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What Other States are Doing
Continued

David Chut CT Energy Marketers Association (CEMA)
Carolyn Berningeg Great Plains Institute (GPl)
Floyd Vergar& Veronica Bradleyg Clean Fuels Alliance America (CFAA)
Dr. Farzadaheripourc Purdue University
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Emissions Trading Systems

u Cap -and -Trade Systems

Apply a cap on emissions within the ETS through emissions allowances

u Credit Systems

Credits issued to entities that reduce emissions below a baseline



Non -ETS Pricing

u Carbon Taxes

u Crediting Mechanisms

u Results-Based Climate Financing
u Internal Carbon Pricing



Carbon Pricing Globally

Summary map of regional, national and subnational carbon pricing initiatives
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@ ETS implemented or scheduled for implementation @ Carbon tax implemented or scheduled for implementation ETS or carbon tax under consideration
@ ETS and carbon tax implemented or scheduled © ETS implemented or scheduled, ETS or carbon tax under con... @ Carbon tax implemented or scheduled, ETS under considera

EU has the oldest and largest ETS for GHG emissions worldwide. They also have carbon taxes.



EU Carbon Taxes

Carbon Taxes in Europe
Carbon Tax Rates per Metric Ton of CO:ze, as of April 1, 2022

Carbon Tax Rates per
Metric Ton of CO:ze
cill ull s

€117.27 €117.27 €17.27 .....
#2 #2 #15

Lower Higher

onverted us UR-USD currency conversion rate as of April 1, 2022.
on Pricing Dashboard."

TAX FOUNDATION @TaxFoundation



East Coast is RGGI
West Coast: California Cap -and -Trade; Oregon Climate Protection Program
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Example 1: Eastern U.S.
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Key Features

u Declining cap on allowances

u Purchase of allowances by obligated parties at auctions
u Auction price stability mechanisms

u Allowances can be sold on the secondary market

u Avallability of limited offsets



TCI Auction Example

How does a “sealed bid, uniform price”

auction work?

Example Quarterly Auction in 2023: 10.5 million allowances

$10.00

Bids ordered
from highest
$/MT to lowest;
ex:BidAis
TMMT at
$9.75/MT
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Bid H sets clearing
price of $6.75/MT,;
10.5 million MT sell

A\ TRANSPORTATION &
@ CLIMATE INITIATIVE

$9.00 -

Hypothetical Example Bid Stack

(real auctions have many more bids)

Bid H is
marginal

14 16 18 20 22

Cumulative Bid (million allowances)




RGGI / TCI Differences

RGGI

u Few obligated parties

u Alternatives to buying allowances
u  Orderly auctions

u Stable secondary market

u Prices to consumers regulated

TCI
u  Many obligated parties

u  No alternative to allowances
u Potentially chaotic auctions

u Potential anti -competitive
behavior

u All costs passed on to consumers
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LCFS and C&T Contribute to CA
Gas Prices

tes LLC. All nghts reserved.

Average Retail Gasoline Price - California and US
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U.S. Gasoline Inelasticity

Chart 1. Quarterly household expenditures for gasoline and estimated gallons of
gasoline purchased, 2004-2014

Dollars

Gallons

900 500

800 S

700 700

Dollar expenditure for gasoline

Gallons of gasoline purchased

al 0l 0l al Z al al a0l a0l
2004 2008 2006 2007 2003 2009 2010 2011 2012 2013 2014

Note: Dollar expendituresforgasoline include out-oftown trips and everydayuse from the Consumer Expenditure Survey.
Calculations forthe estimated gallons of gasoline purchased use Consumer Price Index data.
Source: U.S. Bureau of LaborStatistics.




U.S. Gas Price vs. Demand

Average fuel = $2.54
Average demand = $8.972M barrels / day

Demand lower
than average

l

Pandemic —
lockdowns

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

SOURCE: U.S. Energy Information Administration for gas prices and product suppiied, a proxy for gasoline demand. Data

through June 24, 2022.




California Gasoline Sales

California Total Gasoline Rack Sales Volume by Refiners 4+ DOWNLOAD

Thousand Gallons per Day
25,000

WMW

" 91 1996 1993 2000 2002 2004 2006 2008 2010 2012 2014 2018 2013 2020 2022

— California Total Gasoline Rack Sales Volume by Refiners
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Clean Fuels Policy
Efforts in Midwest
States

Great Plains Institute
December 2022




What Is a Clean Fuels Policy?

A Market-based policy that provides valuation to any —)
fuel with a greenhouse gas advantage D

]
J'L

A Sets a standard for reduced carbon intensity (ClI) of

fuels over time c :
A GHG credit market establishes incentives for fuel o@
producers to lower their carbon intensity through: %

A Production process efficiency improvements
A Switching to lower carbon fuel or feedstocks
A Decarbonizing the fuel and feedstock supply chain

A Results in reduced use of higher carbon fuels and
supports commercial deployment of lower carbon
fuels, including ethanol

& | GREAT PLAINS | setter gy
INSTITUTE Better World



How does a Clean Fuels Policy work?

