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About CREA

The Centre for Research on Energy and Clean Air (CREA) is an independent research
organisation focused on revealing the trends, causes, and health impacts, as well as the
solutions to air pollution. CREA uses scientific data, research, and evidence to support the
efforts of governments, companies, and campaigning organisations worldwide in their
efforts to move towards clean energy and clean air, believing that effective research and
communication are the keys to successful policies, investment decisions, and advocacy
efforts. CREA was founded in Helsinki and has staff in several Asian and European
countries.

Disclaimer

CREA is politically independent. The designations employed and the presentation of the
material on maps contained in this report do not imply the expression of any opinion
whatsoever concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries.
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Air quality, health and economic
impacts of the Ventanas
coal-fired complex — 2013 to
2020

Key findings

This report assesses how emissions from Ventanas coal-fired complex have affected air
quality, public health, and the economy during its operations from 2013 to 2020.

We have found that the complex significantly worsens air pollution, public health and
the economy, especially in the area surrounding the towns of Quintero and Puchuncavi.
Pollutants including PM, 5, NO,, and SO, were found to have high concentrations around
Puchuncavi, but also affecting areas up to 300 km away, including Chile’s capital city
Santiago.

Over the eight-year period of 2013-2020, pollution from the Ventanas complex was
associated with 563 (432-702) deaths, 1,117 (675-1,555) asthma emergency room visits,
129 (40-224) low birthweight births, 238 (164-253) preterm births, 575 (151-1,269) years
lived with disability, and over 300,000 (260,832-352,044) days of work absences.

The cumulative economic burden amounted to an estimated USD 1.4 (1.1-1.8) billion,
equivalent to CLP 1.3 (1.01-1.8) trillion.
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Introduction

The Ventanas coal-fired complex

The Ventanas coal-fired complex is a 544-megawatt (MW) coal-fired power plant located in
Puchuncavi, in Chile’s Valparaiso Region. Currently, it operates two active units — Units 3
and 4 — each with a capacity of 272 MW, while its older Units 1 and 2 have been retired in
2020 and 2023, respectively (GEM, 2024). Unit 3 is also known as Nueva Ventanas and Unit
4 as Campiche. Despite its role in the region’s energy generation, it is a major contributor
to air pollution, with serious implications for the public health and the environment in the
coastal area of Puchuncavi and the nearby port town Quintero (hereafter referred to as
‘Quintero-Puchuncavi’).

A sacrifice zone refers to an area where residents face devastating physical and mental
health consequences due to living in pollution hotspots (Lerner, 2012). For years,
Quintero-Puchuncavi has been recognized as Chile’s most prominent sacrifice zone,
primarily due to the Ventanas Industrial Complex, which houses 12 major facilities,
including oil refineries, petrochemical plants, coal-fired power plants, and gas terminals
(Triozzi, 2023). This decades-long concentration of industrial activity has caused significant
environmental degradation and human rights violations, as residents endure constant
exposure to toxic pollutants, year after year (GEM, 2024).

Investigation by the United Nations

In 2023, Dr David Boyd, the UN Special Rapporteur on Human Rights and the Environment,
visited Chile, including the Ventanas power station and local communities (Boyd, 2023). Dr
David Boyd identified various health issues experienced by the population of
Quintero-Puchuncavi related to environmental factors, including respiratory and
cardiovascular diseases and a high infant mortality rate. He stated that the residents of
Quintero-Puchuncavi are exposed to unacceptable levels of pollution that endanger their
health and life expectancy, which led him to conclude that this sacrifice zone is in direct
conflict with sustainable development goals, compromising the well-being of present and
future generations.

He also claimed that measures to address pollution in Chile’s sacrifice zones remain ‘too
slow’ and ‘do not meet the country’s human rights obligations’. This is reflected in the 2022
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World Air Quality Report, which shows that eight Chilean cities rank among the 15 most
polluted in Latin America and the Caribbean.

Dr David Boyd's report also underscores that Chile's environmental laws and regulations
suffer from critical gaps and deficiencies. The Rapporteur's report states that, ‘in air
quality, at least eight of Chile’s standards are considerably more lenient than those of the
World Health Organization (WHO), although some are under review. Chile’s annual fine
particulate matter (PM, ) standard is set at 20 ug/m?, four times higher than the WHO
guideline. The annual nitrogen dioxide limit is newly set at 40 ug/m?, still four times above
the WHO recommendation. The sulfur dioxide (SO,) standard is 150 ug/m?3, whereas the
WHO recommends a 24-hour level of 40 ug/m* (p. 4).

