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We will start in a few minutes. 

Two audio options:
1. Listen via computer 

2. Call in to 1-855-210-5748 

Visit Our Website | Sign Up for Our Newsletter | Join our LinkedIn Group 1

https://www.epa.gov/statelocalenergy
https://www.epa.gov/statelocalenergy/state-and-local-energy-newsletters
https://www.linkedin.com/groups/12129811/


How to Participate

Audio
 Computer 

► Audio will begin when the Host signs on
► Tip! Unmute your speakers or headphones

 Phone
► Call in to 1-855-210-5748 
► Tip! Mute your computer speakers to avoid audio feedback 

 Participants are muted
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How to Participate

Question and Answer
 Enter your question in the Q&A box
 Questions will be moderated at the end
 EPA will post responses to unanswered 

questions on the State and Local 
Webinar Series page
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https://www.epa.gov/statelocalenergy/state-and-local-webinar-series


How to Participate

Polling
 We’ll ask several poll questions during the webinar
 On mobile devices or tablets

► Exit full screen mode
► Tap the Poll icon
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Today’s Agenda

 Denise Mulholland
U.S. EPA State and Local Energy and Environment Program

 Joy Morgenstern
California Public Utilities Commission

 Cassandra Kubes
American Council for an Energy-Efficient Economy

 David Abel
University of Wisconsin, The Holloway Group

 Question and Answer Session
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Poll 1
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Methods for Quantifying the Multiple Benefits of 
Energy Efficiency and Renewable Energy: A 
Guide for State and Local Governments

Denise Mulholland
U.S. EPA State and Local 
Energy and Environment 

Program
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EPA’s State and Local Energy and 
Environment Program

Provide tools and 
information resources 

about EE, RE, and 
emerging strategies

Help S&Ls 
meet their 
CAA air quality 
goals

Help S&Ls meet 
their emissions, 
energy, economic, 
and public health 
goals

Support 
decision-
makers

Benefit 
environment 
and public 

health

Save time 
and 

resources

CAA: Clean Air Act
EE: Energy efficiency
RE: Renewable Energy
S&Ls: State and local governments 8



EPA’s Multiple Benefits Guide

 Flagship resource, updated and expanded 
in 2018

 Part One: What, Why and When to 
Quantify Benefits

 Part Two: How to Quantify
► Includes many figures and tables that:

• clearly present methods, tools, and steps to 
quantify benefits, 

• make it easier to understand the process, and/or 
• help analysts compare across methods and tools.

9

Quantifying the Multiple Benefits of Energy Efficiency and Renewable Energy: 
A Guide for State and Local Governments

https://www.epa.gov/statelocalenergy/quantifying-multiple-benefits-energy-efficiency-and-renewable-energy-guide-state


Part ONE: 
What Are the Benefits of Energy Efficiency 
and Renewable Energy? 

10



Part TWO: 
How to Quantify Multiple Benefits?

11GHG: Greenhouse Gas

Step
1

Determine Scope of and Strategy for the Analysis

Key Considerations
• Identifying the purpose, priorities, and constraints
• Understanding the characterization of analytic methods
• Mapping out the strategy for the analysis

Step
2

Determine Direct Electricity Impacts 

Step
3

Quantify the Multiple Benefits From Direct 
Electricity Impacts

Electricity System 
Benefits

• Primary electricity 
system benefits

• Secondary electricity 
system benefits

Emissions and 
Health Benefits

• Air pollutant, GHG 
emissions benefits

• Air quality benefits
• Human health 

benefits

Economic                                                                
Benefits

• Direct economic 
benefits

• Indirect economic 
benefits

Step
4

Use Benefits Information to Support 
Informed Decision-Making

See Part Two, Chapter 1



Map Out The Benefits to Quantify: 
Relationships

12

Each Chapter 
provides:
 Step by step 

instructions
 Range of basic 

to sophisticated 
approaches

 Key 
considerations

 Case Studies
 List of available 

tools, data and 
resources

Benefits 
for today’s 
webinar



Use Flowcharts and Figures in the 
Guide to Navigate the Process
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Step 1

Estimate Direct Electricity Impacts
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Step 2

Quantify Emissions Reductions

Step 3
Estimate Air Quality Changes From 

Reductions

Step 4
Quantify Health and Related Economic 

Effects

EPA Tools For Quantifying 
Emissions Reductions: 
 BASIC level:

Emissions & Generation
Resource Integrated 
Database (eGRID)

 INTERMEDIATE level:
Avoided Emissions and
geneRation Tool (AVERT)

https://www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid
http://www.epa.gov/AVERT


Choose a Method for Quantifying 
Impacts

 Basic, intermediate and/or sophisticated methods are
typically available

 Key considerations when choosing:
► What benefits do you care about and what methods are

available to estimate them?
► What level of rigor is needed?

