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Abstract

Objective To identify evidence-based interventions that reduce greenhouse gas
emissions in health-care systems in low- and middle-income countries and explore
potential synergies from these interventions that aid climate change adaptation while
mitigating emissions.

Methods We systematically searched 11 electronic databases for articles
published between 1990 and March 2023. We assessed risk of bias in each article
and graded the quality of evidence across various scopes of emissions including but
not limited to health-care operations (such as logistics, administration, facility
management), energy and supply chains.

Findings After screening 25570 unique records, we included 22 studies
published between 2000 and 2022 from 11 different countries across six World Health
Organization regions. Identified articles reported on interventions spanning six
different sources of emissions, namely energy, waste, heating and cooling, operations
and logistics, building design and anaesthetic gases; all of which demonstrated
potential for significant greenhouse gas emission reductions, cost savings and positive
health impacts. The overall quality of evidence is low because of wide variation in
greenhouse gas emissions measuring and reporting.

Conclusion There are opportunities to reduce the greenhouse gas emissions
from health-care systems in low- and middle-income countries, but gaps in evidence
were identified across sources of emissions; such as the supply chain, as well as a
lack of consideration of interactions with adaptation goals. As efforts to mitigate
greenhouse gas intensify, rigorous monitoring, evaluation and reporting of these
efforts are needed. Such actions will contribute to a strong evidence base that can
inform policy-makers across contexts.

Introduction
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In the absence of actions to rapidly reduce global greenhouse gas emissions, climate change

is predicted to be the biggest threat to human health in the 21st century. Direct and indirect
health effects from climate change include exposure to extreme weather, undernutrition, the
spread of vector-borne diseases, lack of access to clean water and mental health effects.’
Health-care systems are facing the challenge of treating these impacts, but they also emit
about 4.4% of global greenhouse gas emissions with projected increases in emissions.>?
Since the United Nations Framework Convention on Climate Change 26th Conference of
Parties in 2021 (UNFCCC COP26), 74 (54 low- and middle-income) countries have
committed to transitioning to sustainable, low-carbon health systems, with 27 (21 low- and

middle-income) countries aiming to reach net-zero emissions in their health-care systems.*>

Health-care systems in low- and middle-income countries emit lower per capita
greenhouse gas emissions compared to those in high-income countries,>* but as health-care
systems in many low- and middle-income countries advance, an increase in emissions is
likely unless steps are taken to identify, measure and control them. Low- and middle-income
countries are also predicted to experience the harmful effects of climate change with greater
intensity and at an earlier stage due to their geographical location, exposure and vulnerability,
while being less equipped to handle these effects due to a shortage of resources to cope and
recover.%” Any adaptation actions undertaken by health-care systems should not exacerbate
the health sector's greenhouse gas emissions, creating negative feedback loops and locking

them into higher emission trajectories.

To fulfil the commitments undertaken at, and since, COP26, it is necessary to identify
evidence-based strategies for reducing the greenhouse gas emissions of health-care systems
in low- and middle-income countries.® We undertook a systematic review to identify
modelled and implemented greenhouse gas mitigation interventions and their relationship
with adaptation, applicable within the context of low- and middle-income countries, to
provide evidence on which interventions are most feasible to implement and where actions
can be scaled to provide significant reductions in emissions within health-care facilities and

across the sector.

Methods

We followed a protocol published on 4 August 2022° following the Preferred Reporting
Items for Systematic review and Meta-Analysis Protocols'® checklist (online repository).!!
The protocol underwent one methodological amendment, namely the removal of the Joanna

Briggs Institute Critical Appraisal Tools for evaluation as they were not relevant to the types
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of interventions we analysed.!> We searched the database Ovid MEDLINE®, Ovid

Embase®, Global Health, Web of Science, Africa-Wide Information, LILACS, Global Index
Medicus, ELDIS, SCOPUS, AfricaPortal and GreenFILE on 17 March 2023. We

predetermined the inclusion and exclusion criteria, which are detailed in Box 1.

Search strategy

Our search strategy consisted of three main elements: (i) the health-care system;

(i1) greenhouse gases; and (iii) low- and middle-income countries (Box 2 and online
repository).”!> To further structure our strategy, we devised a conceptual theory of change
framework. We used approaches outlined by the United Nations Sustainable Development
Group Latin America and the Caribbean and the New Philanthropy Capital and insights from
a previous publication to develop this framework.!®!” The framework is defined in (Box 3;
available at: https://www.who.int/publications/journals/bulletin/XXXXX) and detailed

descriptions of each section can be found in our online repository. !>

Selection process and data extraction
We uploaded records using Rayyan QCRI software (Rayyan, Cambridge, United States of
America) and the aforementioned inclusion and exclusion criteria were applied throughout

the screening process. Following published efficiency guidelines,'®

we removed duplicates,
screened titles and analysed abstracts and full texts against eligibility criteria using Rayyan
QCRI. Two reviewers performed each step separately, after which any disagreements were
discussed. If no consensus was reached, a third author was consulted for resolution. Two
reviewers independently extracted all relevant data from eligible articles using a pre-tested
form with detailed instructions (Box 4). This extracted data was used to generate a 100 word

or less summary on the extraction sheet.

We assessed risk of bias using specifically designed questions intended to be
applicable across different study types using a simple judgement of low risk, high risk or
unclear risk on different axes as endorsed by the Cochrane Collaboration.*? Independent

assessments were made by at least two authors.

We assessed the overall strength of evidence resulting from article synthesis using the
Grading of recommendations assessment, development, and evaluation (GRADE) approach.
The collated evidence was graded using four different categories: (i) very low (we believe the
true effect is probably very different from the estimated effect); (ii) low (we believe the true
effect might be very different from the estimated effect); (iii) moderate (we believe that the

true effect is probably close to the estimated effect); or (iv) high (we are confident that the
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true effect is similar to the estimated effect).*’ We used GRADEpro Guideline Development

Tool (McMaster University and Evidence Prime, Hamilton, Canada) for the analysis.

Results

Our search yielded 25 570 records. After removing duplicates and screening the titles,
abstracts and full texts, 22 articles met the inclusion criteria (Fig. 1).2>*' The 22 studies were
published between 2000 and 2022, with 77% (17) of studies published between 2016 and
2022 and 36% (eight studies) between 2020 and 2022. They cover 11 countries across all
World Health Organization (WHO) regions, primarily in the Western Pacific Region (seven
studies) and South-East Asia Region (seven studies). India is the most reported country (six
studies; Fig. 2). Countries range from lower- to upper-middle-income countries, as per World
Bank classification, with no low-income countries represented.* Study settings vary from

regional systems to urban areas, hospitals and rural centres (Table 1).

