Health in the green economy
Co-benefits to health of climate change mitigation
HEALTH CARE FACILITIES

Preliminary findings – initial review

Key messages
Health gains/risks
• While hospitals and health clinics are not a specific focus of mitigation
assessment by the Intergovernmental Panel on Climate Change, adoption of
safe and sustainable building measures by health facilities will offer more
health co-benefits than the same measures applied to other commercial
buildings. This is partly due to health facilities’ large demands for reliable
energy, clean water and temperature/air flow control in treatment and
infection prevention. Significant health gains also can be expected from
specific interventions; for instance, the use of natural ventilation is both
an effective energy-saving and infection-control measure.

gaseous health care products, as well as
emissions from infectious, chemical and
radioactive agents, can reduce exposure
to risks of hepatitis B/C and HIV infections
as well as to reproductive problems and
cancers. Improved waste treatment measures can reduce the carbon footprint of
such treatment and of energy required for
water supply (resource extraction).

• Resilience of health care services may be enhanced through use of (clean)
onsite energy co-generation that ensures more reliable energy supply in
cities where frequent energy outages occur, and in emergencies.
• Access to health care can be enhanced and made more reliable through
off-grid renewable energy systems. Particularly in remote, resource-poor
settings, renewable energy sources can supply basic electricity for lifesaving procedures that might not otherwise be feasible.
• Health risks to health workers, patients and communities will be reduced
by improved management of health care and waste – and so will the carbon
footprint. Some 15–25% of health care waste is infectious waste; 3% is
chemical or pharmaceutical waste; radioactive/cytotoxic waste accounts
for less than 1%.1 Scavenged needles and syringes from dump sites represent health threats, as do dioxins, furans and other toxic pollutants
emitted by poor incineration. Better management of solid, liquid and

About Health in the Green Economy
Many strategies to reduce climate change have large, immediate
health benefits. Others may pose health risks or tradeoffs. Examined
systematically, a powerful new dimension of measures to address
climate change emerges.
WHO’s Health in the Green Economy series, to be published in spring
2011, is reviewing the evidence about expected health impacts of
greenhouse gas mitigation strategies in light of mitigation options considered in the Contribution of Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC).
The aim is to propose important health co-benefits for sector and
health policy-makers, and for consideration in the next round of IPCC
mitigation reviews (Working Group III – Fifth Assessment Report
[AR5]). Opportunities for potential health and environment synergies
are identified here for health care facilities.

• The health care sector is well-positioned
to “lead by example” in terms of
reducing climate change pollutants and
by demonstrating how climate change
mitigation can yield tangible, immediate
health benefits.

“Win-win” strategies for health care
services and mitigation a
• Water conservation, safe onsite water
storage and rainwater harvesting. Large
quantities of water and special water
treatment are required for many health
care procedures, such as renal dialysis,
burn care and cleaning of medical
devices.8 Many rural health facilities lack
piped water. Water management is thus
important to reduce health risks in care
facilities, as well as water-borne disease
in general.9 Water efficiencies can help
improve water access while reducing
carbon-intensive water extraction and
ecosystem
degradation.10 Rainwater
harvesting is one conservation measure
a

See also Table 1.

widely promoted in WHO’s South-East Asia Region.11,12 While rainwater,
like other sources, may require treatment, harvested rainwater is used in a
number of large urban hospitals recognized for “green” design.13,14
• Improved recapture and reuse of waste anaesthetic gases can provide
significant climate and health co-benefits. Waste anaesthetic gases are not
only powerful global warming pollutants, they are associated with reproductive
risks (spontaneous abortion and congenital abnormalities), headache,
nausea, fatigue and cognitive impairment for exposed health workers.15–19
These gases need further review and discussion in mitigation analyses.
• Well-designed telehealth schemes may reduce the travel-related carbon
footprint of health care, and also improve access and outcomes for vulnerable
groups. Simple mobile phone applications supporting emergency assistance
and long-distance consultation with health-care workers in remote areas are
being used in many developing countries with good results.20–24 Systematic
review of telehealth, telecare and home monitoring schemes has found
evidence of effective management of the frail and elderly for diabetes as
well as effective management of mental health conditions, cardiac disease
and high-risk pregnancy monitoring.25–29 Meta-analysis also found evidence
of health benefits for patients with lung diseases, diabetes and chronic
wounds.26 At the same time, telehealth should recognize the importance of
direct contact between patients and their health-care providers.
• Procurement of products that subsequently are not used, particularly
pharmaceuticals, was estimated to represent 60% of the carbon footprint
of England’s National Health Service (NHS).2 Better-managed procurement
saves health care resources as well as reducing unnecessary exposures to
chemical and biological agents and their waste products. In the NHS case,
it was estimated that a 10% reduction in pharmaceuticals procurement
would lead to a 2% reduction in the system’s carbon emissions.2

