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AUnder international GHG accounting
YVZ2N¥Ya YR 9t! Qa D
carbon emissions from combustion
of biofuels are counted in jurisdiction
wherefeedstocksare grown rather
than jurisdiction whereeombustion
oCccurs
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This convention:

Als being contested by prominent climate scientists asilhded, detrimental to
integrity of GHG accounting, and harmful to global climate system

ALY a0l dS AYy@Syuz2NASa: Lizua oA2FdsSta IO
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AEncourages states to sanction use of blofuels whose carbon emissions are A
GSEGSNYI £t ATSRE 2yi2 | O02dzyia 2F 234KSNJ

ARequires aleap of faitht N2 A RS&a y2 | aadz2N)> yOS GKIFa I
accounting for these emissions

A Threatens to distort energy policies by encouraging importation of biofuels whose
O2Y0dzaA2Y R2S&a y20 FFFSOUO GKS AYLRZNIA
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DEEP intends to grapple with this issue in CES
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I\/_Ilag'orilt<y (77%) of fuel oll releases are from homes rather than fuel terminals or commercial
oil tanks

Over 80% of U.S. households heating with oil are in Northeast, and Chighést
consumer of residential heating etAbout half of CT residences rely on fuel oil for heat

DEEP receives releases of heating oil per month

I\/1I:ar]?/ residences rely on private water supply wells, which can be contaminated by releases
of oi

Average cost of responding to and remediating a residential release of heating®xl496
per incident

A Releases with significant environmental impacts can have costs as high as $198,000
A DEEP has over $600,000 in expenditures this year alone in oil spill remediation
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Land Use Change ~26% Carbon in Atmosphere
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K-H Erb et al. Nature 553, 73i 76 (2018) doi:10.1038/nature25138



Ongoing Land Use Change ~10% of Emissions




Climate Strategies Require No Additional Land Use Change

Breakdown of contributions to global net CO2 emissions in four illustrative model pathways

Fossil fuel and industry @ AFOLU BECCS
Billion tonnes CO, per year (GtCOz/yr) Billion tonnes CO, per year (GtCO2/yr) Billion tonnes CO, per year (GtCO2/yr) Billion tonnes CO, per year (GtCO2/yr)
40, P1 40, P2 40 P3 40, P4
20 - 20 20 - 20
0 0 0 0
-20 -20 -20 - -20
2020 2060 2100 2020 2060 2100 2020 2060 2100 2020 2060 2100

IPCC, 2018



Global land use
demands by 2050
elative {0 2010
(without more °

ioenergy




Nearly all studies project more cropland for food by 2050

C. Schmitz et al.
Agricultural
Economics 45 (2014)
691 84
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Cropland now expanding ~Mha/year 20112019
Rate would convert 1.5x India 262050

i
i
*

Cropland extent 2000-2019

Stable Gain Loss
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Potapovet al.,Nature Food2022); 10 MHA net arable expansion
+ FAQ probably 2Mha permanent cropland

(Slide courtesy of Matt Hanson, GLAD, UM



BOTHBIOMAS®NDFOSSIEUELCOMBUSTIORMITCARBOMIOXIDE
POTENTIABAVINGSIOMEFROMPLANTUPTAKE

Combustion of biomass provides
carbon neutral energy

Sunlight

The Carbon Cycle

Cq,

. Biodiesel

Photosynthesis recycles
carbon dioxide

Biodiesel
Polysaccharides
(Storage)

- e

Source: Bodhged Asiodiation of Australia
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Producing Total GHGs &
Feedstock Tailpipe  Ferment % Increase for Credit for
Source of (crude oll Emis ation Biofuel Without Plant Total GHGs &
fuel* or crop) Refining sions emissions Plant Credit Growth % Savings for Biofue
Gasoline | +4.5 +8 | +73.3 - 85.8 - 85.8
EU
cnanol | 140 | +21.2| +71.4| +35.7 168.3 107.1| +61.2
(+96%) (-29%)

Lifecycle Analysis GrainBased Ethanol- CO, eqv. per mega joule of fuel

Source: European Joint Research Centeli Grain Ethanol



Benefit: Use land to produce plants to
displace fossil emissions

but

Cost: Not using land for some other
purpose



Land Costs v. Benefits of (Optimistic) Biofuels

Alternative Use of Land Land cost of biofuels Benefit of biofuels
(tC/haly) (tC/hly)

(very high cellulosic ethano
yield & replaces fossil fuel

Tropical seasonal forest ~6.6 ~3
(Gibbset al. 2008)

Existingtemperate forests ~6-~8 tons ~3
(conservative)




Counting average carbon lost to produce the crops, ethanol & biodiesel Rave 2
times higher emissions than gasoline/diesel

LUl PUWEL VLY

(Central Europe) " Production emissions

Gasoline/diesel avg | N
Cane ethanol [
Whestten!
— e

B Fossil-fuel CO, emissions

0 100 200 300 400 500 600 700 800
g C0, eq per km

Searchingeet al. Nature (2018)
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Effect of switching from gasoline to biofuels grown on
otherwise unproductive land; Reduced atmospheric GO
through increased plant growth

Unproductive

land New crop growth

CO, emission
CO, emission

Car, gasoline

Car, ethanol

Gasoline Use Ethanol Use
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Using otherwise burned or decomposed crop residues for
biofuels- Reduced emissions through reduced land sources

CO, emission
CO, emission

c
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Burning or decomposing @ gasoline o
crop residues Reduced emissions from

Residues :
Car, ethanol
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Figure 2- Direct effect of switching from gasoline to
biofuels that use existing crops No change in
emissions

Crop growth Crop growth

CO, emission

Car, gasoline

Car, ethanol

Gasoline Use Ethanol Use
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Figure 3 - Indirect effect 1 of adopting ethanol  d Ethanol
leads to less crop consumption for feed and food, which
reduces CQ

Crop growth Crop growth

c
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CO, emission

Livestock & human
respiration, methane
and wastes

Reduced
livestock
& human
respiration,
methane and
wastes

Car, gasoline

Gasoline Use Car, ethanol

Ethanol Use

(vertical arrows indicate carbon uptake and emissions)
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Renewable Does Not Equal Free
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PV todayc 20% gross;
~15%net

Solar conversion efficiencies

lowa corn

Ethanol0.15%

Brazilian sugarcane
ethanol 0.2%

Most optimistic location
; future USswitchgrasgDOE)

(24tDM/ha and 100 gallonstonne)

0.35%



Land I1s Not Free!