Interventions

Of the selected articles, we identified six primary intervention areas: energy (10 studies),
waste (eight studies), heating and cooling (one study), operations and logistics (one study),
building design (one study) and anaesthetic gases (one study). All articles detailed
implementation; 14 discussed costs; 13 reported health effects and one considered adaptation

to the effects of climate change.

Twenty articles included data on carbon dioxide reduction whereas only two articles
reported on other greenhouse gases or pollutants (Table 2). For one article, we could only
extract percent reduction of emissions?’ and for five others no percentage could be calculated
as original emissions were not provided.?!?631:3340 Three articles?****° only reported
decreases in electricity usage, which was converted to carbon dioxide equivalent using the

2427 included a 100% reduction of carbon

national grid emission factor.*>* Two articles
dioxide emissions and in this case the supply chain, installation of the system and relevant
upkeep were not considered. Three articles indicated more than 100% reduction due to zero-
emission electricity generation and selling the surplus.?®3>3¥ The intervention areas of energy

and waste are outlined below, and the other four areas are described in Box 5.

Energy interventions

We identified reports on hybrid energy systems using a combination of non-renewable and

20-22,25,26,28,29 232427

renewable energy sources or fully renewable sources; achieving carbon

dioxide emission reductions of 25-233% as compared to alternative scenarios (Table 2)
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where the reductions higher than 100% are attributed to surplus electricity generation

exported to the grid. All reported energy systems featured solar photovoltaic electricity
generation paired with various other sources, such as wind or diesel. Greenhouse gas
emissions from production and installation were generally not considered and no unintended
consequences were reported. One article compared legal contexts and concluded that
flexibility to sell or export electricity to the grid maximizes annual carbon dioxide emission

savings.?®

Implementation

We found that all study authors recognized hybrid energy systems as acceptable interventions
when considering various factors such as electricity generation, environmental impact and
economic feasibility. Photovoltaic electricity generation was also found to be

environmentally, technically and economically feasible.?% 222

The authors of two studies noted that these energy forms are scalable in rural health-
care facilities in disparate geographical locations provided that local energy costs and climate
parameters are considered during the pre-planning stages.?%**~2>2¥Scalability could extend to

commercial buildings and agricultural industries as well.?!

Initial capital costs and access to sufficient finance may act as a barrier to
implementation of hybrid energy systems but hybrid energy systems were seen as a solution
to enhance energy reliability and reduce energy costs over time.?* Suggested solutions
included government funding, international climate-related financing and renewable energy
purpose obligations; with one article suggesting a 25-year implementation period.?' > Wind
and solar potential significantly influences their implementation, as areas with high potential
(for example, those with strong insolation for solar energy), are more conducive to successful

deployment than low potential areas.

Economic analysis

Eight articles reported details on costing, including their Net Present Costs (ranging from
3658 to 146 284 United States dollars, USS,), payback periods (ranging from 3.38 to

9.9 years), and return metrics, which vary across different systems and locations (Table 3).

Health and health equity
Five articles qualitatively estimated potential health effects, noting that reliable hybrid energy

systems can prevent power interruptions and address the lack of access to reliable electricity
in rural areas. Without continuous access to electricity, negative health effects such as a high

rate of maternal and perinatal mortality, for example due to a lack of essential medical
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equipment such as incubators, ventilators, and even basic lighting, which are critical for safe

childbirth and neonatal care, spoilage of medication and inability to sterilize medical
equipment such as those used in operating rooms. In addition to the negative effects noted
above, lack of coordination and communication (hindered by lack of reliable access to
electricity or broadband wireless networks) was also found to disproportionally affect the
health care of women and children. Reliable electricity access can reduce these effects by
increasing operating hours, attracting a larger health workforce, improving cold-chain for
vaccines and medicines and enhancing communication among health workers and between

patients and health workers. %2323

Other important actions such as replacing diesel generators with hybrid systems can
act to reduce harmful exposure to pollutants including unburned hydrocarbons and particulate
matter; potentially reducing risks for lung cancer, asthma and bronchitis* as well as

contributing to a safer work environment particularly in laboratory settings.?*

Adaptation

Authors of one study examined the intersection of mitigation and adaptation in the context of
a solar photovoltaic energy system with and without grid-connection for a rural health-care
facility in the Philippines. They defined a climate-resilient energy system as providing
“reliable, safe, and secure electricity during short-term disasters and events and as longer-
term climate changes occur” and found that this solar photovoltaic energy system could
enable continued provision of care during both short and longer-term climate change

effects. >4’

Waste interventions

Of the eight studies on waste that we identified, one study covered plasma melting (which is
used for melting medical waste). Plasma melting appears to have the highest overall relative
greenhouse gas emissions as compared to alternative waste interventions.” Four studies
covered stand-alone incineration and a mix of incineration with landfilling or autoclaving,
which have the second highest emission.’* >3 Relative emission reductions can be achieved
by centralizing the autoclave, ensuring efficient transportation and having well trained
operators.>'3¢ One article also considered water usage and found that combining autoclaving
with incineration may conserve 38 967 m® water annually compared to incineration alone

(Table 2).3!

Systems integrating waste segregation, composting and material recycling, all while

optimizing transport, achieved the greatest emission reductions ranging from 47-114%.3%32-34
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Any further reductions in emissions were achieved through material recovery.*? For example,

cardboard sharps containers were found to reduce black carbon emissions by 62% compared

to plastic sharps containers in an incineration-only system.>*’

Reported methodological limitations around waste management data include:
(i) neglecting heat recovery;>%37 (ii) lack of accurate waste data;? (iii) inability to measure
electricity during operations and autoclaving;* (iv) foreign emission factors;>* and
(v) omission of transportation.>**” Unintended negative consequences of waste management
include ineffective segregation leading to exposure to hazardous items>® and generation of

toxic dioxin during recycling.>*

Implementation
Appropriate waste management also acts to improve health and safety while reducing
greenhouse gas emissions.>? Three articles recommended scaling up the proposed waste

management systems within their respective cities and regions,*>>

one more broadly across
low- and middle-income countries,*! while another recommended a global ban on plastic
sharps containers.’ For example, composting of biodegradable waste in Pakistan was easy to
implement because of low management and operation costs.*? In Tiirkiye, incineration on its
own was not feasible due to high costs.! Ultimately widespread segregation and material and

energy recovery was recommended but funding may be a barrier to implementation.>?

