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to jump to the relevant slides

General Introduction 9:00-9:35 am
Public Comment 1 9:359:50 am
Introduction to End Uses that are Hard to Decarbonize 9:50-10:30 am
Industrial Thermal Processes 10:3011:45 am
Public Comment 2 11:4512:00 pm
----------------------------- LUNCH - 12:00-1:00 pm
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LongDistance Trucking 1:00-1:50 pm
Public Comment 3 1:50-2:05 pm
Aviation 2:052:45 pm
Public Comment 4 2:453:00 pm
Maritime 3:00-3:45 pm
Public Comment 5 & General Public Comments 3:454:30 pm
Wrap Up 4:304:45 pm
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UPCOMING TECHNICAL SESSIONS

Session 2: Building thermal decarbonization, Parts A &
B ¢ Heat pump barriers & market strategies

Part A: Thursday Sept. 22, 2022, from 9 a.m.to 5 p.m. EST
Part B: Friday, Sept. 23, 2022, from 9 a.m. to noon EST

Session 3: Building thermal decarbonizatign
t Support strategies

Friday, Sept. 23, 2022, from 1 p.m. to 5 p.m. EST

Session 4: Building thermal decarbonizatign
Economic potential & technology targets

Thursday, Oct. 6, 2022, from 9 a.m. to 5 p.m. EST

Other sessions to be announced



https://portal.ct.gov/DEEP/Energy/Comprehensive-Energy-Plan/Comprehensive-Energy-Strategy

Technical Deadline for Written

Meeting Date(s)

Session Comments
1 Sept. 1, 2022 Sept. 16, 2022,
9a.m-5p.m. ET at500p.m.ET
Written Comment Opportunities
Sept. 22, 2022 A Aft h technical ion DEEP i ti itt
i er each technical session is accepting written
2 dam-5pm. ET Oct. 7, 2022, comments D deadlines vary
Sept. 23, 2022 at5:00 p.m. ET A Comments are also being solicited PRIOR to technical session 4
9 a.m.-noon ET to inform the agenda (deadline Sept. 9, 2022, at 5 p.m. EST)
A Please see the August 18" notice for submission instructions
and specific questions for which DEEP is seeking responses
3 Sept. 23, 2022 Oct. 7, 2022, A More inf . S
i _ ore information on the web page:
1p.m-5pm. ET at5:00 pm. ET https://portal.ct.gov/DEEP/Energy/Comprehensive -Energy-
Plan/Comprehensive -Energy-Strateqy
Sept. 9, 2022,
at 5:00 p.m. ET
A Oct. 6, 2022 PRIOR to MTG.
9a.m.-5p.m. ET
BUREAU OF ENERGY
Oct. 21, 2022, TECHNOLOGY POL%
at 5:00 p.m. ET



https://portal.ct.gov/-/media/DEEP/energy/CES/Notice-of-public-comment_Sessions-1-4_CES_FINAL.pdf
https://portal.ct.gov/DEEP/Energy/Comprehensive-Energy-Plan/Comprehensive-Energy-Strategy

WELCOME & INTRODUCTIONS

Thanks for joining our technical session today!

Comprehensive Energy Strategy Scope & Objectives
A Scope: electricity, thermal energy, and fuels for transportation

A Objectives:

A Examine future energy needs in the state and identify
opportunities to reduce costs, ensure reliable energy
availability, and mitigate public health and environmental
impacts of CT's energy use

A Provide recommendations for legislative and administrative
actions to aid in achievement of interrelated environmental,
economic, security, and reliability goals
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BETP Missiolb manage energy, telecommunication, and
broadband policy issues and program deployment with the goal of
establishing a clean, economical, equitable, resilient, and reliable Fs S
energy future for all residents. G
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o> Key Lenses Key Strategies
A Climate¢ meeting greenhouse gas reduction A Build on and/or modify findings and
obligations under Global Warming Solutions Act recommendations of 2013 and 2018 CESs

A Equityc energy decisions that produce equitable A Consider emerging issues not addressed in a prior CES

outcomes
A Rely on results from recent, major quantitative studies

A Affordability ¢ energy decisions that produce where appropriate rather than duplicate efforts
affordable outcomes

A Economic development workforce
development; economic competitiveness

A Reliability & Resilience energy system
improvements and load balancing

BUREAU OF ENERGY 4 3
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3 Factors to Consider in all CES Technical Sessions

1. The carbon intensity of the electric grid

A Impacts the speed at which electrification can support
decarbonization

2. Fuel price volatility

A Impacts technology affordability and access, as well as growth of
the clean energy economy

3. Need for emissiorreduction solutions that facilitate climate change
adaptation, resilience, and energy security

A Impacts solution selection strategies and requires solutions to
optimize a variety of needs

Affordability

Economic
Development

Reliability &
Resilience

PANECT/C
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Decarbonizing the Electric Grid

wDecarbonize the Electric Sector

wSecure the benefits of competition and minimize ratepayer risk

wEnsure energy affordability and equity for all ratepayers

wOptimize siting of generation resources

wUJpgrade the grid to support and integrate variable and distributed energy resources

wBalance decarbonization and other public policy goals

Public Act 225 requires the state to
achieve a 100% zero carbon electric
sector by 2040