• e.g., screening-level vs. regulatory impact analysis

► What is the time period of the analysis?
• e.g. short term vs long term, prospective vs retrospective

► What are the data requirements? What data is available?
► What financial costs or technical expertise are required? What’s

available?
14See Part Two, Chapter 1



Compare Method(s) to Evaluate Air 
Quality Changes

Method Description Examples of Example Tools
When to Use

Basic Screening tools based • Short-term analysis • COBRA’s Source-receptor
on a series of model • When time and matrix

• Reduced-form air simulations done with resources are limited • APEEP: Air Pollution Emission
quality models sophisticated models • Screening Experiments and Policy

• AERMOD: American• Short- or long-term Meteorological Society/EPA
Sophisticated analysis;Characterized by Regulatory Model• When detailed
• Dispersion extensive underlying • CAMx: Comprehensive Airestimates of impacts
• Photochemical data and relatively Quality Model with eXtensionson concentrations of
• Receptor complex formulations • CMAQ: Community Multiscaleair pollutants is Air Qualitynecessary • CMB: Chemical Mass Balance

15

 Key considerations when choosing:
► Pollutants of interest, Sources affected, Timeframe, Data availability and

resolution, Geographic scope, Meteorological and topographical complexities
► For more detail, see page 4-26



EPA Tools For Quantifying Health 
Impacts

16

Basic Approaches

 Sector-based Benefit Per Ton
estimates derived based on model
simulations done with sophisticated
models

Sophisticated Approaches

 CO-Benefits Risk Assessment
(COBRA) Health Impacts
Screening and Mapping Tool
estimates and maps the particulate
matter (PM2.5)-related air quality and
health impacts of changes in criteria 
air pollutants

 Benefits Mapping and Analysis
Program (BenMAP-CE) estimates,
monetizes and maps the effects on
numerous health endpoints
associated with changes in ambient
ozone and PM concentrations.

COBRA and BENMAP-CE HEALTH OUTPUTS 

• Mortality
• Chronic and acute bronchitis
• Non-fatal heart attacks
• Respiratory or cardiovascular hospital admissions
• Upper and lower respiratory symptom episodes
• Asthma emergency room visits
• Asthma attacks: Shortness of breath, wheezing, and

coughing
• Minor restricted activity days
• Work loss days

https://www.epa.gov/benmap/reduced-form-tools-calculating-pm25-benefits
http://www.epa.gov/COBRA
http://www.epa.gov/BenMAP


Compare Method(s) to Quantify Health 
Impacts

17

EPA Tool or Factor
Basic Approach Sophisticated 

Approach
Benefit-per-Ton 

Factors
Benefit-per-
kWh Factors

COBRAa BenMAP-
CE

Type of effect 
estimated

Changes in the number of 
health incidences X X
Economic value of 
changes in number of 
health incidences

X X X X

Emissions analyzed
Changes in PM2.5 X X X X
Changes in ozone X

Type of input data 
required

Changes in air pollution 
(e.g., tons) X X
Changes in electricity 
generation (kWh) X
Changes in air quality 
(e.g., μg/m3) X

Level of expertise 
required

Novice X X X
Experienced X X X X

User flexibility

Includes/uses default 
functions and values X X X X
Allows users to change 
assumptions and values X X



Explore Case Studies in the Guide
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Figure 4-6: Cumulative Health Benefits of RGGI, 2009–2014

Source: Analysis of the Public Health Benefits of the Regional Greenhouse Gas Initiative (RGGI), 2009– 2014, Abt Associates, Inc.