Factors contributing to successful interventions include introduction of new
technology (such as a well performing scrubber control system), capacity building and carbon
tax policies.*>**3 Barriers to successful implementation include unskilled operators,
ineffective segregation and illegal removal of waste for recycling. Several policy

interventions were suggested by the authors to deal with these potential barriers.?%*36

Economic analysis

In a study from China, authors estimated that appropriate plastic recycling in the health-care
system would lead to a cumulative economic benefit of about US$ 450 million in 2050.3 In
another article, a cost-benefit analysis indicates that electricity generation from waste can
cover a large portion of the fuel expenses of transportation and incineration of medical

waste.>?

Health and health equity

Reducing black carbon and sulfur emissions from incineration can reduce health risks, such
as respiratory infections, low birth weight, premature deaths and asthma, in localities where

incineration is happening nearby.*>-¢ Although waste burning is a relatively small contributor
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to black carbon globally, it is substantial contributor to health-related illnesses in locations

with high black carbon exposure such as in China, India, Nigeria and Republic of Korea.*

Critical appraisal and risk of bias

Definitions of relevant methodological terms in the included studies were generally clear, but
details on methods were missing in nine out of 22 (41%) articles. Fourteen studies (64%)
reported on modelled outcomes and eight (36%) reported on empirical outcomes. Some
outcomes lacked transparency (missing data, time frames or units; six studies, 27%) and or
lack of confounding (eight studies, 36%). Seven articles (32%) did not clearly state
assumptions and fourteen (64%) did not clearly state limitations. We did not note a conflict of
interest partly because twelve articles (55%) did not include a conflict-of-interest statement.
Funding sources included health ministry funds, government funds, national foundations and
institutes, university grants, corporations,® research councils and national programmes

(Table 4; available at: http://www.who.int//##/##-HiHiH).

As no protocols were published in advance, we could not compare and identify
selective reporting for any of the articles. None of the articles self-reported potential meta-

biases.

Confidence in cumulative evidence

We evaluated confidence in the available evidence regarding the effect size of greenhouse
gas emission reductions using the GRADE certainty assessment (Table 5; available at:
http://www.who.int//##/##-####H###), which is described in detail in the online repository.'®
Across all 10 articles on energy, outcomes were assessed, as they spanned a variety of hybrid
energy systems that included renewable energy resources. Regarding waste, we assessed four
separate outcomes based on the different interventions described in the articles. The four

remaining articles were assessed as separate outcomes in the text.

Discussion

Here we provide an overview of peer-reviewed evidence on greenhouse gas mitigation
interventions for health-care systems in low and middle-income countries. The eligible
studies show reductions in greenhouse gas emissions, cost savings as well as potential
positive health effects. Because the overall health sectoral emissions contribute to about 5%
of global greenhouse gas emission, successful mitigation efforts are urgently needed to be
scaled up to affect overall emissions. For example, in 2015, Chinese health-care systems

emitted an estimated 302 megatonne (Mt) carbon dioxide, while the Kenyan and Malaysian
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emitted an estimated 2 Mt and 6 Mt carbon dioxide, respectively.? In our identified studies,

the maximum reductions were approximately 0.9 Mt carbon dioxide equivalent annually for a
sustainable waste approach in China and 0.02 Mt carbon dioxide equivalent for a hybrid
poly-generation energy system in a Brazilian hospital.?®** However, due to the limited
identified records and inconsistent methods, the overall quality of evidence is low and

supports the conclusion that rigorous research, publication and dissemination is needed.

Fully renewable energy with battery storage or hybrid energy systems including
renewable and conventional sources provide a reliable and sustainable source of electricity,
especially in areas with intermittent or unreliable grid electricity supply, and require decision-
makers interested in implementing renewable energy system, to consider local conditions,
such as energy prices, solar and wind parameters and temperature to optimize performance
and sustainability. A primary barrier to implementation is the high initial costs to purchase,
install and maintain such systems or interventions. Irrespective of these barriers, we identified
seven articles that reported positive returns, suggesting that the long-term benefits of
implementing renewable energy systems outweigh the initial costs of implementation.
Adequate funding is therefore crucial to support the initial setup of these mitigation

interventions.

Our results highlight actions such as waste segregation, composting and material
recycling as means to reduce greenhouse gas emissions, which is consistent with evidence
from other sectors and high-income country settings.*>* Waste-to-energy technologies such
as incineration, autoclaving and microwave sterilization could contribute more to greenhouse
gas emission reductions than plasma melting or landfilling. We recommend that health-care
facilities prioritize waste reduction, segregation and recycling and address identified barriers
through capacity building and incentives before considering waste-to-energy technologies.
However, identifying potential unintended negative consequences for the local community
from waste produced by health-care facilities is essential, including pollution from
incineration, when designing waste management policies. Context-specific strategies to
mitigate some of these effects need to be developed that are also sensitive to local
socioeconomic and environmental conditions. Limited information on costs and potential
benefits of waste management interventions in this systematic review underscores the need

for further economic analysis.

There is evidence to suggest that building design optimization and improved surgical

processes can lead to reductions in greenhouse gas emissions; however, there is a dearth of
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data on the implementation, costing and health impacts of these interventions.***! Although

we have reviewed several promising interventions to reduce greenhouse gas emissions in
health-care settings, there are gaps in our current knowledge of the implementation and
sustainability of mitigation interventions and their potential scalability. These gaps restrict
our understanding of the effects on overall sectoral emission reductions. Detailed information
is lacking on the workforce required, the amount of implementation-related greenhouse gas
emissions and the time and resources needed for installation and deployment. Moreover,
there is little information on other important issues such as long-term maintenance and

upkeep.

This study has some limitations. First, the findings may not encompass all pertinent
factors leading to successful implementation because of a lack of descriptive details. Second,
the absence of consistent reporting methods in the literature restricts the comparability and
generalizability of the results and impedes further in-depth analysis. Third, the GRADE
approach is designed for single interventions, which creates challenges in the interpretation of
systemic change. To overcome these limitations, further research is necessary to obtain more
comprehensive evidence on the effectiveness, scalability and durability of mitigation
interventions in health-care systems in low- and middle-income countries using standard
approaches; for example by adapting guidelines for evaluation of complex interventions to

the planetary health agenda.’!-?