2020 Integrated Resources Plan found
there are multiple pathways to achieve
this goal

Procurement Plan Update

A Procurement for solar

A Procurement for transmission
and distributionrs connected
front of the meter storage

A Coordinate with New England
states on coskffective
transmission strategies

A Procurement for anaerobic
digestors




Supporting Electric Grid Decarbonization

Load Management via 202224 Conservation & Load
Management Programs (C&LM)

A Promoting cedelivery of energy efficiency and demand
management programs, including
A smart thermostats
A electric vehicle chargers
A battery storage

A Promote sustainable building practices and enesgying
retrofits in the commercial and residential sectors

A Aiming to significantly reduce peak demand and
greenhouse gas emissions

11



Fuel Price Volatility
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Fuel Price Volatility
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Impacts of Climate Change in Connecticut by 2050

A Strongerstormswith more wind andrain, more
frequent and longedroughts

A Up t020 inches of sea level risdong CT coast
by 2050

A Increased frequency dfooding with levels like
those seen in Superstorm Sandy eveti(b
years

A Indices ofextreme rainfallto increase

A Increased frequency &0°F days from average
of 5 per year from 197412999, to 25 per year
from 20402069

40 T N AN __ =M
G =

4 :‘Q:: '.‘:::‘"‘",w“f';:"s'm“ Follow Us: ﬂ’ﬂ
W s onsn 30
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Emissiorreduction ancclimate resilience nexus

Assessing impacts of climate change on electric grid
A PURA Resilience and Reliability Standards and
Programq17-12-03REQOP
A Climate Change Vulnerability Assessment

Climateimpacts driving energy use
A Increased days over 90 degrees driving need for
cooling
A Need for energy efficient heating and cooling and
community-scale resilience measures, e.g. urban
forest canopy

DEEP Climate Resilience Fund
A Funding for resilience planning and project
development

Impact of Superstorm Sandy
Power outages at peak: Over 8.5m () Reported deaths QUEBEC
[l Over 1 million without power e\ vork

=] 100,000 to 1 million 2.1m - 23% / 2N

110,000 t0 100,000 \_|ofstate total / BSE\K‘VS
xc ANADA . Ottawa ' /
UNITED ONTARIO | " 1 ~ me
STATES | 145,000 ' A
| Toronto 1% i |
| /
M 4 NH 142,000
‘ ¥1l _0 ¥ 19%
4 : =i m,ooo
LA .
g oH O T_" RI 117 000 23%
o 267300 L= 626,500 31%
iEr 2% New York City
% - w O i
NS 1, /

| Max size of storrn 1,600km across

. 62mies 4

B Highest surge: 4.23m, New York

M Most rainfall: 31.88cm, Easton, Maryland

M Most snow: 71cm, Redhouse, Marylz
M Evacuation zone: 640km of coastline
B Flights cancelled: Over 18,100 4
M Damage: Est. $20 billion

Sources: NOAA, U.S. Department of Energy
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Questions and Comments

At the conclusion of each panel DEEP will hold a brief question and
4 we comment period.

Raise Hand Q&A

If you have a clarifying question, please drop it into the chat to either
Jeff Howard or Becca Trietch. DEEP will pose as many guestions as tir

Lower left allows to the speakers.
of the
scréen If you would like to make a comment:
AtfSIHasS dzasS GKS awlAasS I FyRé ¥

A After any interested elected officials have provided their
comments, you will be invited to provide your comment in the
order the hands were raised

A Please unmute yourself, state your name and affiliation

A Given time limitations, please limit your comment to 2 minutes.

Al TGSNI @2dzNJ O2YYSyidas LIXSFasS N
button
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General Public Comment
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Hard to Decarbonize

Jeff Howard, Environmental Analyst
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Foundational Issues, Part A
Energy end uses that are hard to decarbonize

A Foundational issues

A2Keé 0S3IAY 6AGK WKINR
A 4 key hardto-decarbonize end uses

A CES lenses

A What DEEP is doing

A Agenda

Energy end uses for which, at a given time:

A few decarbonization pathways are available O O e e = bn 7S
A available pathways are expensive, technlcally - B ;

limited, or difficult to scale up ¥ 'BUREAU OF ENERGY A; #®
e == TECHNOLOGY POLI\/\

EN\J\“’




Foundational Issues

T Part A
&a Energy end uses that are hard to decarbonize
i TODAY

Part B

Carbon pricing and lovcarbon incentives
Date to be announced




Why kick ofthe CES technical meetings with a
session on end uses that drerd to decarboniZ2

The four hareto-decarbonize end uses examined today are not
major sources of emissions in Connecticut, but:

A Paying attention to contexts where decarbonization is
challenging can help Connecticut think more clearly about
contexts where multiple decarbonization options are available

A Connecticut companies are leading players in decarbonizing
some of these end uses

A Hardto-decarbonize end uses disproportionately affect
Environmental Justice communities

A Policies in Connecticut may have ramifications regionally,

nationally, and globally BUREAU OF ENERGY AL =%
TECHNOLOGY POL g




4 key hardto-decarbonize end uses

Industrial thermal processes

Longdistance trucking

BUREAU OF ENERGY A 2®
TECHNOLOGY POL gy’
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How does this relate to the
. key CES lensesK
4 key hardto-decarbonize end uses A Climate
A Equity
A Affordability