A Fuel producers that do

not meet the annual T
base I I n e Stan d ard Fuels above the standard
m USt p u I'cC h ase Carbon Intensity Standard generate deficits
alternative fuel or D

credits

) \

Fuels below the standard

A Fuel producers that
meet or exceed the
standard generate
credits proportional to
the difference in
their carbon
Intensity and the Policy Timeframe
standard

Carbon Intensity

GREAT PLAINS | Better Energy.
INSTITUTE Better World.



How do fuel CI calculations work?

A Greenhouse gas lifecycle assessment (or GHG LCA) provides
an estimation of all the greenhouse gas emissions associated with a

fuel from feedstock production, refining, anduset or nwel | t

AArgonne National Laboratoryodos GR
the well-to-wheel carbon intensity of fuel production pathways
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& | GREAT PLAINS | BetierEnergy
INSTITUTE Better World.



Example Gasoline-Alternative Fuel Pathway Carbon

Intensity Scores under a Clean Fuels Policy

X EV 100% Carbon Free

Ethanol, 100% RNG Energy & Soil Carbon Mgmt
LEV High Renewables

Renewable Diesel

Ethanol with Soil Carbon Management
REV Regional Grid

Renewable CNG

E85 + PHEV with Regional Grid
Biodiesel Avg.

Ethanol Avg.

Conventional CNG

Diesel Baseline
Gasoline Baseline

0.2
3.9

28.7

35.0

/4.8

87.7
91.6

20

Modeled Carbon Intensity Score

40

(9/MJ)

60

&
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80
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Midwestern Clean Fuels Policy Initiative

O
o
A Launched in May018 = . ‘
A Broad coalition working to create economic @@ .
(—)

benefits for the Midwest througlpolicy,
research, and education on the production and
use of cleaner fuels.

A Exploring clean fuelpolicy as a markedriven

approach to achieving economic, energy : | I

security, climate environmental, and public @)

health goals.
&N | GREAT PLAINS | etter Enery o
w INSTITUTE Better World. B




Midwestern Clean Fuels Policy Initiative Members

o Bo Po Po Po Po B0 Do Do Do Io I» o Do Do Do

Alternative Fuels Council A
American Coalition for Ethanol

A
Center for Energy and
Environment A
ChargePoint A
Christianson PLLP A
Coalition for Renewable Natural A
Gas A
Conservation Districts of lowa
Conservation Minnesota
Environmental Law and Policy 5
Center A
EcoEngineers
Fresh Energy 5
Governorso Biofu'&él
Guardian Energy :
Highwater Ethanol, LLC A
lowa Environmental Council i

lowa Soybean Association

GREAT PLAINS | Better Energy.

=
g INSTITUTE Better World.

lowa State University Bioeconomy
Institute

Kansas Corn

Low Carbon Fuel Coalition
Minnesota Bio-Fuels Association
National Biodiesel Board

National Corn Growers Association
Partnership on Waste & Energy
EI:-IO%r;]rt]iee%l)n, Ramsey & Washington
Renewable Fuels Association

Renewable Products Marketing
Group

South Dakota Corn

Sus ainable Farming Corporation
Coal 1 ti n

Union of Concerned Scientists

<

Urban Air Initiative
Xcel Energy
ZEF Energy

5

s .




MIDWESTERN VISION

A Meet and exceed existing goals and
policies

A Support a portfolio of clean fuels, expand
the clean fuels market

A Technologyneutral

A Broad rural and urban economic
development

A Support farmetrled efforts to adopt
a; DAERB®FLA 9?2JA; MDL MJ
improve biofuel GHG footprint
A Opportunity for farmers to benefit from
credit revenue

A Contribute to electric sector
decarbonization

/ Better E4ftay. £ | : A Improve air quality and public health
Better World.

GREAT bLA/l S
INSTITUTE/




A MIDWESTERN FRAMEWORK FOR ELECTRIC VEHICLE CREDIT
GENERATION IN A CLEAN FUELS POLICY

Winter 2021

A Midwestern Framework for Electric Vehicle Credit Generation in a Clean Fuels Policy

This Midwestern framework for electric vehicle (EV) credit generation is a resource for states exploring clean fuels policy
implementation. The framework provides guiding principles and policy design recommendations. It was developed by
the Electric Vehicle Credit Generation Committee of the Midwestern Clean Fuels Policy Initiative, which the Great Plains
Institute facilitates.