NPPO (tC/ha)
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Global Native Vegetation NPP
Searchingeet al., Nature (2018)
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Alr Pollution in CT for Technical
Session on Alternative Fuels

11/4/2020
Jaimeson Sinclair

Enter Event / Location

ﬁﬁ Connecticut Department of Energy and Environmental Protection
—
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A Brief overview of Clean Act Requirements and
/| ¢ Qa OdzNNBYd | ANJ ljdzr € A&

A Combustion basics and how burning fuel
creates air pollution

A Considerations when advancing alternative
fuels

Q Connecticut Department of Energy and Environmental Protection




A The situationally appropriate use of alternative fuels and
technologies to burn them can improve air quality and reduce
GHG emissions

A The benefits and consequences of alternative fuels need to b
weighed and balanced in a thoughtful way

Connecticut Department of Energy and Environmental Protection




Clean Air Act Overview

In depth overview of Clean Air Act Can be foun@e¢rview of the Clean Air Act and Air

Pollution | US EPA
A Clean Air Act Amendments of 1990

I Sets lower for
, and process for periodically reviewing and amending the standards

i Establishes Air Toxics Program

A Creates a list of 188 to be regulated to reduce near term
health effects

I Clean Air Act and Amendments deal with GHG emissions in a very limited way
relative to Criteria Air Pollutants and Hazardous Air Pollutants

A Some GHGs are regulated under other CAA programs because they are hazardous air
pollutants or ozone depleting substances

A The majority of GHG emission regulation is the result of legal precedent where the
case was made that GHG are a threat to human health and the environment by virtue
of the affects of Climate Change over the long term.

6 Connecticut Department of Energy and Environmental Protection

——


https://www.epa.gov/clean-air-act-overview
https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.epa.gov/criteria-air-pollutants
https://www.epa.gov/haps

A

Al ¢ Q4 2 Fagajhi@entyh@s\persisted for nearly 50
years

Al ¢ Q& 2 FagajhiBentyfeXuits in significant adverse
public health, economic, and environmental impacts.

A Ozone norattainment is the most significant air quality
challenge in CT In terms of effort to comply and Rear
term adverse impacts (health, environment, economic)

Connecticut Department of Energy and Environmental Protection



https://portal.ct.gov/DEEP/Air/Monitoring/Air-Quality-Summary-and-Trends

A Additional challenges

I Reducing Hazardous Air Pollutant emissions,
especially in dense population centers
iwSRdzOAY 3 DI D SYAaaarzya
Warming Solutions Act and mitigates the
future Impacts of climate change.

C i

Connecticut Department of Energy and Environmental Protection




Fuel Combustion and Air Pollution
Fuel + Q=== CQ + HO + HEAT

CHON,(Trace Mineralg) + (N+0Q,)

—

CQ + HO + HEAT NO, + SQ + CO+PICs

where PICS B, VOChazardous air pollutant& PM

6 Connecticut Department of Energy and Environmental Protection

—



Fuel Combustion and Air Pollution
What about theOzonée&

NOx + VOC + Heat & Sunlight = Ozone

Ground-level or "bad” ozone is not emitted directly

into the air. but is created by chemical reactions
between NOx and VOCs in the presence

of heat & sunlight

Emissions from

industrial facilities and electric

utilities, motor vehicle exhaust,

gasoline vapors, and chemical solvents are

some of the major sources of oxides of nitrogen
(NOx) and volatile organic compounds (VOC).

Gﬁ Connecticut Department of Energy and Environmental Protection
—




How can Alt fuels and Fuel Switching reduce air pollution

A Electricity generated by neamitting renewable
sources of electricity Is the least air polluting
way to fuel anything

A Gaseous fuels tend to be cleaner burning and
less polluting than liquid and solid fuels

A More refined liquid fuels tend to be cleaner
burning and less polluting than heavier liquid
fuels and solid fuels

Connecticut Department of Energy and Environmental Protection




Important Considerations: Carbon Intensity

Carbon Dioxide Emissions Coefficients by Fuel

Pounds CO, Kilograms CO; Pounds CO, Kilograms CO3

Carbon Dioxide (COj3) Factors: Per Unit of Volume or Mass  Per Unit of Volume or Mass Per Million Btu Per Million Btu

For homes and businesses

Propane 12.68 gallon 5.75 gallon
Diesel and Home Heating Fuel (Distillate Fuel Qil) 22 .45 gallon 10.19 gallon
Kerosene 21.78 gallon 9.88 gallon
Coal (All types) 3,876 61 short ton 1,758.40 short ton

Natural Gas 120.96 thousand cubic feet 54 87 thousand cubic feet

Finished Motor Gasoline® 17.86 gallon 8.10 gallon

IMotor Gasoline 19.37 gallon 8.78 gallon
Residual Heating Fuel (Businesses only) 24.78 gallon 11.24 gallon
Other transportation fuels

Jet Fuel 21.50 gallon 9.75 gallon
Aviation Gas 18.33 gallon 8.32 gallon
Industrial fuels and others not listed above

Petroleum coke 32 .86 gallon 14.90 gallon

Connecticut Department of Energy and Environmental Protection


https://www.eia.gov/environment/emissions/co2_vol_mass.php

Important Considerations: Heat Content

HEATING VALUES OF HYDROWGEN AND FUELS

Fuels Lower Heating Value (LHW) [1] Higher Heating Value [(H H-'u") [11 Density
Gaseous Fuels @ 32 F and 1 atm Btufft3 [2] Btuw/b [3] MJI/'kg [4] Brwft3 [2] Btuwilb [3] MI/kg [4] grams/ft3
Matural gas 20267 4TF_ 141 1089 22,453 52 225 220
Hydrogen 51,682 12021 343 61,127 142 18 255
Still gas (in refineres) 20 163 46 898 1,584 21905 S50._951 328