Longdistance trucking A Economic development
A Reliability & Resilience

Industrial thermal processes

Again, CT companies are
major players

These end uses affect air
quality and public health in CT
and more broadly, esp. in
Environmental Justice
communities

Decarbonization of these end
usesc both in CT and more
broadly-- can enhance
resilience and reduce energy
price volatility

BUREAU OF ENERGY ’A
TECHNOLOGY POL e’
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Context: Connecticut initiatives on
Industry and transportation

A Combined heat & power and waste heat
recoveryc Supported by Renewable Portfolio
Standard and other programs

A Conservation & Load Managemeptograms for
commercial and industrial facilities

A DEEP engagement with:

A U.S. Climate Alliance initiatives on industry
and transportation

A Other regional and national organizations
addressing industrial and transportation
emissions

A
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Agenda

Introduction
Industrial thermal processes

Longdistance trucking
Aviation
Maritime

9:50-10:30
10:3012:00

1:00-2:05
2:05-3:00
3:004:00
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Click on the presenters to jump to

their slides

Introduction (continued)

Ling Tao s National Renewable Energy Laboratory
Steve Howell & Veronica Bradley s Clean Fuels Alliance America
Kevin Boughan s Eversource

(speaker order may vary)

BUREAU OF ENERGY / #2.
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How Can We Decarbonize using
Biofuel, RNG and Green Hydrogen*

N

B . - B a e SN
* o8 “{'\ /’z,, W \v)/ N
Ling Tao, PhD, Bioenergy Analysis Platform Lead

———_ On behalf of Zia Abdullah, NREL Laboratory Program
= Manager, and NREL Analysis team

s Presentation to CT DEEP, September2022 —
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. Biofuel Potentials

. Key Takeaways

NREL |29



Biofuel Potentials
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~The Role of Biomass in Sustainable Transportation

. \ Projected Liquid Transportation Fuel Demand
0
A Transportation accounts for 34% of U.S. Current Transportation Fuel Use and Sustainable Biomass Supply
greenhouse gas (GHG) emissions. 1 billion tons of biomass, ~62 B GGE of biofuels
CO,-to-fuel remains to be explored
m 250
A Biofuels are part of a sustainable = — Others 75
transportation fuel strategy to S 200
decarbonize all modes. £ Light-Duty ~ nge
2 — Gasoline Vehicles
8 150 50 — MSW &
) % e Wet Wastes
A U.S. biomass can meet the needs of E  Enerey Crops
ohard to electrify 50 Med../Hiy.- . .Ft
aviation, marine and rail. F Pty enicles 25 -
'E 50 Diesel - Off-Road - ' Agricultural
S = Rail I Vegetable Oil
) ‘ Jet ' Aviation . . Starch
. . S () ==——Residual Ol s Marine — 0 -
E\OCUS areas for bIOfueIS' Current Fuel Current Fuel Future (2050) Future (2050) Spote'ntiatll
Use by Type Use by Mode AEQ Reference AEQ Reference ustainaple
EthanOI for passenger cars (2019)2 (2019) Scenario Scenario Supply (2030+)

AoDriop6 fuel s t half
infrastructure such as renewable
diesel/sustainable aviation fuels

a ~72% of total 2019 petroleum use

AEO = annual energy outlook | GGE = gasoline gallon equivalent | MSW = municipal solid waste

Courtesy of Valerie Reed and ZldaqgDOE BETO

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Sustainable Aviation Fuel (SAF) Grand Challenge

9 | A Governmentwide initiative led by DOE, ot
USDAand DOT to expand the domestic “o\oﬁff?\'e'...

400 production of SAF to meetLl00% of domestic z“-,._ox‘f"f‘ff‘-‘°"°
demand for aviation fuel. e e

50 | — e
A Nearterm goal: 3 billion gallons by 2030 '

300 (20% CQ reduction)

Longterm goal: 35 billion gallons by 2050

few Aircraft Technolosies

Operations Improvement
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2 50 ..... = — m
T . it S’s;‘on Red’ .
200 4 //////////
International , /
Aviation*® 0. 54
e, Yoy,
150 Legend: “‘3‘:% a*@__
Historical Data (FAA AEDT/ Aerospace Forecast) ’?@d‘( -
------- Frozen 2019 Technology Trajectory “on
100 = New Aircraft Diffusion Trajectory
Domestic Passenger Operators New Aircraft Technologies
Aviation*® .
Operations Improvement
50 === SAF Uptake: 50% Emission Reduction
== == SAF Uptake: 100% Emission Reduction
argo operators
General Aviation
0 1 1 1 1 1 1 1 1 1 1 1
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

* Note: Domestic aviation from U.S. and Foreign Carriers. International aviation from U.S. Carriers.
Courtesy of Valerie Reed and Zlag DOE BETO