Supporting Climate-Smart
Farming Practices through
Midwestern Clean

Fuels Policies

S | GREAT PLAINS

NS | INSTITUTE




Minnesota

NG,
A Future Fuels Act introduced 2021 o
AF 2083/SR027 o ° '
APassedn the House in 2021 @@

A Legislation highlights:
ACI reduction goal: 20% reduction belo2018 levels
by 2035
A-uelneutral
A-ocuson broad rural and urbardevelopment
ASupportstransportation electrification
Adimto support farmeeled decarbonizationefforts

/)
“ GREAT PLAINS | Better Energy. -
w INSTITUTE Better World.

o



Minnesota

A Governor Walz directed the MN Dept. of Agriculture and
the MN Dept. of Transportation to engage with
stakeholders

Adentify shared goals to inform a clean fuel standard in
\WIN

A Stakeholder meetings happened fall 2021 with various
stakeholder groups

A White paper released March 2022 summarizing
stakeholder feedback

A Next steps:

A Propose convening a Midwest Clean Fuels
Summit later inthe year

A Explore additional research on costs and
benefits of a CF& MN

& | GREAT PLAINS | Beter Energy -
w INSTITUTE Better World.



MN FUTURE FUELS ACT SUPPORT

Alliance for Automotive Innovation
American Coalition for Ethanol
Amp Americas
Audi of America
Biomass Solution
Center for Energy and Environment
ChargePoint
Christianson, PLLP
Conservation Minnesota

Farmers Business Network
Fresh Energy
General Motors
Low Carbon Fuels Coalition

Minnesota Bio-Fuels Association
Partnership on Waste and Energy
Plug In America

Rivian

Sustainable Farming Corporation
Tesla

The Coalition for Renewable Natural Gas
The Nature Conservancy
The Renewable Fuels Association
Union of Concerned Scientists
Universal Renewable Products, LLC
Xcel Energy



Current (2018)
Conditions

Biofuel Blending

Average blend rate:

12.5% in MN and 11.5%
in 1A

Ethanol

Average blend rate:

11.3% in MN and 8.8%
in lowa

Biodiesel

0% renewable diesel
blend in Midwestern
states

Renewable diesel

Renewable
natural gas
(RNG)

De minimus use of RNG
in Minnesota and lowa.

10% Carbon Intensity
Reduction

Increased E15 and E30
blending; increased E85
consumption

15% biodiesel blend
No change in ClI

5% blend by 2030

95% RNG by 2030
Limited to Landfill gas

15% Carbon Intensity
Reduction

Increased E15 and E30
blending; increased E85
consumption
5-7% carbon intensity
(Cl) decrease by 2030

15-20% biodiesel blend
18% decrease in Cl by
2030

10% blend by 2030

Landfill gas with
transition to low Cl RNG

20% Carbon Intensity Reduction

Increased E15 and E30 blending;
increased E85 consumption
15-17% CI decreases by 2030

20-25% biodiesel blend
18% decrease in Cl by 2030

10% blend by 2030

Landfill gas with transition to low
CI RNG

& | GREAT PLAINS

& | INSTITUTE



Current (2018)
Conditions

10% Carbon Intensity
Reduction

Vehicle Replacement

9% EV sales by 2025
Expected increase in low-
carbon generation by 2030

<1% of fleet in

EVs, Light Duty MN and IA

EVs, medium _
<1% of fleet in

MN and IA.

Baseline adoption (<1% of
fleet by 2030)

duty (MD)/heavy
duty (HD)

Natural Gas
Vehicles (NGVs),
Heavy Duty

De minimus use of RNG

R Expected growth of (NGVSs)
in Minnesota and lowa.

15% Carbon Intensity
Reduction

16% EV sales by 2025

Expected increase in low

carbon generation by
2030

Modest adoption in
MD/HD sectors
representing 2.5% of
fleet by 2030

Expected growth of
NGVs

20% Carbon Intensity Reduction

24% EV sales by 2025
Increased use of low carbon
generation by 2030 by 2030

Accelerated adoption in MD/HD
sectors representing 5% of fleet
by 2030

Expected growth of NGVs

& | GREAT PLAINS
INSTITUTE



Average Annual Impact across Economic Metrics

FinE Average Annual Impact (2021 17 2030)
yp in $USD 2019

Output impacts $1.033 billion
Value added $197 million
Employment 1,498 annual FTE (14,976 total)

Employment income $95 million

State and local tax impact $13 million

Federal tax impact $33 million

1 Output impacts describe the total value of product sales and/or services generated across the local
economy.

91 Value added estimates average annual contributions to gross domestic product.

1 Employment estimates the number of annual full-time equivalencies (also measured in job years) that the
policy would support.

1 Employment income models the average annual sum of the income generated by the jobs supported
through the policy.

1 Tax impact (modeled at local, state, and federal levels) include all taxes on employee

GREAT PLAINS
9 compensation, proprietor income, production and imports, households, & corporations.