Health equity
• Siting of health-care facilities near major public transport arteries, and
safe pedestrian/cycling routes can improve safe and equitable access to
facilities. Since hospitals are typically large employers, public transport and
active travel routes can enhance opportunities for physical activity among
health care workers and reduce emissions from travel to work.
• Development of low-energy and no-energy medical devices can be expanded
in tandem with use of renewable energy sources (e.g. photovoltaic [PV]
solar panels) to improve access to vital health services in poorly resourced
settings. Examples of medical devices that can use solar power include:
LED lights and lanterns, LED microscopes for improved tuberculosis
diagnosis;30,31 and solar-powered, direct current (DC) vaccine-storage
refrigerators.32 A wide array of rapid diagnostics require no energy at all
to use. The US Department of Energy is currently sponsoring research on
use and development of DC grids and devices for residential and small
commercial applications.33
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The climate footprint of
health care facilities
Health care facility activities have
been estimated to represent 3–8%
of the climate change footprint in
developed-country settings such
as England’s National Health
Service and the United States of
America.2,3 While no such health
sector estimates exist elsewhere at a
national level, electricity access and
hospital electricity consumption data
in countries of South-East Asia and
sub-Saharan Africa reflect far lower
energy use rates.4,5 At the same time,
it has been estimated that between
200 000 and 400 000 hospitals and
health clinics in developing countries
have no electricity or have unreliable
electric supplies.6
Health
care
procedures
also
generate other greenhouse gases,
including nitrous oxide, refrigerants
and waste anaesthetic gases.
Inhaled anaesthetics (e.g. nitrous
oxide, desflurane, isoflurane and
sevoflurane) may have large global
warming potentials (GWPs)b 7 Health
facility use of water and transport
services, as well as health care waste
disposal, all have a carbon footprint
insofar as these consume energy
and/or generate emissions of CO2 as
well as other climate change agents.
b

Global warming potential (GWP) for a
particular greenhouse gas is described by
the United States Environmental Protection
Agency (USEPA) as “the ratio of heat
trapped by one unit mass of the greenhouse
gas to that of one unit mass of CO2 over a
specified time period.” (www.epa.gov). For
more detail see: Contribution of Working
Group I to the Fourth Assessment Report
of the Intergovernmental Panel on Climate
Change, 2007.

SCOPE AND METHODS
This analysis reviews mitigation
measures relevant to health care
facilities, as covered in assessments for
commercial buildings and for industry
by the Intergovernmental Panel on
Climate Change (IPCC), Working
Group III – Fourth Assessment
Report (2007). Mitigation measures
have been examined in terms of:
their direct impacts on the delivery of
health care services; on environmental
and occupational health for health
workers, patients and communities;
and indirect benefits such as improved
resilience of health care facilities and
more reliable energy provision. In
addition, this analysis looks at how
health equity is impacted by certain
mitigation strategies. For instance, in
poor, off-grid rural clinics, more use of
renewable energy sources, along with
more efficient medical devices, may
increase access to and reliability of
health care. While most of the focus is
on IPCC-assessed mitigation strategies,
some strategies not explicitly noted by
IPCC also are considered, when these
take advantage of unique health care
sector opportunities to generate health
and environment co-benefits.
This report does not analyse the
impact of climate change on health
care delivery. While climate change
has a significant impact on public
health responses to changing patterns
of disease transmission and natural

