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Health impact assessment (HIA): Air quality,
health and economic impacts of the Ventanas
coal-fired complex

Background

The Ventanas coal-fired power complex,
located in Puchuncaví, Valparaíso
Region, Chile, has a total capacity of 544
megawatts (MW) and currently consists
of two active units (GEM, 2024). It has
previously consisted of a total of four
units. Unit 1 shut down in 2020, and Unit
2 shut down in 2023. Unit 3, which is also
known as Nueva Ventanas and started
operations in 2010, is planned for closure
in 2025, and Unit 4, also known as
Campiche, which started operations in
2013, also has plans for closure in 2025.

In 2023, Dr. David Boyd, the UN Special
Rapporteur on Human Rights and the
Environment, visited Chile, including the
Ventanas power station and nearby
communities (Boyd, 2023). During his
visit, Dr. Boyd highlighted significant
health issues among the population of
Quintero-Puchuncaví, attributing them
to environmental factors. These included
respiratory and cardiovascular

diseases, as well as an elevated infant
mortality rate. He noted that residents
are exposed to hazardous levels of
pollution that threaten their health and
reduce life expectancy. Dr. Boyd
concluded that this ‘sacrifice zone’
directly contradicts sustainable
development goals, jeopardizing the
well-being of both current and future
generations (Boyd, 2023).

Previous report

The first comprehensive report on air
quality and health impacts in the region
was conducted by Greenpeace in 2020
(Myllyvirta et al., 2020). The 2020 report
examined coal-fired power plants in both
Puchuncaví and Huasco. Key findings for
the Puchuncaví coal plants included 69
annual deaths due to the Ventanas
power station units.

https://www.greenpeace.to/greenpeace/?p=3190
https://energyandcleanair.org/


CREA 2024 report overview

The CREA 2024 report focuses on the
contribution of emissions from the
Ventanas coal-fired complex to the
formation of atmospheric pollutants,
specifically, fine particulate matter
(PM2.5), nitrogen dioxide (NO2), and
sulphur dioxide (SO2) from Ventanas
Units 1 and 2 (Ventanas 1 and 2), Unit 3
(Nueva Ventanas), and Unit 4 (Campiche),
for an eight-year time period (2013-2020)
when all units were in operation at the
same time.

Simulations were conducted to observe
how emissions from the complex affected
pollutant concentrations within a 300 km
radius of the plant, including Chile’s
capital city Santiago. An
industry-standard air pollution model
was used, accounting for chemical
processes and meteorological factors
that affect the dispersion of pollutants in
the atmosphere. All three pollutants
(PM2.5, NO2, and SO2) contribute to poor
air quality, subjecting the residents in the
Puchuncaví region to chronic exposure
which poses significant health risks.

Calculations of air pollutant levels and
their health effects were based on

established national emission limits and
publicly available records within the
timeframe covered by this report
(2013-2020).

CREA 2024 report results

The CREA 2024 report found that
during the eight years when all four
units of the Ventanas complex were
operational (2013-2020), the impacts
consisted of:

● an estimated 560 deaths,
● 1,100 asthma-related

emergency room visits, and
● costs of up to USD 1.4 billion,

which include the value of
statistical life (deaths), healthcare
expenses, productivity losses, and
other societal costs.

The ongoing and planned closures of
Units 3 and 4 in 2025 mark a significant
step toward reducing the long-term
health and economic burdens on the
Puchuncaví region. However, these
findings underscore the urgency of
transitioning away from coal-fired
energy to safeguard public health and
the environment.

https://energyandcleanair.org/


Methodology
The health impacts assessment (HIA) was carried out in the following four steps:

1. Pollutant emission calculation: Annual emissions of SO2, NOx, and PM2.5 from all four
Ventanas units were calculated, assuming compliance with Chilean flue gas standards.
Emissions were derived using unit-specific data on capacity factors, generation, and coal
consumption;

2. Atmospheric Dispersion Modeling: Using the CALPUFF v7 air dispersion model (Exponent,
2015), inputs included stack characteristics, 2019 meteorological data (fromWRF v4.2.2)
(Skamarock et al., 2008), and chemical transformations;

3. Quantifying health impacts caused by changes in air pollutant concentrations:
Followed CREA’s HIA framework, incorporating national-level baseline data and global risk
models, and applied epidemiological concentration-response functions for outcomes such
as mortality, new asthma cases, emergency room visits, and work absences; and

4. Valuing health impacts in monetary terms using economic costs per outcomes: This
calculation was adjusted for Chile’s Gross Domestic Product or Gross National Income
(GDP/GNI) per capita.

The basis for morbidity and mortality
valuations — Death and disability compose
the vast majority of the total estimated
economic cost, and they are valued on a
willingness-to-pay basis. To provide a
coherent assessment, the analysis refers to
the cost of treating or mitigating the impacts.

First, the increased risk of death or disability
from cardiovascular diseases, lung cancer,
chronic respiratory diseases, diabetes and
other causes is a welfare cost valued on the
basis of the willingness of individuals to
pay (i.e. forgo higher income) in order to
avoid such a risk or adverse outcome. Insofar
as the government’s interest in the welfare of
citizens, the government’s willingness to pay
to avoid a higher risk of death and disability
should align with that of citizens.

The second consideration is the impact on
economic productivity. Lost working days

due to illness or taking care of a sick child or
dependents directly impact the ability to
earn income. Missed school days affect
children’s future productivity and income.
Another impact is preterm birth, which
affects lifetime economic productivity due to
risks of long-term health effects. Individuals’
willingness-to-pay to avoid lower income is
presumed to be equal to the lost income at a
minimum since lost income does not capture
non-monetary welfare loss.

