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Overview of AVERT Development for Energy
M&T Efficiency (EE), Renewable Energy (RE), and
Electric Vehicle (EV) Programs

* AVERT (AVoided Emissions and geneRation Tool) translates the
impacts of EE, RE, EVs, and other energy policies and programs into
emission impacts (PM, ., NO,, SO,, CO,, VOCs, and NH,).

— It aims to address a key reason states have not implemented previous
EE/RE State Implementation Plan (SIP) guidance.

* AVERT has been thoroughly reviewed, well documented, and
tested. EPA has:
— Conducted multiple external and internal peer reviews.

— Benchmarked AVERT against industry standard electric power sector
model — PROSYM.

— Worked with states to beta-tested tool for functionality, appropriate uses,
and clarity of user manual.

* AVERT was first released in 2014 and is built to be:
— User friendly
— Transparent
— Credible

<EPA

For more information on EPA’s EE/RE SIP Roadmap visit: https://www.epa.gov/energy-efficiency-and-
renewable-energy-sips-and-tips/enerqgy-efficiencyrenewable-energy-roadmap.



https://www.epa.gov/energy-efficiency-and-renewable-energy-sips-and-tips/energy-efficiencyrenewable-energy-roadmap
https://www.epa.gov/energy-efficiency-and-renewable-energy-sips-and-tips/energy-efficiencyrenewable-energy-roadmap
https://www.epa.gov/energy-efficiency-and-renewable-energy-sips-and-tips/energy-efficiencyrenewable-energy-roadmap

VKT AVERT’s Evolution

d geneRation
Wik.2pa,gov/aver

2014 * Initial release of AVERT with data for CO,, NOy, and SO.,.
2015
2016

Published first paper comparing emissions from AVERT regions
and EE/RE resources.

Extensive training and outreach, including video tutorials.

* Addressed net vs. gross considerations by accounting for parasitic
load and transmission and distribution line loss.

2017 C} * Added PM, ;.

* Generated emission rates to support quick analyses.

Ongoing
* Added compatibility with EPA's COBRA tool. < e
2018 (} * Launch of web-based AVERT. IS
* Annual data
2019 ()_ . U.pdgteq AVERT to provide year-specific 'transmission and updates
distribution loss factors from EIA generation and sales data. * Enhancements

* Revised AVERT regions to reflect the modern electric grid. * Compatibility
2020 O » Added offshore wind and scaleable RE capacity factors. updates

* Added statewide analysis function (web AVERT only).

* Annual data updates, including newer source data and capacity

2021 ()_ factors.
* Added VOCs and NHs.

2022 (>_ . }An?ual data updates, including newer source data and capacity
actors.

S EPA * Added capability to model the impact of electric vehicles.
i 2023 ()_ * Added new summary outputs, including vehicle emission changes

and references to long-run marginal emission rates.




Emission Quantification Methods
Basic to Sophisticated

Basic Method

eGRID region non-
baseload emission rates

@
ceGRID=*

Intermediate Method
Historical hourly
emission rates

Avoided Emissions and ger.eRaTiar%

Wi epa.gov/avert

Sophisticated Method
Energy modeling
Dispatch or capacity

expansion
_ Economic
EnV|ropmentaI parameters
regulations
End use
demand
Fuel o
data Emission
rates

Technologies  User-defined
constraints
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Applications for AVERT-Calculated
Emissions

SIP credit in a state’s National Ambient Air Quality
Standard (NAAQS) Clean Air Act Plan

— EE and RE only, not suitable for vehicles

Compare emission impacts of varying levels of energy
programs, projects, and policies

Calculate emission reductions in your state or county
using AVERT’s web-based edition

Use AVERT-generated emission rates to estimate
magnitude of emission reductions without running the
tool

— Six categories include offshore and onshore wind, rooftop- and
utility-scale solar, portfolio EE, and uniform EE programs

This is not a long-term projection tool

— To conduct analysis more than five years from the baseline,
users must use AVERT’s statistical module and future year
scenario template
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How AVERT Has Been Used

100+ citations as of spring 2023 The Clean Air Benefits of
Wind Energy

— - _ANALYSIS L
The climate and air-quality benefits of wind and
astes bower tr the Unfiod Sintes L Reports and analyses
Dwe Midintew * Byom Woner Mart o Gaton BarSese b -y S
;-_:-.::-_-:_..-—-;_—_—:_-—_—:-_-::.-:-_'-_—_--: M“ﬂ the Smart Grid tqu ‘ '
e % “Climate Change Mitigatio p :
——— -‘..‘ - Busiding and Envwonment
=" ) . Emissions Impact Estimat
W for Smart Grid Projects
’ Energy savings and emissions reductions

associated with increased nsulation for new homes ;______ . A0 !

in the United States D e

-

Peer-reviewed papers

<EPA

..and more

Environmental Research Letters
Environmental Science and
Technology

Nature Energy

Journal of Industrial Ecology
Energy Policy




<N Examples Using AVERT

*  Cost-Effectiveness Analysis for ASHRAE 90.1-2019 — Multiple States (Pacific
Northwest National Laboratory, 2021)

* Climate and Health Benefits of Increasing Renewable Energy Deployment in
the United States (Buonocore et al., 2019)

* Potential Air Quality Benefits from Increased Solar Photovoltaic Electricity
Generation in the Eastern United States (Abel et al., 2017)

* The Health and Environmental Benefits of Wind and Solar Energy in the
United States, 2007-2015 (LBNL, January 2017)

* Electric Vehicles and Air Quality (North Carolina Department of
Environmental Quality and the South Carolina Energy Office)

