Air-quality co-benefits of
carbon mitigation at
industrial facilities in Europe

Relevance of topic
• Climate change is often framed as a free-rider problem.

– If many other countries reduce CO2 emissions, a single country can
benefit from this without paying for the costs of reducing CO2
emissions.
– Donald Trump: “I was elected to represent the citizens of Pittsburgh,
not Paris.”

• But this logic, as well as social cost of carbon estimates, does not
take co-pollutants into account.

– Carbon combustion releases air pollutants that, unlike CO2 emissions,
mainly affect their region of origin

• Carbon mitigation thus might create local air quality co-benefits,
e.g. positive public health externalities
– Co-benefits might be monetarily large; even larger than costs of
climate policies
– The citizens of Pittsburgh benefit most from reduced pollution in
Pittsburgh

• So far, little empirical evidence on magnitude of co-pollutant
elasticities (which are required to calculate air quality co-benefits)

Co-pollutants
• The most important of these “co-pollutants” are:
– PM (particulate matter): Penetrates deep into the human
lung, causing cancer, cardiovascular disease, and
respiratory illnesses; has also been linked to
neurodegenerative diseases
– NOX (nitrogen oxides): Causes respiratory illness and
premature mortality; contributes to the creation of ozone
and particulate matter in the atmosphere
– SOX (sulfur oxides): Impairs lung function, short-term
exposure at high levels is life threatening; SOx can react
with other compounds in the atmosphere to form
particulate matter

Existing literature
• A growing number of simulation studies suggest large airquality and health co-benefits from more stringent climate
policy.

– e.g. West et al. 2013; Thompson et al. 2014; Shindell et al. 2016.

• However, simulations rely on ad-hoc assumptions about
relationship of co-pollutants and CO2 emmissions.
– Typically they seem to assume a unit elasticity.

• But co-pollutants elasticity can be substantially smaller or
larger than 1 at the margin. For example:

– End-of-pipe controls such as scrubbers can significantly reduce copollutants, while at the same time these devices need electricity to
operate and therefore increase CO2 emissions.
– An increase in the combustion temperature in natural gas-fired
power plants reduces CO2 per kilowatt but increases NOx
emissions.

• The magnitude of co-pollutant elasticities is an empirical
question.

Our contribution
• We present empirical estimates of co-pollution elasticities
for 3 major co-pollutants for European facilities based on a
consistent data-set that reports CO2 and co-pollutant
emissions for large European polluters.
• We also present empirical estimates of co-pollution
elasticities induced through climate policies for the energy
sector.
• Data:
– European Pollutant Release and Transfer Register database (EPRTR), a mandatory facility-level registry that includes
information on CO2 emissions and the major co-emitted
pollutants SOX, NOX, and PM10.
– The database covers around 42% of EU CO2 emissions, 57% of
SOX emissions, 24% of NOX emissions, and 6% of PM10
emissions.
– Facility-level data available annually beginning with 2007.

Part 1: Baseline approach
• Baseline specification:
• copollijct are emissions of the co-pollutant, i.e.
SOX, NOX, or PM10, at facility i, economic sector j,
country c, and year t in natural logarithm (ln).
• CO2ijct are the corresponding carbon dioxide
emissions at the same facility.
• We purge facility FE (!" ) to capture unobserved
heterogeneity between point sources, and sectorby-country-by-year FE (#$%& ) capturing year effects
at the sectoral level in each country individually.
• SE’s are clustered at the facility level.

Baseline approach cont.
• To address simultaneity bias due to the joint release of
CO2 and co-pollutants when burning carbon, we follow
the standard approach and estimate 2SLS versions of
this equation, instrumenting CO2 with its first lag.
• We also present the results of the weak instruments
test by Montiel Olea and Pflueger (2013) that is
suitable for clustered errors. A value of above 10 allows
rejecting the null hypothesis of weak instruments.
• We further report the confidence sets based on the
Anderson-Rubin statistic (Anderson and Rubin 1949)
that are robust to weak identification and efficient in
the just-identified case.