Learn About Available Tools & Data 
Resources

19



For More Information About EPA’s 
Program, Tools, and Resources

20

Download the Guide

Denise Mulholland
U.S. Environmental Protection Agency 

Mulholland.Denise@epa.gov

Visit Our Website | Sign Up for Our Newsletter | Join our LinkedIn Group

mailto:Mulholland.Denise@epa.gov
https://www.epa.gov/statelocalenergy
https://www.epa.gov/statelocalenergy/state-and-local-energy-newsletters
https://www.linkedin.com/groups/12129811/
https://www.epa.gov/statelocalenergy/quantifying-multiple-benefits-energy-efficiency-and-renewable-energy-guide-state


Using U.S. EPA’s CO-Benefits Risk Assessment 
model to estimate the value of avoiding criteria 
pollutant emissions

21

Joy Morgenstern
California Public Utilities 

Commission



Using U.S. EPA’s CO-
Benefits Risk 
Assessment model to 
estimate the value of 
avoiding criteria 
pollutant emissions

For more information contact:
Joy Morgenstern, Ph.D.
Senior Regulatory Analyst
California Public Utilities Commission
Joy.Morgenstern@cpuc.ca.gov
415-703-1900

22
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Integrated Distributed Energy 
Resources Proceeding

Goal: Develop a 
consistent, accurate, 
transparent cost-
effectiveness framework 
for all distributed energy 
resources (DERs).

Proposal: Adopt a Societal 
Cost Test, which includes 
a social discount rate, 
social cost of carbon, and 
an air quality adder.

This Photo by Unknown Author is licensed under CC BY

23

http://www.flickr.com/photos/enecomedia/5600325194/
https://creativecommons.org/licenses/by/3.0/


What are DERs?
Anything on the customer 
(demand) side of the meter 
(usually)

Which programs?
• Energy Efficiency
• Low Income Energy Efficiency

(Energy Savings Assistance Program, or ESAP)

• Demand Response
• Distributed Generation/Customer Generation/Net

Energy Metering/Self Generation (Storage, Fuel Cells,
Rooftop Solar, etc.)

• Transportation and Building Electrification

24



Air Quality 
Concerns

25

When we reduce electricity demand
• How much are criteria pollutant 

emissions reduced?
• How much air pollution is reduced?
• What are the impacts of the reduced 

air pollution?
• What is the cost associated with those 

impacts?

This Photo by Unknown Author is licensed under CC BY-NC

http://theglobalfool.com/autism-and-air-pollution-go-together/


Air Quality Adder

• Focuses only on human health-related
effects of decreasing air pollution

• Will be incorporated into the Avoided
Cost Calculator as an additional
avoided cost of DERs

• Avoided Cost Calculator estimates
avoided marginal costs (i.e., what is
the impact of reducing one kWh in any
given hour, based on the marginal unit
of generation)

• Should be different for different
locations and hours

• Difficult to determine actual, direct
impact (i.e., decreasing consumption
could lower emissions at any power
plant)

This Photo by Unknown Author is licensed under CC BY-NC-ND
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http://www.europeanlung.org/lung-disease-and-information/lung-diseases/lung-disease-in-children
https://creativecommons.org/licenses/by-nc-nd/3.0/


Which criteria pollutants, from where, 
and from which type of plants?

• Coal
• Natural gas
• Biomass
• Geothermal

• Nitrogen Oxides (NOx)
• Sulfur Dioxide (SO2)
• Particulate Matter (PM2.5)

• In-state power plants: Which ones?
• Out-of-state power plants (imports):

Where are they?

This Photo by Unknown Author is licensed under CC BY-NC-ND
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https://www.flickr.com/photos/dukeenergy/11441374433
https://creativecommons.org/licenses/by-nc-nd/3.0/


Which databases to use?

Power plant emissions data:
• Emissions & Generation Resource Integrated Database

(eGrid) eGrid (2014 version) [US Environmental Protection
Agency]

• California Emission Inventory Development and Reporting
System (CEIDARs) database [CA Air Resources Board (CARB)]

Supplemental data:
• Quarterly Fuel and Energy Report (QFER) [California Energy

Commission]
• Energy Commission Power Plant ID Cross-Reference table

(part of QFER)

28



Which model to use?