* Carbon Reductions and Health Co-benefits from U.S. Residential Energy
Efficiency Measures (Levy et al., 2016)

* Renewable Portfolio Standard (RPS) Benefits Report (LBNL and NREL, January
2016)

* U.S. EPA’s Ozone Advance Program - Clark County, NV’s Paths Forward

* Assessing Emission Benefits of Renewable Energy and Energy Efficiency
Programs (U.S. EPA, April 2015)

* Maine Distributed Solar Valuation Study (Maine PUC, March 2015)
¢ CarbonCount™ Green Bonds Scores (Alliance to Save Energy, March 2015)

<EPA


https://www.energycodes.gov/technical-assistance/publications
https://www.energycodes.gov/technical-assistance/publications
https://iopscience.iop.org/article/10.1088/1748-9326/ab49bc/pdf
https://www.sciencedirect.com/science/article/pii/S1352231017308105
https://emp.lbl.gov/publications/health-and-environmental-benefits
https://www.advancedenergy.org/wp-content/uploads/2016/12/EV_to_Air-Quality-003.pdf
https://www.advancedenergy.org/wp-content/uploads/2016/12/EV_to_Air-Quality-003.pdf
http://iopscience.iop.org/article/10.1088/1748-9326/11/3/034017/meta
https://emp.lbl.gov/sites/all/files/lbnl-1003961.pdf
https://emp.lbl.gov/sites/all/files/lbnl-1003961.pdf
https://www.epa.gov/advance/program-participants-nevada
https://www3.epa.gov/ttn/chief/conference/ei21/session9/deyoung.pdf
http://www.maine.gov/tools/whatsnew/attach.php?id=639056&an=1
https://www.ase.org/sites/ase.org/files/carboncounttm_paper_.pdf

V¥ How AVERT Works

* AVERT’s Main Module simulates the hourly changes in
generation and air emissions (PM, , NO,, SO,, CO,,
VOCs, and NH,) at EGUs resulting from EE, RE, EVs,
and other energy policies and programs.

* User input: MWhs saved from energy programs, wind
and solar generation (MW), or number of EVs and
location of EV deployment

— Multiple options are built into the tool

— Users can manually enter hourly impact data

* User can retire, add and change emission rates of EGU

and re-run simulation using AVERT’s Future Year
SEPA  Scenario Template and Statistical Module.



AVERT’s Modules and Data Files

Raw Hourly
Generation and
Emissions Data from
Air Markets Program
(AMP) Dataset

Text files

Future Year Scenario
Template

User interface for
retirements, additions,
and retrofits

AVERT
Statistical
Module

Inputs AMP
data, performs
statistical
analysis, outputs
new Regional
Data Files

Excel workbook

MATLAB code

Regional Data
Files

Contain annual
hourly load data
and unit-level
statistics on
generation and
emissions data

Text files

AVERT Main
Module

User interface
for creating
energy policy
load curves,
performing
analyses of
emissions
changes, and
creating output
charts and tables

Excel workbook or
web-based version

Most users will only need to use the Regional Data Files and AVERT Main
Module to calculate emissions. The web version of the Main Module provides
similar functionality without the need to download any files or software.




<M AVERT’s Data Driven Analysis

* AVERT uses a data-driven analysis to distinguish
which EGUs respond to marginal changes in load.
— AVERT analyzes EGU datasets from EPA’s Air Markets and

Program Data (hourly, unit-by-unit generation and
emissions).

* Dataset includes EGUs with capacity of 25 MW or
greater.

* Supplemented with PM, ¢, VOCs, and NH; data from
EPA’s National Emissions Inventory.

— AVERT’s Statistical Module gathers statistics on EGU
operations under specific load conditions, and then
replicates changes through a Monte Carlo analysis.

— AVERT’s Regional Data Files contain hourly and unit-level

emissions and generation data.

<EPA

10
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AVERT Main Module

11



AVERT AVERT’s Web-Based Main Module

Select Geography

Select Region Select State

* Users can choose between
’s Excel-based '
AV E RT S XC e a S e Ve rs I O n AVERT splits the contiguous 48 states into 14 independent electricity regions. AVERT
. . regions are organized by one or more balancing authorities. Select a region for analysis
by eith he dropd licking th . Sel loads th
or the web edition power plants aperating within each reglon n regon-<peclfic wind and Sola capaciy
data.

* In 2018, EPA released St a2

AVERT’s web-based version

— The online platform allows Noriwest

users to quickly estimate A TS
. .
energy program impacts using Carons

current year dataset e e

[Floridal

— Users can enter standard
energy settings

The online version of AVERT completes analyses using 2019 emissions and generation data. The Excel
version of AVERT (available for download here) allows analyses for years 2017-2019 or for a future

— Results are shown in graphical ==
form and savable formats

SEPA AIIO.WS statewide multi- www.epa.gov/avert/avert-web-edition
region runs 12



https://www.epa.gov/avert/avert-web-edition

<EPA

AVERT’s Excel-Based Main Module

Step-by-Step Overview

Enabling Macros

Using AVERT

Step 1. Load Regional Data File
Step 2. Set Energy Scenario
Step 3. Run Scenario

Step 4. Display Results

13



_am AVERT’s Excel-Based Main Module
=% Enabling Macros

* In Windows, AVERT is compatible with Excel
2007 or newer versions.

* On a Mac, AVERT is compatible with Excel 2011
or newer versions.

— Only the Main Module has been optimized for Mac.
Other components (e.g., the Statistical Module)
require Windows.

* You may want to revert to the default macro
settings after using the model. Enabling macros
in other Excel files may allow potentially

wEPA dangerous code to run.