Liguid Fuels Btu/gal [2] Btu/lb [3] MJikg [4] Btulgal [2] Btwlb [3] MJlikg [4] gramsigal
Crude oil 129,670 18,352 42 G686 138,350 19,580 45 543 3,205
Conventional gasoline 116,090 18,679 43 448 124 340 20,007 45 538 2819
Reformulated or low-sulfur gasoline 113,602 18,211 42 358 121,848 19.533 45 433 2. 830
CaA reformulated gasoline 113,927 18,272 A2 S00 122,174 19.595 A5 STT 2,828
LS. conventional diesel 128,450 18,397 42 791 137,380 19,676 45 TG 3,167
Low-sulfur diesel 129 488 18,320 42 612 138,490 19 594 45 575 3,206
FPetroleum naphtha 116,920 19,320 44 938 125,080 20,669 48 075 2,745
MNG-based FT naphtha 111,520 19,081 44 383 119,740 20.488 4T 654 2,651
Residual oil 140,353 16,968 39 466 150,110 18,147 42 210 3,752
Methanol 57,250 8,639 20.094 65,200 9,838 22 884 3,006
Ethanol TE,330 11,587 26952 B84 530 12, 832 29 847 2. 988
E-Diesel Additives 116,000 18,679 43 448 124,340 20,007 46536 2,819
Liguefied petroleum gas (LPG) 84 950 20,038 46 60T 91,410 21,561 50.152 1,923
Liguefied natural gas (LMNG) T4, 720 20,908 48 632 84 820 23,734 55 206 1,621
Dimethyl ether (DME) 68,930 12,417 28 882 75,610 13,620 31.681 2,518
Dimethoxy methans (DMM ) T2,200 10,061 23.402 7O 197 11,036 25670 3,255
Methyl ester (biodiesel, BD) 119,550 16,134 3T.528 127,960 17269 40168 3.381
Fischer-Tropsch diesel (FTD) 123,670 18,593 A43.247T 130,030 19_549 45 471 3,017
Liguid Hydrogen 30,500 51,621 120.07 36,020 60,964 141.80 268
Methyl tertiary butyl ether (MTBE) 93,540 15,004 35108 101,130 16,319 3IT7.957 2,811
Ethyl tertiary butyl ether (ETBE) aE, 720 15,613 36.315 104,530 16,873 39 247 2,810
Tertiary amyl methyl ether (TAME) 100,480 15,646 36.392 108,570 16,906 30.322 2,913
Butane [=T = rya] 19,466 45 2FT 103,220 21,157 49 210 2,213
Isobutane a0, 080 19,287 44 BEZ a8 560 21,108 49 096 2,118
Isobutylene Qs 720 19,271 44 824 103,010 20,739 48 238 2. 253
|Fropane 84 250 19 904 A6 296 91 420 21 597 50_235 1,920

Solid Fuels Btufton [2] Btu/lb [S] MJIkg [4] Btufton [2] Btwilb [5] MJ/kg [4]
Coal (wet basis) [6] 19,546,300 Q9,773 22.T32 20,608,570 10,304 23 968
IBituminous coal (wet basis) [7] 22 460,600 11,230 26122 23,445,900 11.723 2T.267
Coking coal (wet basis) 24 600,497 12,300 28610 25 679,670 12,840 29 865
Farmed trees (dry basis) 16.811.000 8,406 19551 17,703,170 8.852 20.589
|Herbaceous biomass (dry basis) 14, 797 .555 7,399 17.209 15,582,870 F.7o1 18123
Corn stover (dry basis) 14,075,990 7,038 16370 14 974 4680 7487 17.415
Forest residue (dry basis) 13,243 490 6,622 15402 14,164,160 F.onaz 16.473

Connecticut Department of Energy and Environmental Protection


https://chemeng.queensu.ca/courses/CHEE332/files/ethanol_heating-values.pdf

Important Considerations: Technology

Boiler/furnace

/

Connecticut Department of Energy and Environmental Protection




Important Considerations: Energy/Pollution Intensity to Produce Fuel

Using an alternative fuel or fuel switching that requires more
energy and generates more pollution to produce the fuel to
reduce emissions at the point of combustion may not be wise.

6 Connecticut Department of Energy and Environmental Protection

——



Important Considerations: Biofuels

Some have a lower heating value than their petrolebased
counterparts so quantity needed to do the job, emissions resulting
from doing the job and life cycle emissions need to be evaluated

At the point of combustion, many biofuels result in less PM, VOC, and
Hazardous Air Pollutants than their petroletbased counterparts

Q Connecticut Department of Energy and Environmental Protection

——



Important Considerations: Hydrogen

Best use is in a fuel cell
High flame temps could result in increased NOx emissions

In a combustion application, it takes a lot of cubic feet of hydrogen to
do the same amount of work as lessor amounts of other fuels

6 Connecticut Department of Energy and Environmental Protection

—
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Limited Role in e e
Building
Decarbonization
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ALow carbon fuels will have an important role to play in decarbonizing
hard to electrify sectors.

AEarly priorities in CT might include: industrial thermal processes, aviation.
maritime, longdistance trucking.

ALow carbon fuels arenota practical solution for heating buildings at scale:
U Inefficient use of carbefinee electricity
U Impractical infrastructure requirements and high costs
U Limited RNG potential and higisk feedstocks
U High RNG heating costs

RMI¢ Energy. Transformed.
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Heating a Connecticut home with hydrogen would require significantly
more energy input than heating with an electric heat pump.

. : Heat Home Heating
Electricity Input Electrolysis T&D .
y1np y Conversion Demand
Z
L
O
@)
Y
a)
>_
T 80%
Z
LL
L
Y
)
74% efficient 1% loss
o
>
D
- N/A
|<_E 283%
L
T

5% loss

RMI¢ Energy. Transformed. |
Source: RMI Analys;i



Future hydrogen heating projects suggest
significantly higher heating costs over gas today

Fuel costs$/MMBtu 13.7

7.88

2.83

Avg Henry Hub Price,  Henry Hub Price, NY Green H2 Price
2015-21 Sept 2022 2050 Projection

Natural gas Hydrogen
Source: EIA Henry Hub Natural Gas spot Price; New York CAC Green Hydrogen Co

RMI¢ Energy. Transformed.



Over 50% of all Connecticut gas mains are made of steel or cast
iIron, which would require expensive upgrades or replacements to
deliver a high blend of hydrogen

Miles of CT
gas mains by 119 1,088
composition

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000

m Coated steel mBare Steel mCastlron mPlastic mOther

RMI ¢ Energy. Transformed. Source: PHMSA
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RNG potential estimates in Connecticut are jus4% of
statewide gas demand and-4.2% of buildings demand

2021 fuel demand and 2040 ICF resource potential estimateésiu

326

115
L e
Connecticut gas CT buildings gas RNG high resource  RNG low resource
consumption consumption potential potential

RMI¢ Energy. Transformed.
Sources: EIA consumption data; AGF/ICF Renewable Sources of Natt



Thermal gasification comprises the majority of
CTOs RNG resource pot

2040 High resource potential by feedstock

60% Thermal
gasification ANew methane
Landfill gas 40% Anaerobic creation = leakage
= Manure digestion isk
m WRRF S
= Food waste ALifecycle emissions
Ag residue

approach / exceed
fossil gas

Forest residue
m Energy crops
m MSW

RMI¢ Energy. Transformed.
Source: AGF/ICF Renewable Sources of Natural



Cost curves from outside Connecticut illustrate
expense of seeking high RNG volumes

Combined Supply-Cost Curve for Michigan in 2050, Achievable ($/MMBlu)

PAOMMBIU- = = === === ——— —m m—mm e mm === -
3 545
il
= 540
=
S 35

£ 530

£ S5 !
50 57 Thtu
0 10 20 30 A0 6% of statewide demand

RMI ¢ Energy. Transforme MI RNG Production Potential (tBtu/y)
Source: Michigan Renewable Natural Gas Study, Sept :



Conclusion

AClimate strategies that rely on hydrogen or RNG for heating buildings
would impose impractical infrastructure challenges, costs, and health

risks.