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




New SAF Capacity Coming Online Within Next 3 Years With Several

Pathways That Expand Feedstocks Beyond HEFA

A New feedstocks
Includes lignocellulosic
biomass, alcohol from
industrial waste gas,

and gasification of
municipal waste and
forestry residues

~

2020 2021 2022 2023
world énergy NESTE <% gevo
25 MPGY
25 MPGY FUlE!ElNJEm” \‘W Lo MPGY
NESTE 7 MPGY SkyNRG Go ¢ gvn,"shine
PGy bl bl L L
34 MPGY 29 MPGY
i gevo A Lanzajet™> | ‘QFulcrum
DEMO RED ROCK 10 MGPY 21 MGPY
BIOFUELS
@ ToTAL 6 MPGY woridénergy = Y¥ReadiFuels
TBD
150 MGPY 24 MPGY
N\

CAAF' Source: Commercial Aviation Alternative Fuel<OAKEtioeg
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Lipids to Hydrocarbon Fuels

US Soybean Oil

g 70 28,000
§' 60 —e—Price 26,090
2 24,000
850 —e—Production 22,000
§ 20 20,000
9_; 18,000
§ 30 16,000
3 14,000
g 20 12,000

10 10,000

1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020

Source: https://www.ers.usda.gov/dataproducts/oil-cropsyearbook/oil-cropsyearbook/

Production (million pounds)

FOGs (Dry million tong) 5.9
FOG HC yield (GGE/dry ton) 238
FOG HC (billion GGEY 1.4
Soybean (Dry million tongy) 12.7
Soybean HC yield (GGE/dry ton) 249
Soybean HC (billion GGB/ 1.5
Corn oil (Dry million tongi) 2.0
Corn oil HC yield (GGE/dry ton) 238
Corn oil HC (billion GGEY 0.5

FOGs + Soybean + Corn oil HC (billion BGE/ 3.4

A Estimated abou6 million tons of inedible FO&e produced annually in the US (7 million tons including edible fats). T
rendering industry processes about 4 million tons of these materials annually. About 1 million tons of FOG is used |

biodiesel (SourceElA

A The USDA currently predidisbillion tons of soybean oitill go to biofuel production for202@ H HX p O Af £ A

soybean oil will go to biofuel in 2002H H 6 USDNIDO S Y

A The annuatorn distillers oiproduction in 2021 was abo@ million tons(SourcelJSDA NREL |34



https://www.eia.gov/biofuels/biodiesel/production/table3.pdf
https://biodieselmagazine.com/articles/2518279/usda-maintains-forecast-for-2022-undefined23-soybean-oil-use-in-biofuels
https://downloads.usda.library.cornell.edu/usda-esmis/files/v979v304g/7s75fh067/n583zz588/cagcan22.pdf

Refineries Can Be Customers For Biofuels Intermediate Stream Produ

T

Opportunities N el | cohols [ BOCHS/ [ Acids/ .l Lignin

A ~6.6M BBPD (97 BGPY) distillate Biocrudesqll Ketones streams
HT capacity available in the
United States

A Leveraging this capacity may save
significant capital costs Focus of R&D: Pretreatment of Feeds To Meet Critical Material Attributes (CMA

A M ay allow incremental transition These are physical and chemical properties of pretreated renewable_ streams which can
to renewables by blending processed by refinery hydrotreaters with no or minor modifications.

renewable and fossil streams
A Opportunities where re
permitting may not be required

hese streams can be drap and cost competitive with Fats Oils Greasgs

Q\"
i

&1l

Blend stock

Challenges _
A Large variability of streams -

=h

Alanes A Fuel delivery

A Match equipment to streams Petroleum Refinery lm A Fuel branding
A Hydrotreater scale too large A Safety
A ASTM approval of pathways ﬁ Hydrotreatment ,VO
A Incompatibility of materials of Fuel Inishing
P y or materals o A Trained workforce b\
construction with biestreams A Industry knowhow

A Managing exothermic reactions
https://www.eia.gov/dnav/pet/PET_PNP_CAP1 A (NA) 8CDHDO BPSD_ A.htm

NREL |35


https://www.eia.gov/dnav/pet/PET_PNP_CAP1_A_(NA)_8CDHD0_BPSD_A.htm

Strategy To Achieve 35 BGPY by 2050

A Use lowest cost feedstock first, and minimize CAPEX/OPEX/Permit Requirements
A Be mindful of tradeoff between carbon intensity and cost

A Codevelop conversion processes with feedstock

Acl NHSO yERNRAESt (U K2dzZaK ! {¢a 5S5nnpn aFl ai
A Then apply for conventional ASTM D4054 approval for higher blending ratio

A Partner with feedstock suppliers and refiners who know how to process at scale

A Be mindful of bottleneck owners and process guarantors and partner

A Focus on risk reduction to survive scaleup difficulties

A Focus on intermediate streams to make them compatible with existing refineries

v, o

@ﬂ

NREL |36



Bioethanol
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Corn Use by Segment in 2020