14
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AVERT’s Excel-Based Main Module

icded Emissions and geneRation Tool
W epa gov/avert

AVERT

In Excel 2010 or
newer, click File >
Options

| Save
Save As
55 Open
[ Close

Recent

Mew

Print

Save & Send

Hel

<EPA

Enabling Macros in Windows*

Next, click Trust Center > Trust Center Settings > Macro
Settings > Enable all macros

Excel Options

General

Formulas
Proofing

Save

Language
Advanced
Customize Ribbon

Quick Access Toolbar

#Rdd-Ins ~

~—

Trust Center >

@ Help keep your documents safe and your computer secure and healthy.

Protecting your privacy

Microsoft cares about your privacy. For more information about how Microsoft Excel helps to protect your privacy, please
see the privacy statements.
Show the Microsoft Excel privacy statement
Office.com privacy statement
Customer Experience

Program

Security & more
Learn more about protecting your privacy and security fram Office.com.

Microsoft Trustworthy Computing
Microsoft Excel Trust Center

The Trust Center contains security and privacy settings. These settings help keep yo
computer secure, We recommend that you do not change these settings.

Trust Center

¥ AutoSum - A
7

IR

[#] Fin -
ormat  Cell | Insert Delete Format sc
Table - Styles - = & Clear~ Fil
les Cells Editing
D E F G H

Trust Center Settings...

Trusted Publish

rusted Publishers FRr—
Trusted Locations R
() Disable all macros without natification

Trusted Documents ) Disable all macros with notification

Add-ins macros except digitally signed macros

@ Enable all macros (not recommended; potentially dangerous code can runj

Macro Seting

5 Macro Settings

Message Bar

Trust access to the VBA project object model

External Content

File Block Settings

*If using Excel 2007, click the Microsoft Office Button: (93 .
*If using Excel on a Mac, select “Enable macros” in the dialog box that appears when opening the file.

15



A AVERT’s Excel-Based Main Module

Using AVERT

* Add details about the user, the date, and the energy
program for which impacts are to be estimated.

Click on the button labeled “Click here to begin.”

AVERT

Welcome to AVERT's Main Module

AVERT is an EPA tool that quantifies the generation and emission changes of 0 Em
energy policies and programs in the continental United States. Please refer to ﬂ

the AVERT user manual for details on step-by-step instructions, appropriate
uses and assumptions built into the tool. WRT

NOTE Synapse
Please ensure macros are enabled on your computer. | Enary Ezmmnmics, er.
AVERT requires Excel 2007 or higher in Windows and Excel 2011 or higher on Mac.

<EPA

AVERT v4.0
Developed by Synapse Energy Economics, Inc_, January 2023

Use the blue entry to describe each scenario and keep track of multiple versions RT.
Editor: :
Date edited: ﬁ"cg here
Edition name: 0 Degin
Edition description
Click here to
restore default
Excel

16



A AVERT's Excel-Based Main Module
- Step 1. Load Regional Data File

Regions represent relatively autonomous electricity production zones and are
aggregations of one or more balancing authority.

Regions include
* (California
* Carolinas

* Central

* Florida

*  Mid-Atlantic
*  Midwest

*  New England

*  New York

*  Northwest

* Rocky Mountains
*  Southeast

*  Southwest

*  Tennessee

* Texas
wEPA



icied Emissions and genf o
W epa gov/avert

A AVERT’s Excel-Based Main Module
~ Step 1. Load Regional Data File

* Select a region for analysis by either using the
dropdown or clicking the map.

Select reginn

— Selecting a region loads

Select a region for analysis by using the
dropdown ar by clicking the map.

If you haven't vet downloaded a Regional Data

File. click here.

<EPA

region-specific data for wind
and solar capacity factors and
dynamically creates a
hyperlink to that region’s data
on EPA’s website.

* After selecting a region,
click the link under the
map to download it from

= tpp's website.

18



_am  AVERT’s Excel-Based Main Module
~ 7 Step 1. Load Regional Data File

Wik 2pa,gov/avert

* In the box labeled “Enter filepath,” double-click
the blue area to navigate to the location of the
downloaded regional data file.

Enter filepath

Double-click below to enter the location
of the Regional Data File.

—

<EPA

19



_am_ AVERT’s Excel-Based Main Module
~ 7 Step 1. Load Regional Data File

Wik 2pa,gov/avert

* Click the button under “Load data” entitled:

Load data

Click here to load the
Regional Data File

Clicking this button loads the following information from
the regional data file:

— Hourly fossil load

— EGU information (e.g., location, fuel type)

— Typical EGU performance for generation and emissions at a
iven regional load
SEPA SWENTES

20



_am AVERT’s Excel-Based Main Module
- Step 1. Load Regional Data File

Wit D3 gov/aver

* A popup will indicate when the file has finished loading and remind
you how to handle states that are split across multiple AVERT

regions.
Step 1: Import Regional Data File I
AVERT %
Select region Ent
Select a region for analysis by using the on?(er Import complete.

dropdown or by clicking the map. You have loaded the 2019 Midwest (MIDW) Regional Data File, This
|Midwest ( region contains 636 fossil units,

Load from the following states is fully represented in this AVERT region:
Wi

Load from the following states is only partially represented in this
AVERT region: AR, 4, IL, IN, KY, L&, MI, MN, MO, MS, ND, OK, 5D, TX

1M M T ==

Appendix G of the User Manual describes the methodology for
assessing the impact of energy policies and programs that are
represented in multiple AVERT regions.