Baseline results
• We present
results from
different
models and
samples.
• A 1% change in
CO2 emissions
at the facilitylevel is
associated with
roughly a 1.0%
change in the
same direction
in emissions of
SOX, 0.9% of
NOX, and
around 0.7% of
PM10.

Baseline results – Heterogeneity by
economic activity
• We assess how co-pollutant elasticities vary by
economic sectors.
• We find substantial variations across activities,
with relatively high elasticities in electricity
production for all co-pollutants.

– Approximately 1.6 for SOX, 1.0 for NOX, and 1.0 for
PM10.
– The production of electricity is also the most
important activity with respect to total CO2 emissions.

• For NOX we also find high co-pollutant elasticities
for the extraction of crude petroleum.

Part 2: Climate policy induced co-pollutant
elasticities in electricity production
• For policy makers, climate policy induced co-pollutant
elasticities might be most relevant.
• Thus, we limit the variation in CO2 emissions to those
induced by changes in climate policy.
• We estimate a two-stage least squares (2SLS)
specification, where CO2 is instrumented with changes
in environmental policy stringency that target CO2
emissions.
– We use the following subcategories of the OECD
Environmental Policy Stringency Index, that are typically
classified as climate policies: i.) trading schemes for CO2,
ii.) trading schemes for renewable energy, iii.) trading
schemes for energy efficiency, iv.) taxes on CO2, v.) feed-in
tariffs for solar, and vi.) feed-in tariffs for wind.

Assessing if climate policies are suitable
instruments
• Are instruments able
to explain CO2?
• Different models
with and without
controls for GDP
(due to Great
Recession in years
2007-2009).
• Note: Climate
policies indicators
are only constructed
for energy sector.
Thus, specifications
include year FE but
no year-by-sector-bycountry FE like
before.

Results: Climate policy induced co-pollutant
elasticities in electricity production
• Baseline 2SLS
models return low
FEff values (1 and
2)
• Following the
approach of
Belloni et al.
(2014), we add to
list of instruments
interactions,
squared and cubic
terms, and lags (36).
• We then also
control for copollutants
regulation (4 to 6)

Results: Climate policy induced co-pollutant
elasticities in electricity production cont.
• Comparing these results with the unit elasticity assumption
applied in many studies, for the SOx-sample we find that all
of the estimates allow ruling out a unit elasticity at the 10%
significance level, and all but one also at the 5% level.
• For the other pollutants, the estimates do not allow ruling
out a unit elasticity.
• This suggests that the unit elasticity assumption might be a
reasonably close approximation for NOx and PM10, but that
it significantly underestimates the co-pollutant elasticity for
sulfur oxides.
• Since SOx has by far the highest monetized air-quality cobenefits per ton of carbon emissions, these findings suggest
that assuming a unit elasticity can lead to a substantial
underestimation of air quality co-benefits.

Monetizing air quality co-benefits
• To compute monetary estimates of human health
benefits from reduced co-pollutant emissions per ton
of CO2 emission, we use a low measure and a high
measure of the average damage costs per ton of
industrial point-source emissions in the EU (in 2005
EUR).
• These measures were estimated by the EEA (2014)
using the E-PRTR dataset, based on a pathway-impact
model of exposure and health damages, monetized by
means of the official value of statistical life or value of
a statistical life year.

Monetizing air quality co-benefits
cont.

•
•
•

•

We use the lowest climate policy estimate for these calculations, which thus might
be seen as a conservative estimate.
The joint magnitude of these benefits is 46 to 132 EUR/tCO2, with SOX accounting
for more than 70% of the total.
For comparison, the EEA (2014a) estimates the climate damage costs from CO2
emissions to range from 10 to 38 EUR/tCO2 (in 2005 EUR). The monetized air
quality co-benefits therefore amount to 120% to 1,320% of this estimate of CO2
climate damage costs.
Conclusion: These results suggest that substantially higher carbon prices can be
justified based on air quality co-benefits alone, independent of climate benefits.

Thank you!