disasters, this is largely an “adaptation”
issue, covered by a considerable body
of ongoing work both in WHO, the
United Nations system and IPCC.37,38,39
This review, in contrast, is focused on
mitigation, which is less explored. Of
course, where mitigation measures
can also improve the health sector’s
adaptive response to climate change,
these co-benefits are described.
Health sector activities considered
WHO defines the health care system
as “all organizations, institutions, and
resources that are devoted to producing
health actions.” A health action is
defined as any effort, whether personal
health care, public health service or
inter-sectoral initiative, whose primary
purpose is to improve health.40 In
practice, the health care sector includes
such a wide variety of practices and
activities that precise definition of the
sector’s boundaries across countries
and cultures can probably never be
conclusive.41 This document focuses
on health care facilities, including those
that provide direct health treatment
procedures for patients. This includes
hospitals and health care clinics, but
not health clubs, home-based health
care or pharmaceutical manufacturing.
The focus is largely on facility-based
services and not outreach such as
vaccine and bednet distribution
campaigns, vector management and
emergency relief. Health care facilities

are examined because they represent
a major part of the overall sectoral
activities and of the sector’s climate and
environment impacts.
Mitigation strategies reviewed
The potential health impacts of
key IPCC-reviewed strategies were
appraised in the light of health-based
evidence identified in a review of nearly
300 peer-reviewed articles and reports
relating to health facility building
design and energy efficiency, as well
as
to
environmental/occupational
health determinants in health facilities.
The health effects of IPCC-reviewed
mitigation strategies were assessed in
terms of their impacts on:
• environmental and occupational
determinants of health among health
workers, patients and communities;
• improved health care facility access to
reliable energy and, where relevant,
other energy-linked resources vital
to basic health care provision,
particularly clean water;
• potential overall savings in health
care resources that presumably
provide resources for other health
care purposes.
Integral to all measures was consideration of how mitigation measures can
improve health equity through better
access to care.

BACKGROUND AND RATIONALE
Health care is a major economic sector worldwide. In 2007,
world health expenditures totaled US$ 5.3 trillion, or US$ 639
per person per year34,35, or roughly 8–10% of global GDP.36
Modern health care procedures also require many energyintensive processes in terms of water, lighting, heating,
cooling and ventilation as well as waste disposal. Mitigation
measures that use resources more efficiently save health
sector resources in the short and long term, and also enhance
provision of health care services and benefit health directly
and indirectly. Until now, IPCC-reviewed mitigation strategies
for commercial buildings and industry have not specifically
focused on the health care sector or its facilities. However,
this sector is worthy of special attention due to its size, its
growth, and its direct impacts on health. As perceived leaders

in health-promoting activities and behaviour, health policy
decision-makers also can be expected to lead initiatives that
address global environmental health now and in the future.
WHO is thus undertaking a review of potential health cobenefits (and where relevant, risks) of mitigation strategies
relevant to health care facilities. Many of the strategies are
common to commercial buildings and industry, and were
considered and documented by the IPCC’s Fourth Assessment
Report in those chapters. Certain strategies, however, apply
in different ways to the health care sector due to its unique
needs. Moreover, the health care sector offers some unique
opportunities for mitigation overlooked by other reviews.

Health in the Green Economy – Health Care Facilities 3

SUMMARY OF INITIAL FINDINGS
A range of mitigation measures common to buildings and
industry may have special relevance to health care facilities
for provision of improved services. Key messages reflect
some of the most policy-relevant findings. Table 1 provides a
more systematic summary of health impacts and co-benefits
of IPCC-reviewed and other targeted measures, including:
• building-related energy efficiencies;
• on-site energy generation and storage;
• intensified development and use of low-energy medical
devices;
• appropriate use of natural (mixed-mode) ventilation and
natural daylighting;
• on-site rainwater capture and treatment, as appropriate;
• waste/sewage treatment as appropriate;
• siting of facilities to improve access to health care by mass
transport and active transport;

• reduction, recapture/reuse of inhaled anaesthetics.
Finally, there is a need for more systematic measuring and
benchmarking of health sector energy consumption and
emissions, as well as of overall environmental performance in
the context of “greener” facility designs and use of renewable
energy sources. Systematic assessment of the actual health
impacts and economic impacts of energy-saving technologies,
designs and devices also is needed to identify the most costeffective and practical strategies, particularly for low-resource
settings.
Major health organizations, beginning with WHO, have
affirmed that climate change is a public health concern. Given
the health sector’s leadership role, it must demonstrate to
the world how climate change can and should be addressed.
A full report on the review will be published in the spring
of 2011.