Click the red "Mext” button to continue,

Loz oK |

NLAS [ BN [ O N —

, Click here to load the
If you haven't yet downloaded a Regional Data Regional Data File I Next = I

File_ click here.

\elEPA L__<Back |

21



Am - Step 1. Load Regional Data File
~ 7 Regional Data File import pop-up

Wik 2pa,gov/avert

* Regional Data Files (RDFs) released before July 2017 do not have PM, .
emissions and they include net generation values to account for
parasitic losses.

* If you are using an earlier RDF, another pop-up box will alert you and
suggest that you download a newer RDF from EPA’s website.

AVERT x

Mote that this regional data file does not include PM2.5 data and quantifies
emissicn impacts based on gross generation. Te obtain inputs with PM2.5 data
and net generation, click on the hyperlink under the AVERT map.

oK

<EPA

22
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Step 2. Set Energy Scenario

AVERT’s Excel-Based Main Module

* This page leads you through the process of creating an
energy impact profile depicting the impacts expected
from an energy program.

Midwest, 2019

Step 2: Set Energy Scenario

DIRECTIONS: Enter the energy efiiciency and/or renewable energy and/or electric vehicle

changes for one or more policies, programs, and/or projects.

Each entry is additive, creating a single energy change profile.

To modify each hour manually. click the button on the right.

For further instructions consult Section 4 of the AVERT User Manuz

Enter EE based on the % reduction of regional fossil generation

Reduce generation by a percent in some or all hours

<EPA

1 Enter detailed load change data by hour

Changes in Hourly Energy:

52EFE %

Jan

Ffs=z31%

= B 8
& 0 0

%%

Apply reduction to top X% hours: % of top hours 0
Reduction % in top X% of hours: 0.0% % reduction T 5w
And/or enter EE distributed evenly throughout the year =
Reduce generation by annual GWh 0 GwWh B 00
OR 2 -1,500
Reduce each hour by constant MW 0.0 MW f 2,000
And/or enter annual capacity of RE resources b 2500
Onshore wind capacity: 5000 MW 5"
Offshore wind not available MW | Edit capacity -3,000
Utility solar PV capacity: 0 MW factors
Rooftop solar PV capacity: 0 MW The currently entered reduction profile equals 13,796 GWh, or 2.7% of regional fossil
And/or enter electric vehicle (EV) data generation.
Table T 53165 2, ot areaal vohiole 7ol regictered
Ent Battery EVs: 50.000 and s"?':’k sales in entire region "Eh'c::‘i'::""'g
nuﬁof Plug-in hybrid EV's: 0 Light-duty uehicles 2.0 01
vehicles | Electric transit buses: 0 View detailed EV| Transit buses 0o 0.0
Electric school buses 0 data School buses ; 0.0
Select location of EV deployment Entire Region [l Table 2. EERE By Historical additions ™ g pr T i 4 P RE required divided
comparisonfor  \Pruel e 2018 ipoo) B demand by historical addit
Entire Region v Givh M St M it
EE (retail) 626 5,481 10 5 E 7
Onshore Wind 3,074 851 a3 121 13 1
Uity Selar 393 513 6 1l ™ 1
Total 4,142 15,334 55 16 - -

EPA_NetGen_PMVOCNH3

Welcome

g

1. Regional Data
File
=

2. Set Energy
Scenario

”

3. Run Scenario

|

4. Display
Results

23



AN AVERT’s Excel-Based Main Module
~ = Step 2. Set Energy Scenario

Wik 2pa,gov/avert

* |f the hourly load impacts expected from an energy policy,
program, or measure are known, a manual stream of load impact
values can be entered for every hour of the year by clicking the
“Enter detailed load change by hour” button. Displacements (load
reductions) should be entered as positive values.

<I Enter detailed load chanﬂe data hx hour )

Midwest, 2019 AVERT

Manual Energy Profile Entry

When complete, click here to return to O SIS e
I StepZﬁ Set Energy Scenario I m,t-rad;mwm{W Delete all manual data I
Date |~ Hour |~ |Day of Wet ~ | Regional Fossil Load (M1~ Manual Profile (MW) |~ Total Change (MW) |~ Larger than 15%7 |~ Outside of Range?

11142019 1 Tuesday 41,014 -2,118

112019 2 Tuesday 39655 -2,203

1M/2019 3 Tuesday 39,597 -2,306

112019 4 Tuesday 38994 -2,443

1M/2019 5 Tuesday 41,311 2436

112019 [ Tuesday 43382 -2.471

1M/2019 7 Tuesday 45 127 2430

112019 a Tuesday 47,024 -2,280

1208 9 Tuesday 49427 -2,183

112019 10 Tuesday 52845 -2184

1208 11 Tuesday 54944 =237

112019 12 Tuesday 56,125 -2,071

1208 13 Tuesday 57872 -1,888

112019 14 Tuesday 53,192 -1,781

oY 1208 15 Tuesday 58,754 -1,678
wEPA el on | o s tate

24



AM AVERT’s Excel-Based Main Module
Step 2. Set Energy Scenario

This page also allows you to estimate an energy impact from basic characteristics:

*  Reduce fossil-fuel generation by a percent in some or all hours

*  Reduce fossil-fuel generation by total GWh

*  Reduce each hour by a constant MW

* Renewable energy proxy, with the ability to scale hourly capacity factors

*  Electric vehicle data by number of vehicles, with the ability to select a location of
deployment and enter detailed data

*  Combination of energy programs including combining pre-set options with manual
hourly energy profile entry

Enter EE based on the % reduction of regional fossil generation

Reduce generation by a percent in some or all hours
Apply reduction to top X% hours: 0% % of top hours
Reduction % in top X% of hours: 0.0% % reduction
And/or enter EE distributed evenly throughout the year
Reduce generation by annual GW D | Gwnh