INSTITUTE




Health Benefits from Reduced NOx and SOx Emissions

Low Estimate | High Estimate

h h Statewide Total Annual Health

Benefit Estimates
(Sum of All Counties)

Freeway or Other Major Road
Total Health Benefits (High Estimate) State Low ESt|mate
I 5500.000 or more (up to $12.5 millio

I 400,000 - $500,000 Mlnnesota $15’691’924

$300,000 - $400,000

Freeway or Other Major Road
Total Health Benefits (Low Estimate)
I 500,000 or more (up to $5.5 million)
I 5400000 - $500,000

$300,000 - $400,000
$20,000 - $300,000
$20,000 or less

$20,000 - $300,000

lowa $7,544,220

High Estimate

Minnesota  $35,292,517

$20,000 or less

lowa $16,989,631

Preliminary analysisDo not cite or quote

THE HOLLOWAY ) s GREAT PLAINS | Better Energy.

INSTITUTE Better World.

GROUP @ SAGE \W



Michigan

A A CFS policy steering committee has been convening
for a few months and is considering introducing
legislation during the 2023 legislative session.

&, 3"
A GPI is working on compliance scenario modeling, @
economic impact, and air quality impact analysis.

A Governor Whitmerods Health
recommendation for a CFS.

& | GREAT PLAINS | Beter Energy -
w INSTITUTE Better World.
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Other Midwest States
¢S

A In Nebraska and Ohio, diverse groups of stakeholders
are considering clean fuels policy legislation i
. . . . . o o
A GPl is working on compliance scenario modeling, @
economic impact modeling, and air quality modeling \;‘L )

for both states.
A No legislation has been introduced.

& | GREAT PLAINS | Beter Energy -
w INSTITUTE Better World.
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THANK YOU

CAROLYN BERNINGER,
PUBLIC POLICY MANAGER

cberninger@gpisd.net
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Low Carbon Fuel Programs:
Status and Impacts

Floyd Vergara, Esq., P.E.
Director of State Governmental Affairs
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Fuel Standard

2011-2021 Performance of the Low Carbon Fuel Standard

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Above Std = Deficit

emmHistoric Compliance Targets (black solid
line)

esssmReported % Cl Reduction (green line)

L)
-17.5

® Future Compliance Targets (black dotted _18.75
line)
« 20

s P 5 S . Last Updated 04/29/22
Carbon intensities based on composite of gasoline and diesel fuels

In effect since 2011

Virtually all transp. Fuels

Full lifecycle carbon intensity

targets

Currently overperforming

o0 10% CI reduction by 2022

o0 20% CI reduction by 2030

0 Pre/post-2030 under
consideration

110MMT GHGs reduced

since 2011 (~24M cars

removed)



Biofuels Reduce GHGs By
Recycling CO

TTTTTTTTTTTTTT

Biofuels
Petroleum Fuels

e ranspo
Well-to-wheel




Drop-in, Low Carbon Diesel Replacements PI
Key Role In CA

Cred|t Shal‘es by FUE| T\/pe, 2011'2021 Total B M B D Vol ume’ 201 1_202 1
1200%
T : ) 1,400,000,000
Biodiesel/Renew. Diesel ~44% of Carbon Reductions
100.0% . .
1,200,000,000 1.23 Billion gallonS!
(33% of diesel pool)
I 1,000,000,000
. 13.8%
2 10.8%
5 s 3.7%
= e 800,000,000
o 5.7% 12.0% e e o g
= - 9.6% ; L
M 555 o5 =
; (oo 2 © 600,000,000
&
- a ﬂ - . s 42.0% 43.4% 45.0% 44.3% 44.3% 44.1% 400,000,000
_m
7.8%
R 200,000,000
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2011 e I I I
-200% - — -
WBVBD +SAF  mElectricity WRNG/RING » CNG/ING mH2  All Others (indl. projects)  m Ethanol 2011 2012 2013 2014 2015 2016 2017 2018 2018 2020 2021

Source: CA LCFS Dashboard - -Cﬂ:m&l&@lg -



Oregon Recently Expanded
Clean Fuels Program

Carbon Intensity Targets _
A Cl Reduction Targets

A 10% by 2025 (existing)

122 A 20% by 2030 (adopted)
90 A 37% by 2035 (adopted)
85
2 & ; A 760 Mgal/ yr diesel market
& : 2% per year
3 ZZ - : A Modeled 15% 77% blend rates by
< Existing Program : Expanded Program :

2035 (at 25% Cl target)

65 3.4% per year
60 j : A (114Mgal i 585 Mgal )
55 ; g
50 A BMBD single biggest source of
2015 2020 2025 2030 2035 - -
—(Ggs =Diesel GHG redUCtIOHS n CFP
Existing Program 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 A 136 Mgal BD/RD (2022,
% Reduction 0.25% 0.5% 1.0% 15% 2.5% 3.5% 5.0% 6.5% 8.0% 10.0% forecast), 17% blend
% Change YoY 0.25% 0.25% 0.5% 0.5% 1.0% 1.0% 1.5% 1.5% 15% 2.0% o _
Proposal for A 48% of credits in 2020, 54% In
2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
Expanded Program 2021 (forecast)
% Reduction 12.0 14.0% 16.0% 18.0% 20.0% 23.4% 26.8% 30.2% 33.6% 37.0%
% Change YoY 2.0% 2.0% 2.0% 2.0% 2.0% 3.4% 3.4% 3.4% 3.4% 3.4% AAcontinued de mar
carbon | iquid f