• BenMAP: Environmental Benefits Mapping and
Analysis Program

• COBRA: CO-Benefits Risk Assessment
• AVERT: AVoided Emissions and geneRation Tool
• CARB Pollution Mapping Tool
• CARB Vision for Clean Air Model
• Cal EnviroScreen

This Photo by Unknown Author is licensed under CC BY

29

http://www.flickr.com/photos/faircompanies/2185268888/
https://creativecommons.org/licenses/by/3.0/


How to sum the data?

• Emissions:
• Total or Adjusted*?
• Total, only in-state, only by

regulated Investor-owned
Utilities (IOUs)?

• Generation:
• Total or Adjusted*?
• Total, only in-state, only by

regulated IOUs, only by
emitters?

This Photo by Unknown Author is licensed under CC BY-NC-ND

* Adjusted by multiplying emissions and generation by non-baseload factor
30

http://mariposasenelarcoirissiempre.blogspot.com/2012/10/gestion-de-las-emociones-semaforos_17.html
https://creativecommons.org/licenses/by-nc-nd/3.0/


Assumptions and Steps

• First run: used 2014 eGrid (SO2 and NOx only) in COBRA with 3%
discount rate and all statewide power plants.  Initial results of
$1.67 to $3.77/MWh; about 65% attributable to SO2

• About half of the SO2 emissions from 4 coal plants; 3
have been shut down since 2014

• Updated 2014 eGrid data, using QFER, to
eliminate all decommissioned plants

• Added PM2.5 emissions from CEIDARS

• Used adjusted emissions and
generation; generation limited to in-
state emitters 31



Results

• Results of $2.64
to $5.97/MWh;
chose high end
and rounded

• Proposed Interim
Air Quality Adder
of $6/MWh (0.6
¢/kWh)

Table 3: 2017 Avoided Human Health Costs of 
1 GWh Reduction in Electricity Generation*

Total Health Benefits (low estimate) $2,638.07 
Total Health Benefits (high estimate) $5,964.78 
Mortality (low estimate) $2,594.11 
Mortality (high estimate) $5,887.68 
Infant Mortality $6.38 
Nonfatal Heart Attacks (low estimate) $4.00 
Nonfatal Heart Attacks (high estimate) $37.13 
Hospital Admits, All Respiratory $2.00 
Hospital Admits, Cardiovascular (except heart attacks) $3.25 
Acute Bronchitis $0.27 
Upper Respiratory Symptoms $0.34 
Lower Respiratory Symptoms $0.01 
Emergency Room Visits, Asthma $0.15 
Minor Restricted Activity Days $0.00 
Work Loss Days $0.07 
Asthma Exacerbation $19.24 
*Includes only in-state non-zero emissions generation, adjusted for marginal generation.  Results
are in $2017 and represent the value per GWh of emissions reductions

32



Outcomes and 
Impacts

• Proposed Commission decision to 
adopt a Societal Cost Test with an 
interim Air Quality Adder

• Interim value allows us to:
• Better understand the impact of 

reducing electricity consumption
• See the extent to which we might plan 

or procure electric resources differently 
when we consider air pollution 
reductions

• Will likely be more significant in 
future for electrification programs

This Photo by Unknown Author is licensed under CC BY-SA
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http://research.blogs.lincoln.ac.uk/2011/01/31/research-councils-outcomes-and-impacts-to-be-collected-after-funding-ends/
https://creativecommons.org/licenses/by-sa/3.0/


Challenges
• Inconsistent and old data
• How to account for imported electricity
• How to determine and account for when clean energy 

resources (hydro, renewable portfolio standard) are on 
the margin

• How to account for electrification (load-building)

• Statewide value 
has limited 
usefulness; air 
pollution levels 
vary widely across 
the state

This Photo by Unknown Author is licensed under CC BY-SA

34

https://en.wikipedia.org/wiki/Pollution_in_California
https://creativecommons.org/licenses/by-sa/3.0/


Lessons Learned

• More in-depth study needed that 
uses local air quality models and 
more accurate data, possibly 
using BenMAP

• Determining relationship 
between DERs and actual power 
plant reductions is difficult, if not 
impossible