OR
Reduce each hour by constant MY 0.0 | mw
And/or enter annual capacity of RE resources
Onshore wind capacity: | 5000 [ mw
Oifshore wind not available M Edit capacity
Utility solar PV capacity: 0 MW factors
Rooftop solar PV capacity: ] MW

And/or enter electric vehicle (EV) data

Battery EVs: 50,000
ENC  pbyug-in hybrid EVs: 0
o ) number of Electric t it b d 0 .
- EPA “vehicles  Electric transit buses \iew detailed EW
\’ Electric school buses 0 data

Select location of EV deployment | Entire Region [l 25




AVERT

AVERT’s Excel-Based Main Module
Step 2. Set Energy Scenario

* If you enter a scenario that exceeds 15% of regional
fossil load in any given hour, you will be shown an alert
highlighting the hours of exceedance, but you can still
proceed with the calculations.

Midwest, 2018 AVERT
Step 2: Set Energy Scenario
. Welcome ‘
DIREGTIONS: Enter the energy efficiency and/or renewable energy and/or electric vehicle
changes for one or more policies, programs, and/or projects. S~
Each entry s additive. creating a single energy change profile. 1 Enter detailed load change data by hour ] 3
To modify each hour manually, click the button on the right. L REQ'E::;' ks ‘
For further instructions consult Section 4 of the AVERT User Manuz Cautior! Eneray change profile suceeds 1552 of fossil generstion in ane or mare hours (se& below]
Changes in Hourly Energy: —
Enter EE based on the % reduction of regional fossil generation N 2. Set Energy
Reduce generation by a percent in some or all hours 5 5B FfFEFFsss758834% Scenario
Apply reduction to top X% hours: % of top hours 0 —
Reduction % in top X% of hours: 0.0% % reduction Z -1,000
Andior enter EE distributed evenly throughout the year £ 5000 3. Run Scenario
Reduce generation by annual GWh 0 GWh 2 3000 L——
Or S 4000 =
Reduce each hour by constant MW 0.0 MW < ! 4. Display
And/or enter annual capacity of RE resources g 5,000 Results
Onshore wind capacity” 12000 NW 5 ewo
Offshore wind not available 0 Mw Edit capacity -7,000
Utility solar PV capacity: 0 MW factors
Rooftop solar PV capacity” 0 MW The currently entered reduction profile equals 33,412 GWh, or 6.5% of regional fossil
Andior enter electric vehicle (EV) data generation.
TR TSAGS o ehiote O regitered
Ent Battery EVs: 50.000 and s“?ck sales in entire region "ehm::f'i'::m"e
numI:)‘eer[ of Plug-in hybrid EVs: 0 Light-duty vehicles 200 01
yehiclss | Electric transit buses: 0 View detailed EV| Transit buses 00 oo
Electric school buses, 0 data School buses 0.0% .o
Select location of EV deployment Entire Region [l Table 2. EEREEy  istenical additions e pe | ioqie EERE required divided
comparisan for [““““37':7"31' 20M8- et EV demand by historical additions
Entire Region i S i S M S
F o 1 EE (retaill 626 5,481 0 83 2 2
\U’ Onshore Wind 3074 &.615 43 121 L 1
Uiliry Seolar 333 &13 [ kil T 3
Total 4,142 15,334 58 216 - -

26
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AN AVERT’s Excel-Based Main Module
~ = Step 2. Set Energy Scenario

Wik 2pa,gov/avert

* |f you enter a scenario that exceeds the calculable range in any
given hour, you will be directed to change load impact in the hours
identified in the “Outside of Range?” column of the Manual Energy
Profile Entry page. These cells must be corrected before you may
proceed.

Manual Energy Profile Entry

When complete, click here to return to O TN CLres
I Stepzp: Set Energy Scenario I m;had;mwm:w Delete all manual data I
Date |~ Hour |—|Day of We« ~ | Regional Fossil Load (M1~ Manual Profile (MW) |~ Total Change (MW) |~ Larger than 15%7? |- Outside of Range?
932019 13 Tuesday 76,318 o
L2019 14 Tuesday 77732 0
B2 15 Tuesday 78,207 2
932019 16 Tuesday 79,508 -31,3M ERROR: Yes ERROR: New load is too low, please increase
L3201 17 Tuesday 79172 -31,047 ERRCOR: ves ERROR: New load is too low, please increase
932019 18 Tuesday 78,5903 80,772 ERROR: Yes ERROR: New load is too low, please increase
W32 19 Tuesday 77,972 [
932019 20 Tuesday 75,322 o
L2019 pal Tuesday 60664 0
W32 22 Tuesday 53,347 0
932019 23 Tuesday 58,523 o
L2019 24 Tuesday 54310 0
L2 1 Wednesday 51,124 0
942019 2 Wednesday 49,080 o
42019 3 Wednesday 43428 0
WA G 4 Wednesdaw 4% RARA n

<EPA
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AN AVERT’s Excel-Based Main Module
-~ Step 3. Run Scenario

* Run the scenario by selecting the button entitled “Click
here to calculate changes to generation and emissions.’