Office of Greenhouse Gas Program - Clean Fuels Program 22




WA Clean Fuel Standard (CFS)

A 10% CI reduction by 2031,
20% by 2038 (HB 1091)
A 0.5% annually 2023-2024
A 1.0% annually 2025-2027
A 1.5% annually 2028-2031
A 2.0% annually 2034-2038

A 950 Mgal diesel market
A 140 Mgal as B20

20% by 2038 A Adopted late-Nov 2022 (10%
(State law, HB 1091) by 2031, 20% by 2034)

Washington CFS Carbon Intensity Reduction Targets

20253 2025 2027 2029 203] 2033 2035 2037

20% by 2034
(adopted late2022 rulemaking) |y




On Low Carbon Fuels

Both CA And OR Doubling Dowr

Potential Growth to 2030 (2022 Scoping Plan “Preferred Scenario”)*

3.00
2.50
2.00
1.50

1.00

Potential Growth to 2030 (2022 CFP Illustrative Scenario B)"
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BIOMASS-BASED DIESEL VOLUME, MILLION GALLONS
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Biomass-based Diesel

2020 2021 2022 2023
98 111 140 185 221 256 329

0.50

BIOMASS-BASED DIESEL VOLUME, BLLION GALLONS

2015 2016 2017 2018 2019 2020 2021 2022

2023 2024 2025
Biomass-based Diesel - 017 034 052 069 0.86 101 117 133 1.48 1.64 179 195 2.10 226

2026 2027 2028 2029

EEVEDEDEVEY

2030
242

Source: CARB Scoping Plan, 2022

Source: 2022 OR Clean Fuels Expansion Rulemaking, ICF 2021
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A Strong market signal = $Billions in
investments

A For Biodiesel/RD in CA alone:

A 6.8M credits generated in 2020
valued at$1.34 Billion(at
$199/credit)

A $4.44Bcredits since 2011

A ~ $1.60/gal value from credits

LCFS Generates
Substantial Value

Biodiesel/Renew. Diesel Credit Value ($), 262020

$1,600,000,000
$1,400,000,000
$1,200,000,000
$1,000,000,000
$800,000,000
$600,000,000
$400,000,000

$200,000,000

$-

2013 2014 2015 2016 2017 2018 2019 2020

- cleanfuels.org



Credit Prices Not Correlated
With Pump Prices

| CFS Monthly Average Credit Transaction Price ——RFG Monthly Average Retail Price

$250 $6.00

o 55,00 A No direct correlation between
- credit prices and retail pump
= $4.00 = .
‘%$‘I§O % prlces
g $3.G0%’ L
£ o £ AVery strong correlation between
8 200 retail pump prices and crude oll,

550 oo state & fed. taxes

$0 $0.00

JMMUENUMMISNUMMISENIMMIESNIMMUSN MM SNUMMY SNIMMUSNIMMISNIMM

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Source: Bates White 2022, using CARB LCFS Credit Prices and EIA Retail Pump Price Data

- cleanfuels.org



GREATER FUEL DIVERSIFICATION
CONSUMER CHOICES

A At start of program,
2500 ethanol was
predominant alt. fuel

2,000

A Since 2011, diversity of
fuels has increased

1,500

Fuel Volume (Millon GGE)

A Choices available now
electricity, renewable
natural gas, biodiesel,
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 renewable diesel, other

m Ethanol M Biodiesel m Renewable Diesel Fossil Natural Gas ® Biomethane Electricity emerglng fuels

. o
8 8

0

Source: Bates White, April 2022, from CARB LCFS Dashboard

- cleanfuels.org
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ENVIRONMENTAL BENEHGRS & MORE
A

®PO®G

B100

Up to 79% less
carbon emissions.

80% particulate
matter reduction.

75% fewer aromatic
compounds.

42% less carbon
monoxide.

NOx neutral.

RD100

Up to 79% less
carbon emissions.

5-28% particulate
matter reduction.

30% fewer aromatic
compounds.

18% less carbon
monoxide.

11.5% NOx reduction.

A

Up to 79% less
carbon emissions.

29% particulate
matter reduction.

39% fewer aromatic
compounds.

239% less carbon
monoxide.

9% NOx reduction.

"4

Up to 79% less
carbon emissions.

56% particulate
matter reduction.

53% fewer aromatic
compoundes.

309% less carbon
monoxide.

6% NOx reduction.