From the Government’s point of view,
productivity losses represent a reduction in
potential economic output. Given that air
pollution mitigation requires resources that
are smaller than the avoided productivity
impacts of air pollution, the Government’s
willingness-to-pay should also be at least
equal to nationwide productivity losses.

http://www.src.com
http://www.src.com
https://doi.org/10.5065/D68S4MVH
https://energyandcleanair.org/


The third type of cost included in our
estimates is direct healthcare cost. These
costs represent a diversion of real economic
resources, both labour and capital, from
other uses towards the treatment of the
effects of air pollution. These costs seem to
be borne in part by affected individuals,
households, employers and the Government.
In reality, expenditures are eventually borne
by all taxpayers, in other words employers,
either individuals or the Government or both.
The distinction is not consequential.

With impacts on productivity, direct
healthcare costs only capture a part of the
total welfare impact of air pollution,
assuming that individuals would prefer to

avoid hospital visits or medication use, even
in an ideal setting where no out-of-pocket
health costs are incurred.

The sum of the three types of economic
costs becomes the lower bound for an
estimate of the willingness of the citizens
as a whole to pay to avoid the impacts, as
well as the willingness of the government
to pay for direct resources to mitigate air
pollution. The decision to sum up these
costs into an aggregate cost to society is in
line with the approaches taken by the U.S.
EPA (2011) and the World Health
Organization (2015).

Further information on CREA’s HIAmethodology

Risks and incidences of respiratory diseases Lost productivity due to illness and disabilities

Air pollution is a well-studied cause for increased
incidence of symptomatic asthma, lower
respiratory tract infections, and exacerbations of
chronic cardiopulmonary or other diseases.
Particulate matter less than 2.5 micrometres in
diameter (PM2.5) can penetrate deeply into the
lungs, irritate and corrode alveolar walls.
Similarly, nitrous dioxide (NO2) causes cellular
injuries and irritates the epithelial lining.

Our assessment specifies two outcomes – asthma
emergency room visits linked to PM2.5 and new
cases of paediatric asthma linked to NO2 – to be
valued in economic terms based on Brandt et al.
(2012), which assessed the direct and indirect
costs per year of childhood asthma, including
medical costs and loss of income to the child’s

Millions of people around the world are living with
diabetes and chronic respiratory diseases, as well
as disabilities caused by stroke. Exposure to air
pollution increases the risk of developing these
diseases and their complications.

For years lived with disability, the valuation is
referenced from Birchby et al. (2019), which
provides the costs of different illnesses based on
the disability weights quantified in the Global
Burden of Disease project, as used by the United
Kingdom’s environmental regulator, DEFRA (Birchby
et al., 2023).

Acute health incidences that lead to restricted
activities and workday losses are quantified
based on the WHO HRAPIE recommendations
(2013). The economic cost of these sick leaves was

https://www.youtube.com/watch?v=GVBeY1jSG9Y
https://doi.org/10.1183/09031936.00157811
https://doi.org/10.1183/09031936.00157811
https://uk-air.defra.gov.uk/assets/documents/reports/cat09/1902271109_Damage_cost_update_2018_FINAL_Issue_2_publication.pdf
https://www.healthdata.org/research-analysis/gbd
https://www.healthdata.org/research-analysis/gbd
https://uk-air.defra.gov.uk/assets/documents/reports/cat09/2301090900_Damage_cost_update_2023_Final.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat09/2301090900_Damage_cost_update_2023_Final.pdf
https://www.euro.who.int/__data/assets/pdf_file/0006/238956/Health_risks_air_pollution_HRAPIE_project.pdf
https://www.euro.who.int/__data/assets/pdf_file/0006/238956/Health_risks_air_pollution_HRAPIE_project.pdf
https://energyandcleanair.org/


caregiver, estimating a cost of USD 3,800 and USD
4,000 in two communities in California.

evaluated at EUR 130 per day (USD 160 at 2005
exchange rate) in the European Union, according to
the European Environment Agency (2014).

Mortality and impacts on children and unborn babies

Globally each year, exposure to air pollution leads to 7 million excess deaths per year. Impacts on
maternal and children’s health are reported at 6 million preterm births, 3 million underweight births,
and 2million cases of paediatric asthma. Over the years, studies tend to report higher numbers, since
health impacts of exposure are found to be higher than previously thought.

Deaths linked to NO2, SO2, and PM2.5—which are the most health-harming air pollutants — are valued
based on Viscusi and Masterman (2017), which refers to a meta-analysis of the value of statistical life
(VSL) derived from labour market data. The data is based on the observed wage differentials between
professions with different mortality risks. For instance, the value was set at USD 9,631,000 in the United
States in 2015. Aligning with the recommendations outlined by the OECD (2012), deaths of children
under 5 years old are valued at twice the value of adult deaths.

PM2.5 exposure in pregnant women increases the likelihood of preterm birth and low birth weight,
which consequently increases the risk of many health and development issues throughout the baby’s
life. Trasande et al. (2016) estimated the economic costs of preterm birth, primarily due to lower
economic productivity and increased healthcare costs, at USD 300,000 per birth.

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.

https://www.eea.europa.eu/publications/costs-of-airpollution-2008-2012
https://ourworldindata.org/data-review-air-pollution-deaths
https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(21)00255-2/fulltext
https://doi.org/10.1017/bca.2017.12
https://doi.org/10.1787/9789264130807-en
https://doi.org/10.1289/ehp.1510810
https://energyandcleanair.org/
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