Polluter pays principle (PPP)

Chile’s Supreme Court ruled in May 2023 that the air pollution prevention and control plan
for Quintero-Puchuncavi violated several fundamental environmental principles, including
the preventive principle, the polluter pays principle (PPP), and the principle of
progressivity (Boyd, 2023). The court instructed the government to improve air quality
standards based on the World Health Organization (WHO) guidelines published in 2021 and
develop a standard for regulating volatile organic compounds within three years (Boyd,
2023).

The polluter pays principle (PPP), originally introduced by the Organization for Economic
Cooperation and Development (OECD) in 1972, holds polluters responsible for
environmental damage, requiring them to bear the costs of prevention, mitigation, and
restoration (OECD, 2008). This principle is foundational to environmental policy and
sustainable development worldwide, ensuring that polluters account for not only the
benefits of their activities but also the harm they impose on the environment and public
health. In Chile, the General Environmental Framework Law (Ley 19.300) of 1994 enshrines
the PPP, requiring businesses to bear the costs associated with environmental damage
through systems such as the Environmental Impact Assessment System (SEIA) (Ley Chile,
1994; OECD, 2016).
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Impacts of air pollution on human health and economic costs

Chile's environmental challenges extend beyond air pollution, as the country is acutely
vulnerable to climate change impacts. Worsening droughts, desertification, wildfires,
deadly heat waves, rising sea levels, coastal erosion, and increasingly intense extreme
weather events threaten both the environment and the economy. For example, reduced
snowfall in the Andes Mountains has led to declining river flows, lower reservoir levels, and
shrinking groundwater supplies, while glaciers in the southern Andes are among the
fastest melting globally (Boyd, 2023).

The long-standing pollution in Quintero-Puchuncavi further underscores Chile’s
vulnerability. Despite decades of industrial activity, there remains no consolidated analysis
of pollutants in the air, water, and soil, nor a clear methodology for assessing their impacts
on human health. There has also been little follow-up on the health of children who were
intoxicated in 2011 at the La Greda school, and no standards have been established for soil
quality or emissions of volatile organic compounds (Boyd, 2023). According to the State of
Global Air air quality data, fine particulate matter (PM,:) was responsible for 6,980
premature deaths in Chile in 2019 (HEI, 2024).

Emissions from coal-fired power plants contribute to the formation of several atmospheric
pollutants, including fine particles (PM,;). Air pollution has severe impacts on the global
environment, public health, and the economy. Exposure to air pollutants, such as
particulate matter (PM,s), nitrogen dioxide (NO,), and sulphur dioxide (SO,), adversely
affects nearly all major bodily systems, including the respiratory, cardiovascular,
reproductive systems, as well as vital organs like the brain, heart, and lungs. Health
outcomes range from asthma in both adults and children, preterm and underweight births,
and work absences to fatalities from conditions such as ischaemic heart disease, chronic
obstructive pulmonary disease (COPD), lung cancer, lower respiratory infections, and
diabetes (Lelieveld et al., 2019; Di et al.,, 2017; WHO, 2021). Globally, air pollution
contributes to over two million paediatric asthma cases (Anenberg et al., 2018), results in
one billion days of work absences, (OECD, 2012), and causes more than six million deaths
annually (Lelieveld et al., 2019). A large fraction of air pollution originates from fossil fuel
combustion, particularly at coal-fired power stations (McDuffie et al., 2021).

The economic costs associated with the negative impacts of air pollution caused by power
plants are substantial, including direct, indirect, and social costs. These include healthcare
expenses, such as hospital admissions and medical treatments, as well as productivity
losses due to work absences. Estimating the economic impacts of air pollution-related
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health issues often involves calculating the value of statistical life (VSL). VSL is an estimate
of damage costs based on how much people are willing to pay for a reduction in their risk
of dying from adverse health conditions. The methods of estimating the damage or
‘external’ costs associated with the impacts of industrial pollution on human health,
ecosystems, infrastructure, and climate continue to evolve and become more accurate.