A Virtually all alternative fuels
reduce GHGs and air pollution

A LCFS increases fuel diversity,
accelerates electrification & low
carbon diesel replacements

A 110 MMT GHGs reduced in CA

A Biodiesel and Renew. Diesel:

A 74% GHG reductions on average

A Up to 80% PM reduction in legacy
vehicles




B Phase 1

TRINITY STUDY SITES
(RANGE OF SOURCES, AREA

Geographic Scope

A 28 sites, 21 states

A Both coasts, Midwest, Southwest, D.C.
Source Types

A TransPort: Legacy HD trucks/engines
at ports, urban, agricultural, logistics,
railyards

A Heating oil: residential, commercial
Key Considerations
A ALA State of the Air Report

A States with carbon policies or
considering them

Phase 2 77 Phase 1& 2 -cleanfuels.org



B100 SWITCH: DISTRICTCOEUMBIA TRANSPORT

Cancer Risk Pre/PeSwitch to B100 (Up to 193 fewer cases)

Value of Health Benefits from using Biodiesel in the District of Columbia (Per Year)
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Health Impact Endpoint

Reduced Incidence

Benefit Value

Acute Myocardial Infarction Nonfatal

100.6

$3,303,12¢

Asthma Symptoms Albuterol use

12,987.1

$4,488

ER visits All Cardiac Outcomes

12.3

$14,29¢

ER visits respiratory

28.1

$24,59¢

HA All Respiratory

3.1

$54,807

HA Alzheimers Disease

10.5

$133,287

HA Cardio- Cerebro- and Peripheral Vascular Disease

4.3

$68,492

HA Parkinsons Disease

1.7

$22,98(

HA Respiratory-2

0.6

$0

HA Respiratory-2 HA All Respiratory

3.7

$0

Incidence Asthma

98.8

$4,414,34¢

Incidence Hay Fever/Rhinitis

619.3

$371,503

Incidence Lung Cancer

4.7

$59,16(

Incidence Out of Hospital Cardiac Arrest

0.6

$20,552

Incidence Stroke

1.9

$63,297

Minor Restricted Activity Days

33,036.1

$2,298,71(

Mortality All Cause

32.1

$249,689,22

Work Loss Days

5,679.9

$1,467,431

Total

Source: Health Benefits Study, Clean Fuels 2022

i

$262,010,30




B100 SWITCH: NEW HAVENG HEATING OIL

Cancer Risk Pre/PeSwitch to B100 (Up to 85% reduction)

Weighted Baseline Risk (1in10r | [ Weighted Reduced Risk 1m0 5 Valuation of Reduced Incidence Benefits
iy ol Endpoint Reduced Incidence |Benefit Value
Premature Mortality 2.3 $20,413,656
Asthma Exacerbation 1,073 $63,195
Minor Restricted Activity Days 1,380 $96,001
- 1 ; Work Loss Days 232 $46,899
Total $20,619,751
: 75 A , " Reduction in Health Impacts
Baseline |Cancer Risk|Change in |Baseline Tot. Tot. Cancer  |Change in Cance
Cancer RiskReduced to |Cancer Risk |Cancer Burden (fo{Burden (for  |Burden (for study
WestHaven . | westHaven « (Lin1d) |@in1d) |@in 10) study location)  |study location) |location)
i e, ) ” 7.4 1.1]6.3(85%) |<1 <1 (85%)

Sea Bluff

west snore

Source: Health Benefits Study, Clean Fuels 2022




B100 SWITCH: PORT ELIZABEYHJ{) ¢ PORT

Cancer Risk Pre/PeStvitch to B100 (Up to 2516 fewer cases)
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Value of Health Benefits from using Biodiesel at the Port of New York and New Jersey (Per Year)

Health Impact Endpoint

Reduced Incidence

Benefit Value

Acute Myocardial Infarction Nonfatal

480.2

$15,115,17

Asthma Symptoms Albuterol use

74,

287.4

$25,673

ER visits All Cardiac Outcomes

56.8

$65,966

ER visits respiratory

156.0

$136,41¢

HA All Respiratory

24.1

$359,484

HA Alzheimers Disease

96.6

$1,191 554

HA Cardio- Cerebro- and Peripheral Vascular Disease

25.6

$401,047

HA Parkinsons Disease

15.1

$195,97(

HA Respiratory-2

3.4

$0

HA Respiratory-2 HA All Respiratory

27.5

$0

Incidence Asthma

574.6

$25,658,68¢

Incidence Hay Fever/Rhinitis

3,

548.1

$2,128,55¢4
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Incidence Lung Cancer