)

Midwest, 2019 AVERT
Step 3: Run Scenario
Welcome
Click below to calculate changes to generation and emissions. =
NOTE 1. Regi[::nal Data
. File
Please be patient. |
This calculation may take up to ten minutes to run on older machines —
During this time your screen may go blank or a "not responding” 2. Set Energy
error may occur - please disregard and allow the calculation to Scenario
L,
- Click here to calculate changes to generation and
emissions
Vg
4. Display
Results
| Next 2 |
| < Back |

<EPA

EPA_NetGen_PMVOCNH3
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Aoided Emissions and geneRation &
Wik 2pa,gov/avert

<EPA

AVERT’s Excel-Based Main Module
Step 3. Run Scenario

* This step calculates hourly change in generation
and emissions (PM, ., SO,, NO,, CO,, VOCs, and
NH,) for each fossil EGU within the selected
region.

* Note that this is a processor-intensive step.
When using an older computer, or when
analyzing regions with many fossil EGU, this
step may take up to 10 minutes.

29



= AVERT AVERT’s Excel-Based Main Module
- Step 4. Display Results

o
W epa gov/avert

* The results generated in Step 3 are aggregated
in three groups of charts and tables in Step 4.

Summary tables - Power sector only

= Results for top ten
lAnnual regional results peak days
Annual results by Monthly results by
county county
| Daily NOx results by county |

Charts and figures - Power sector only

Map of generation Hourly results by
and emissions week
Monthly results by Signal-fo-noise
selected geography diagnostic

Summary tables, charts, and figures -
Power sector and avoided vehicle emissions data

lAnnual regional resu Its |Annual county results -|
- with vehicle with vehicle
Results by selected
eography Results by month

<EPA




_Am AVERT’s Excel-Based Main Module
~  Step 4. Display Results

Annual regional
im ac tS Midwest, 2019 AVERT
p Output: Annual Regional Results
* This table displays _ _
Click here to return to Steg 4: Dlsglax Ousguts 1
the total annual
. Original Post Change Change
generatlon an d Generation (MVWh) 510,511,950 496,744,320 13,767,630
emissions as Heat Input (MMBtu) 4,917.277,270 4.784,950,300 132,326,970
Total Emissions from Fossil Generation Fleet (Ib)
reported for the S0; 710,791,670 669,174,570 21,617,100
. . h b NOy 528,845,720 512,829,990 -16,015,740
reglon In t e ase Ozone season NO . 224 707 220 219.441.050 -5,266,180
year (”O rigina|") and CO;z 881.078.630,540 857.291.333.570 -23,787.296,370
PM; 5 47 484,740 46,219,000 1,265,740
as calculated by VOCs 15,329,350 14,892,980 436,370
) . NH3 10,163,730 9,902,340 261,390
AVERT S Ma n AVERT-derived Emission Rates (Ib/MWh) Average Fossil Marginal Fossil
Module after the 502 1392 0
NOy 1.036
mOdE|ed energy Ozone season NO 0.976 @
impact (“Post . e :
” VOCs 0.030 @
Im paCt ) NH3 0.020 @
*  See the user manual N
Select unit for emissions Ib |

for information on

Ozone season is defined as May 1 - September 30. Ozone season emissions are a subset of annual emissions.

a d d |t | O n a | AV E RT Negative numbers indicate displaced generation and emissions.
. All results are rounded to the nearest ten. A dash ('—") indicates non-zero results, but within +~ 10 units.
O ut p uts t h at | n C | u d e When users evaluate a portiolio scenario including EVs and EE or RE, marginal fossil values are not reported and a null sign ("9') is showrn.

Data on this page does not include changes to ICE vehicle emissions (e.g., emissions from tailpipes).

vehicle emissions.

<EPA
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AVERT AVERT’s Excel-Based Main Module
~  Step 4. Display Results

Annual Results by County

* This table presents a summary of the changes in generation and emissions, not
including vehicle emissions, for each of the counties from each of the states contained
within the region. A line for each county containing an EGU is displayed.

For each county, annual

output statistics are given for:

Output: Annual Results by County

_———— * Peak Gross Generation Post-
Impact
Peak Generation, Annual Annual Change in .
Post-Change  Generation, Post- Generation Annual Change in, Annual Ch: ° Annual GFOSS Generatlon
State | ™ County [~ (MW) | ™| Change (MWK (MWh) |~ S502(lb) |~ HOx (I
AR Craighead County 73 22,990 3,120 30 468 Post-Im pa ct
AR Hot Spring County 1,243 4,534,410 -173,350 520 51,8 | h .
AR ndependence County 1,400 5,323,000 -288,530 -1,567,510 -3831 e
AR Jefferson County 1,718 5,240,180 -356,340 -1, 762,780 -4742 én nua C a nge In
AR Mississippi County 1,142 7,025,250 -161,120 -169,110 98,0
AR Pulaski County 402 322,510 -36,300 -50 431 eneration
AR Union County 1,785 10,367,350 255,220 -340 -16,4! .
1A Allamakee County 213 422 630 -33,720 17,910 -15,5; ° Annual Change In Heat
1A Audubon County 24 102,130 -9,420 -300 9,43 / / / /
1A Black Hawk County 3 3,900 480 - -2,34 |npUt PM2_5 Soz NOX Coz
1A Cerre Gordo County 461 2,430,410 -118,600 -430 -4,85 / /
1A Des Moines County 193 1,124,230 -22,500 -131,580 -38.9 VO CS N H 3
1A Louisa County 573 3,087,630 -220,300 -704,830 -377.3 .
14 Marshall County 709 3,627,530 -140,210 -450 13,00 @ Ozone Season Change N
14 Muscatine County 150 923 B30 -24,000 -32,400 B30
14 Polk County 312 269 920 -27,010 -180 3,47 SOZ/N OX/P M 25
14 Jpttawattamie County 1,351 7,501,950 -315 500 -534 610 -490 5 .
14 Scott County k1 5,140 -940 - 168 o
14 Story County 27 131,340 -4,320 -470 5,83 Ozone Season, 10 Peak Days
14 Unien County s 5,300 1,010 20 RERT H / /
14 Wapello County 885 3,611,300 -145 470 -117 780 -159,5 Change In SOZ NOX PMZ.S
14 Woodbury County 1,087 2,942 210 -251 280 385 140 5034

<EPA
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Results for Top Ten Peak Days

AVaided Emissions and cncRalim&
W epa gov/avert

*  This table displays a summary of the ten days in the region featuring the highest level of
fossil fuel load, not including changes to vehicle emissions.

