliminate non-essential single-use plastics in health facilities and select plastic

materials favoring reduced toxicity and the opportunity for reuse and/or recycling. Another concern is

radiation safety. Direct patient exposure to ionizing radiations during medical procedures constitutes

the largest anthropogenic source of population radiation exposure overall. Actions therefore include

focus on enhancing safety and quality in the use of ionizing radiation in health facilities. Antimicrobial

resistance (AMR) is a major global public health concern and a food safety issue. When pathogens

become resistant to antimicrobial agents, they can pose a greater human health risk, resulting in

potential treatment failure, loss of treatment options and increased likelihood and severity of disease.
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Problems related to AMR are inherently related to antimicrobial use in any environment, including

human and non-human uses, and to wastewater disposal in HCFs.

4.8. Area 3: Energy

Access to electricity in HCFs is critical to achieving UHC and several SDG targets, including

improving maternal health, reducing child mortality and preventing disease. Many HCFs, particularly

those in rural areas, lack reliable, affordable electricity supply for powering basic services such as

lighting, communications, refrigeration, diagnostics and the medical devices required for health

services [30,31]. In addition, inefficient use of energy technologies, such as inefficient devices

and appliances, contributes to fuel waste and costs and adds to air pollution. Objectives for the

implementation of this component are:

• Monitoring and assessment—information regarding energy services should consider climate

resilience and environmental sustainability for promoting action.

• Risk management—strengthened capacity of HCFs to manage energy-related risks to workers,

patients and served communities, by including assessments of climate resilience and environmental

sustainability in responding to hazards and identifying and reducing exposures and vulnerabilities.

• Health and safety regulation—regulations on energy use and access are implemented, taking into

consideration climate variability and change, and environmental sustainability.

4.9. Interventions for Climate Resilience

Climate change can impact on energy access in many ways and in all types of HCFs. Although many

HCFs lack regular electricity access (whether from an electricity grid or generated locally), climate change

can further limit this access. Extreme weather events, such as storms, may destroy power lines or

solar panels. Floods may affect generators or battery storage. Heat waves may increase electricity use

in cities to power air conditioning, leading to rationing or outages. Most of these can be overcome

with good planning for which an increasing number of resources are becoming available [32,33].

Nevertheless, an HCF can reduce its GHGs and become more resilient to electricity grid disruptions

and unreliability. When on-grid energy is unavailable or unreliable, HCFs can develop and use off-grid

systems. Solar energy can be harnessed through photovoltaic cells to heat water or generate electricity

(which can be stored in batteries). District heating systems can create efficiency across cities and

buildings, while closed-loop or low-enthalpy geothermal energy can provide a low-carbon thermal

heating alternative. Energy can also be produced on site through other renewable sources, such as

wind, biomass or hydroelectricity. The setting and scale of the HCF, as well as the availability of energy

resources, can influence the selection of the most appropriate sustainable energy solution. Renewable

energies can be deployed using both centralized and decentralized approaches. As renewable energies

are clean, in both cases they contribute to environmental sustainability [34]. Renewable energies can

be deployed on site with a decentralized approach in places already connected to the grid (such as

facilities in urban areas) and those not connected to the grid (such as in rural areas). Decentralized

renewable energy systems play a crucial role in climate resilience, such as during extreme weather

events if the national grid gets damaged or on-site diesel generators have issues due to problems in the

fuel supply chain.

4.10. Interventions for Environmental Sustainability

Much of the environmental and public health harm produced by energy consumption is from

the combustion of fossil fuels, such as oil, coal and gas. GHG emissions and air pollution generated

from fossil fuel combustion are major contributors to global climate change and local health problems.