We found that the types of interventions reported in the literature are limited to a few
areas that contribute to emissions, namely energy, waste, heating and cooling, operations and
logistics, building design and anaesthetic gases. We also noted a lack of reported
interventions in other subject areas including equipment efficiency, inhalers, food,
manufacturing and efficient use of pharmaceuticals and chemicals, production, reduction and
circularity of medical supplies and devices, partnerships, purchasing and finance, information
and communication technologies, telemedicine, community-based care and supply chain
management.® Further, interventions focusing on systemic efficiencies of delivery of high-
quality care were not identified and improving the efficiency of health-care provision could

provide another opportunity to reduce emissions (Box 3).

There is a lack of data on how to consider context-specific adaptation and mitigation
measures, particularly in low- and middle-income countries. Future research and
interventions should consider a wider range of contexts, including low-income countries, all

scopes of emissions and adaptation. While efforts are increasing to mitigate greenhouse gas
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emissions from health-care systems, such as through the WHO's Alliance for Transformative

Action on Climate Change and Health, it is essential to robustly monitor, evaluate, record
and report outcomes in a standardized manner. An example of a tool that could support such
efforts is the recently launched HealthcareLCA database, which contains assessments focused
on the environmental impact of health care.’* In addition, reviewing grey literature such as
reports from nongovernmental organizations, local organizations, and community-based
initiatives could provide valuable insights into the implementation and sustainability of
interventions in low- and middle-income countries. Adding grey literature can complement
findings from academic research and fill gaps in knowledge, particularly in resource-
constrained settings where formal research may be limited. Such evidence will, however,
require critical assessment because of the potential for methodological weaknesses and

conflicts of interest leading to biased findings.

In conclusion, this review illustrates a wide range of interventions to mitigate
greenhouse gas emissions in health-care systems in low and middle-income countries. We
also highlight important gaps in the research-based knowledge. Further research, monitoring
and evaluation are necessary to establish a robust evidence base and inform future policy
decisions and interventions towards successful greenhouse gas mitigation and adaptation of

health-care systems in the context of climate change.
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Box 1. Inclusion criteria for articles on greenhouse gas mitigation
interventions for health-care systems

Publication types

Peer-reviewed primary research including analytical cross-sectional studies, case-
control studies, case reports, cohort studies, diagnostic test accuracy studies, and
randomized controlled trials. We excluded other types of publications, such as
protocols, guidelines, (systematic) reviews, perspectives, commentaries or editorials.
We screened relevant reviews for primary research references.

Languages

No restriction.

Context

Findings of research in one or more low- and middle-income countries.
Topic

Any implemented or modelled greenhouse gas mitigation intervention across health-
care operations, energy and supply chains.

Outcome
Reporting a quantified change in greenhouse gas emissions from the intervention.
Timeline

Published between 1990 and 17 March 2023. Year 1990 was chosen as a starting
point for the inclusion of articles as a significant number of publications supporting a
connection between climate change and health started to appear in the early
1990s.13.14
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Box 2. Search strategy, search line and content of search parameters to
identify articles on greenhouse gas mitigation interventions for health-care
systems

1: (netzero or net zero).mp.
2: Carbon footprint/

3: Greenhouse effect/

4: exp climate change/

5: (carbon or CO2 or methane or CH4 or nitrous oxide or N20 or hydrofluorocarbon*
or HFC* or perfluorocarbon* or PFC* or F-gas or fluorinated gas or sulfur hexafluoride
or SF6 or nitrogen trifluoride or NF3 or emission* or greenhouse or GHG or climate
change* or global warming or footprint or eco-friendly or climate friendly or
environment* friendly or eco-efficient or environment* responsible or environment*
sound or energy-efficient or energy-saving or green initiative* or environmental impact
or short-lived climate pollutant or black carbon).mp.

6: (environment* and sustainable*).mp.
7:1or2or3or4ord5orb

8: exp “delivery of healthcare”/

9: exp health facilities/

10: (health system* or health care or health care or health sector or health supply
chain* or health service* or delivery of health or health delivery or health facility* or
health cent* or hospital or hospitals or clinic or clinics or emergency department® or
operating* room* or operating* theatre* or patient care or ward* or urgent care or
primary care or secondary care or tertiary care or quaternary care or telemedicine or
medical cent* or diagnostic care or rehabilitative care or preventative care or palliative
care or home care).mp.

11: 8 o0r9o0r 10

12: 7 and 11

304: 0r/13—-303 [ALL LOW AND MIDDLE-INCOME COUNTRIES (expert search)]
305: 12 and 304

306: limit 305 to yr="1990- 2023”
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Box 3. Conceptual framework according to the Theory of Change on
greenhouse gas mitigation interventions in health-care systems in low-and
middle-income countries

Problem statement

Climate change is and will continue to affect human health through many different
direct and indirect health outcomes. Less well known is that health-care systems
themselves contribute 4.4 % of global greenhouse gas emissions. Health-care
systems, referring to the institutions, people and resources involved in delivering
health care to individuals, need to implement mitigation interventions to ensure an
adequate, effective and systematic response to these health effects while aiming for
synergies or co-benefits with adaptation and, specifically, climate resilience. Since
UNFCCC COP26, countries have committed to a more environmentally sustainable,
low-carbon health-care system — out of which the majority are low- and middle-income
countries. There is a lack of robust evidence guiding efforts towards environmentally
sustainable health-care systems, particularly in low- and middle-income countries.

Impact and aim

If measures are taken to mitigate greenhouse gas emissions produced by health-care
systems in low- and middle-income countries effectively, then:

i. the health-care systems could advance while contributing less to climate
change;

ii. aknock-on effect could potentially lead to a reduction in climate risk for health
due to synergies or co-benefits for adaptation; and

iii. raising awareness can indirectly help achieve local and national climate goals.
This happens as people, communities, and other sectors, including high-
income countries, become more informed about how climate change affects
health. This knowledge can lead to better climate actions as well as improving
climate plans by combining them with health strategies. Furthermore, the
health-care sector can significantly guide and shape the actions of these
various groups.