Midwest, 2019 AVERT

Output: Results for Top Ten Peak Days
| Click here to return to SteE 4: Disglax I

Total Fossil Expected Change in Change in Change in NO,, Change in SO, Change in CO, Change in PM, 5
Day Rank Date Generation (MWh)  Generation (MWh) Generation (Ib) (Ib) (tons) (Ib)
1 Jul 19 1,966,680 -22.050 -22.230 -31,630 -25220 -17,190 -2,080
2 Jan 30 1,930,570 -31,080 -31,280 -26,120 -35,090 -22.620 -2,930
3 Jul 17 1,900,580 -29.270 -29.140 -42 350 -34.120 -25.520 -2.880
4 Jan 31 1,897.480 -40,340 -40.930 -30,760 -48.590 -28,220 -3.820
5 Jul 02 1,895,160 -32,020 -32.120 -44.790 -39.600 -26.530 -2.980
6 Jul 18 1,887,940 -27.,030 -27.140 -40.,600 -32,440 -23,630 -2.700
7 Aug 06 1,879,770 -28,120 -28,230 -40,060 -34.570 -23,570 -2,700
8 Aug 12 1,863,210 -25,960 -26,420 -36,320 -28,570 -21,570 -2,570
9 Aug 19 1,842,710 -27,840 -27.400 -37,450 -31,340 -22.970 -2,730
10 Jul 16 1,841,700 -30,000 -29.910 -41.380 -35.660 -26,230 -3.050

Negative numbers indicate displaced generation and emissions.
All results are rounded to the nearest ten. A dash ("—'") indicates non-zero results, but within +~ 10 units.
Data on this page does not include changes to ICE vehicle emissions (e.g., emissions from tailpipes).
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am . AVERT's Excel-Based Main Module

Map of generation and emissions changes

*  This dynamic map allows the user to view where emissions change within the selected
region, not including changes from vehicle emissions. Users can view changes in
generation, heat input, PM, ¢, SO,, NO,, and CO,.

Midwest, 2019 AVERT
Output: Map of Generation and Emissions Changes
ick here to return to Step 4: Display Outputs
Select variable to display:  [Annual Change in COZ tans) 1 Hefresh map |
Annual Change in CO2 (tons)
Midwest
50° +
as | J E, ok ' W
o e >
\ ’ b)
. ? 3 1
5 _ - 235,000 tons
fote—Thediameterof = irzhe
30° T |indicates the magnitude of a unif's changs
in generation / emissions. Circles ars
semi-ransparent; darker areas ooour in
regions with cwerlapping units. Reductions.
25° 1 |in emissions or generation are indicsted
with blue circles; increases are indicated
SEPA T
\’ -130% -120% -110® -100° Eelvg -3¢ -7 G0

LTt Cur PR e P o Aot cframpes v TS Medvnde sl ermis i
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_am AVERT’s Excel-Based Main Module
- Step 4. Display Results

Midwest, 2019 AVERT

Results by month Output: Monthly Results by Selected Geography

Monthly output can be [ Click here To return o Step & Dispiay Outputs ] Cortes s s s
[ i power plan

VIeYVed over the _e_ntlre Select level of afGregation State D

region, or a specific state or ~ Sekctsiate 0

county within the region.

o First select region’ Monthly Emission Changes, Midwest (IA)
state, or County in the \ Jan Feb ~ Mar  Apr  May  Jun Jul Aug  Sep Oct Nov  Dec
< -100,000
- If selecting a state, & 5000
choose the state in the 20
Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec
next dropdown menu. - 0
. 2 -50,000
. selectingacouny, | 2 o BH PP REEEEREE
choose both the state “ o
and the county In the Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
next two dropdown Z Mg-u UU - Uu uu UU U
5 -4,
menus. < -40,000
Q 50,000
*  See the user manual ° om0 = =
forlnformatlon on - Jan Feb . Mar Apr . May Jun . Jul Aug . Sep Oct . Nov Dec .
additional AVERT g ' U U ' - U T u . U .
outputs that include .
vehicle emissions. T o -

<EPA

35


https://www.epa.gov/avert/avert-user-manual

A AVERT’s Excel-Based Main Module

Step 4. Display Results

Hourly results by week

*  This graph displays a dynamic representation of hourly impacts to each EGU in a region.

Individual plants are stacked as gradated bar plots.

Change in Generation (MW) in Week of 8/1
1,000 Midwest

Change in Generation (MW)

7,780

JfuelLoad, |
2 (MW)

2

Total
Fossil

Max Load

Min Load

<EPA

Negative numbers indicate
displaced generation and
emissions. Data on this
page does not include
chanaes fo ICF vehicle

Total Change in
Generation (MW)

Total fossil-fuel
load,

High capacity factor units
Low capacity factor units
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_am AVERT’s Excel-Based Main Module

Hourly results by week

* The second figure shows the same week-long energy impact profile, but presents the
change in generation in reference to the total fossil-fuel load to illustrate the degree of
change represented by the energy program relative to the baseline.