By increasing energy efficiency and transitioning to clean, renewable energy sources, the health

sector can reduce GHG emissions and contribute to protecting public health from the impacts of

climate change and air pollution. Indirectly, these changes may bring with them the health and
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economic co-benefits of reductions in hospital admissions and treatments for chronic illnesses such as

asthma and lung and heart disease caused by the pollution created from the extraction, refining and

combustion of coal, oil and gas. HCFs can promote energy conservation and efficiency and implement

renewable energy strategies and procurement, reducing GHG emissions and saving financial resources,

while maintaining or improving care quality. Key areas requiring action include:

• Building characteristics: the quality of the building and its features affect the energy demand

through the quality of insulation of walls and windows, the use of passive cooling and shading

options and its location and exposure to climate and weather.

• Energy efficiency: electric lighting fixtures can consume a large proportion of electrical energy

and, depending upon the source, can contribute to internal heat loads. Efficient appliances and

thermal insulation also contribute to energy efficiency.

• Transportation: transportation is a major source of both air pollution and GHG emissions, and the

health sector—with its fleet of ambulances, hospital vehicles and delivery vehicles, as well as staff

and patient travel—is a transportation-intensive industry.

• Food: purchased, prepared and provided in a variety of health care settings contributes to GHG

emissions of the health care sector.

• Pharmaceuticals: produced in facilities that use a great deal of energy and emit significant GHGs.

While selecting and prescribing medicines, it may be possible to consider those manufactured

with the least environmental impact.

4.11. Area 4: Infrastructure, Technology and Products

There are both structural and non-structural elements of concern. Structural elements are those

that form part of the load-bearing system of the building, such as columns, beams, walls, floor slabs and

foundations. Structural measures for HCFs would include construction built to resist floods, storms or

sea-level rise. Non-structural elements are those critical to the functioning of the HCFs. These include

the architectural elements, emergency access and exit routes to and from the HCF, critical systems

(such as electricity, water supply, waste management, fire protection), medical, laboratory and office

equipment (whether fixed or mobile) and supplies used for analysis and treatment [35], as well as

emerging technologies with important recent advances globally (such as digital health, including

tracking of disease outbreaks). Non-structural measures also include awareness raising, training and

education [36], which are included under the health workforce. Objectives for the implementation of

this component are:

• Adaptation of current systems and infrastructures—building regulations implemented in the

construction and retrofitting of HCFs to ensure climate resilience and environmental sustainability.

• Promotion of new systems and technologies—adopt new technologies and processes that can

provide climate resilience, environmental sustainability and enhanced health service delivery.

• Sustainability of health care facility operations—adopt and procure low environmental impact

technologies, processes and products to enhance climate resilience and environmental sustainability.

4.12. Interventions for Climate Resilience

The structural and non-structural components and measures when fully functional would

help HCFs to remain operational during and after shocks or stress to protect the health of their

communities. Components also include construction materials, which should not result in occupational

or environmental hazards. Measures include climate resilience of essential environmental services

to health facilities, such as water and sanitation services, chemical safety and electricity and energy

services, which may be compromised by climate variability and change [1], as well as preparations in

terms of procurement and logistics. Because of their importance, water and sanitation, chemical safety

and energy services are addressed separately.
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4.13. Interventions for Environmental Sustainability

Low environmental impact technologies, processes and products need to be adopted for

environmental sustainability. One key component is the procurement of goods and services.

A sustainable procurement program aims to reduce carbon emissions and chemical pollution,

and conserve natural resources by identifying environmentally sustainable goods and services with

fewer harmful effects on human health and the environment. The health care sector consumes vast

amounts of natural and processed resources that are sourced, manufactured and delivered across

the sector’s supply chain. The production, transport and disposal of health care goods and services,

such as pharmaceuticals and chemicals, food and agricultural products, medical devices, hospital

equipment and instruments all make a substantial contribution to the sector’s environmental footprint,

including generation of waste, chemical contamination and GHG emissions. Table 2 presents examples

of interventions.

Table 2. Sample interventions.