• materials procurement and waste reduction/management
strategies;
• expanded use of telehealth and other home-care strategies

Table 1: Mitigation strategies applicable to the health care sector
Mitigation strategy

Actions

GHG impact

Health co-benefits

Limitations and needs

Improve energy
supply and
distribution
efficiency (IPCC
chapters 4 & 6)42,43

Fuel switching; energy
recovery; distributed
generation;44 combined
heat and power

Reduced transmission
losses; reduced
emissions from energy
use, fuel production
and transport

Health systems: immediate energy
savings; operational resilience/
reliability

Infrastructure retrofit
and financing

Environmental risks: reduced air
pollution exposures
Health equity: improved access to
reliable health care

On-site renewable
energy sources
(IPCC chapters 4 &
6)42,43

Solar photovoltaics
(electricity)
Thermal solar energy (e.g.
space/hot water heating)

Reduced emissions
from energy use,
fuel production and
transport

Wind; concentrating solar;
advanced biomass; fuel
cells; geothermal energy

Health systems: Improved
operational resilience/reliability;
long-term energy savings

Systematic review of
impacts of energy
Environmental risks: Reduced
poverty in health
ambient air emissions from onfacilities and of
site fuel oil and wood-burning
health outcomes
furnaces, particularly in developing related to sustainable
countries, and from the transport
energy interventions
of fuel
in health clinics
Health equity: Anecdotal evidence
of improved access to reliable
health care45
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Financing

Mitigation strategy

Actions

GHG impact

Health co-benefits

Limitations and needs

Reduced-energy
devices (IPCC
chapter 6)42

Non-electric medical
devices (e.g. rapid
diagnostics)

Reduced emissions
from energy use,
fuel production and
transport

Health systems: Energy and
operations savings, energy
security, improved functionality at
night (due to lighting) and device
reliability46,47

Health sector and
medical device sector
investment in R&D
for DC-powered and
low-energy devices

Environmental effects: Decreased
CO2 emissions from energy device/
appliance usage42

Management
capacity for energy
efficiencies

Direct-current devices
(e.g. direct current
(DC) refrigerators and
ultrasound devices, LED
lights and microscopes)
Energy efficient
appliances: right-sizing,
match and numbers;
reduced standby losses

Disease/injury risk reduction:
Improved diagnosis of tuberculosis
with low-energy LED microscopes,
anecdotal evidence of improved
management of rural childbirth
and health clinics with solar
powered-LED lights/lanterns45,46,48
Health equity: Increased access to
health care,46 energy security

Passive cooling,
heating and
ventilation
strategies (IPCC
chapter 6)42

Natural ventilation in
health care settings49
Evaporative cooling
Desiccant
dehumidification
Underground earth-pipe
cooling

Reduced direct
emissions from on-site
energy production;
reduced emissions
from energy use,
fuel production and
transport

Health systems: Energy and
operations savings, energy security

Infrastructure retrofit
and financing

Environmental risks: Reduced
emissions from energy usage,42,47
improved indoor air quality

Installation and
maintenance of
window screening in
facilities vulnerable to
vector-borne disease

Disease risk: Decreased
transmission of airborne infections,
including tuberculosis49
Equity impact: Energy security,
improved social welfare,
productivity and patient health

Facility wastewater
and solid waste
management (IPCC
chapter 10)50

Advanced autoclaving
of infectious health care
waste to reduce volume
and make it suitable for
municipal disposal51
On-site wastewater pretreatment and sanitation
improvements52,54
High-heat incineration
of pharmaceuticals with
pollution scrubbers53