Fossil-fuel Load, Pre- and Post-Impact, in Week of 2/1
Midwest
80,000
— 70,000
3
£
- 60,000
3
= 50000
3
= 40,000 .
o Total fossil-fuel load,
ut; 30,000 pre impact
3
£ 2000 Total fossil-fuel load,
post impact
10,000
|:|Change in load
0 o sl o o 0 o o
& i i & fid i &
- o~ o = W 8 [
o (=] (=] o [=1] o
= T© c 15 v b= =
w w @ = 2 % =

<EPA
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Avoiced Emissions and geneRation Tool
Wik 2pa,gov/avert

<EPA

Signal-to-noise diagnostic

*  This chart is a scatterplot of
every hour of the year,
showing calculated total
change in generation in each
hour (y-axis) against the user-
input change in generation in
each hour (x-axis).

* |deally, AVERT perfectly
matches change in unit
generation to the amount of
energy impacts requested by
the user.

*  This graphic shows where that
assumption holds, where it
does not hold, and to what
extent.

Midwest, 2019

Output: Signal-to-noise diagnostic

Click here to return to Step 4: Diselay Outputs ||

AVERT]

Change in Total Unit Generation Relative to Energy Impact
(MW) for All Hours, R2=1.00

Expected Change in Generation (MW)

5,000 -5,000 -4,000 -3,000 -2,000 -1,000 0

0

-1,000

-2,000

-3,000

-4,000

-5,000

-6,000

Resulting Change in Generation (MW)
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COBRA Output

*  AVERT outputs may be used as inputs to EPA’s CO-Benefits Risk
Assessment (COBRA) Health Impacts Screening and Mapping
Tool to assess public health implications of the modeled
scenario.

*  To download a COBRA-formatted file, double-click the blue box
to enter a filepath and hit the green button to save a CSV file
(example below).

*  The file will contain county-level emission impacts for PM, .,
SO,, NO,, VOCs, and NH; and will be ready for upload into
COBRA.

* AVERT is only able to generate SMOKE emissions data for the
power sector. Vehicle emissions will not be included.

1 FIPS,STATE,COUNTY, TTIERINAME, NOx REDUCTIONS TONS,S02 REDUCTIONS TONS,PM25 REDUCTIONS TONS
2 01001,Alabama,iutauga County, FUEL COMB. ELEC. UTIL.,-1.13,-0.05,-0.765

3 01015,Alabama, Calhoun County, FUEL CCMB. ELEC. UTIL.,-0.315,-0.005,-0.06

4 01033,Alabama,Colkert County, FUEL CCMB. ELEC. UTIL.,-3.23,-11.365,-0.13

5 01039,Alabama,Covington County, FUEL CCMB. ELEC. UTIL.,-0.5,-0.005,-0.09

& 01047,Rlabama,Dallas County,FUEL CCMB. ELEC. UTIL.,-0.11,0,-0.01

7 01063, Alabama, Greene County, FUEL CCME. ELEC. UTIL.,-3.32,-12.685,-0.735

01073,Alabama, Jefferson County,FUEL CCMB. ELEC. UTIL.,-5.835,-8.575,-0.07
01081,Alabama,Les County,FUEL CCMB. ELEC. UTIL.,-0.455,-0.01,-0.225

10 01085,Alabama,Lowndes County,FUEL COMB. ELEC. UTIL.,-0.05,0,-0.025
11 01087,Alabama,Mobile County, FUEL CCMB. ELEC. UTIL.,-5.89,-9.685,-0.265

12 01103,Alabama,Morgan County, FUEL COMB. ELEC. UTIL.,-0.3%5,-0.025,-0.15

13 01113,Alabama,BRussell County,FUEL CCME. ELEC. UTIL.,-3.465,0,-0.185

1 01117,Alabama, Shelby County, FUEL CCOME. ELEC. UTIL.,-3.57,-15.625,-0.22

15 01121,alabama,Talladega County,FUEL CCMB. ELEC. UTIL.,-0.13,0,-0.01

le 01123,Alabama, Tallapoosa County, FUEL CCMB. ELEC. UTIL.,-0.12,-0.01,-0.08

17 01127,Alabama,Walker County, FUEL CCMB. ELEC. UTIL.,-17.39%5,-15.505,-0.11

18 01129,Alabama,Washington County, FUEL CCME. ELEC. UTIL.,-7.16,-1.605,-0.415

1 05031,Arkansas,Craighead County,FUEL CCMB. ELEC. UTIL.,-0.105,0,-0.005
Z0  05058,Arkansas,Hot Spring County, FUEL CCMB. ELEC. UTIL.,-2.365,-0.015,-0.28
21 05063, Arkansas, Independence County, FUEL CCOMB. ELEC. UTIL.,-15.845,-35.095,-0.4¢
22 05069, Arkansas, Jefferson County,FUEL CCMB. ELEC. UTIL.,-19.954,-42.335,-0.415

COBRA text file generation

Enter a filepath, then
click the button to save a
COBRA text file.

NOTE

Flease be patient.

This calculation may take
up to twenty minutes to
run on older machines.

Generate COBRA
text files
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<M For More Information

* Visit the AVERT website at www.epa.gov/avert.

* Contact EPA at avert@epa.gov.

CONTACT US

AVoided Emissions and geneRation Tool
(AVERT)

Use AVERT Basic Information Web Edition

s AVERT Web Edition s AVERT Overview

o Download AVERT Excel Edition o Uses of AVERT

s How o Run Scenarios s Publications that Cite AVERT @
ssion Factors . @

o | o Avoided Emission Fact AVERT User Manual
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