Objectives Climate Resilience
Environmental
Sustainability

Health workforce

Human resources

Identify minimum needs
in terms of health care
workers to ensure the
operational sufficiency of
every HCF department,
in case of climate-related
disaster or emergency

Increase human
resources available to
reduce or eliminate
disease burden among
vulnerable populations
resulting from
environmental hazards
in HCFs

Capacity development

Health workforce
receives training and
exercises for preparing
for, responding to and
recovering from extreme
weather-related
emergencies

Education and training
provided to HCF staff
and the community on
environmental factors
that contribute to the
burden of disease

Communication and
awareness raising

Key messages for target
audiences (such as
patients, staff, public)
drafted in preparation
for the most likely
extreme weather disaster
scenarios

Increase knowledge and
communication about
the environmental
impact of
pharmaceuticals and
their disposal

Water, sanitation and
health care wastes

Monitoring and
assessment

Develop climate resilient
water safety plans

Implement and monitor
a waste reduction
program including waste
management training for
all staff

Risk management
WASH climate risk
management plan
implemented

Wastewater is safely
managed through use of
on-site treatment or sent
to a functioning sewer
system

Health and safety
regulation

Sanitation technologies
designed to be more
resistant to climate
hazards and able to
operate under a range of
climate conditions

Harvested rainwater or
gray water is safely used
to flush toilets, clean
outdoor pavement areas
and water plants when
possible
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Table 2. Cont.

Objectives Climate Resilience
Environmental
Sustainability

Energy

Monitoring and
assessment

Assess that location of
energy backup or
renewable energy
infrastructure can
withstand extreme
weather events (such as
strong winds, hail,
floods)

Assess the HCF to
determine how and
where energy use can be
reduced (or increased in
energy poor areas)

Risk management

Plan developed for
managing intermittent
energy supplies or
system failure

HCF fossil fuel
consumption reduced by
use of renewable energy
sources, including solar
(photovoltaic) power,
wind power, hydro
power and biofuels

Health and safety
regulation

Adequate lighting,
communications,
refrigeration and
sterilization equipment
are available during
climate-related disasters
or emergencies

Developed an energy
management plan to
measure energy
consumption

Infrastructure,
technology. Products

Adaptation of current
systems and
infrastructures

HCFs built or retrofitted
to cope with extreme
weather events, ensuring
their resilience, safety
and continuous
operation

New (or retrofitted)
HCFs designed and
constructed based on
low-carbon approaches

Promotion of new
systems and technologies

HCF uses proven smart
materials and
applications, sensors,
low-power electronics,
telemedicine and similar
health care-appropriate
technology

Substitute
mercury-containing
thermometers and blood
pressure-measuring
devices for affordable,
validated device
alternatives

Sustainability of HCF
operations

Anticipate the impact of
the most likely disaster
events on the supply of
water, food and energy

Implement a clear
environmentally
sustainable procurement
policy statement or
protocol for all types of
products, equipment and
medical devices used in
the HCF

N.B. The complete set is available in the WHO’s guidance for climate resilient and environmentally sustainable
heath care facilities [37].

5. Conclusions

HCFs are impacted by climate change and also by their surrounding environments. In turn, in

their operations, HCFs produce GHGs, contributing to climate change, and through their emissions

and unsustainable practices, they may contribute to environmental degradation. This guidance aims to

ensure ongoing climate resilience and environmental sustainability of HCFs. It builds on the premise

that HCFs need to satisfy a minimum of four requirements to provide safe and high-quality care:

(i) a skilled and informed workforce, (ii) adequate water, sanitation and waste services, (iii) energy

services and (iv) safe, functional and sustainable infrastructure, including technologies and products.
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Simultaneously, HCFs need to consider how these four basic requirements can be strengthened to

become climate resilient and how they can contribute to environmental sustainability.

It is important that these concepts are adapted to local realities and needs, building on local

skills and knowledge. New advances in knowledge, experiences and lessons from several HCFs and

changed circumstances (such as those brought about by public health emergencies like the COVID-19

pandemic) imply that any set of proposed interventions must be used with flexibility, and more as a

model on how to improve operations, than as a prescription with expected actions. Whether large or

small, all HCFs can improve their operations while addressing key environmental concerns.