Delivery assumptions:

Relevant interventions can be identified in the literature

Sufficient interest and dedication from policy-makers

Skills, abilities and resources are present

Assumptions about effects:

Improved health outcomes through interventions

Potential positive knock-on effect on adaptation

Potential indirect effect on awareness and local and national climate action
Possible unintended consequences

Conflict or trade-off mitigation intervention with adaptation or prioritization mitigation
over adaptation when there is an urgent need to adapt

Theory of change process assumptions
Robust data and experts consulted
Theory of Change is a living document
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Outcomes, outputs and potential risk and barriers

1. Reduction of greenhouse gas emissions produced by health-care operations
(emission scope 1)

Key Indicator: percent reduction in greenhouse gas emissions.
e Stimulate low carbon prescriptions

¢ Increase efficiency and minimize patient travel, that is, through strategic
planning and multidisciplinary consults

e Transition to a health-care system of community-based health promotion and
disease prevention with a prominent role of primary health care

e Shift towards higher usage of eHealth, including teleconsultations

e Stimulate the use of low carbon transport alternatives for operations, including
low emission ambulances

e Health workforce barriers including lack of adequately trained health workers
might prevent multidisciplinary consults, a transition to preventative, primary
health care

e Lack of access to technology might prevent eHealth

e Soft issues such as lack of support and awareness among staff, open
dialogue and proper infrastructure to implement change.

Note: Financial barriers or other accessibility barriers including patents might prevent
low carbon prescriptions or low carbon transport alternatives

2. Reduction of greenhouse gas emissions from energy used in health care (emission
scope 2)

Key Indicator: Percent of reduction in greenhouse gas emissions.

e Transition to clean energy through renewable energy sources and low carbon
grids

e Use of batteries to expand the renewable energy supply
e Use energy efficiently, such as LED light fixtures

e Soft issues, including lack of support and awareness among staff or supplier,
lack of open dialogue, and lack of proper infrastructure to implement change.

Note: Financial barriers or other accessibility barriers including lack of expertise might
prevent a transition to clean and renewable energy, use of battery powers or
implementing energy efficient products such as LED lighting

3. Reduction of greenhouse gas emissions of health-care supply chains (emission
scope 3)

Key Indicator: Percent of reduction in greenhouse gas emissions.
¢ Reuse of medical devices and supplies

e Reduce the acquisition of non-reusables and high-emission alternatives and
increase the use of low-emission alternatives

e Transition to a predominantly plant-based hospital menu with locally-produced
foods (e.g. for staff and visitors)
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Stimulate health and care workers and patients to minimize transport and,
when necessary, use active transport or electric, shared vehicles

Use low-emission alternatives for transportation and distribution
Encourage low-emission travel options for business travels

Procure from net-zero suppliers or suppliers with a strategy to move to net-
zero

Food system effects or food availability might prevent a transition to plant-
based hospital menus with locally-produced food

Soft issues, including lack of support and awareness among staff or suppliers,
lack of open dialogue, and lack of proper infrastructure to implement change.

Note: Financial barriers or technological limitations might prevent reuse of supplies,
low-emission prioritization in acquisitions, low-emission alternatives for transportation
or distribution, low-emission travel options, and procuring from net-zero suppliers

4. Co-benefit or synergy of the mitigation intervention with actions contributing to
climate change adaptation

Key Indicator: Percent of reduction in loss of life or disability.

Note:

Hospital-wide passive heating and cooling system
Agriculture on hospital rooftops

Soft issues, including lack of support and awareness among staff and/or
leadership, lack of open dialogue, and lack of proper infrastructure to
implement change.

Financial barriers due to specified or allocated funding, lack of flexibility of

funding and gaps in knowledge.

COP: Conference of Parties; LED: light-emitting diode; UNFCC: United Nations Framework
Convention on Climate Change.

Note: Adapted from Rasheed et al., 2021."7
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Box 4. Data extracted for each article identified in the systematic review on
greenhouse gas mitigation interventions for health-care systems

Article identifiers:
Basic identifiers including name, authors, date, journal, article type and article design

Methods:
Types of research methods used in the article

Geographical scale:
Whether the study was conducted at a local, regional, national or international level

Location:
Relevant town or city, region, country and/or countries where the research was
conducted

Emission scope:
Health-care operations (scope 1), energy (scope 2), supply chains (scope 3) and
synergy (scope 4)

Part of the health-care system:
A particular aspect of the health-care system such as a primary health-care facility or
a rural hospital

Greenhouse gas mitigation intervention(s):
Intervention details that lead to a decrease in greenhouse gas emissions

Measurable effects of the greenhouse gas mitigation intervention(s):

Quantified effects of the identified intervention(s) on mitigation, including a
specification of greenhouse gas or carbon dioxide equivalent and whether it was
measured or modelled

Implementation process:
A description of the implementation process, including enablers and barriers and how
these were approached

Implementation timeline:
Timeline of the implementation process

Economic analysis:
Any provided economic information such as cost—effectiveness, cost—benefit or cost
consequences

Linkage with adaptation or resilience:

Whether the intervention was directed at both mitigation and adaptation or if resilience
was described. These interactions can be synergies, co-benefits, conflicts, trade-offs
or co-harms™®

Health effects:
Measured effects on health outcomes or exposures

Funding source:
Source of funding for the authors

Conflicts of interest:
Further potential conflicts of interest, including relationships with relevant parties other
than financial relationships
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Box 5. Examples of studies improving energy efficiency in health care

Heat exchanger system, Malaysia

A hospital ward in Malaysia incorporated an eight-row heat pipe heat exchanger into
its air conditioning system, yielding savings equivalent to approximately 314 kg of
carbon dioxide each year. This system also provides an economic benefit of about
US$ 42000 annually with a payback period of 1.6 years and offers the added
advantage of preventing Legionella growth in the ducting system.38

Sevoflurane use, India

Using only the induction dose of sevoflurane for brief paediatric eye examinations in
children aged 1-5 years reduced emissions in comparison to the traditional continuous
low flow. Despite the high global warming potential of sevoflurane, this reduction in
usage amounts to a modest climate benefit and cost savings of US$ 10 per day across
8-12 patients, enhancing health equity and affordability of this vital anaesthetic for
children in low-resourced settings.*®

Building Design, China

A hospital's new outpatient lobby design in a colder region of China, featuring two
south-facing exterior walls over a 16 m? area, is expected to achieve a significant
reduction in carbon dioxide emissions, between 186 and 1011 kg annually, due to the
decreased need for heating.*°