This report expands on an earlier study (Myllyvirta et al., 2020) that assessed the air
quality, toxicity, and health impacts of coal-fired power plant sites in Puchuncavi-Quintero
and Huasco, Chile. However, this updated study focuses only on the Ventanas coal-fired
complex including Ventanas 1 and 2 (Units 1 and 2), Nueva Ventanas (Unit 3), and
Campiche (Unit 4), for an eight-year time period (2013-2020) when all units were in
operation at the same time. In addition to expanding the analysis of health impacts caused
by pollution from the plant, it also includes a detailed assessment of the associated
economic costs by assigning monetary values to the health impacts.
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Results

Environmental levels of pollution

We modeled the contribution of the Ventanas coal-fired complex to the formation of
atmospheric pollutants (PM, s, NO,, and SO,). To obtain this, we simulated how emissions
from the complex affected pollutant concentrations within a 300 km radius of the plant. An
industry-standard air pollution model (Exponent, 2015) was used, accounting for chemical
processes and meteorological factors that affect the dispersion of pollutants in the
atmosphere.

Figures 1, 2 and 3 represent the annual mean concentrations of PM, 5, NO,, and SO, across
the region surrounding the power complex. The maps, which cover a 300 km radius,
illustrate the widespread impact of pollution from the plant. NO, is oftentimes a precursor
to particulate matter and the areas with high NO, levels also show elevated PM, ; levels due
to chemical reactions in the atmosphere. The highest levels of concentration for all
pollutants are observed in the immediate vicinity of Quintero-Puchuncavi, with annual
PM, levels reaching 0.8 ug/m?3, NO, reaching 3.5 pug/m?3, and SO, rising to 4.5 pug/m?3. The
maximum annual PM, . level from the complex (0.8 ug/m?3) corresponds to 16% of the WHO
guideline value of 5 ug/m? for annual exposure, while the NO, level is 35% of the annual
recommended limit of 10 ug/m?* (WHO, 2021).

All three pollutants contribute to poor air quality, subjecting the residents in the
Puchuncavi region to chronic exposure which poses significant health risks. Chronic
exposure to high levels of these pollutants is linked to respiratory issues, cardiovascular
problems, and other long-term health effects. As PM,; is smaller and with a longer
atmospheric lifetime, it can travel greater distances over time, affecting regions several
hundred kilometers away. Our analysis revealed trace amounts of PM, in Santiago, the
capital city, and Rancagua, a city over 200 km southeast of the plant.
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Annual mean PM2.5 concentration
from the Ventanas coal-fired complex
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Figures 1, 2 and 3 - Annual mean PM, ;, NO,, and SO, concentrations from the
Ventanas coal-fired complex

Annual health and economic impacts of pollution

For this study, we calculated how human exposure to air pollutants (PM, s, NO,, and SO,)
from the Ventanas coal-fired complex has affected public health and the economy during a
time period when all four units of the power plant were operating (2013-2020). The
Ministry of the Environment of Chile established emission limits for new and existing
coal-fired power plants in 2011, requiring sources to comply with PM limits within two and
a half years of the decree's publication, and NO, and SO, limits within four years in areas
designated as latent or saturated (Ministerio del Medio Ambiente, 2011). We based our
calculations of air pollutant levels and their health effects on established emission limits.
However, actual concentrations of NO, and SO, at Ventanas 1 in 2014, along with SO, levels
for Ventanas 2 and Nueva Ventanas, exceeded these limits (Snifa, 2014). Following this
period when compliance was enforced, pollutant concentrations decreased and, when
averaged, aligned with the emission limits.

We first present the annual impacts air pollution has had on human death rates as well as
the total economic costs society has incurred for each year from 2013 to 2020 (Figure 5).
After this, we present how the pollution has affected non-fatal illnesses (Table 1). Lastly, we
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provide the cumulative mortality rates and total economic impacts (Figure 6), and other
health outcomes (Table 2) over the entire eight-year period.

We find that air pollution from this power station has had a huge impact on mortality.
Exposure to all pollutants (PM,s;, NO,, and SO, ) from the power plant complex has
contributed to 75 (58-94) deaths in 2013, decreasing to 69 (53-87) deaths by 2020. These
deaths include both adults as well as children under the age of five.