Author Contributions: Conceptualization: C.C., E.V.P., A.S. and D.C.-L. Methodology: C.C., E.V.P., A.S. and D.C.-L.
Writing—original draft: C.C., E.V.P., A.S., D.C.-L., J.K., A.R., S.W., S.S., M.R. and R.S. Writing—review and editing:
C.C., E.V.P., A.S., D.C.-L., J.K., A.R., S.W., S.S., M.R., R.S., P.B., S.E., P.E., A.H., G.H., J.L., M.M., A.P.-U., L.V. and S.V.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: This paper is based on the WHO report “Guidance on climate resilient and environmentally
sustainable health care facilities”. We thank the following contributors and reviewers of that report: Heather
Adair-Rohani, Charlotta Brask, Matthias Braubach, Jonathan Drewry, Kersten Gutschmidt, Nasir Hassan, Alex
von Hildebrand, Qudsia Huda, Dorota Jarosinsk, Vladimir Kendrovski, Nargiza Khodjaeva, Rokho Kim, Togos
Lkhasuren, Boni Magtibay, Marina Maiero, Robert Marten, Frank Pega, Maria del Rosario Perez, Adrienne
Rashford, Jetri Regmi, Nathalie Roebbel, Oliver Schmoll, Paula Virginia Vasconcelos Lopes, Carolyn Vickers and
Sonam Yangchen. The views expressed in this article are those of the authors and do not necessarily represent the
views of the World Health Organization.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. World Health Organization. Operational Framework for Building Climate Resilient Health Systems. 2015.

Available online: https://apps.who.int/iris/bitstream/handle/10665/189951/9789241565073_eng.pdf (accessed

on 19 October 2020).

2. WHO Regional Office for Europe. The Tallinn Charter: Health Systems for Health and Wealth. 2008.

Available online: http://www.euro.who.int/__data/assets/pdf_file/0008/88613/E91438.pdf (accessed on 19

October 2020).

3. Kruk, M.E.; Myers, M.; Varpilah, S.T.; Dahn, B.T. What is a resilient health system? Lessons from Ebola.

Lancet 2015, 385, 1910–1912. Available online: https://www.thelancet.com/journals/lancet/article/PIIS0140-

6736(15)60755-3/fulltext (accessed on 19 October 2020). [CrossRef]

4. Kutzin, J.; Sparkes, S.P. Health systems strengthening, universal health coverage, health security and

resilience. Bull. World Health Organ. 2016, 94, 2. Available online: https://www.who.int/bulletin/volumes/94/

1/15-165050/en/ (accessed on 19 October 2020). [CrossRef] [PubMed]

5. World Health Organization Environmental Health in Emergencies. Health-Care Facilities. Available online:

https://www.who.int/environmental_health_emergencies/services/en/ (accessed on 9 October 2020).

6. Field, C.B.; Barros, V.R.; Dokken, D.J.; Mach, K.J.; Mastrandrea, M.D.; Bilir, T.E.; Pachauri, R.K.; Allen, M.R.;

Broome, J.; Cramer, W. (Eds.) Summary for policymakers. In Climate Change 2014: Impacts, Adaptation, and

Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment Report

of the Intergovernmental Panel on Climate Change; Cambridge and New York; Cambridge University Press:

Cambridge, UK, 2014; Available online: https://www.ipcc.ch/site/assets/uploads/2018/02/ar5_wgII_spm_en.

pdf (accessed on 19 October 2020).

7. Field, C.B.; Barros, V.; Stocker, T.F.; Qin, D.; Dokken, D.J.; Ebi, K.L.; Mastrandrea, M.D.; Mach, K.J.;

Plattner, G.-K.; Allen, S.K.; et al. (Eds.) Managing the Risks of Extreme Events and Disasters to Advance

Climate Change Adaptation. A Special Report of Working Groups I and II of the Intergovernmental Panel on Climate

Change; Cambridge and New York; Cambridge University Press: Cambridge, UK, 2012; Available online:

https://www.ipcc.ch/site/assets/uploads/2018/03/SREX_Full_Report-1.pdf (accessed on 19 October 2020).