29.0

$364,10¢

Incidence Out of Hospital Cardiac Arrest

3.5

$124,068

Incidence Stroke

11.4

$388,63¢

Minor Restricted Activity Days

193,804.5

$13,485,26

Mortality All Cause

174.9

$1,366,431,01

Work Loss Days

33,

296.7

$6,880,28

Total

$1,432,951,89




STUDY SHOWS SIGNIFICANT
HEALTH BENEFITS FROM B100

Switching to B100 in legacy vehicles and heating oll
would:

o Cancer cases reduced by nearly 9500 (over
70-yr timeframe)

o Nearly 930 fewer premature deaths/ yr

o Over 456,000 fewer/reduced asthma

cases/ yr

Over 142,000 fewer sick days/ yr

o Nearly 829,000 fewer minor restricted

activity days/ yr

$7.5 billion in avoided health costs/ yr

0 These results for only 28 sites evaluated arethe
tip of the iceberg

o

o

- cleanfuels.org
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Induced land use changes (ILUC) due to biofuels:
Hypothetical projections versus actual observations

Farzad Taheripour
Research Professor
Purdue University

Department of Agricultural Economics




Concerns about ILUC due to biofuels

U An increase in demand for biofuelsuld increasédemand for cropland

U Additional demand for croplanuiay generate deforestation and conversion of
natural land in the country produced biofuels and across the world.

U The extent to which biofuel production may increase demand for cropland and
cause deforestation &) important concern to be examined

U Some early research on this topic projected that biofuel production in the U.S.
could lead to major deforestation and that generates a large ILUC emissions.

U However, moreadvanced research and historical observationsot support
projections made by the early papers in this area.

PURDUE




Review of estimated ILUC values for corn ethanol using various economic models

120.0
100.0
80.0
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Seachinger et CARB (2009): Edward (2010): Edward (2010):Edward (2010): EPA(2010): Herteletal. Tyneretal. Havliketal. Dumortieret Taheripour Mosnier etal. CARB (2014):; Taheripour et Taheripour et Carriquiry et Carriquiry et

gC02e/M)

o

al. (2008): GTAP-BIO LEITAP AGLINK GTAP-BIO  FASOM-FAPRI (2010): GTAP- (2010): GTAP- (2011): al. (2011): and Tyner (2013): GTAP-BIO al. (2017): Newal. (2017): New al. (2019): Old al. (2019): New
FAPRI BIO BIO GLOBIOM (FAPRI) (2013): GTAP-  GLOBIOM model with  model with  model with  model with
BIO 2004 database 2011 database new data new data

PURDUE




Review of estimated ILUC values for soybeans biodiesel using various economic model
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(2008) 2010 (2014) al. (2018)a al. (2018)b al. (2020)
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PURDUE




Review of estimated ILUC values for corn ethanol: FAPRI model
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(2008) (2011): With no (2011): With yield (2019): Old model (2019): New
yield response response with newdata model with new
data

PURDUE




Review of estimated ILUC values for corn ethanol: GLOBIOM model
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PURDUE



Review of estimated ILUC values for corn ethanol: MIRAGE model
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Review of estimated ILUC values for soybeans biodiesel: GTABIO model

CARB (2009) CARB (2014) Taheripouret al. Taheripouret al.
(2017): New model (2017): New model
with 2004 database with 2011 database
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PURDUE



Why older versions of economic models overestimated ILUC emissions?

| Early papers on ILUC have used economic models ignoring intensifications
(yield improvement, conversion of unused cropland to active cropland, double

cropping) in crop production.

I More advanced and tfp-dated models haveken into account intensifications
according to actual observations and project lower ILUC values.

I A large number of papers have paid attention to the fact that intensification in
crop production could significantly reduce demand for cropland, regardless of
the use of crops (some examples @assmarf1999), Brady an&ohngen

(2008, AlexandratosandBruinsma(2012), Alston et al. (2010), Borchers et al.
(2014),Byerleeet al. (2014, Ausubelet al. (2012, and Hertel and Baldos

(2016.




Productivity improvement in crop production in the US and across the world

Historical observations on corn and soybeans yields since 1961 Historical observations on cereals yield improvement at the global scale

Soybeans - e
U Between 2002020 corn yield has increased by 27.5% in
he US.
U Between 2002020 soybean yield has increased by 22.69
£ in the US.
= U Over time major productivity improvements occurred acrc
A the world.
"§ 88585885888 85%5%8558:5885¢8E3885 8 u Productivity gains provided major saving In land use

dddddddddddddddddddddddddddddd

PURDUE



Economic models could badly overestimate demand for cropland

2000

U In his presentation for this committee, Dr. = .
Searchinger has referred to Schmitz et al. PO S
(2015) and mentioned thatNe ar | vy a | 0 f—————= =g ==
project more cropland for food by 2050 / |

U The chart provided by Schmitz et al. (2015) is & |
modified to show that most of the models E :
used by these authors badly overestimated 2 = o ot e I+ oy A
demand for cropland for 2020 according to = EPPA o mGTEM g o
the observed global area of cropland in this 500 |
year. :

|
Global area of cropland in ? ;

2020 according to FAO data 3 SRR BEER

1960 1975 1990 2005 2020 2035 2050
Years

PURDUE



FAO data does not show a major expansion in cropland in 2012020

Changes in global area of cropland in 2010 to 2020
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A large area of cropland is available in the US to produce feedstock for various
types of biofuels and save GHG emissions