AThese fuels should be targeted to the hardest to decarbonize sectors

AEven if there is limited use of RNG, the dominant strategy must be
eliminating gas demand

RMI¢ Energy. Transformed.
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Challenges with Alternative Fuels
and Strategies for Optimal Use

Comprehensive Energy Strategy
Technical Meeting 6: November 2022



Gray hydrogen plant

Steam methane reforming process uses methane gas and Green hyd rogen plant
creates a reaction that results in hydrogen and carbon B I u e Process uses electrolysis to separate the hydrogen from
dioxide, which is released into the atmosphere. oxygen in water and is powered with some form of

renewable energy. No fossil fuels are used.

Hydrogen
Same issues as gray hydrogen.
False Solution: Studies show

emissions impact is worse than
using gas directly.

Blue hydrogen plant

Steam methane reforming process uses methane gas and

G ray creates a reaction that results in hydrogen and carbon G re e n

dioxide. Some of the carbon is captured and stored, while

H d r O e n some is released into the atmosphere.
y g *Underground storage of carbon poses additional environmental issues H yd ro g e n

‘ CO: This is the only kind Sierra Club

Carbon Dioxide might support.

Locks us into continued fossil
fuel use and additional
investments in fossil fuel

infrastructure. ""dl';"" Other conditions still need to be
o ) , met.
aSTT TT Sdu _  x dr 3 S GO

hydrogen is currently produced. Underground Storage®
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- ABT

ET3 - z X«

Hydrogen should only be used for end uses where electrification is not an option.
— -~ ar

-— FAA BT
N R

;

Buildings Electric Sector
NO: Electrification is a NO: Renewables offer a
better option. It is more cleaner, more efficient,
readily available, more and more cost effective
efficient, more cost - option in most cases.
effective, and provides

cleaner indoor air. Maybe : Potential for use

as a long - term energy
storage option.

Transportation

NO: Electric vehicle
options are available,
more efficient, and
cheaper.

Maybe : Long - haul freight
trucking, aviation,
maritime shipping.

Industry

NO: Where
electrification is
possible; where
transition is possible.

Yes: High heat processes
that can not be
electrified; feedstock.

# X

& 3 SIERRA

Sierra Club Alternative Fuels Presentation | Proprietary & Confidential | Page64

CLUB



Green Hydrogen Considerations

Green Hydrogen is not a Solution Everywhere

n Only for uses that cannot otherwise directly rely on clean electricity,
which is much more efficient.

3 Green hydrogenis 20 - 40% less efficient than using renewables

directly.
n Should not be used to justify a buildout of facilities that otherwise
iIncrease pollution or fossil fuel use.
n Must plan for 100 percent green hydrogen.

n Must not increase NOx pollution.

Sierra Club Alternative Fuels Presentation | Proprietary & Confidential | Page65 L § '-EI_EU%RA
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Key takeaways:

Benefits

100

v Hydrogen does not produce carbon
emissions when burned at end use.

v Lower energy density of hydrogen
means you need more of it (by
volume) to create the same amount of
energy.

203

v Green hydrogen must be considered
against reasonable alternatives (i.e.,
electrification).

Fercent Reduction in L

v Blue hydrogen can produce more
emissions than burning gas.

v Hydrogen leakage: Hydrogen is an
indirect greenhouse gas 5x more
potent than CO2 over 100 years.

Hydrogen [Vaolume %)

Figure: Relationship between CO2 emissions from

combustion and hydrogen/methane fuel blends
Source: EarthJustice, Reclaiming Hydrogen for a Renewable Future (2021)

Sierra Club Alternative Fuels Presentation | Proprietary & Confidential | Page66 L § '-EI_EU%RA



Issues: Moving and Storing Hydrogen

System is not prepared or safe

6  Pipelines
3 96% of existing gas transmission pipelines (steel) are susceptible to hydrogen embrittlement.
3  Safe transportation of hydrogen requires:
y  Plastic pipelines with a coating to prevent hydrogen leakage.
6  Over half of distribution pipelines are plastic.
y  Substantial modification of steel pipes.
3 1,600 miles of hydrogen pipelines (mainly in Gulf Coast) compared to 3 million miles of gas

pipelines.
3 Leak detection systems not designed for hydrogen.
o  Storage

3 Low energy density of hydrogen makes it hard to store.
z  Salt caverns - limited locations.
3 Conversion to a liquid for long - term storage - cryogenic temps, very expensive.
3 Globally, it would require 3 to 4 times more storage infrastructure, at a cost of $637 billion by
2050, to provide the same level of energy security as the world would have with gas.
Compressor Stations
Metering Systems

O« O«

& 3 SIERRA
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GHG COmparlson Key takeaways:

EX: Entergy TX Plant (1,215 MW, CC) v Lower energy density of hydrogen

means you need more of it (by
volume) to create the same amount of

Gas/Hydrogen Plant Lifecycle Emissions energy.

By % of Hydrogen Use

W o% W 30% W 50% 100% v Gray or blue hydrogen production for
use in a gas plant creates more GHG
than simply burning gas in that plant.
e GHG increase, not decrease
as you use more hydrogen in

6 the plant.

v Methane Assumptions

e 20-year GWP = 82.5

e Leakage rate = 2.9%

e Blue hydrogen still produces
more emissions than using
gas if leakage is reduced to
1.5%.

Total Emissions (MMT CO2e/year)

Gas Plant (No Gray (Gas SMR)  Blue (Gas SMR; w/ Green v Blue hydrogenis NOT a climate
Hydrogen) flue-gas capture) solution

& 3 SIERRA
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Sources of RNG

Potentially Climate Beneficial:

- LANDFILL GAS is generated from

‘ I , residential, industrial, and commercial
organic waste—like leftover food, yard
clippings, or paper—breaking down in
landfills.

Unlikely To Be Climate Beneficial:

WASTEWATER TREATMENT plants break
down biosolids from wastewater using
anaerobic digestion.