000000000
CORN USAGE FEED & RESIDUAL o ¢ o oo oo oo
5,650 milllon bushels [36.7%)
BY SEGMENT seccssseee EXPORTS .Illlllllllll'
00 0000000000006 008 8 Hi5millonbushels[175%)
2020 00 0000000000000 0O0C0O0BOCROGCCOS '
(million bushels) o0 0000 ssoceROeOROROOOEPO|OCROROROEOEOROEOOS
o000 00O sOOORIOOROIOIOIEOIEOEOEO|OROROIOOREOREOEOREOPEOES
o0 00000 sORROOOIOROIOIEOEOEO|OROOIOEOROEOEOROREOEOROREOESOS
oo cecscocsososvossncsccc|loseseneenoceneee
o0 0o 000 sosROOROROROOIOOEO|OROOIOEOROEOEOROROOROREOESOS
oo cecscocsososvossncsccc|loseseneenoceneee
TOTAL DISAPPEARANCE 90 00 00 0000000000000 0000000000000 RGES S
14.575 ® 0000000000000 COCOCTO[00O0COEOCO[OOOO®O®E®® @ @ HighHuctselomSyrp
’ soossosossncoeosose|jencsocce|oee e e e e e  L5mibnbushls2o
MILLION BUSHELS oo oo cooocoooonnoe|jesoecce|oee e @@ @« Sypetenes
soosososssssososvcc|josvecev|oee e e e e imibnhushlsin
- secessesscsssoessscsc|jenscccelfeoee e @ sy
@ =25 million bushels soosososnsoooosocc|jeocoee e e ele e e @ i Z0mionbushelsisn
se 0000 OOOOROOROEOES o|® @ ® ® « Coreal/other
s0e 0000 OOOOBROOROEOES ® ® ® &  2milionbushels (1.5%)
AR IR ®® ® & Beverage/Alcohol
ESI T IR Esi 0o e 170 million bushels (1.2%) ESl
Ethanol—Fuel Ethanol-Animal Feed 1. Seed Other

3,875 million bushels | 26.6%]

1075 milllan bushels [7.4%)

0 milllan bushels (0.2%)

1425 millan bushels [9.8%)

ﬂ

Source: USDA, ERS Feed Outlook, Jan. 15, 2021; ProExporter Network, Projected Crop Year Ending Aug. 31, 2021

A For 2021, total corn use is virtually unchanged at 14.8 billion bushels.
A An estimated 5.0 million bushels of corn went to ethanol production in 2020m ~  dzLJ F N2 Y
bushels in 201D H n &

A 5.0 billion bushels are equivalent to 128 million MT corn per year (141 million US tons) or 16.6 billion

gallons of ethanol

Source: https://www.worldofcorn.com/#

NREL |38
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Corn Grain

Starch: 33.3 Unit: Ib/bushel
Qil: 1.9 Unit: C%
Cellulosic: 3.9
Other DDGS: 8.5 ] Mash
100 C% Dry Mill » Liquefaction » Pretreatment
»; “hj :‘j.‘l'; ‘r:‘<\} iéa(r;; EtOH: 18.1 v CO
i 7' o
¢ ,Aﬂc}% ) % L2 | Product |, Beer | poimentation |32 C%
e e ®eTi s Y Separations
— by o 2 Co<_lrn oil Wet Cake
p oil: 1.9 with Corn
| , 6 C% Fiber
!‘ - A Cellulosic: 3.9
=== w e Other DDGS: 8.5

_ Based on Capacity | Based on RFA Da

Dry million tonsyr 148 132
Ethanol yield (gal/dry ton) 118 118
Ethanol yield (GGE/dry ton) 67 67
Total Ethanol (billion galf) 17.5 15.6
Total Ethanol (billion GG#) 9.9 8.8

Source https://ethanolrfa.org/marketsand-

198 Corn ethanol facilities exist, averagedniflion-gallon ethanol annual production statistics/annuakthanokproduction  NREL | 39
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H2@Scale Opportunities for Industrial Decarbonizat

ransportation

- Conventional Storage T
(H2@scale -_ “-~=
U.S. Department of Energy )
¢ Generation g Synthetic
G Fuels

“n

Upgrading
Oil /
Biomass

o,

Hydrogen

¢

Ammonia/
Fertilizer

Renewables l

H20 Hydrogen
Generation

Metals
Production

Electric Grid
Infrastructure

Major Industrial
Decarbonization
Opportunity with H2

Fossil
with CCUS
Chemical/Industrial

Processes

Gas Heat/Distributed
Power

Infrastructure NREL |41



Recent Increased Interest in Hydrogen: Global Drivers

V LOW-Ccost 200-fold electrolyzer growth $80B Global Government
by 2030 Funding. 6X More with
renewab_lesare Over 40 GW planned Private Sector through 202°¢
now available
413
~41.3 GW
Countries see Feb 2021
clean H can
help meet Capamtalledasof2019 ~27.9Gw  Distribution -
climate goals & 4in 2020
Hard to decarbonize
sectors Production
Energy storage
Import/export ~3-2GW
opportunities 2019 20 21 22 23 24 25 26 27 28 29 2030 vun2019 Announced
1. For projects without known deployment timeline capacity additions were interpolated between known milestones Source: MCKinsey’ H2 CounCiI’ Sprlng 2021
Source: MeKinsey Fydrogen Project daabase (From Sunita Satyapal, HFTO)

Studies show potential for 10 to 25% global GHG reduction using clean hydrogen. $2.5T Revenue. 30M .



