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Learning Goals

➢

➢

To learn key concepts, in understanding
air pollution and health issues in relation
to thermal power plants.
To strengthen skills to quantify, value,
and assess air pollution impacts.

Overview and Key Concepts and Terminologies
➢

Air pollution is associated with detrimental
effects on human health, natural ecosystems
and climate

➢

It is desirable to quantify impacts in a
consistent manner—approaches based on
monetary valuation are the most common

➢

An important factor in any economic
appraisal of air pollution is the cost of health
impacts; however, highly controversial

➢

The health costs of air pollution are
dominated by its effects on mortality, which
in turn are dominated by the effects of
airborne particulate matter (PM).

Overview and Key Concepts and Terminologies
Outdoor air is often referred to
as ambient air

Approaches to valuing changes in air pollution
Impact pathway
•

Impact pathway
Quantify pollutant emissions

•

The overall impacts are calculated using
the following general relationships:

Impact = Concentration × Stock at risk ×
Response function

Model emissions and
dispersion pollutants

Assess exposure of “stock at
risk”
Quantify impacts

Cost = Impact × Unit cost of impact
Monetary valuation of impacts

•

Damage cost

Impact pathway 1
•

Quantifying emissions
•

Emission factors
Locally derived emission factor = Annual
emission / Related activity
Related activity is electricity generation expressed in terms of either
mega-watthours (MWh) or heat input (GJ). Then the locally derived
emission factors could be expressed in terms of mg of gaseous
emission per unit of gross electricity produced (kg/MWh) and per
unit of heat input (kg/GJ).

•

Modelling air pollution
•

An analysis of pollutant dispersion and chemistry
across different spatial scales.

Impact pathway 2
•

Determining exposure
•

Intake fractions (estimate how much pollution from
stationary and mobile emissions sources is inhaled by
exposed populations)

•

Intake fractions depend on three main factors

•

•

The height at which emissions are released

•

The size of the population exposed to the pollution

•

Meteorological conditions, topography, and
ambient ammonia concentrations

The Health Response to Air Pollutants In Europe
Project (HRAPIE) coordinated by WHO-Europe for the
EU Commission, is one of the most comprehensive
scientific study undertaken to date on the health effects
of air pollution

•

Estimating impacts

•

Impact pathway 3

The adverse health effects of ambient air pollution are divided into two categories
Morbidity
•

Relatively mild sub-clinical effects such as increased coughing, reduction in lung function or
increased medication usage, through to seeking medical attention by a general practitioner,
emergency department attendances and hospital admission

Mortality
•

There are two methods of calculating the proportion of deaths attributable to a change in
exposure.
•

Static’ concentration-response (C-R) function
Attributable proportion = Annual death rate x Study population size x % increase in
health effect per increase in exposure x Change in exposure

•
•

Life tables (estimation method expresses health impacts in terms of ‘years of life lost’
(YOLL) from air pollution)

PM2.5 is considered to be the best index of PM for quantitative assessments

Economics of air pollution and health impact
•

Monetary valuation of impacts
• Health impacts from changes in emissions are often
monetized using unit costs for:
•
•
•
•

Value of a statistical life (VSL),
Value of a statistical life year (VOLY),
Hospitalization for respiratory disease and
Hospitalization for cardiovascular disease.

•

The single most important health endpoint in the
valuation of PM health impacts is mortality, and
specifically mortality from chronic exposure

•

VSL: The monetary valuation of the VSL is often
derived using the ‘willingness to pay’ (WTP) approach.

•

VOLY: Annualised equivalent of VSL estimates.

Data limitation to apply impact pathway approach

•
•
•

•
•

Robust inventory
Atmospheric modelling capacity
The availability of data on air quality and
health (including health costs)
Variability in data across provinces
Variability across urban and regional
communities (e.g. in terms of air quality
impacts and the benefits of emission
reductions)

Impact assessment methodology and tools
• Indicators

➢ Total air pollutant (SOx, NOx, PM) emissions
➢ Number of people exposed to health risks
➢ Economic cost of health impacts
• Methods for calculating impacts of PDP 8
scenarios possible but complex

• Data shortages for Vietnam a challenge
• Advisable to use values based on international
coefficients adapted to Vietnamese context

Impact assessment methodology and tools
Zone of influence (Applied during the SEA of PDP 7)

•

Number of people exposed: both increased morbidity and reduced
life expectancy

•

Can calculate risk for each plant or group of plants based on:

➢ Pattern of distribution (plume) of emissions
➢ Population in proximity to the power station(s)
➢ Existing ambient air quality in affected areas

•

Source: SEA Report for PDP 7

Identify 3 risk zones: (1) <5 km; (2) 5-10 km; (3) 10-30 km from the
power station

Impact assessment methodology and tools
•

Benefit transfer
•

The main international studies includes:

•

European Union - CAFE programme

•

United Kingdom – Review of Air Quality Strategy

•

United States – National Air Quality Standards.

•

Getting Energy Prices Right (most recent, suggested for PDP 8)

Understanding “Getting Energy Price Right” report

•

Methodology
•

Based on mortality risks for exposed populations for
both coal and natural gas plants

•

Health effects is then monetized, for illustrative
purposes using evidence on how people in different
countries value the trade-off between money and risk
from numerous studies analyzed in OECD (2012).

•

Damage is expressed per unit of energy content or
fuel use using country-level data on emission rates.

Understanding “Getting Energy Price Right” report

Shape of the Air Pollution Damage Function

Understanding “Getting Energy Price Right” report
Measuring Pollution Damage from Fuel Use
• The pollution-mortality impacts from fuel combustion in the
study is valued using the following steps:
•

•

•
•

Determining how much pollution is inhaled by exposed
populations, both in the country where emissions are released
and, for emissions released from tall smokestacks, in countries to
which pollution may be transported
Assessing how this pollution exposure affects mortality risks,
accounting for factors, such as the age and health of the
population, that affect vulnerability to pollution-related illness
Monetizing the health effects
Expressing the resulting damage per unit of fuels.

Understanding “Getting Energy Price Right” report

Estimating Population Exposure to Pollution
•

Study is based on intake fractions
•

Although intake fractions have been
extensively estimated for emissions
released at ground level ; however,
much more limited for emissions
released from tall

•

The approach in this report uses a
widely cited study by Zhou and others
(2006)

Understanding “Getting Energy Price Right” report
From Pollution Exposure to Mortality Risk
•

The report applies two steps process
•

Baseline mortality rates. The increased mortality risk from
extra pollution inhaled by a population of given size
depending on the age and health of the population.

•

Increased mortality from air pollution. Based on a limited
number of studies for the United States that estimated the
relationship between pollution concentrations and increased
mortality for pollution-related diseases—so-called
concentration response functions

Understanding “Getting Energy Price Right” report
Valuing Mortality Risks
•

Report is based on “willingness to pay”
•

Revealed preference

•

Stated preference

•

Losses in human capital (less preferred)

•

Starting value for mortality risk reduction: OECD (2012),
value mortality risks in OECD countries as a group at $3 million
per life saved, in 2005 U.S. dollars.

•

Income adjustment

Hands on case-study: Applying benefit transfer
approach to PDP 8

Natural gas
(2019 USD/t)
Coal (2019
USD/t)

NOX
2,602

SO2
4,460

PM2.5
5,120

5,213

7,476

9,300
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