200

180

160 The gap shows

cropland not

140 cultivated for crops

120

100
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Harvested area

Cropland

PURDUE



Thanks
Questions and Comments
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REDUCING LIFE CYCLE EMISSIONS TO
DECARBONIZE TRANSPORT

Veronica Bradley, Director of Environmental Science



LIFE CYCLE EMISSIONS

AKA cradldgo-grave

AKA welto-wheels/wake
AKA carbon intensity
AKA carbon score

Policybased consideration that
/ applies to cropbased fuels
only



LIFE CYCLE ASSESSMENT
BACKGROUND

ALife cycle assessments more broadly assess the environmental
burdens of products from the pr
iIngredients through all the steps in the supply chain to the
finished product and its end -of-life fate in society

ADirect life cycle emissions focus on the GHG emissions
associated with each of those steps allocating emissions to the
specific product in question relative to other co -products that
come out of the same production processes



HOW DO WE CALCULATE DIRE
LIFE CYCLE EMISSIONS?

ABoundaries must be set on how far upstream and downstream
to go when calculating emissions

For bio-based fuels, generally, boundaries are set to include GHG

emissions from:

Al nput sé production (e.g., fossi
or natural gas, electric grid mix)

AThe processes undertaken in each life cycle step (e.g., fertilizer
application to grow soy, transportation between field and fuel

production facility, feedstock -to-fuel conversion process)



HOW DO WE CALCULATE DIRE
LIFE CYCLE EMISSIONS?

ADistinctions on upstream system boundary among feedstocks
A Agricultural feedstocks include the inputs to growing the commodity

AWaste feedstocks include collection of the waste and processing it into a
usable feedstock

ACalculate GHG emissions associated with each step following
IPCC methodologies

ADecide allocation of process emissions
AE.g., mass, energy, market base



HOW DO WE CALCULATE LIF
CYCLE EMISSIONS?

AGreenhouse gases, Regulated Emissions, and Energy use in
Technologies (GREET) Model is best option to assist

AOpen-access model created and maintained by the U.S. DOE Argonne
National Lab

AProvides a complete picture of the energy and environmental impacts
of technologies, including well-to-wheels GHG emissions for fuels

A Allows users to capture full suite of emission reduction opportunities
t hroughout the supply chain to redu

ARegularly updated with latest scientific and industry information

AMost current regulatory programs rely on the GREET model in some
capacity: CALCFS, EPA RFS, ICAO CORSIA



/ hbb9/ ¢L/ "' ¢ Qf

AThe State can use the GREET model to easily calculate life cycle
emissions for any low-carbon fuel program by incorporating it
by reference

A Allows updates to the science to be incorporated without costs to the
State

A Allows fuel producers transparency to drive further emission
reductions

ACaptures ILUC emissions for crop-based feedstocks through CCLUB
module

1



USE OF GREET EXTENDS EMISSIO
REDUCTION IMPACTS

w ol h ol w b h 4

Farm Specific Cultivation X v X v v v
iLUC Updated Land Use Data v X X X v
Land Management Changes ' X X v v v
Carbon Capture and Sequestration Crediting v v X v e v e
Electricity Source v v J v v v v
Thermal Source v v v v v v v
Methane Avoidance for Manure Systems e - X v
Hydrogen Source 4 o 4 v Y v v
SAlways calculated X Mot calculated Carbon emission calculated if positive, and not if negative Mot within system boundary

THIE GRAPHIC REFLECTS CURRENT REGULATIONS AS OF MARCH 2022

Source: https://gevo.com/whbiofuels/whybiofuelsmakesense/gevebelievesargonnegreetis-the-superiormodel/



QUESTIONS?

* =2

VERONICA BRADLEY, DIRECTOR'BRADLEY @CLEANFUEL
ENVIRONMENTAL SCIENCE



mailto:%20vbradley@cleanfuels.org

Questions

At the conclusion of each panel DEEP will hold a brief question and
answer period.

If you have a question for a presenter, please drop it into the chat to
Jeff Howard DEEP will pose as many questions as time allows to the

speakers. Clarifying questions will be prioritized. Leading questions will
not be accepted.




t NBLIZ2alta FT2NJ/

Franz Litz Litz Energy Strategies
Matt Goldenc Recurve
Audrey Schulmag Home Energy Efficiency Team (HEET)
Jim Koontz Reliable Secure Power Systems (RSP Systems)
Molly Connorst New England Power Generators Association (NEPGA)

Joe Ugliettac Diversified Energy SpeCialiﬁliﬁble to present during the live session but slides ar

included in this deck for viewing]

BUREAU OF ENERGY /, @,

Click on an agenda section headi TECHNOLOGY POL—%
(speaker order may vary)

to jump to the relevant slides
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THREE MARKET-BASED
POLLCIES TD CONSIDER

Franz T. Litz
Litz Energy Strategies LLC












































































































































































