Annual total economic impacts and deaths 2013-2020

Millions USD [ Billions Chilean pesos @ Deaths
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Source: CREA % CREA

Figure 5 - Annual total economic impacts and deaths (including adults and children
under the age of 5) between 2013 and 2020 from all causes and all pollutants

In 2020 alone, it is estimated that the emissions from the Ventanas coal-fired complex led
to 133 (80-184) asthma-related emergency room visits. This refers to cases when
individuals with asthma have had to seek immediate medical treatment due to severe
symptoms or asthma attacks. PM, ; particles irritate the airways, which can then cause
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asthma attacks. Foetuses, pregnant women, and children are particularly vulnerable to the
negative impacts of air pollution. Consequently, PM, s from the plant is also associated with
an estimated 14 (4-25) low birthweight births and 26 (13-28) preterm births. Preterm and
low birthweight babies may face higher risks of health complications.

People with disabilities such as chronic obstructive pulmonary disease (COPD), diabetes
and stroke are burdened for many years living with these conditions and an impaired
quality of life. COPD is a lung disease that makes it hard to breathe due to lung damage,
and in 2020, exposure to PM, ; is estimated to have caused 20 (7-41) years lived with this
disability. An estimated 28 (6-70) years living with disability was attributed to diabetes,
and a further 23 (8-46) years were linked to stroke, amounting to a total of 71 (21-157)
years lived with disability.

The health impacts of pollution in Quintero-Puchuncavi extend beyond individual
suffering, affecting workforce productivity and family dynamics. These health impairments
resulted in an estimated 37,640 (32,022-43,220) work absences. Employees took sick leave
not only for their own health issues but also to care for ill family members, highlighting the
broader impact of pollution on community well-being.

These deaths and non-fatal illnesses have damaged the economy, and cost Chile an
estimated total of USD 209.4 (158.7-262.3) million, which is equivalent to CLP 195
(148-244.8) billion, in 2013, with the economic costs decreasing most years but increasing
in 2016 and in 2018 compared to the previous year, and dropping to an estimated USD
148.7 (113-186.4) million or CLP 139 (105.4-174) billion in 2020. This drop in economic
costs in 2020 is likely due to Chile’s GDP dropping by around 9% between 2019 and 2020,
from approximately USD 278 billion in 2019 to USD 254 billion in 2020, which was caused
by the COVID-19 worldwide pandemic (World Bank, 2024). This 9% drop in GDP
corresponds to a decrease of 9% in the economic costs between these years as well.

Table 1 - Annual morbidity impacts due to exposure to air pollution from the Ventanas
coal-fired complex in 2020

Asthma emergency room visits | PM,; 133 80 184
Low birthweight births PM, ¢ 14 4 25

Preterm births PM, . 26 13 28
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Work absence (sick leave days) | PM, 37,640 32,022 43,220
Years lived with disability 71 21 157
Due to

Chronic obstructive pulmonary | PM,; 20 7 41
disease

Diabetes PM, 28 6 70
Stroke PM, ¢ 23 8 46

Cumulative health and economic impacts of pollution

When all the death rates are summarised over the eight-year timeframe, the cumulative
number of deaths reaches 563 (432-702), encompassing adults and children, including
those under the age of five, and highlights the human toll of exposure to air pollution.

The economic impact over the eight-year period comes to an estimated USD 1.4 (1.1-1.8)
billion or CLP 1.3 (1.0-1.8) trillion, and covers a range of costs such as the value of
statistical life (deaths), healthcare expenses, productivity losses, and other societal costs.
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Cumulative total economic impacts and deaths between 2013-2020
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Figure 6 - Cumulative total (2013-2020) economic costs of air pollution from Ventanas
coal-fired complex

Table 2 below shows the cumulative impacts that air pollution from the Ventanas
coal-fired complex has had on human morbidity outcomes between 2013 and 2020.
Particularly, long-term exposure to PM,; over the eight-year period is attributable to
wide-ranging health effects such as an estimated 1,117 (675-1,555) asthma emergency
room visits, birth complications including 129 (40-224) low birthweight births, and 238
(115-253) preterm births. PM,, exposure is also estimated to have contributed to 576
(164-1,269) years lived with disability, with 165 (53-333) resulting from long-term
respiratory conditions like COPD, 226 (50-564) from diabetes, and 185 (61-373) from
strokes. As a result of the large impact on public health, air pollution from the power plant
is estimated to have led to over 300,000 (260,832-352,044) days of work absences over the
eight-year period.
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Table 2 - Cumulative impacts on health outcomes and productivity loss due to the

pollution from the Ventanas coal-fired complex from 2013 to 2020

Health outcome Pollutant Central Low High
Asthma emergency room visits | PM, 5 1,117 675 1,555
Low birthweight births PM, 5 129 40 224
Preterm births PM, . 238 115 253
Work absence PM, 306,593 260,832 352,044
Years lived with disability 576 164 1,269
Due to