=
57

ORGANIC COMPONENTS OF MUNICIPAL
SOLID WASTE like leftover food, used
paper, and yard waste are generated
daily in homes, businesses, and other
institutions and can be a source for
anaerobic digestion.

oo

ANIMAL MANURE can generate methane
when digesters process it in anaerobic
conditions.

AGRICULTURAL RESIDUE—including crop
residues from orchards and vineyards,
field and seed crops, food processing,
and vegetable crops—can be a source for
thermal gasification.

ENERGY CROPS are grown specifically
to produce energy.

N7
Oy

Adapted from NRDC, A Pipe Dream or Climate Solution? https://www.nrdc.org/sites/default/files/pipe-dream-climate-solution-

bio-synthetic-gas-ib.pdf

Sierra Club Alternative Fuels Presentation | Proprietary & Confidential | Page69

FORESTRY AND FOREST PRODUCT
RESIDUE, including tree branches, brush,
sawmill wastes, and non-merchantable
trees from logging and thinning, can be a
source for thermal gasification.
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https://www.nrdc.org/sites/default/files/pipe-dream-climate-solution-bio-synthetic-gas-ib.pdf

RNG
Avallabllity

FIGURE 5: AMERICAN GAS FOUNDATION AND NRDC HIGH AND LOW ESTIMATES OF BIOGAS AND SYNTHETIC GAS POTENTIAL*

AGF-LOW
5% OF U.S. GAS DEMAND

TBtus/year

AGF U.S.-LOW

AGF

AGF-HIGH
12 OF U.S. GAS DEMAND

AGF U.S. - HIGH

(TBtus per year by 2040, and as percentage of 2019 U.S. gas demand)

B Renewable Synthetic Methane
B Energy Crops
B Forestry and Forest Residue
" Ag Residue
Organic Components of Municipal Solid Waste
I Wastewater Treatment
B Animal Manure
B Landfill Gas

NRDC-HIGH
7% OF U.S. GAS DEMAND

NRDC-LOW
3% OF U.S. GAS DEMAND

NRDC - LOW

NRDC - HIGH

NRDC

* NRDC estimates are based on the AGF results, adjusted for our biogas resource policy recommendations given in Figure 2. We use the AGF high and low estimates for

synthetic methane produced with renewable electricity.

Source: NRDC, A Pipe Dream or Climate Solution? https://www.nrdc.org/sites/default/files/pipe-dream-climate-solution-bio-synthetic-gas-ib.pdf

& 3 SIERRA
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Where should RNG be used?

Given limited quantities and high cost, RNG should be prioritized to address the
hardest to decarbonize sectors of the economy o should be dedicated to its

x $STr$tT3 EBL 173" STLT,

O«

Hard to decarbonize sectors include: aviation, high - heat industrial end - uses,
shipping, chemical feedstocks.

(@]

6 Not appropriate for end uses that are easily and more efficiently decarbonized
through electrification (i.e. building heating).

& 3 SIERRA
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RNG inappropriate for buildings

6 No viable pathway to decarbonize the buildings sector using RNG:
3z Limited quantity of RNG available.
3 High cost:
y  American Gas Foundation study showed RNG costs of $7 u $20 per
MMBtu, compared with $2 v $4 for fossil gas in 2020 and $5 U $6 during
the late 2021 gas price spike.

3 Dubious climate benefits U will leak from gas distribution system as methane,
a highly potent greenhouse gas.

6 Building heating is an excellent candidate for electrification through air source
heat pumps and networked geothermal.

& 3 SIERRA
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Biodiesel: Challenges

Cannot provide significant greenhouse gas emissions reductions over
conventional heating oil.

O«

3 According to EPA, depending on production process, feedstock, and
timeframe of analysis, biodiesel may be responsible for even more GHGs
than fossil fuels on an energy - equivalent basis.

6 Heating infrastructure cannot readily accommodate biodiesel blends above 20
percent.

3 American Society for Testing and Materials D396 heating oil specification
limits biodiesel blends to 20 percent in most situations.

& 3 SIERRA
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Alternative Marine Fuels:
Understanding Challenges

Keegan P. Plaskon | November 4, 2022

Connecticut Comprehensive Energy Strategy
Technical Session 6




Alntroduction
ACurrent State of Affairs
ADecarbonizatiorbtrategies

AFuel Options and Limitation:
AConclusions

Keegan Plaskon

Director¢ Eastern Americas
American Bureau of Shipping
kplaskon@eagle.org
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IMO Emissions i Greenhouse Gas Reduction Strategy

ABy 2030, reduce CO, emissions
per cargo transport work by
40%, aiming at 70% in 2050,
compared to 2008

ABy 2050, reduce total
greenhouse gas (GHG)
emissions by at least 50% &y, LA
compared to 2008 ey

Key activities prior to 2023 adoption of revised IMO strategy

Data collection from ships (January 2019)

Fourth IMO GHG study using data from 2012-2018
Review energy efficiency requirements (EEDI) for new ships

77| CT DEEP Presentation V AABS



Driveri GHG Emission reductions

Emissions Regulations A By 2030, reduce CO, emissions per cargo transport
work by 40%, aiming for 70% in 2050 compared to 2008
International Maritime A By 2050, reduce total GHG emissions by at least 50%
Organization (IMO) compared to 2008
A EXISTING DESIGNS CARBON INTENSITY TRAJECTORIES DRIVING NEW DESIGNS

European Union e SR

n

5 p 2008-2030: -40%

= ::i:\{wo 7
Banks and Charter z e,
Parties < I | R y— S

: SEaRAE, SRl :

O Re-certification?

2020 2623 Intermediate Year 2030 TIME "
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Potential Impacts on World Fleet ( >60k vessels)

Number of vessels requiring improvement to
become Energy Efficiency Index (EEXI) compliant

Bulk Carriers

Container Ships

Tankers

Gas Carriers

79| CT DEEP Presentation

87%

Sample 11,179 vessels

88%

Sample 5,080 vessels

85%

Sample 9,546 vessels

95%

Sample 1,705 vessels

Percent of vessels requiring an operational change or
improvement by 2030 to stay within A, B or C for Carbon

Intensity Index (CII) compliance

Bulk Carriers

Container Ships

Tankers

Gas Carriers

LNG Carriers

2020

82%

Sample 1,377 Vessels

78%

Sample 731 Vessels

/0%

Sample of 1,110 Vessels

80%

Sample 128 Vessels

54%

Sample 98 Vessels

ZABS



Decarbonization Solutions

Alternative Fuels A LNG A Hydrogen
e AN A LPG/Ethane A Ammonia
Sources
A Methanol (Regional)
A Biofuels (Regional) A Biofuels (Global)
Technology A Air Lubrication A Improved Hull and ESD Options A Wind/Solar N
Improvements A Hybrid A Fuel Cells A Electric Propulsion 8
ACold Ironing A Carbon Capture (Shore/Ship) o
Operational A Weather Routing A New Charter Arrangements
Efficiency A Speed Optimization A Just in Time Shipping
/ﬂ‘ A Vessel Performance A Smart Vessel/ A Fleet Interactive Performance/
=il Reporting Improved Reliability Optimization
Pathway to 2050