• Need to determine local impacts
• May need to change methods or 

assumptions for electrification
• Need to determine emissions 

from biomass and geothermal 
• Need to take into account 

changes in plant dispatch

35



For more information contact:
Joy Morgenstern, Ph.D.
Senior Regulatory Analyst
California Public Utilities Commission
Joy.Morgenstern@cpuc.ca.gov
415-703-1900

36

mailto:Joy.Morgenstern@cpuc.ca.gov


Poll 2
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Cassandra Kubes
American Council for an 

Energy-Efficiency Economy

Saving Energy, Saving Lives: 
The Health Impacts of Avoiding Power Plant 
Pollution with Energy Efficiency

38



Saving Energy, Saving Lives: 
The Health Impacts of Avoiding Power 
Plant Pollution with Energy Efficiency

EPA Webinar: Quantifying Health Benefits of Energy Efficiency & 
Renewables 

Cassandra Kubes, Research Manager, Health and Environment, ACEEE

May 16, 2019 



The American Council for an Energy-Efficient Economy (ACEEE) is a 
nonprofit 501(c)(3) founded in 1980. We act as a catalyst to advance 
energy efficiency policies, programs, technologies, investments, & 
behaviors.

Our research explores economic impacts, financing options, behavior 
changes, program design, and utility planning, as well as US national, 
state, & local policy.

Our work is made possible by foundation funding, contracts, 
government grants, and conference revenue.



Agenda

• Energy efficiency (EE) overview 
• Environmental and health effects of EE 
• Overview of analysis 
• Methodology 
• Results

41



Energy Efficiency Improves Public Health  

• EE is achieved when outdated practices and 
technologies are replaced with new, less wasteful 
approaches. 

• Long history of federal, state, and local governments 
implementing programs and policies to save energy. 

• By saving energy in buildings and making vehicles 
more fuel efficient, we burn less fossil fuel and 
reduce the pollutants they emit, resulting in 
substantial environmental and health benefits.

42
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Health Effects of Fossil Fuel Pollutants 

44
Source: Energy Efficiency (ACEEE)

http://aceee.org/sites/default/files/ee-health-1008.pdf


Source: Mapping how the United States generates its electricity (Washington Post)
45

https://www.washingtonpost.com/graphics/national/power-plants/?utm_term=.bd46236fb569


Saving Energy, Saving Lives
46

https://aceee.org/research-report/h1801


Methodology

• Applied a 15% reduction in annual electric 
consumption evenly across the country. 

• Estimated emission reductions from power plants 
using EPA’s AVoided Emissions and geneRation
Tool (AVERT).

• Entered emission reductions for more than 3,000 
counties into EPA’s CO-Benefits Risk Assessment 
(COBRA) model to quantify the health harms 
avoided by our energy efficiency scenario. 

47
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Top 15 states by 
avoided annual health 
harms, low and high 
range (US$)
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Top 15 states by 
avoided health harms 
per capita, low and 
high range (US$)
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Top 15 cities by 
avoided annual health 
harms, low and high 
range (US$)
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Top 15 cities by 
avoided health harms 
per capita, low and 
high range (US$)
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Using the Results 

• Communicating the value of energy efficiency 
programs and policies to government 
decisionmakers. 

• Describing the significance of energy efficiency to 
health professionals. 

• Understanding opportunities for energy efficiency 
to improve public health for those most vulnerable. 

53



Thank you

Cassandra Kubes
ACEEE

mailto:ckubes@aceee.org


David Abel
University of Wisconsin

The Holloway Group

Quantifying the Air Quality and Health Benefits of 
Power Sector Transitions
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Quantifying the Air Quality
and Health Benefits of Power 

Sector Transitions

David Abel, PhD
University of Wisconsin – Madison

Nelson Institute for Environmental Studies
The Holloway Group

Webinar: Quantifying Health Benefits of 
Energy Efficiency & Renewables

May 16, 2019
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Thank You to All Sources of Support and Collaborators

• The Wes and Ankie Foell Energy Analysis 
and Policy Graduate Award

• The George Bunn Wisconsin 
Distinguished Graduate Fellowship

• The Office of the Vice Chancellor for 
Research and Graduate Education at the 
University of Wisconsin – Madison with 
funding from the Wisconsin Alumni 
Research Foundation