Multiuse pharmaceuticals and reusing surgical supplies, India

Cataract surgery at the Aravind Eye Care Centre in India, when compared with similar
procedures in the United Kingdom of Great Britain and Northern Ireland, showed that
implementing multiuse pharmaceuticals and reusing surgical supplies led to a
substantial 95% relative reduction in emissions. The centre also optimized surgical
duration and turnaround times, running two adjacent operating rooms simultaneously,
which contributed to better patient outcomes and lower complication rates.
Nonetheless, the assessment acknowledged methodological limitations, including
variance in greenhouse gas measurement techniques and a lack of life cycle
inventories specific to India. The researchers advocated for the expansion of such
interventions, suggesting new vision centres and the integration of telemedicine,
supported by rigorous training and strict sterilization protocols. They highlighted that
policy changes, particularly those allowing multiuse pharmaceuticals in more
countries, are essential to mitigate the environmental impact of health-care
practices.*'

USS$: United States dollars.
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Table 1. Detailed summary of included studies on greenhouse gas mitigation interventions for health-care systems

Study Study design Year of Country, WHO Income level Health Study site(s)
study region system level
Ahmadzadehtalatapeh &  Analytical and NR Malaysia, Western Upper-middle- Hospital ward ~ One orthopaedic ward
Yau, 2011% modelling Pacific Region income
Ali et al., 2016% Descriptive: 2014-2015  Pakistan, Eastern Lower-middle- Hospital Tertiary hospital
cross-sectional Mediterranean income
Region
Chowdhury et al., 2021°  Descriptive: NR Bangladesh, South-  Lower-middle- Health-care One temporary rural health-
case report East Asia Region income facility care centre on an island
Ciplak, 2015% Descriptive: NR Turkiye, European Upper-middle- Region within ~ One region
cross-sectional Region income country
Datta et al., 2016%° Analytical: 2015 India, South-East Lower-middle- Outpatient Paediatric eye examinations
experimental Asia Region income surgery at one hospital
Duraivelu & Elumalai, Descriptive: 2019 India, South-East Lower-middle- Hospital One urban hospital
20212 case report Asia Region income
Isa et al., 20162 Analytical and NR Malaysia, Western Upper-middle- Hospital One university hospital
modelling Pacific Region income
Khan et al., 2019% Descriptive: 2016-2017 Pakistan, Eastern Lower-middle- Clinic 371 private clinics
case series Mediterranean income
Region
Khor et al., 2020% Analytical: 2017 Malaysia, Western Upper-middle- Hospital One hospital
observational: Pacific Region income
case-control
Lemence & Tamayao, Analytical and NR Philippines, Western  Lower-middle- Health-care One rural health-care facility
2021% modelling Pacific Region income facility
Liu et al., 20223 Analytical and 2050 China, Western Upper-middle- Health-care Hospitals, community health
modelling Pacific Region income system service centres, township
health centres, and village
clinics
Narang et al., 2017 Descriptive: 2015-2016  India, South-East Lower-middle- Clinical One laboratory
case report Asia Region income laboratory
Olatomiwa et al., 2018% Descriptive: NR Nigeria, African Lower-middle- Clinic Six rural clinics in six different
case series Region income regions
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Paksoy et al., 2000% Descriptive: NR Turkiye, European Upper-middle- Hospital One university hospital
case report Region income
Panwar et al., 2013% Analytical and 2011-2012  India, South-East Lower-middle- Health-care One city
modelling Asia Region income system
(subnational)
Pina et al., 202128 Analytical and NR Brazil, Region of the ~ Upper-middle- Hospital One university hospital
modelling Americas income
Raghuwanshi & Arya, Descriptive: NR India, South-East Lower-middle- Health-care One remote health-care
20207 case report Asia Region income facility centre
Raila & Anderson, 2017%®  Analytical: 2014 Haiti, Region of the Lower-middle- Health-care Five health-care waste
experimental Americas income system incinerators
(subnational)
Sun & Huang, 20174 Analytical and NR China, Western Upper-middle- Outpatient Lobby of outpatient
modelling Pacific Region income surgery department of a hospital
Thiel et at., 20174 Descriptive: 2014 India, South-East Lower-middle- Surgery 2 tertiary care centres
case series Asia Region income
Zakaria et al., 2005% Descriptive: NR Egypt, Eastern Lower-middle- Health-care Six hospital waste
cross-sectional Mediterranean income system incinerators
Region (subnational)
Zhao et al., 2021% Analytical and NR China, Western Upper-middle- Health-care One city
modelling Pacific Region income system
(subnational)

NR: not reported; WHO: World Health Organization.

Note: Income level follows the classification of the World Bank.*4

25 of 34



Publication: Bulletin of the World Health Organization; Type: Research
Article ID: BLT.23.290464

Table 2. Interventions and outcomes in studies on greenhouse gas mitigation interventions for health-care systems

Country, Scope and Summary of intervention Type of Reduction Reduction of other
reference intervention outcome CO:(equivalent) greenhouse gases per year
type measurement kg/year unless unless otherwise stated
otherwise stated
(%)
Bangladesh?®  Electricity: A hybrid photovoltaic-converter—wind—battery—  Modelled System A: NR Compared to system A:
Energy generator energy generation system for a (27) CO: 20496 kg
temporary health centre is compared to: System B: NR PM: 124 kg
System A: a hybrid wind—generator—converter— (25) Unburned hydrocarbon:
battery system; and 895 kg
System B: a hybrid photovoltaic generator— SO.: 6569 kg® NOXx:
converter—battery system 19254 kg
India?' Electricity: A 5-kWp on-grid solar photovoltaic rooftop Modelled 11287 (NR) SO.: 8.86 kg°
Energy system for one urban hospital is compared to NOx: 18.50 kg
solely grid provided electricity Ash: 485.792 kg
Malaysia® Electricity: A grid connected photovoltaic-fuel cell-battery Modelled 71004 (74) CO:239kg
energy and system for energy and heating of one university Unburned hydrocarbon:
heating hospital building is compared to a standard, 26.4 kg
standalone diesel system PM: 18 kg
SOx: 83 kg
NOx: 2075.5 kg
Philippines® Electricity: A solar photovoltaic panel energy system with Empirical With: 19598 (59) NR
energy and without grid connection for a rural health- Without: 62 776
care facility is compared to a grid-only system (72)
India* Electricity: A solar photovoltaic panel for a laboratory is Modelled 13860 (100)? NR
energy compared to electricity from the grid
Nigeria®® Electricity: Optimal hybrid renewable system Modelled 20113 (83) NR
energy configurations for electricity generation
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Using solar energy in combination with aquifer ~ Modelled
thermal energy storage for electricity generation
for heating and cooling for one university
hospital is compared to using oil and the
electricity grid
A solar photovoltaic tunnel dryer for surgical
cotton for one city is compared to a dryer on:
light diesel il or liquefied petroleum gas
A hybrid polygeneration system for the
provision of electricity to a hospital under four
legal scenarios is compared to standard usage
of the electricity grid. The legal scenarios are:
39.1: Purchase only: no sale of electricity
allowed;
39.2: Annual consumer: purchase and sale are
allowed with the condition of purchasing more
electricity than sales annually;
39.3: Unrestricted sale: purchase and sale are
allowed with no restraints; and
39.4: Excess electricity production is injected
into the distribution network, creating energy
credits in kWh, by means of a free loan.
A photovoltaic—diesel-battery energy system for Modelled
energy generation for a remote health-care
centre is compared to a diesel-battery energy
system