3
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1 Ultra Low Sulfur Fuel Oil
I Gas To Liquid

I Marine Gas Qil

i Marine Diesel Oil
I Very Low Sulfur Fuel Oil

Compliance Options

\ © nevodka / Shutterstock

j——

© ggw/Shutterstock

¥ W _
DISTILLATE OR HIGH SULPHUR FUELS ALTERNATIVE FUELS NEW FUELS
BLENDEDFUELS A With Exhaust Gas A LNG é (BBI-?quels
A MGO 0.1% Cleaning Systems A Methanol A Synthetic fuels
A MDO 0.5%S (EGCS) A Ethane A elfuels
A New marine fuels, A LPG

6 Hy b-residual A Ammonia

or distillate source A Hydrogen

A VLSFO 0.5%
A ULSFO 0.1%

81| CT DEEP Presentation
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Alternative Fuels Comparison

Hydrogen
(H,, liquid)

Ammonia
(NHy)

Methanol
(CH;0H)

Methane
(CH,)

Diesel
( ClGH34 )

82| CT DEEP Presentation

Boiling point
)

-253

-33

65

-163

360

Safety Risk

High

Low

Low

Low

Storage volume
compared to MGO

4.1

2.3

1.6

1.0

Infrastructure

Nothing available
Costly to establish and transport

Existing LPG network could be
used
> 700 LPG carrier

Infrastructure in place
available in many ports

Infrastructure in place worldwide

Tank-to-wake
CO, emissions

None

None

Similar to MGO

Same as MGO

Impact on
newbuilding ship

cost

High

Low

Low

ZABS



Challenges with Alternative Low Flashpoint Fuels

A Supply infrastructure A Fuel properties, i.e. flashpoint, toxicity, cryogenics,
etc.
A Lack of marine fuel quality standards and _ :
other regulations A Similar safety concepts to natural gas (i.e. double
_ _ barriers, ventilation, gas detection, hazardous
A Low overall industry experience level areas, etc.) but no single safety framework, fuel

specific solutions, risk assessment

MGO HFO Methane |Ethane Propane |[Butane DME Methanol |Ethanol |Hydrogen |Ammonia
LNG
Hz

Chemical Composition CH, C.H; Ttk CaiHig C;H:0 CHsOH C,HsOH NHz

Density, kg/m"3 liquid 900 991 430 570 500 600 670 =T 790 76.9 696
LHV, MJ/kg 427 40.2 48 47.8 46.3 45.7 28.7 @ 26.8 120.2 18.6
Auto ignition temp, deg.C 250 250 650 515 470 365 350 450 420 535 630

Boiling Point, deg.C 1bar 180-360  180-360 -161.5 -89 " 43 e -25 65 78 -253 -33
Flash point, deg.C >60 >60 -188 -135 -104 -60 -41 11 16 - 132

Flammable Range, % vol in air 0.6-7.5% 06-7.5% 5-15%  2.9-13% 19-95% 1.5-85% 3.3-18% 55-26% 3.5-15% 4-74%  15-28%
Energy density, MJ/It 38.4 39.8 20.6 27.2 23.2 27.4 19.2 21.2 9.2 12.9
Volume comparison MGO 1 0.96 1.86 1.41 1.66 1.40 2.00 1.82 4.16 2.97
CO2 factor, kg CO2/kg fuel 3.206 3.114 2.750 2.927 3.000 3.030 1.911 1.375 1.913 0 0
0.8744  0.8493 07500 07989  0.8182  0.8264  0.5214 | 0.3750 | 0.5217 0 0
CO2, kg CO2/kWh 0.2701 0.2787  0.2061 02205 02331 02385 02397 \0.2486 / 0.2568 0 0

LS
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i Immediately Dangerous to Life or Health

Properties of Ammonia

A NH, is a colorless inorganic compound ‘ AMMONIA AS MARINE FUEL

OCTOBER 2020

A NH, is carbon- and Sulphur-free and gives a clean
combustion without generation of CO, or SO, %ABS AMMONIA SAFETY

T

Energy density (MJ/L) 12.7

A Liquefied by compression to approximately 8 bar

Latent heat of vaporization (MJ,/kg) 188

A Commonly stored at ~17 bar, to keep in liquid phase
if ambient temperature increases

Heat of vaporization (kJ/ kg) 1271

Autoignition temperature (*C} E51
A Toxicity: 2,700 PPM at 10 min is IDLH by AEGL-3 Mt ramition eneray (m) -
A Relatively low volumetric energy density - impact on Sl =00
tan k Slze Adiabatic flame temperature at 1 bar ("C) 1BC0
Maolecular weight (g/maol) 17.031
Melting point (*C) F77
Boiling point at 1 bar (*C) 336
\*\ Critical temperabure (*C) 132.25
‘ / ’ Critical pressure (bar} n3
9 \‘ J Flammable range in dry air (%) 1515 to 27.35
Catane number 0
Octane number -130

LS
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i Immediately Dangerous to Life or Health

P r O p e rt I es Of M et h a_n O I i National Institute for Occupational Safety and Health

METHANOL PROPERTY m

: SUSTAINABILITY WHITEPAPER
7 . METHANOL AS MARINE FUEL Energy density (M/L) 57

FEBRUARY 2021

A Methanol is a colorless liquid, stored at
atmospheric temperature and pressure

Heat of vaporization (kl/kg) 1098

Autoignition temperature {*C}) 450

A Methanol is the simplest alcohol and sulfur-
free, giving clean combustion without
generation of SO,

Liquid density (kg,/m3) 798

Adiabatic flame temperature at 1 bar ("C) 1980

Molecular weight {(g/mal} 3204

Melting point (*C) -97.8

Relatively low volumetric energy density

Boiling point at 1 bar (*C) 153

Critical temperature {*C) 23194

Critical pressure (bar) 80.48

Flammability range 6% 1 36.5%
Toxicity: 6,000 ppm IDLH NIOSH

Flammable range in dry air (%) E-36.5

Cetane number =5

Cctane number 1049

o Io Do Ix

Flash point {(*C} 12

Can be produced from natural gas and
sustainable sources

Heawvy Fuel il (HFO) eguivalent volume 254
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Potential Fuel Mix Forecast