• The National Aeronautics and Space 
Administration (NASA)  Health and Air 
Quality Applied Sciences Team (HAQAST)

• The UW Global Health Institute’s 
Graduate Research Award

• COWS (High-Road Policy Think-and-Do 
Tank)

Special thanks to Advisor: 
Tracey Holloway

• Monica Harkey
• Paul Meier
• Doug Ahl
• Jonathan Patz
• Vijay Limaye
• Arber Rrushaj
• Greg Brinkman
• Phillip Duran
• Mark Janssen
• Paul Denholm

• Javier 
Martinez-
Santos

• Lena Tao
• Sara Hayes
• Cassandra 

Kubes
• Stacie Reese
• Josh Arnold
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Climate/Weather Energy Efficiency Renewable Energy Health

Buildings Electricity Emissions Air Quality
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RESEARCH QUESTIONS & POLICY 
OBJECTIVES

1. Can we improve understanding of the 
interactions between energy, air, climate,

and health?
 

2. Can we identify and quantify cost-
effective win-win solutions?



“Ambient 
Concentration”

Fine 
Particulate 

Matter (PM2.5)
Ozone (O3)

Carbon Dioxide (CO2)

Sulfur Dioxide (SO2)
Nitrogen Oxides (NOX)

“Emissions”

Slide adapted from Tracey Holloway



Why Care?

• $50 Billion/year achieving U.S. 
clean air standards

• ≈30:1 return in U.S. health 
benefits

• ≈100,000 deaths/year in the 
U.S.

• 4th highest risk factor for 
death globally, ≈7 million 
deaths/year

• 91% exposed to unhealthy 
pollution above World Health 
Organization air quality 
guidelines globally.

World Health Organization | Air Pollution 61GBD Compare EPA | Progress Cleaning the Air and Improving People's Health

https://vizhub.healthdata.org/gbd-compare/
https://www.epa.gov/clean-air-act-overview/progress-cleaning-air-and-improving-peoples-health
https://www.who.int/airpollution/en/


Why Care?

• $50 Billion/year achieving U.S. 
clean air standards

• ≈30:1 return in U.S. health 
benefits

• ≈100,000 deaths/year in the 
U.S.

• 4th highest risk factor for 
death globally, ≈7 million 
deaths/year

• 91% exposed to unhealthy 
pollution above World Health 
Organization air quality 
guidelines globally.
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Lamsal et al., NASA Ozone Monitoring Instrument (OMI), Aura Satellite

World Health Organization | Air Pollution GBD Compare EPA | Progress Cleaning the Air and Improving People's Health

https://vizhub.healthdata.org/gbd-compare/
https://www.epa.gov/clean-air-act-overview/progress-cleaning-air-and-improving-peoples-health
https://www.who.int/airpollution/en/
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What is the impact of  12% Energy 
efficiency nationwide?

Abel et al., 2019 ES&T
64



National Summertime 
Displacement:

Gen: 91.7 TWh (11.9%)
NOX: 44.8 kt (13.2%)
SO2: 56.2 kt (12.6%)
CO2: 64.5 Mt (11.6%)

Displaced Emissions Rate:

NOX: 0.49 kg/MWh
SO2: 0.61 kg/MWh
CO2: 0.70 tonnes/MWh

NOX

CO2

Abel et al., 2019 ES&T 65



Chemical Transport Modeling

Source: U.S. EPA | Overview of Science Processes in CMAQ
66

https://www.epa.gov/cmaq/overview-science-processes-cmaq


Chemical Transport Modeling

Chemical 
Production

Chemical 
Destruction

Inflow Outflow

Emissions Deposition

Meteorology
Topography
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45 (6.2%) Non-Attainment 
Counties Gain Compliance

In those counties,
Avg. 1.107ppb change
Avg. 1.49 less days 
exceedance
Max 2.871ppb change and 
4 less exceedances

Overall, 0.179 less 
exceedance days on 
average by county

68
Abel et al., 2019 ES&T



Pollutant Change Population Baseline Incidence

Effect 
Estimate

Health 
Impact

Monetized 
Impacts

69
U.S. EPA |How BenMAP-CE Estimates the Health and Economic Effects of Air 
Pollution

New York Time | The Mother Who Wants to Put Air Pollution on Her 
Daughter’s Death Certificate

https://www.nytimes.com/2019/02/13/opinion/ella-kissi-debrah-pollution-london.html
https://www.epa.gov/benmap/how-benmap-ce-estimates-health-and-economic-effects-air-pollution