Modelled

Modelled

An integrated system of hospital solid waste Empirical
treatment and disposal consisting of
composting, incineration, and material recycling
is compared to the standard scenario of
incineration and landfill or incineration only

A regional health-care waste management
scenario of a centralized autoclave coupled with

an incinerator is compared to:

Modelled

2100000

Diesel: 12150
(100)

Gas: 6720 (100)
39.1: 4852036
(63)

39.2: 6844 207
(90)

39.3: 17774 491
(233)

39.4: 17774491
(233)

1813 (46)

Standard: 2 806
(62)

Incineration only:

2610 (47)

Scenario1:
1544000

SOx: 7000 kg
NOx: 8000 t

NR

NR

CO:4.48kg

Unburned hydrocarbons:
0.496 kg

PM: 0.337 kg

SO.: 3.64 kg°

NO: 40 kg

NR

NR



Pakistan®

Malaysia®

China®

Haiti®®

Egypt®

China®
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Scenario 1: an incinerator Scenario 2:
decentralized autoclaving coupled with an
incinerator
Segregation into medical waste (which is Empirical
incinerated with transportation by motorbikes
and then sent to landfill) and general waste
(from which material is recovered or composted
and then sent to landfill), is compared to:
Scenario 1: segregation with landfilling of
general waste and incineration of medical
waste, then landfilling, and
Scenario 2: incineration and then landfilling of
all waste
Segregation and recycling of waste of Empirical
phacoemulsification surgery is compared to no
segregation and recycling in one hospital

Plastic recycling in the health-care system is Modelled
compared to no recycling
Mainstreaming the use of cardboard sharps Empirical

health-care waste containers instead of plastic

containers at five health-care waste incinerators

Comparing a newer incinerator including a high- Empirical
performance scrubber control system and good

practice processes by an experienced operator

with an older incinerator without specified

processes

Medical waste management in a city through Modelled
microwave sterilization with landfill medical

waste disposal technology is compared to:

rotary kiln incineration; pyrolysis incineration;

plasma melting and steam sterilization with

landfill

Scenario 2:
1767000

Scenario 1: 538
per tonne of
waste (114)
Scenario 2: 1110
per tonne of
waste (106)

0.139 per case

868 700000 (57)

NR

NR

Per disposal
Rotary kiln: 285
(68)

Pyrolysis: 52 (28)
Plasma melting:
551 (80)

Steam
sterilization: 30
(18)

NR

NR

NR

Black carbon: 61.68%

CO: 3358 mg/m3 (86.8)

NR



Malaysia®

India®®

China*®

India*!

Electricity:
heating and
cooling

Health-care
operations:
anaesthetic
gases
Electricity;
Building
design

Health-care
operations,

electricity and

supply chain:

operations and

logistics
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An eight-row pipe heat exchanger system
added to the air conditioning system in one
orthopaedic ward in a university hospital is
compared to a standard air conditioning system
Induction dose only sevoflurane during
paediatric eye examination for children aged 1—
5 years at one hospital is compared to standard
low-flow sevoflurane

The energy consumption of an outpatient
hospital lobby building design of a lobby of 16
m? with two exterior walls, south oriented at the
same height as the rest of the hospital is
compared to lobby designs that have a different
number of exterior walls, a different orientation,
and a different height. Then, different window
wall ratios and skylight ratios are compared
Usage of multiuse vial for pharmaceuticals, a
short surgical duration and a quick turnaround
time during cataract surgery is compared to the
standard practice in a British hospital

Modelled

Empirical

Modelled

Empirical

314 (147

7700 (22) per day

of 10-12
procedures

186-10112

124 (95) per case

NR

CO; equivalent includes a
reduction of N2O of
3.75 L/case

NR

NR

CO: carbon monoxide; CO2: carbon dioxide; kWp: kilowatt peak; N20O: nitrous oxide; NOx: nitrogen oxides; NR: not reported; PM: particulate matter; SOz: sulfur dioxide; SOx:

sulfur oxides.

a Emissions calculated using national emission factors.4546

b S0z is a cooling aerosol, so reduced SO2 emissions partly offset the reduction of the heating effect from mitigation of greenhouse gas emissions.
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Table 3. Studies reporting economic outcomes for greenhouse gas mitigation
interventions for health-care systems

Country Intervention Initial Net Payback Returnon Initial rate
capital, present period, investment, of return,
US$ cost, US$ year % %

Bangladesh® Photovoltaic NR 69 377 300 7 NR NR
Converter/Wind/Battery/
Generator energy
generation system

India® Solar panel 12000 NR NR NR NR

India®” Solar photovoltaic tunnel NR 10660 3.38 86 to 150 NR
dryer for surgical cotton

India®® Photovoltaic -diesel- NR 13523 9.9 NR NR
battery energy system

India?! 5-kWp on-grid solar 3658 NR 7.1 NR NR
photovoltaic rooftop
system

Malaysia?? Grid connected NR 98318 NR NR NR
photovoltaic fuel cell-
battery system

Nigeria® Optimal hybrid NR 71210 to NR NR NR
renewable system 108 920
configurations for
electricity generation

Philippines?®> A solar photovoltaic NR With: With: 9.7  With: 6.10; With: 9.0
panel energy system 87139 Without: Without: Without:
with or without grid Without: 4.5 15.90 20.8
connection 146 284

kWp: kilowatt peak; US$: United States dollars.
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Table 4. Critical appraisal of studies included in the systematic review on greenhouse gas mitigation interventions for
health-care systems