I é IVQ NEZ é y { K 2 [j Y @aarthShOtS Hydrogen
$1 for 1 kg in 1 decade for clean hydrog s Soept .o

Summit Aug 31-Sept 1, 2021

Bipartisan Infrastructure Law $9.5B H2 Highlights
Example: Cost of Clean, Hom Electrolysis | A $8B for at least 4 regional clean H2 Hubs
A $1B for electrolysis (and related H2) RD&D
2020 :
A $0.5B for clean H2 technology mfg. & recycling R&D
~ $5/kg

m Electricity A Aligns with H2 Shot priorities by directing work to reduce cost

5 W Capital Costs clean H2 to $2/kg by 2026
. ® Fixed O&M A Requires developing a National H2 Strategy & Roadmap
® All pathways for clean hydrogen includec
2. 2025 Thermal conversion w/ CCS, advancec
z $2/kg water splitting, biological approaches, et
% 5 A Reduce electricity cost from >$50/MWh to
S . 1 $1/kg A $30/MWh (2025)

. A $20/MWh (2030)

A Reduce capital cost >80%
0 A Reduce operating & maintenance cost >90%

2020 Baseline: PEM low volume capital cost ~$1,500/kW, electricity at $50/MWh. Need less than $300/kW by 2025, less than $150/kW by 2030 (at scale)
6! RFLIISR FTNRY YdzZf GALX S ONASTFAY3I &4t ARSE& T NEEN-43{






RNG Opportunities and Challenges

N N ST A 2016: 17.5 trillion Btuttu) of RNG produced for pipelin

Landfill Gas $7.10 - $19.00 injection
Anaerobic  Animal Manure 21849 9929 2020: 50(Btu per year of RNG from landfills, dairy
Digestion ' \yater Resource Recovery Facilities $7.40 - $26.10 . TP

e 510,40 - $25.30 digesters, and water resource recovery facilities (WRR

ood Waste Sl injected into pipelines, growth rate about 30%

A ICF estimates 1,89D,160tBtu/y of RNG production by
2040. . _
(8D 1of decariontzation

For Comparison, the United (S Local & regional

States consumed economic benefits

approximately 17,50@Btu of
NG in 2018 in the residential,
commercial, transportation,
and industrial sectors.

RNG production & processing
costs need to be reduced

Maximize utilization
of waste streams

o Transportation market is limited

High value in the
transportation market

RNG Deployment

Source: STUDY ON THE USE OF

BIOFUELS (RENEWABLE NATURAL GAS) |

IN THE GREATER WASHINGTON, D.C.
METROPOLITAN AREA{MARCH
2020) Near-term Medium-term Long-term

. Interconnection costs are
often cost-prohibitive




Anaerobic Digestion Remains the Dominate Route

Figure 3.7 Global!:)iofuels production by technology in the Sustainable Development IEA Enel’gy TeChnOIOQy PeI‘SpeCtlve 2020 (Sept 10, 202
Seenario, 201970 A Total biogas and biomethane production worldwide

E soenenmeanenonsnccvs— grows from 30 milliorionnesof oil equivalent (Mtoe)
O Advanced biodiesel with CCUS tOday tO 335 Mtoe In 2040 and 390 Mtoe In 2070
e o) B1L e “oA Global average blending shares for biomethane into
natural gas networks reach 8% in 2040 and 16% in 2C
semenenasvancrancevs. A - Bingasfired internal combustion engines, a modular
R E E e e technology with relatively high patbad efficiencies, are
a flexible generation operation in the Sustainable
Notes: Advanced biodiesel here includes biojet fuel production. Biomethane and biogasliiri?)i?s‘:r:!f::)errisewecjl Development Scenarlo, Supportlng the Integratlon Of
include power generation, gas grid injection and transport use. The vast majority of liquid biofuels are consumed in .
transport, while a small portion is consumed in industry. Varlable renewables .
~see &8 9 NORTH y .
V§< N% o d«!OWANA %0 g NB
? Cn®e ORR Smae e Of the 16,000 water
°'°*“<% wrowigs resource recovery facilities
O R Sy #..  (WRRFs)intheUs, |
San FEEa "_: 3 OC 0 l@RéD O SO e :‘ 2% - o

approximately 1,500 use
anaerobic digestion to
stabilize solids and
generate biogas




Key Takeaways

A Biofuel can play a significant role in decarbonizing several sectc
of the economy. Neaterm deployment is driven by strong marke
pull and strong sustained policies to accelerate investments.

A Two main drivers driving for lowost clean hydrogen are
economics and climate goals, especially in the hard to
decarbonize sectors of their economy.

A RNG is available today and is a valuable renewable resource w
carbonneutral, and in some cases carboagative
characteristics.