8. World Health Organization. Health Emergency and Disaster Risk Management Framework. 2019. Available

online: https://apps.who.int/iris/bitstream/handle/10665/326106/9789241516181-eng.pdf (accessed on 19

October 2020).

https://apps.who.int/iris/bitstream/handle/10665/189951/9789241565073_eng.pdf
http://www.euro.who.int/__data/assets/pdf_file/0008/88613/E91438.pdf
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60755-3/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60755-3/fulltext
http://dx.doi.org/10.1016/S0140-6736(15)60755-3
https://www.who.int/bulletin/volumes/94/1/15-165050/en/
https://www.who.int/bulletin/volumes/94/1/15-165050/en/
http://dx.doi.org/10.2471/BLT.15.165050
http://www.ncbi.nlm.nih.gov/pubmed/26769987
https://www.who.int/environmental_health_emergencies/services/en/
https://www.ipcc.ch/site/assets/uploads/2018/02/ar5_wgII_spm_en.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/ar5_wgII_spm_en.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/SREX_Full_Report-1.pdf
https://apps.who.int/iris/bitstream/handle/10665/326106/9789241516181-eng.pdf


Int. J. Environ. Res. Public Health 2020, 17, 8849 17 of 18

9. Cimellaroa, G.P.; Reinhornb, A.M.; Bruneauc, M. Framework for analytical quantification of disaster resilience.

Eng. Struct. 2010, 32, 3639–3649. Available online: https://www.eng.buffalo.edu/~{}bruneau/Engineering%

20Structures%202010%20Cimellaro%20Reinhorn%20Bruneau.pdf (accessed on 19 October 2020). [CrossRef]

10. World Health Organization. Environmentally Sustainable Health Systems: A Strategic Document. 2017.

Available online: https://www.euro.who.int/__data/assets/pdf_file/0004/341239/ESHS_Revised_WHO_web.

pdf (accessed on 19 October 2020).

11. World Health Organization. Water and Sanitation for Health Facility Improvement Tool (WASH FIT). A

Practical Guide for Improving Quality of Care Through Water, Sanitation and Hygiene in Health Care

Facilities. 2017. Available online: https://apps.who.int/iris/bitstream/handle/10665/254910/9789241511698-

eng.pdf?sequence=1 (accessed on 19 October 2020).

12. Harhay, M.O.; Halpern, S.D.; Harhay, J.S.; Olliaro, P.L. Health care waste management: A neglected and

growing public health problem worldwide. Trop Med. Int. Health. 2009, 14, 1414–1417. Available online:

https://pubmed.ncbi.nlm.nih.gov/19735368/ (accessed on 19 October 2020). [CrossRef] [PubMed]

13. Chartier, Y.; Emmanuel, J.; Pieper, U.; Prüss, A.; Rushbrook, P.; Stringer, R. (Eds.) Safe Management of Wastes

from Health-Care Activities, 2nd ed.; World Health Organization: Geneva, Switzerland, 2014; Available online:

https://apps.who.int/iris/bitstream/handle/10665/85349/9789241548564_eng.pdf (accessed on 9 October 2020).

14. Guenther, R.; Vernon, W. Global lessons in healthcare. Healthc. Des. Mag. Available online: https:

//www.healthcaredesignmagazine.com/architecture/global-lessons-healthcare/ (accessed on 19 October 2020).

15. World Health Organization. Public Health Impact of Chemicals: Knowns and Unknowns; and Data

Addendum for 2016. Available online: https://www.who.int/ipcs/publications/chemicals-public-health-

impact/en/ (accessed on 19 October 2020).