B Ammonia/Hydrogen [ Methanol M LPG LNG M Oil Based

100% — e wm
6 --llll.. II
90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

n N
N N Q
N

N
o MSI «
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Stages of Development

ISO/TS 186831 Bunkering ISO 21593 - Approximately 220
1st non-gas carrier LNG supply of LNG Bunkering non-gas carr_ier .
fueled ship in service year First Edition couplings LNG fueled_shlps in
2000 January 2015 First Edition July operation
: 2019 January 2022
MSC.285(86) Interim MSC.391(95) IGF code

Guidelines for LNG

Adopted 1 June 2009 Adopted 11 June 2015

Entry Into force
1 January 2017

LNG

SGMF formed 2013 IACS Rec. N0.142 LNG ISO 23306:2020
Bunkering Guidelines Specification of LNG
) Published June 2016; Published October 2020
First U.S. LNG fueled No0.146 IGE Risk
OSVs and large container Assessment
ships enter service 2015 Published August 2016

Major order for methanol
fueled container ships

1st methanol MSC.1/Circ.1621 Interim q
Methanol fueled carriers in Guidelines for Methyl/Ethyl a\]nrllouz%czel
Institute formed service 2016 December 2020 uy
in 1989 ISO
IACS
?

METHANOL

1st methanol

fueled ship in ABS
87| CT DEEP Presentation service 2015



Production Scaling i The Challenge

Current and Projected Production for Decarbonization of Shipping

A To replace the amounts of heavy fuel oil
(HFO)/MGO currently used by the shipping
sector, increased production of green fuels will
be required

A 1f 100% is replaced by green ammonia or green
methanol, a 4-5-fold increase in production
capacity of those chemicals will be required

A A significant increase of renewable energy is
required to produce the green fuels of the
future to replace the HFO/MGO for shipping

A Compared to current worldwide wind/solar
energy production, a 3-4-fold increase is
needed, just to cover shipping decarbonization

A And even more additional renewable energy
will be needed for decarbonization of other
sectors

88| CT DEEP Presentation

Current
Production

HFO/MGO for Shipping

Current
Production

MT/YR

Renewable Energy to Produce

7500

Ammonia Production
MT/YR

Ammonia
needed to
cover 100%

Current
Production

1430

Methanol
needed to
cover 100%

Methanol Production
MT/YR

Assumed need of
green pilot biofuel

Current
for DF engines

Production

Biodiesel Production 2019

MT/YR

724 I

Green Fuels for Shipping TWH

2019 Wind TWH

Renewable Energy Produced in

Renewable Energy Produced in

2019 Solar TWH

Source: Meersk Mc-Kinney Mgller Center for Zero Carbon Shipping
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Life Cycle Analysis of Alternative Fuels

1.00

0.80

0.40

0.20

0.00

Well-to-Tank Tank-to-Wake
\ \
| | |
Pl —a
(f \\ . g = ﬁ
—_— :l — —_— —_— —_—
PP P
Energy Transmission Electrolysis and Storage Transport Port storage Final use
production Fuel Synthesis

LNG Well-to-Wake Emissions

-6%

-16% -16%
-26%
-87%
||

LNG Gray LNG Gray LNG Blue LNG Blue LNG Green LNG Green
(Diesel) (Otto) (Diesel) (Otto) (Diesel) (Otto)

mmmm Well-to-Wake - = - Reference VLFSO (WTW)
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Methanol Well-to-Wake Emissions

120 4%
1.00
0.80 579
0.60
0.40
0.20
-95%
0.00
Methanol — Methanol — Methanol —
Gray Blue Green
mmmm Well-to-Wake - — - Reference VLFSO (WTW)

1.60

1.40

0.80

0.60

0.40

0.20

0.00

Ammonia Well-to-Wake Emissions

48%

-17%

-57%

-83%

_

Ammonia — Ammonia — Ammonia — Ammonia —
Gray Orange Blue Green
mmmm Well-to-Wake - — - Reference VLFSO (WTW)

Y ABS



Fuel Production - Brown vs. Blue

A The production pathways of ammonia and
hydrogen are related

A Presenti Brown ammonia

- From fossil sources o
A Natural gas (60%) emits 1.6 tons of COz per C‘,\)
produced ton of ammonia -5
A Coal (40%) emits 2.0 tons of COz2 per produced CCSICO,

ton of ammonia

- Extraction of hydrogen and then synthesis with
nitrogen R

reforming

A Futurei Blue ammonia LNG/COAL

- Using the carbon capture and storage (CCS)
technology on brown ammonia production

A Technology is being used today in small scale

90| CT DEEP Presentation
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Fuel Production 1 Green

A Euture T Green ammonia

- Green hydrogen extracted
from water by energy that
comes from renewable
electricity:

A Solar farms
A Wind farms
A Hydro power
A (Nuclear)
- Synthesis with nitrogen

A Nitrogen from air which
contains 78% nitrogen
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CO, source (e.g. captured emissions

AN yid
s

CO,

Electrolysis

Air separation
unit

from a coal-burning power plant’s smokestack

Methane (CH,)
produced via
Fischer-Tropsch
synthesis

Liquefaction

Haber i Bosch

M

N

Chemical Products (Green Methanol)

\\
>

Kerosene

38

Diesel Fuel

cAG

Ammonia =

"Il
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Key Takeaways

A Drivers for marine decarbonization are strong
A Safety and regulatory framework in place
AExperience and scope of dual-fuel technologies growing

AAll alternative low-flashpoint fuels can provide solution for
SOx compliance and potential for lower Vessel Energy
Index

AAlt Fuels produced using renewable energy can provide
route to zero and low carbon future

A Scaling the infrastructure to provide fuel for the future

vessels will be a limiting factor D

© ghenadie/Shutterstock
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SUSTAINABILITY WHITEPAPER
AMMONIA AS MARINE FUEL
OCTOBER 2020

| SUSTAINABILITY WHITEPAPER
"METHANOL AS MARINE FUEL

EABS
We offer a suite of guidance

documents and services to support
your next alternative fuel project

Need assistance? Contact us at
sustainability@eagle.org

Interested in learning more? Visit | = 3
www.eagle.org/sustainability Loy

GAS AND OTHER
iy LOWFLASHPOINT
e FUELS

%AB;
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Thank You

www.eagle.org

2 American Bureau of Shipping. All rights reserved



95



Challenges with
Alternative Fuels

Chase Whiting, Conservation Law Foundation

November 4, 2022




Measure twice. Cut once.

A well-designed plan to decarbonize buildings is critical for Connecticut to
meet state climate targets and prevent the worst harms of climate change.