Chronic obstructive pulmonary | PM,; 165 53 333
disease

Diabetes PM, 226 50 563
Stroke PM, . 185 61 373

Centre for Research on Energy and Clean Air | energyandcleanair.org
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Conclusions

The negative externalities of burning fossil fuels such as those coming from the Ventanas
coal-fired complex have been shown to cause significant impacts on the local people,
environment and the country’s economy. Chile’s vulnerability to the effects of climate
change mean that soon it will have to deal with the consequences of burning fossil fuels as
it will have an increasing amount of droughts, desertification, wildfires, deadly heat waves,
rising sea levels, coastal erosion, and increasingly intense extreme weather events that
affect both the environment and the economy.

The negative health effects in the coastal area of Quintero-Puchuncavi have already been
acknowledged and regulatory measures, such as the polluter pays principle (PPP), have
tried to address the issue but the challenges in reinforcing it have shown the adverse
effects of coal-fired energy production on public health. On average, 64 deaths could have
been avoided every year for eight years, if the power complex had not expanded after 2013
and the country had required the operating company to reduce pollution or shut down.
This burden includes a range of non-fatal illnesses such as increased asthma-related
emergency room visits, low birthweight births, preterm births, and years lived with
disabilities due to respiratory and cardiovascular conditions.

In light of these findings, it is essential to strengthen environmental regulations and
prioritise a clean energy transition. Reducing emissions from coal-fired power plants by
implementing best available technology (BAT) for pollution reduction or transitioning
entirely to renewable sources would not only decrease the health burden but also yield
economic benefits. If the Ventanas power complex had adhered to stricter environmental
controls or ceased operations earlier, a potential savings of USD 162 million annually (CLP
152 billion) could have been made between 2013 and 2020.
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Methodology

Pollutant emissions

We calculated annual emissions of SO, NOy, and PM,; (referred to as TSP) from all four
units of the Ventanas power station complex. We assumed that each unit was compliant
with national standards for pollutant flue gas concentrations, which are 500 mg/Nm? for
NO,, 400 mg/Nm? for SO,, and 50 mg/Nm? for total suspended particulate (TSP) (Ministerio
de Energia, 2018). The flue gas concentration levels were then converted into emissions,
which varied across each unit depending on different characteristics including capacity
factors, generation and coal consumption. Based on the US EPA (1998), we assume that 30
% of TSP is emitted in the form of PM,. and 37.5 % is emitted in the form of PM,,. Stack
characteristics and hourly pollutant emissions are shown in Table 3.

Table 3 - Stack characteristics and emissions data

Ventanas 1 75.12 136.0 22.74 61.0 5.50
(Unit 1)

Ventanas 2 125.9 180.32 16.97 62.0 4.20
(Unit 2)

Nueva 232.34 224.36 12.42 95.0 4,70
Ventanas (Unit
3)

Campiche 185.77 212.58 6.81 95.0 4.70
(Unit 4)

Atmospheric modelling (CALPUFF)

We simulated air pollutant concentrations using the CALPUFF air dispersion model,
version 7 (Scire et al., 2000; Exponent, 2015). CALPUFF has been a widely used industry
standard model for long-range air quality impacts of point sources. It is used by both
regulators, such as the US Environmental Protection Agency (US EPA) (US EPA, 2023), and
in academic research (Zhang et al., 2020). Due to its capability of capturing the complex
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chemical processes and atmospheric transport of pollutants in the atmosphere, the US
EPA officially approves the use of the CALPUFF model to investigate the cases where an
emission source is expected to lead to the long-range transport of pollution (US EPA, 2023).
The model has been evaluated extensively by the US Environmental Protection Agency,
which is open-source and fully documented. The CALPUFF model has been applied in
many regions around the world, including the United States (Rzeszutek, 2019), Europe
(Holnicki et al., 2016), Central America (Hernandez-Garcés et al., 2020), South America
(Arregocés and Rojano., 2023), the Middle East (Ghannam & El-Fadel, 2013), Asia (Zhou et
al., 2003; Jittra et al., 2015), and Africa (Affum et al., 2016).