16. World Health Organization. WHO Chemicals Road Map. Road Map to Enhance Health Sector Engagement

in the Strategic Approach to International Chemicals Management towards the 2020 Goal and Beyond. 2017.

Available online: https://apps.who.int/iris/bitstream/handle/10665/273137/WHO-FWC-PHE-EPE-17.03-eng.

pdf (accessed on 19 October 2020).

17. World Health Organization. Ionizing Radiation, Health Effects and Protective Measures. 2016. Available

online: https://www.who.int/news-room/fact-sheets/detail/ionizing-radiation-health-effects-and-protective-

measures (accessed on 19 October 2020).

18. World Health Organization. Ambient Air Pollution: Health Impacts. Available online: https://www.who.int/

airpollution/ambient/health-impacts/en/ (accessed on 19 October 2020).

19. Watts, N.; Amann, M.; Arnell, N.; Ayeb-Karlsson, S.; Belesova, K.; Boykoff, M.; Byass, P.; Cai, W.; Capsrick, S.;

Chambers, J.; et al. 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 2019, 394, P1836–P1878. Available

online: https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(19)32596-6/fulltext (accessed on 19

October 2020). [CrossRef]

20. Health Care Without Harm. Healthy Food in Health Care. Available online: https://noharm-uscanada.org/

healthyfoodinhealthcare (accessed on 19 October 2020).

21. World Health Organization. Chemical Releases Caused by Natural Hazard Events and Disasters: Information

for Public Health Authorities. 2018. Available online: https://www.who.int/ipcs/publications/natech/en/

(accessed on 19 October 2020).

22. Without Harm and Arup Health Care. Health Care’s Climate Footprint: How the Health Sector Contributes

to the Global Climate Crisis and Opportunities for Action. Available online: https://noharm-global.org/sites/

default/files/documents-files/5961/HealthCaresClimateFootprint_092319.pdf (accessed on 19 October 2020).

23. Greenhouse Gas Protocol. We Set the Standards to Measure and Manage Emissions. Available online:

https://ghgprotocol.org (accessed on 19 October 2020).

24. Intergovernmental Panel on Climate Change. 2019 Refinement to the 2006 IPCC Guidelines for National

Greenhouse Gas Inventories. Available online: https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html

(accessed on 19 October 2020).

25. World Health Organization. WHO Global Strategy on Health, Environment and Climate Change: The

Transformation Needed to Improve Lives and Well-Being Sustainably through Healthy Environments. 2020.

Available online: https://apps.who.int/iris/bitstream/handle/10665/331959/9789240000377-eng.pdf (accessed

on 24 June 2020).

https://www.eng.buffalo.edu/~{}bruneau/Engineering%20Structures%202010%20Cimellaro%20Reinhorn%20Bruneau.pdf
https://www.eng.buffalo.edu/~{}bruneau/Engineering%20Structures%202010%20Cimellaro%20Reinhorn%20Bruneau.pdf
http://dx.doi.org/10.1016/j.engstruct.2010.08.008
https://www.euro.who.int/__data/assets/pdf_file/0004/341239/ESHS_Revised_WHO_web.pdf
https://www.euro.who.int/__data/assets/pdf_file/0004/341239/ESHS_Revised_WHO_web.pdf
https://apps.who.int/iris/bitstream/handle/10665/254910/9789241511698-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/254910/9789241511698-eng.pdf?sequence=1
https://pubmed.ncbi.nlm.nih.gov/19735368/
http://dx.doi.org/10.1111/j.1365-3156.2009.02386.x
http://www.ncbi.nlm.nih.gov/pubmed/19735368
https://apps.who.int/iris/bitstream/handle/10665/85349/9789241548564_eng.pdf
https://www.healthcaredesignmagazine.com/architecture/global-lessons-healthcare/
https://www.healthcaredesignmagazine.com/architecture/global-lessons-healthcare/
https://www.who.int/ipcs/publications/chemicals-public-health-impact/en/
https://www.who.int/ipcs/publications/chemicals-public-health-impact/en/
https://apps.who.int/iris/bitstream/handle/10665/273137/WHO-FWC-PHE-EPE-17.03-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/273137/WHO-FWC-PHE-EPE-17.03-eng.pdf
https://www.who.int/news-room/fact-sheets/detail/ionizing-radiation-health-effects-and-protective-measures
https://www.who.int/news-room/fact-sheets/detail/ionizing-radiation-health-effects-and-protective-measures
https://www.who.int/airpollution/ambient/health-impacts/en/
https://www.who.int/airpollution/ambient/health-impacts/en/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(19)32596-6/fulltext
http://dx.doi.org/10.1016/S0140-6736(19)32596-6
https://noharm-uscanada.org/healthyfoodinhealthcare
https://noharm-uscanada.org/healthyfoodinhealthcare
https://www.who.int/ipcs/publications/natech/en/
https://noharm-global.org/sites/default/files/documents-files/5961/HealthCaresClimateFootprint_092319.pdf
https://noharm-global.org/sites/default/files/documents-files/5961/HealthCaresClimateFootprint_092319.pdf
https://ghgprotocol.org
https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html
https://apps.who.int/iris/bitstream/handle/10665/331959/9789240000377-eng.pdf