A poorly designed plan could lock in high emissions and high costs and
could leave Connecticut residents with stranded assets.

Alternative fuels should be used sparingly and strategically:

Replace fossil fuels in applications that cannot otherwise be electrified.

Not a viable climate solution when used at scale for heating buildings.

clf
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Biofuels are a lot like fossil fuels when burned In

thermal infrastructure

Hydrocarbons: Made from hydrogen and carbon

Hs Hy Hs H Ha Hs Hs
E C L L ) C c CHs

it STl el et T e SR bty S Rt R bt S 1
HAC C C C C g ¢ C
3 Ha Fo Hy Fo H, Ho H, Diesel
0
o B o om o EoEO§ o
3 ..
L s il - il > ai - i+ il - gl - A Biodiesel

Ha Ha Ha Ha Ha Ha Ha

2\ _H Natural Gas &

C
|1| Renewable Natural Gas

They Cause Similar Emissions
When Combusted

Nitrous Oxide
N20 Methane

Carbon Dioxide
co2

Particulate Matter



Bi ofuuel so i nfrastructur e

ENERGYWIRE

NATURAL GAS & 8 OTHERS

. | . GO0A2YSUKIYS LINERdzO
Biogas releasing more methane than previously d |
known — study advantages as a cleaamergy

Researchers say methane emissions from biofuels "may jeopardize teChnOIPQy an’q may jeopardize Paris
Paris Agreement targets." | 3 N£ S Y S Y'L] L] | NE S lj é

BY. CAMILLE BOND | 08/10/2022 06.57 AM EDT

SourceBakkalogliet al, Methane Emissions Along Biomethane and
Biogas Supply Chains Are Underestimaie@ne Earth 72236 (2022).

Methane also leaks from pipeline
distribution infrastructure and from
home infrastructure, such as stoves.

clf

A new study reports that biogas, such as that produced from anaerobic digesters (pictured), releases more methane in its - T

supply chain than previously believed. Biogas and biomethane are being viewed as renewable alternatives to natural gas conservation law foundation



Not all CO2 emissions are resequestered

Fig. 4 Cumulative carbon emitted Q 150
by U.S. biofuel use compared to F 175 BIOGENIC CARBON
cumulative additional carbon Eﬂ EMITTED T
tak ropland & 100 -
uptake on croplan E GAP = 83 TeC
¥ 75
5
2 50 -
H
A S 25+ ADDITIONAL
¢CKS G/ FNb2y bSdziN) flLAGE— Pl LgovpTAKE
Only 37% of biofuel emissions o

were removed from the 2005 2007 2009 2011 2013 2015
atmosphere, causing aet
Increasein atmospheric CO2

Source: John DeCiccet al Carbon balance effects of U.S. biofuel
production and usel38 Climate Change 6680 (2016). ‘ :

o
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Assumptions about biofuels overlook real emission

Ly /2yyS80iaddz Qa D/N\stc&dag;@m

+ Carbon N.O

Gas Emissions Inventory, Dioxide particulate <" bon
G0A2FdzSta | NB GNBI Sﬁ | Mar ND 2o
Yy S dzivhenfthey are burned ! “Blogenic |
for building heating. \  emissions

¢
Source: Connecticut Department of Energy and Environmental & -~ : JE . -
Protection,Proposed Methodology for Elect$@ctor GHG - .
Accounting: Presentatior31 (Oct. 26, 2021). Process emissions Bur.ne.r tip

On paper, it looks like replacing fossil fuels with biofuels significantly
reduces greenhouse gas emissions. However, the real greenhouse gas
emissions caused by biofuels accumulate in the atmosphere and cause
additional climate change. C |

tion law f dati
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Infrastructure decisions today determine costs tomorrow

FIGURE 7: CHANGE IN CAPITAL, OPERATIONAL, AND FUEL EXPENDITURES

1EHIL)
500
BOO
i eln)
G0
500
£00
J00
200
100
o

2030 Scenang

Hillisa 2018 USD pser Yaar

2030 2025 2030 2035 2040 2045 2050
Sopurcer The Enangy Podcy Simasalor. Enomgy innovabion

N flwe continue to buy and build polluting power plants, factories, and equipment
for the next decade, and then decide we must make the clean energy transition fast
to avoid climate damages, we will need to retire much more polluting equipment

before the end of its functional ICrlf

SourceHal Harvey.et al, The Costs of DelajEnergy Innovation Policy & Technolog2021)
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Stranded Assets

A heating system Installed today will likely last 20 years or
longer. This means that all new heating systems should be
consistent with state climate goals.

Installing biofuel compatible heating equipment is a risky
Investment because this infrastructure may need to be
removed before the end of its useful life.

Residents could get stuck with high costs by having to replace
relatively new and otherwise functional heating
infrastructure.
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Biofuels are expensive

Biofuels have consistently been more expensive

compared to fossil fuels over last several years a5 S LIS y’ R A y‘ J 2 y’ 0 K
energy delivered by biodiesel

® FamE
o currently costs 70%30% more
; ® e than fossil diesel. Based on May
5 e o 2022 prices, the mandatory
w - blending of biofuels costs European
0 Lo OAUAIl Sya emT OAft
& Source: T&E (Transport & EnvironmeBijlions Wasted on

Source: T&E analysis based on data provided by Stratas Advisors BIOfuqu\]une 2022) '
Figure 1: Recent wholesale price developments (USD/toe) across the main fossil fuels and biofuels
(FAME: Fatty Acid Methyl-Esters, PME: Palm Methyl Ester, SME: Soybean Methyl Ester, TME: Tallow Methyl
Ester, UCOME: UCOME: Used Cooking Oil Methyl Ester, T1: EU bioethanol imports, T2: EU domestic

bioethanol production). C |
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Connecticut should not rely on biofuels as a climate stra

Increased biofuel blending would:

1) Prolong Connecticut's reliance on fossil fuels.

2) Make it harder for the state to achieve its climate goals becafigmissions
from burning biofuels, from biofuel production and transport, and from the
fossil fuels blended with biofuels

3) Likelyresult in stranded assets, since it's probable tGannecticut would
need to discontinue the use of blended biofuels before the infrastructure
reaches the end of its useful life

4) Probablyincreaseheatingcosts for Connecticut residents.




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 chaefb
Howard DEEP will pose as many questions as time allows to the

speakers. Clarifying questions will be prioritized. Leading questions will
not be accepted.
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Strategies for Optimal Use of
Alternative Fuels

Robert Belt CT Department of Transportation (DOT)

Tessa Weiss RMI

Emily Kent Clean Air Task Force (CATF)

Erin Childs Strategen
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