Reduced GHG
emissions from
anaesthesia gas
use and disposal7

Waste anaesthetic
gas recapture and
scavenging16

Reduced energy
expenditure for waste
and water treatment
Reduced greenhouse
gas (GHG) footprint
from waste treatment
processes (e.g. more
efficient incineration)
in some settings
Reduced aquifer and
ecosystem damage
from sewage/waste
disposal
Reduced direct
emissions from
anaesthesia gas waste

Health systems: Savings in waste/
water disposal fees, reduced waste
volumes, improved compliance
with local air quality regulations/
guidelines
Environmental risks: Improved
hygiene around facility, reduced
methane and other emissions50,55

Infrastructure retrofit
and financing
Inadequate or
absent community
waste treatment and
wastewater treatment
systems downstream

Disease risks and health equity:
Reduced risks of exposure to
infectious agents, and to diarrhoea
and other water-borne diseases
(cholera, etc.) for those living
downstream of health facilities56,57
Health systems: Anaesthesia cost
savings with reuse
Environmental risks: Reduced
anaesthesia emissions
Disease risk: Reduced health risks
(reproductive, nervous system,
cognitive disorders) for health
workers exposed to gas

Infrastructure
limitations,
technology
availability, limited
expertise, ability to
procure and secure
financing

Health equity: Improved health
worker productivity
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Mitigation strategy

Actions

GHG impact

Health co-benefits

Limitations and needs

Reduced
procurement carbon
footprint58

Better-managed
procurement of
pharmaceuticals, medical
devices, business
products and services,
food/catering and other
facility inputs

Reduced energy
footprint in production
and transport of
unused/expired
pharmaceuticals and
products

Health systems: resource savings
on unused/wasted products,
estimated 10% reduction in
pharmaceuticals procurement
determined feasible by England’s
National Health Service58

Infrastructure and
supply line reliability,
administrative/IT
capacity for precise
inventories

Home patient
telemonitoring and
guidance

Reduced emissions
from health carerelated travel

Telehealth/
telemedicine59

Disease risks: reduced risks from
use of outdated/expired products,
but increased risks if supply lines
for refills of essential products are
unreliable

Emergency response
Health worker advice/
consultation/ collaboration
via mobile phones

Health systems: More costeffective health care59–61
Environmental risks: Reduced
travel-related emissions and risk of
travel-related injuries, particularly
to frail and vulnerable populations

Infrastructure
limitations; limited
expertise

Disease risks: Improved
management of chronic
conditions, such as diabetes
and heart disease, as well as
emergency response
Health equity: Better access to
health care advice in poorlyresourced remote locations

Health facilities in
proximity to public
transport and safe
walking/cycling
(IPCC Chapter 4)62

Public transport options
mapped during planning
of buildings to locate new
facilities nearby

Reduced transportrelated emissions from
health worker and
hospital visitor travel

Employee incentives for
public active transport use
and facilities

Environmental risks: reduced
transport-related emissions
Health risks: reduced traffic
injury risk for health workers and
hospital/clinic visitors travelling to
health facilities,63,64

Infrastructure, land
availability and use
limitations

Potential for active transport by
health care workers to reduce risks
of hypertension, cardiac disease
and diabetes65,66
Health equity: Improved facility
access for health workers and
visitors who do not have cars67–69

Conserve and
maintain water
resources70

Water-efficient fixtures,
leakage management,
water safety71,72
Onsite water treatment
and safe water storage in
health facilities8
Rainwater harvesting,72
greywater recapture/
recycling73

Reduced energy use
for water extraction
from surface/aquifer
sources

Health systems: Improved
performance due to better access
to safe water,8,75 savings in water
fees

Reduced truck transit
of water resources

Environmental risks: Reduced
water contamination from health
facility activities

Reduced aquifer and
ecosystem damage
from water extraction

Disease risk: Reduced disease
transmission from unsafe water
and drinking water74
Health equity: Improved access
to safe, potable water in poorly
resourced health facilities75
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Infrastructure and
financing in poorly
resourced settings
Building codes in
developed countries
may require use of
piped water only
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