NREL |47
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Sources: https://www.energy.gov/sites/prod/files/2020/804&8ibataiuetsep2020.pdf

This work was authoreldy the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy,
LLC, for the U.S. Department of Energy (DOE) under Contract M@ 3IBE8G028308. Funding provided byS.
Department of Energy Office of Energy Efficiency and Renewable Energy Bioenergy Technologies Office. The views
expressed in the article do not necessarily represent the views of the DOE or the U.S. Government. The U.S.
Government retains and the publisher, by accepting the article for publication, acknowledges that the U.S.
Government retains a nonexclusive, paig, irrevocable, worldwide license to publish or reproduce the published

form of this work, or allow others to do so, for U.S. Government purposes. Transforming ENERGY
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Biogenic Low Carbon Liquid Diesel

Fuels for the Future
Connecticut DEEP: Sept 1, 2022

Steve Howell, Partner, M4 Consulting, Inc.
ASTM Biodiesel Task Force Chair
Senior Technical Advisor to Clean Fuels Alliance America



Clean Fuels Industry Vision 2020

Biodiesel, renewable diesel, and sustainable aviation fuel will be
recognized as mainstream legarbon fuel options with superior
performance and emission characteristibson road, off road, air
transportation, electricity generation, and home heating
applications, use will exceealx billion gallons by 2030

eliminating over 35 million metric tons of CO2 equivalent
greenhouse gas emissions annually. With advancements In
feedstock,use will reacH5 billion gallons by 2050

- cleanfuels.org



(? e Biodiesel And Renewable Dies
Future Target Markets

AOn and oftRoad

AHeating Oil/Industrial Boilers
AMarine

ALocomotive

APower Generation

- Traditionally, most U.S. biodiesel and renewable diesel isHofbwoad
diesel, with increasing amounts in home heating oil and large bollers.

- B20 use Is common In regions with strong policy support (Midwest, West
- R80/B20, R95/B5, R100 is common in California due to strong LCFS valt

- cleanfuels.org



New Opportunities Driving Market

ACarbon reduction is now driving the market
AFederal, State, and voluntary private industry (ESG, etc.)

AB20 is simply not enough for many policy goals
AB50 and B100 are needed to hit carbon targets

AC20dza A& &aKATUO andihe mazket«than |
are demanding them

AFuel quality is at an all time high

AThe high fuel quality is providing confidence higher
blends will work

- cleanfuels.org



HEATING OIL: THE PROVIDENCE RESOLUTIC

Industry leaders from the New England States
and New York gathered for thé!Northeast
Industry Summit 2019

Out of this meeting the Providence Resolutio
was developed which said;

The industry resolved that it would reduce
greenhouse gas emissions, based on 1990
levels, as follows:

w15% by 2023 (B20)
w40% by 2030 (B50)

wNet zero by 2050 (B100)

‘ This will make B20, B50 and B100 avallable /gy )===
at terminals in the NE for other applications

=3 - == e
:.;‘gf Zit=C = S
b w ===
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Destination
Zero for Clean
Fuels Market
Panel

Tracl Kraus

6/15/22




Three components of the technology
roadmap to a zero emissions future

)

#1: Fuels cells and
battery electric

N

i) — %

#3: Fuel-agnostic #2: Low to zero
powertrain platforms carbon fuels

Cummins | 56



Cummins Destination Zero Vision

# 2: Low to zero carbon fuels lower and eliminate carbon emissions on
a well-to-wheel basis:

- Hydrogen (combustion or fuel cell), natural gas, biodiesel, synthetidwele

nNB20 1 s already 1 n our | 1 ves toda
on it; the next step towards lowering emissions will be to have engines
t hat can run on B40 and then on B

Cummins has asked to partner with Clean Fuels Alliance America on
specifications, EPA emissions approvals, and policies to provide incentives
OEMs to support higher biodiesel blends



More cumulative carbon reduction

Total Carbon Emissions (MMT CO,)
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s Our path to zero including low carbon fugls e 100% ZEV in 2035

This analysis is representative of the North America heavy-duty truck application from a wells-to-wheels perspective. Cummins | 58



Ultra Low Emissions Diesel Engines
are coming in 2022030

ANew Technology Diesel Engines (NTDEs, 2010) reduced NOx emissions >909

AUIltra Low Emissions Diesel Engines (ULEDE),22@P%timeframe
A EPA and CARB regulations will lower tailpipe NOx emissions by another 90%
A lmplemented for new ofroad diesel engines
A This will make future new ULEDES near zero tailpipe emissions

ABiogenic low carbon liquid fuels like biodiesel or renewable diesel (or their
blends) used in these new ULEDESs can provide significant carbon reductions:
A 100% Scope 1 carbon reductions
A 70-80% Scope 3 carbon reductions (full life cycle)

U As fuels and power decarbonize, Scope 3 carbon reductions will approach 10(
l.e., netzero carbon

- cleanfuels.org



Locomotive Fleet Facts

A Class | railroads had 24,597 locomotives in
2019, a 5.7% decrease over 2018

A 7,500 locomotives in storage
A 31.2% of locomotives built before 1995

A Avg. of 197 new locomotives added to N.
American railroad fleet over last three years

A Class | railroads interchange locomotives

F "
| Reici] |

ASSOCIATION OF
@ AMERICAN RAILROADS



Raillroads and Higher Blends

American Association of Railroads, June 2022 CFAA Board Meeting:

A Biodiesel and renewable diesel will play an important role in Class | railroads meeting their
carbon reduction goals

A Biodiesel & Renewable Diesel Use in Existing Locomotives

A Progress Rail recently announced its approval of B -20 and 100% renewable diesel in its
locomotives; May reduce carbon emissions by 20 -25%

A g6 LijiYyaOal Ol LjiYygl OYs gl afFOlI GFtYGGuUYOIt t1 OLjLjY@g d C®
biodiesel and renewable diesel in various engines to ensure no negative effects on
locomotives

- cleanfuels.org



WHY? Biodiesel in Marine Applications

Paris Climat Agreement:

A Limit Global Warming to well below 2 and preferred max°C,gompared to pre Industrial level.
A This is progressive and is evaluated on a 5 yearly basis.

