The air guality co-benefits of US clean energy and climate change policies

Rebecca Saari (saarir@mit.edu)?, Sebastian Rausch (srausch@ethz.ch)?, Tammy Thompson (tammyt@mit.edu)3, Noelle Selin (selin@mit.edu)?

L Engineering Systems Division, Massachusetts Institute of Technology <2 ETH Zurich SColorado State University CIRA

1. Clean energy and clean air 4. The key drivers of air quality co-benefits 5. Conclusions

F‘@Rv %%D Sustainable policy for clean energy and clean air in a changing climate Effect of Policies on Pollutant Emissions Air quality co-benefits are high for both policies, and seem to justify a CAT
In his State of the Union address, President Obama called for policies to Each policy affects the output of polluting sectors. Though the total changes are similar, the Air quality co-benefits alone are able to offset the costs of a CAT under most scenarios
mitigate climate change, reduce pollution, transition to clean energy, and drive location and timing of these emissions are important in determining the final atmospheric considered. Though a CES has higher total air quality benefits, it also has higher costs because
strong economic growth. Climate change, air pollution, and clean energy are concentrations. For the CES, these changes are more focused on areas near electric generating it restricts abatement to one sector. Co-benefits can offset a significant fraction of costs of both
grand sustainability challenges and are intimately linked. This work is part of a units, whereas for the CAT the reductions are spread more uniformly.4 policies.

growing literature to understand those links.

ON CLIMATE.

Compounding and indirect effects can be important components of co-benefits

Percent Emissions Change by

Sensitivity Analysis Pollutant in 2030

NO, CO SO, VOC NH; These effects can be important, and regulatory evaluations do not include them. Our estimates

Will clean energy and climate mitigation Colleagues assessed the impact of Clean Energy Standard | -106%| -101%| -124%| -101%| -101% are conservative as we do not account for environmental preferences, which previous work

change the air? high economic growth, readiness of Cap and Trade ~103%| -101%]| -110%]| -101%| -100% shows can cause a 12-49% underestimation of benefits.13 Challenges remain in valuing air
renewables, transportation efficiency, Both policies reduce pollutants. CES removes more SO.. quality as a public good and in representing preferences for environmental quality.

Here we examine the impacts of energy and . . . and baseline emissions. The effect on . . . . .

climate policy on air pollution. We wonder Can air quality co- = the total emissions were small. For example, reductions in NOx across scenarios for the CES Choice of economic valuation method can determine whether co-benefits exceed costs

whether air quality benefits alone can overcome benefits justify /7 were 104 to 107%.4 . . .

the costs of these policies. Many claim they can, climate or ener V 1 !Vlal_‘ket-based valuat_|ons leads to the §ma|lest _co-beneflts estlmatlzes, as well as the s_.mallest

but we need to better understand the drivers , &Y Effect of Compounding and Indirect Economic Effects indirect effects. Adding some WTP estimates yields greater benefits with greater indirect effects.

and uncertainties of these co-benefits to forge a policy? | The full WTP valuation approach yields the highest co-benefits, but is not resource constrained.

sustainable path.1’2’3 Typ|ca| environmental benefits Cumulative Air Quality Co-Benefits of Our co-benefits estimates are conservative
assessments will assess benefits in a c Clean Energy Standard (DRAFT)

. . . . ~ single year. § ~ =00 We do not value air quality as a public good, nor do we allow preferences for air quality to
2 . Wh at faCtO I'S d rrive alr q U al |ty CO 'b e EfItS : _ @ ¥ 400 interact with preferences for market goods. We focus on health-related impacts, and exclude
Our work assesses impacts every year, X = effects from pollutants other than ozone and fine particulate matter, damages to ecosystems,
so that a change, e.g., in productivity or oo 300 - materials. and crops.
i i . . . . . . TT ' p
- Scientists agree that the air quality co-benefits of clean energy and climate policy will investment, in one year will have indirect 5 n 200 1 ) ] ]
be important. They estimate $2-196 in co-benefits per ton of CO, avoided.? effects that compound into future years. v Q 100 - More work is needed to explore key drivers of co-benefits
- - - - ,E 7.y O i | T | |

. Bl_lt, we do not have a 900d_ understan_dlng of wI_1at factors d_l‘We_ the d|ff_erences in these An illustration of this effect is shown to o 2000 2020 2040 2060 2080 We're concurrently analyzing assumptions of economic growth, availability of low-carbon

estimates. Is it the type of policy? Economic assumptions? Our estimation techniques? the right for the CES. (Error bars = Year substitutes for electricity, transportation efficiency, policy stringency, baseline pollutant

* This poster compares the air quality co-benefits to the costs of two policies, and presents represent 95% CI of health impacts). Co-benefits affect welfare in future years. emissions, and concentration response functions.* We previously examined model resolution.*

the effect of policy type, economic assumptions and valuation techniques on estimates of air

uality co-benefits of a clean energy standard and cap-and-trade program. . . i
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Integrated Assessment Model of Air Quality We use a Computable General Equilibrium (CGE) available, including for 2 Market | Mixed Regulatory Market | Mixed Regulatory
Co-Benefits economic model to estimate the effect of policy on

i i 12 Cap-and-Trad Cl E Standard
emissions, and of air quality impacts on the economy. mortality risk. ApranErirate San EneTgy Stanaer 7 . AC k n OWI ed g m en tS

With simplified production and human behavior, the “Net Co-Benefits (NCB)” are co-

~ ’ ™ model is able to track the many decisions made under benefits minus policy costs. If . Net Co-benefits of CAT are higher than CES This work is partially funded by the U.S. DOE, Office of Science grant DE-FG02-94ER61937
these policy instruments. It has rich detail in the energy oL D¢ nig - ) j M
sector, and is grounded in economic data.> NCB > 1, then co-benefits alone . Both policies have some positive net benefits. an_cl the U.S. EPA STAR program under RD-83427901-0. Thanks to Kyung-Min Nam, John
<Rebound > offset the costs of this policy. - Regulatory valuation method gives highest benefits. Reilly, Ronald Prinn, and Colin Thackray.
Air Quality Model: (Errors based on health impacts).
l We use a 3D high-resolution chemical transport model to C t t M
«—Labor estimate outdoor pollution levels due to emissions. This . . . . . oONtacCc @
< gap‘_ta' model has been validated and used extensively.5 Indirect Effects Colst't"zu“;“ O';_i“c:;re;t IFCO?_om'C gg::f:t: to
ervice i - neri I
3 The market and mixed methods c et Co-Benefits by Policy Type ( ) ,
Health Impacts Model: tible with the CGE S 100 - Rebecca Saari
We use a regulatory health impact model which relates ?r;en‘fgv%qolgl‘i Iareldwclan this ~ccount 0 - | : saarir@mit.edu
- air pollution to health impacts and costs through peer- r - _ GLOBAL'CHANGE _ : :
S reviewed epidemiologic and economic studies.? for cumulative and GE effects, D0 | e— - | http://mit.edu/saarir/www/
unlike the regulatory approach. € o T = Indirect - /7 Massachusetts Avenue,
- Here, we improve this framework to estimate policy costs and co-benefits using consistent The sum of indirect effects 2§ ) _ m Direct A T M@S P H E RI C Cambridge MA 02139
economic assumptions and economic impacts by estimating costs and co-benefits using the CGE compared to direct effects is 8 @ -100 - ‘ ‘ -
model. We track shocks to labor and capital, and demand for health services.8910,11 shown to the right for the CES. 2 Market Mixed Market Mixed 2 C H E M I S T RY
Cap-and-Trade Clean Energy Standard
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