CALPUFF calculates the atmospheric transport, dispersion, chemical transformation, and
deposition of the pollutants, and the resulting incremental ground-level concentrations
attributed to the studied emissions sources. Chemical transformations of SO, and NO, to
PM,; are calculated using ISORROPIA. Background concentrations of oxidants (ozone,
ammonia, hydrogen peroxide) are taken from a global atmospheric chemistry model.
Meteorological input data for the year 2019 are generated from the Weather Research
Forecasting (WRF) model (Skamarock et al., 2008), version 4.2.2. WRF was set up with 33
vertical levels and two nested grids. The mother nest has a grid resolution of 15 km and
spans 2,700 km in the north-south direction and 1,500 km in the east-west direction. The
inner nest has a grid resolution of 3 km, spans 300 km in both the north-south and
east-west directions, and is centred over the Ventanas power station complex.

Mother and inner domains use a two-way nesting technique which ensures dynamic
interaction between them. WRF simulations use initial and lateral boundary conditions
from the National Centers for Environmental Prediction (NCEP) Climate Forecast System
Reanalysis (CFRS) dataset of the National Oceanic and Atmospheric Administration (NOAA)
producing three-dimensional, hourly meteorological data covering the full calendar year
of 2019.

For assessment of annual average pollutant concentrations, emissions are assumed to be
constant throughout the year. Emissions from each of the units were modeled as separate
point sources. The power plants were modeled as buoyant point sources, taking into
account the stack height and thermal plume rise from the stacks.

Health and economic impact assessment

Based on the spatial distributions of pollutants simulated by the CALPUFF air dispersion
model, we then calculated the corresponding public and economic impacts for the years
2013-2020. CREA has developed a detailed globally implementable health impact
assessment (HIA) framework based on the latest science (Myllyvirta, 2020). This framework
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includes as complete a set of health outcomes as possible without obvious overlaps. In
this work, we assumed that the pollution contributions from the facilities and overall
pollution levels were not changing during 2013-2020. The population and GDP changes
during these years were included in the calculation.

The emphasis is on outcomes for which incidence data is available at the national level
from global datasets and outcomes that have high relevance for healthcare costs and
labour productivity. These health endpoints were selected and quantified in a way that
enables economic valuation, adjusted by levels of economic output and income in
different jurisdictions.

For each evaluated health outcome, we have selected a concentration-response
relationship that has been used to quantify the health burden of air pollution at the global
level in peer-reviewed literature. This indicates that the evidence is mature enough to be
applied across varying geographies and exposure levels. The calculation of health impacts
follows a standard epidemiological calculation:

c,age

Acases = Pop X ) |Frac X Incidence X ,
age age RR
age ,age

Where:
Pop is the total population in the grid location;
age is the analysed age group. In the case of age-dependent
concentration-response functions, a 5-year age segment; in other cases, the total
age range to which the function is applicable;
Frac age is the fraction of the population belonging to the analysed age group;
Incidence,,. is the baseline incidence of the analysed health endpoint;
c is the pollutant concentration; and,
RRc, age is the function giving the risk ratio of the analysed health outcome at the
given concentration for the given age group compared with clean air. In the case of

a log-linear, non-age-specific concentration-response function, the RR function
becomes:
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RR(c) = RR ¢ — cAc, whenc > Co

RR(c)=1,whenc=c,
Where:
RR, is the risk ratio found in epidemiological research;
AcO is the concentration change that RR, refers to; and,

c0 is the assumed no-harm concentration - in general, the lowest concentration
found in study data.

Data on the total population and population age structure was taken from the Global
Burden of Disease results for 2019 (Murray et al., 2020), which was accessed by the Institute
for Health Metrics and Evaluation (IHME, 2020). The spatial distribution of the population
within each city and country, as projected for 2020, was based on the Gridded Population
of the World v4 from the Center for International Earth Science Information Network
(CIESIN, 2018).

Adult deaths were estimated using the risk functions developed by Burnett et al. (2018), as
applied by Lelieveld et al. (2019). Deaths of small children under five years old from lower
respiratory infections linked to PM, 5 pollution were assessed using the Global Burden of
Disease risk function for lower respiratory diseases (IHME, 2020). For all mortality results,
cause-specific data was taken from the Global Burden of Disease project results for 2019
(IHME, 2020).