A Main lever is CO2 reduction.

EU legislation:
AwSOSyYyifeée f I dzy O& ®Hch ingals 55 ¢sg COP enissigng i2030 compared to
1990.

IMO:
A 40% GHG reduction by 2030 compared to 2008
AWt dzNAEdzZAYy3 9FF2NLaQ G261 NRa T/x: 0€ HApno®

MAERSK:
A 60% GHG reduction by 2030 compared to 2008
A Nett Zero CO2 Emissions from our ocean operations by 2050

62
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Marine Status and Needs

Al arge opportunity for lowcost biodiesel across the globe

APrivate companies are conducting trials now, primarily in Europ

AMaersk: Over 50 voyages BB@5, looking at higher blends
ACargill: B30, B100

ASpecifications (1SO 8217) are being updated for B50, up to B10

- cleanfuels.org



Low Carbon Liquid Fuels: 2030, 2050 and Beyc

- As alow capital and low infrastructure way to decarboninee anticipate Biodiesel
and Renewable Diesel volumes will increase substantially:

- 6 billion gallons in 2030
- 15 billion gallons in 2050
- The volumes could be higher depending on feedstock breakthroughs

- Thesefuels will be used where state policies and industry demands are the
strongest logistics for higher blends are the easiest, and cost to the customer Is

- On/Off-Road, Heating Oil/Industrial Boilers, Marine, Locomotive, Electricity Generation

- Clean Fuels Alliance America, industry, and OEM partners are committed to
addressing technical needs for these new markets and opportuniti

- cleanfuels.org



Thank you!

| KF NI Sa 5F N¥AY LIdzNLI2 N.
strongest of the species that survive, nor the most

intelligent, but rather the one most adaptable to
OKI y3S de

- cleanfuels.org
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END USES THAT ARE HARD TO
DECARBONIZE: AVIATION

Veronica Bradley, Director of Environmental Science



SAF: THE FUEL

Sustainable Aviation Fuel:

A Structurally similar to petroleum -based jet
fuel, currently blended up to 50%

AMade from alternative feedstocks like
vegetable oils, animal fats, used cooking oill

AReduces GHG emissions on a life cycle
basis relative to petroleum jet fuel.

- cleanfuels.org

2020
U.S. SAF Production 110,000 Barrels

Connecticut Total Jet Fue 1.1 Million Barrels
Consumption

U.S. Total Jet Fuel 394.0 Million
Consumption Barrels

Feedstock Growth

it
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SAF Life Cycle
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SAF: CURRENT POLICY

U.S. Airline Commitments

All major U.S. Airlines have committed to Net -Zero
Carbon Emissions by 2050

International Policy

UN ICAO Carbon Offsetting & Reduction Scheme for
International Aviation ( CORSIA ): Carbon neutral
growth from 2020

Domestic Policy

SAF Grand Challenge (USDA/DOT/DOE) : Reduce
the cost, enhance the sustainability, and expand the
production and use of SAF

ANear-term goal: RD&D to scale up production to 3B
gallons/year by 2030 (>71.4M Batrrels)

Inflation Reduction Act tax credits

- cleanfuels.org
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What can the State do to promote SAF
production & uptake?

Considerations:
AWhat have other states done to promote SAF?

AAre there legal hurdles like federal preemption to
overcome?

AAre there new and different ways to promote SAF
production through its supply chain (e.g.,
transportation infrastructure, airport -specific
opportunities)?

- cleanfuels.org
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Hard to Decarbonize Sectors: Transportation

Long-Haul Trucking, Aviation and Marine share common inherent challenges towards decarbonized
market development — longer term regional coordination necessary for planning

Inherent Challenges to Market Development Utility Challenges
® Regional Markets require multi-jurisdictional ® Large Battery Capacity Requirements = Large
coordination Electrical Demand Requirements
® Standards Development ® Distribution System and Transmission Planning
® Available Models / Vehicles ® Regional Electrical Capacity Planning
®* Dwell Time impact on Logistics ® Resilience / Redundancy Needs
* In/flexibility of demand ® Optimization of the resulting load

Resilience / Redundancy Needs ¢ Extent to which clean H2 plays role




Click on the presenters to jump ta

their slides

Industrial Thermal

Kareem Hammoud s U.S. Climate Alliance
Blaine Collison s Renewable Thermal Collaborative
Amanda De Vito Trinsey s CT Industrial Energy Consumers
Rob Kirts s Stanley Black & Decker

(speaker order may vary)

BUREAU OF ENERGY / #.
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Decarbonizing Industrial
Thermal Processes

CT DEEP Technical Session for the 2022 Comprehensive Energy
Strategy

UNITED STATES UNITED STATES
CLIMATE ALLIANCE CLIMATE ALLIANCE





















































































