Int. J. Environ. Res. Public Health 2020, 17, 8849 18 of 18

26. United Nations. Department of Economic and Social Affairs. Sustainable Development Goals. Available

online: https://sustainabledevelopment.un.org/?menu=1300 (accessed on 19 October 2020).

27. International Labour Office. Health WISE Action Manual. Work Improvement in Health Services.

2014. Available online: https://www.ilo.org/wcmsp5/groups/public/---ed_dialogue/---sector/documents/

instructionalmaterial/wcms_237276.pdf (accessed on 19 October 2020).

28. World Health Organization. Water, Sanitation and Hygiene in Health Care Facilities: Practical Steps to

Achieve Universal Access to Quality Care. 2019. Available online: https://apps.who.int/iris/bitstream/handle/

10665/311618/9789241515511-eng.pdf (accessed on 19 October 2020).

29. World Health Organization. Health Care Waste. Key Facts. 2018. Available online: https://www.who.int/

news-room/fact-sheets/detail/health-care-waste (accessed on 19 October 2020).

30. World Health Organization. Access to Modern Energy Services for Health Facilities in Resource-Constrained

Settings A Review of Status, Significance, Challenges and Measurement. 2014. Available online: https:

//apps.who.int/iris/bitstream/handle/10665/156847/9789241507646_eng.pdf (accessed on 19 October 2020).

31. UN Foundation and SEforALL. Lasting Impact–Sustainable Off-Grid Solar Delivery Models to Power Health

and Education. 2019. Available online: https://www.seforall.org/system/files/2019-04/Powering-Health_

042019.pdf (accessed on 19 October 2020).

32. Burgess, C.; Goodman, J.; Rocky Mountain Institute. Solar Under Storm: Select Best Practices for Resilient

Ground-Mount PV Systems with Hurricane Exposure. Boulder. Available online: https://rmi.org/wp-content/

uploads/2018/06/Islands_SolarUnderStorm_Report_digitalJune122018.pdf (accessed on 19 October 2020).

33. Stout, S.; Lee, N.; Cox, S.; Elsworth, J.; Leish, J. Power Sector Resilience Planning Guidebook. A Self-Guided

Reference for Practitioners; Department of Energy’s National Renewable Energy Laboratory and United

States Agency for International Development: Washington, DC, USA, 2019. Available online: https:

//www.nrel.gov/docs/fy19osti/73489.pdf (accessed on 19 October 2020).