Health impact modeling projects the effects of pollutant exposure during the study year.
Some health impacts are immediate, such as exacerbation of asthma symptoms and lost
working days, whereas other chronic impacts may have a latency of several years.
Concentration-response relationships for emergency room visits for asthma and work
absences were based on studies that evaluated daily variations in pollutant concentrations
and health outcomes; these relationships were applied to changes in annual average
concentrations. An overview of the input data to estimate public health impacts of air
pollution is shown in Table 4.


https://energyandcleanair.org/

% CREA

Table 4 - Input parameters and data used in estimating physical health impacts

Concentration-
Concentration  No-risk

Effect Pollutant response function change threshold Reference Incidence data

1-18 New asthma cases NO, 1.26 (1.10-1.37) 10 ppb 2 ppb Khreis et al. Achakulwisut et
(2017) al. (2019)
0-17 Asthma emergency PM,s | 1.025(1.013 - 1.037) 10 ug/m? 6ug/m* | Zhengetal. Anenberg et al.
room visits (2015) (2018)
18-99 Asthma emergency PM, 5 1.023 (1.015-1.031) 10 ug/m? 6ug/m* | Zhengetal. Anenberg et al.
room visits (2015) (2018)
Newborn | Preterm birth PM, 5 1.15(1.07-1.16) 10 ug/m? 8.8 ug/m* | Sapkota et al. Chawanpaiboon
(2012) etal. (2018)
20-65 Work absence PM, 5 1.046 (1.039 - 1.053) 10 ug/m? N/A WHO (2013) EEA (2014)
0-4 Deaths from lower PM, ¢ IHME (2020) 5.8 ug/m*® | IHME (2020) IHME (2020)
respiratory
infections
25-99 Deaths from PM, 5 Burnett et al. (2018) 2.4ug/m® | Burnettetal. IHME (2020)
non-communicabl (2018)
e diseases,
disaggregated by

cause, and from

lower respiratory

infections

25-99 Disability caused PM, ¢ IHME (2020) 2.4ug/m® | Burnettetal. IHME (2020)
by diabetes, stroke (2018)
and chronic

respiratory disease

25-99 Premature deaths NO, 1.02(1.01-1.04) 10 ug/m? 4.5ug/m* | Huangfu & IHME (2020)
Atkinson. (2020);
NRT from Stieb et
al. (2021)
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25-99 Premature deaths SO, 1.02 (1.01-1.03) 5 ppb 0.02 ppb | Krewski et al. IHME 2020
(2009)

Note: Numeric values in the column ‘Concentration-response function’ refer to the odds ratio (OR)
corresponding to the increase in concentrations given in the column ‘concentration change’.
Literature references indicate the use of a non-linear concentration-response function. No-harm
threshold refers to a concentration below which the health impact is not quantified, generally
because the studies on which the function is based did not include people with lower exposure
levels. Data on concentration-response relationships do not exist for all geographies, so a global
risk model is applied to all cities. Incidence data are generally unavailable at the city level so
national averages have to be applied.

Air pollution both increases the risk of developing respiratory and cardiovascular diseases,
and increases complications from them, significantly lowering the quality of life and
economic productivity of people affected, and increasing healthcare costs. Economic
losses due to air pollution were calculated using the methods outlined in Myllyvirta et al.
(2020). The valuation of deaths was updated to the values derived by Viscusi and
Masterman (2017), which are based on labour market data, and pay particular attention to
applicability in middle- and low-income countries. The Global Burden of Disease project
has quantified the degree of disability caused by each disease into a ‘disability weight’ that
can be used to compare the costs of different illnesses. The economic cost of disability and
reduced quality of life caused by these diseases and disabilities are assessed based on
disability weights, combined with the economic valuation of disability used by the UK
environmental regulator DEFRA (Birchby et al., 2019), and adjusted by GNI PPP for Chile.
The deaths of young children are valued at twice the valuation of adult deaths, following
the recommendations of the OECD (2012). While we use a 2018 study from Burnett et al.
(2018) for the dose-response function for deaths from non-communicable diseases due to
exposure to PM,, there is a more recent study from 2023 by Henneman et al. (2023) that
finds that the dose-response coefficient for mortality associated with exposure to PM,
from coal-fired power plants is 2.1 times higher than from other sources — indicating this
study might be underestimating the PM, ; mortality rates.
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