Country, Definitions Methods Results Confounding Discussion
reference Clear definition Clear definition Clear Is/are the Methods Data reported Type of Addressed Assumptions Limitations
of the objective of intervention or definition of control(s) applied transparently?  outcome in design or clearly clearly
or hypothesis? exposure? outcome? appropriate? consistently? measurement analysis? stated? stated?
used?
Energy
Bangladesh?® Yes Yes Yes Yes Yes Yes Modelled Yes Yes No
India?' Yes Yes Yes Yes Yes Yes Modelled Yes Yes No
Malaysia? Yes Yes Yes Yes Yes No Modelled Yes Yes No
Philippines® Yes Yes Yes Yes Yes Yes Modelled Yes Yes Yes
India?* No Yes Yes Yes No No Empirical No No No
Nigeria®® Yes Yes Yes Yes Yes Yes Modelled Yes Yes No
Turkey?® Yes Yes Yes Yes NA No Modelled Yes No No
India?’ Yes Yes Yes No NA Yes Modelled No Yes No
Brazil® Yes Yes Yes Yes Yes Yes Modelled Yes Yes No
India?® Yes Yes Yes Yes Yes Yes Modelled Yes Yes No
Waste
Pakistan® Yes Yes Yes Yes Yes No Empirical Yes Yes Yes
Tarkiye®' Yes Yes Yes Yes Yes Yes Modelled Yes Yes No
Pakistan®? Yes Yes Yes Yes Yes Yes Empirical No No Yes
Malaysia Yes Yes Yes Yes NA Yes Empirical No No Yes
China® Yes Yes No Yes NA Yes Modelled Yes No Yes
Haiti®® Yes Yes Yes Yes Yes Yes Empirical No Yes No
Egypt® No No Yes Yes Yes Yes Empirical No Yes No
China® Yes Yes Yes Yes Yes No Modelled Yes Yes Yes
Others
Malaysia® Yes Yes Yes No NA Yes Modelled No No No
India® Yes Yes Yes Yes Yes Yes Empirical Yes No Yes
China“ Yes Yes Yes Yes Yes No Modelled Yes Yes No
India*' Yes Yes Yes No No Yes Empirical No Yes Yes

NA: not applicable.
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Table 5. Certainty of evidence for interventions to mitigate greenhouse gases for
health-care systems, low- and middle-income countries

Outcome Impact No. of studies Certainty of
evidence?

Greenhouse gas mitigation A variety of hybrid energy systems, including renewable 10 observational Low
through hybrid energy energy sources adjusted to contexts, reported reductions studies
systems in carbon dioxide emissions ranging from 25% to a

theoretical 233%
Greenhouse gas mitigation Relative emission reductions are reported ranging Four Low
of health-care system waste between 46-114% in systems that include waste observational

through waste management segregation, composting, and material recycling while studies
systems with composting or considering efficient low-emission transportation options
recycling
Greenhouse gas mitigation Relative emission reductions in waste management Two Very low?
of health-care system waste systems are reported to take place through centralising  observational
through incineration and the autoclave (reduces electricity needed), considering studies
autoclave process efficiency efficient transportation, and ensuring incinerators are up to
date with a clear process and well-trained operator

Greenhouse gas mitigation Using cardboard sharps containers instead of plastic One Very low?
of health-care system waste sharps containers led to a reported 62% reduction in black observational
through replacing plastic carbon emissions study

sharps containers by
cardboard sharps containers

Greenhouse gas mitigation Urban medical waste management through microwave  One Low
of health-care system waste sterilization with landfill medical waste disposal technology observational
through microwave reduces relative emissions as compared to rotary kiln study

sterilisation and landfilling  incineration (68%), pyrolysis incineration (28%), plasma
melting (80%) and steam sterilization with landfill (18%)

Greenhouse gas mitigation An eight-row heat pipe heat exchanger system addedto One Low
of health-care facility heating one hospital ward was assessed to reduce carbon dioxide observational
and cooling through heat emissions compared to the regular air conditioning study
exchangers system by 147%, because of heat generation
Greenhouse gas mitigation Induction dose only sevoflurane during paediatric eye One RCT High
of anaesthetic gases examination for children aged 1-5 years at one hospital
through induction dose only reduces 22% of emissions compared to standard low-flow
sevoflurane sevoflurane
Greenhouse gas mitigation In this cold-climate region, a lobby with two exterior walls, One Very low°
of a hospital building through south oriented at the same height as the rest of the observational
lobby design hospital, emits the least with a relative reduction of 0.014— study

0.074 kg CO2/m? depending on the comparison design
Greenhouse gas mitigation Multiuse pharmaceuticals, reusing surgical supplies, a One Very low
of operations and logistics of short surgical duration and quick turnaround time resulted observational
cataract surgery in a relative reduction of emissions of 95% as compared  study

to the same surgery in the United Kingdom
Climate adaptation from A solar photovoltaic panel energy system with and without One Very low?
mitigation interventions grid-connection for a rural health-care facility in the observational

Philippines may contribute to the resilience of a health-  study
care facility to short-term disasters and events and as
longer-term climate changes occur

CO2: carbon dioxide; RCT: randomized control trial.

2 We used the Grading of Recommendations Assessment, Development, and Evaluation approach.
b Results (partially) based on visual observation of pollution.

¢ Outcomes in electricity generated in carbon dioxide equivalent using national emission factors.

d Adaptation was a consideration in the article and not measured.
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Fig. 1. Flowchart of the selection of studies on greenhouse gas mitigation
interventions for health-care systems

25 570 records identified from:
- 4026 from MEDLINE®

- 10 875 from Embase®

- 3474 from Global Health

- 4368 from Web of Science™

- 1136 from Africa-Wide
Information

- 613 from LILACS

- 124 from Global Index Medicus

- 954 from GreenFile

6278 records removed before screening:
- 6249 duplicate records removed
- 29 records published before 1990

19 292 records screened

> 18 993 records excluded

299 reports sought for retrieval

—> 16 reports not retrieved

283 reports assessed for eligibility

261 reports excluded:

- 132 did not report on emissions
- 114 covered the wrong

- 15 had the wrong study design

22 studies included in review
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Fig. 2. Geographical distribution of the included studies on greenhouse gas
mitigation interventions for health-care systems

Country Number of records

Bangladesh

Brazil

China

Egypt

Haiti
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