34. Vezzoli, C.; Ceschin, F.; Osanjo, L.; M’Rithaa, M.K.; Moalosi, R.; Nakazibwe, V.; Diehl, J.C.

Distributed/decentralized renewable energy systems. In Designing Sustainable Energy for All. Green Energy

and Technology; Springer: Berlin/Heidelberg, Germany, 2018; Available online: https://doi.org/10.1007/978-3-

319-70223-0_2 (accessed on 18 November 2020).

35. World Health Organization and Pan American Health Organization. Hospital Safety Index: Guide for

Evaluators. Second ed. Safe Hospitals Initiative. 2015. Available online: https://apps.who.int/iris/bitstream/

handle/10665/258966/9789241548984-eng.pdf (accessed on 19 October 2020).

36. United Nations Office for Disaster Risk Reduction. Structural and Non-Structural Measures. Available online:

https://www.undrr.org/terminology/structural-and-non-structural-measures (accessed on 19 October 2020).

37. World Health Organization. Guidance for Climate Resilient and Environmentally Sustainable Health

Care Facilities. 2020. Available online: https://www.who.int/publications/i/item/climate-resilient-and-

environmentally-sustainable-health-care-facilities (accessed on 19 October 2020).

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

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access

article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

https://sustainabledevelopment.un.org/?menu=1300
https://www.ilo.org/wcmsp5/groups/public/---ed_dialogue/---sector/documents/instructionalmaterial/wcms_237276.pdf
https://www.ilo.org/wcmsp5/groups/public/---ed_dialogue/---sector/documents/instructionalmaterial/wcms_237276.pdf
https://apps.who.int/iris/bitstream/handle/10665/311618/9789241515511-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/311618/9789241515511-eng.pdf
https://www.who.int/news-room/fact-sheets/detail/health-care-waste
https://www.who.int/news-room/fact-sheets/detail/health-care-waste
https://apps.who.int/iris/bitstream/handle/10665/156847/9789241507646_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/156847/9789241507646_eng.pdf
https://www.seforall.org/system/files/2019-04/Powering-Health_042019.pdf
https://www.seforall.org/system/files/2019-04/Powering-Health_042019.pdf
https://rmi.org/wp-content/uploads/2018/06/Islands_SolarUnderStorm_Report_digitalJune122018.pdf
https://rmi.org/wp-content/uploads/2018/06/Islands_SolarUnderStorm_Report_digitalJune122018.pdf
https://www.nrel.gov/docs/fy19osti/73489.pdf
https://www.nrel.gov/docs/fy19osti/73489.pdf
https://doi.org/10.1007/978-3-319-70223-0_2
https://doi.org/10.1007/978-3-319-70223-0_2
https://apps.who.int/iris/bitstream/handle/10665/258966/9789241548984-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/258966/9789241548984-eng.pdf
https://www.undrr.org/terminology/structural-and-non-structural-measures
https://www.who.int/publications/i/item/climate-resilient-and-environmentally-sustainable-health-care-facilities
https://www.who.int/publications/i/item/climate-resilient-and-environmentally-sustainable-health-care-facilities
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Understanding Climate Resilience and Environmental Sustainability of HCFs 
	What Do We Understand by Climate Resilience in HCFs? 
	What Do We Understand by Environmental Sustainability in HCFs? 

	Strengthening Climate Resilience and Environmental Sustainability 
	Risks to Health Care Facilities from Climate Change 
	Risks to Environmental Sustainability from Health Care Facility Operations 
	The Policy Context 

	A Framework for Action 
	Interventions to Strengthen Climate Resilience and Environmental Sustainability in Health Care Facilities 
	Area 1: Health Workforce 
	Interventions for Climate Resilience 
	Interventions for Environmental Sustainability 
	Area 2: Water, Sanitation and Health Care Waste 
	Interventions for Climate Resilience 
	Interventions for Environmental Sustainability 
	Area 3: Energy 
	Interventions for Climate Resilience 
	Interventions for Environmental Sustainability 
	Area 4: Infrastructure, Technology and Products 
	Interventions for Climate Resilience 
	Interventions for Environmental Sustainability 

	Conclusions 
	References