PM2.5 Mortality O3 Mortality
300 deaths (60-
580)

173 deaths 
(101-244)

$2.8 billion 
($0.1-$9.3) 

$1.6 billion 
($0.1-$4.5)

Average of 13 
studies

Average of 3 
studies

$0.031/kWh $0.018/kWh

O3

PM2.5

Based on Levy et al., 2005

Based on Krewski et al., 2009

Nearly 50% of 
typical retail 
prices

Abel et al., 2019 ES&T
70



What would be 
the air quality 

and health 
benefits of 

pursuing 100% 
renewable 

operations in 
Madison, WI?

71



100% Renewable Madison will save 
dollars and lives through reductions 
in air pollution

Changes to City Operations
$14‐$18  Annually Per Capita

0

1

2

3

4

5

Million Annually

$3.5 - $4.7 Million in Regional 
Benefits

2020 2040
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100% Renewable Madison will save 
dollars and lives through reductions 
in air pollution

Changes to City Operations

25‐32 work‐loss days avoided 
per year

73

150‐190 mild reduced‐activity 
days avoided per year

One avoided premature death 
every 2‐3 years



100% Renewable Madison will save 
dollars and lives through reductions 
in air pollution

“A significant portion of the benefits are from emissions avoided through 
investment in Renewable Energy Credits (RECs), and thus the RECs should 
be purchased from sources within the regional electric grid whenever 
possible to maximize the benefit to Madison residents.” 

Future studies to account for additional criteria pollutants and sources are 
warranted.
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Research Question:

Wisconsin spends billions of dollars to import 
energy each year. If the state were to eliminate this 
cost by supplying 100% of its energy in-state, what 
would the effect be on the environment, economy, 

workforce, and health?

76



Emissions
Benefits:

Avoided CO2:
95.6 Mt

$4.6B at $42/ton

Avoided Air Pollution 
(PM2.5) Damages:

92.5% SO2
95% NOX

28.5% PM2.5

$18.2B based on EPA’s 
Benefits-per-Ton study

Estimated $2.9B in O3
benefits

Emissions and Health Savings (# cases unless 
otherwise specified)

TOTAL

Health Savings (Billion $2015) 18.2
Emissions (thousand tonnes in 2017) 274

Adult Mortality 1,910
Respiratory ER Visits 650

Acute Bronchitis 1,580
Lower Respiratory Symptoms 20,200
Upper Respiratory Symptoms 29,200
Minor Restricted Activity Days 873,000

Work Loss Days 148,000
Asthma Exacerbation 34,400

Cardiovascular Hospital Admissions 290
Respiratory Hospital Admissions 280

Non-Fatal Heart Attacks 650
Estimated Ozone Savings (Billion $2015) 2.9
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1. Interdisciplinary computer models of 
varying complexity are useful for 

analyzing energy, air, climate, and health.

2. Cost-effective solutions for energy, air, 
climate, and health management exist
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THANK YOU

David Abel, PhD
davidwabel.abel@gmail.com

mailto:davidwabel.abel@gmail.com


Poll 3

80



Question and Answer 
Session
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Part 3: Quantifying Economic 
Benefits of Energy Efficiency 

and Renewable Energy
Coming soon!

Sign-up for our Webinar Newsletter

Upcoming Webinar!
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https://www.epa.gov/statelocalenergy/forms/state-energy-webinar-series-update


Connect with the State and Local 
Energy and Environment  Program
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Webinar Feedback Form

Denise Mulholland
U.S. Environmental Protection Agency 

Mulholland.Denise@epa.gov

Visit Our Website | Sign Up for Our Newsletter | Join our LinkedIn Group

https://www.surveygizmo.com/s3/4602071/EPA-Webinar-Feedback
mailto:Mulholland.Denise@epa.gov
https://www.epa.gov/statelocalenergy
https://www.epa.gov/statelocalenergy/state-and-local-energy-newsletters
https://www.linkedin.com/groups/12129811/
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