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BUREAU OF ENERGY AND
TECHNOLOGY POLICY

¢ƻŘŀȅΩǎ !ƎŜƴŘŀ ςMorning

General Introduction 9:00-9:05 am

Topic Introduction 9:05-9:30 am

Public Comments 9:30-9:45 am

Overview of Alternative Fuels 9:45-10:15 am 

Q&A 10:15-10:30 am

Benefits of Alternative Fuels 10:30-11:45 am

Q&A 11:45 am-12:00 pm

--------------------------------LUNCH---------------------------------- 12:00-1:00 pm

3

Slides for the morning session are in 
a separate deck



BUREAU OF ENERGY AND
TECHNOLOGY POLICY

¢ƻŘŀȅΩǎ !ƎŜƴŘŀ ςAfternoon

Challenges with Alternative Fuels 1:00-2:35 pm

Q&A 2:35-2:50 pm

Alternative Fuels ςStrategies for Optimal Use 2:50-3:50 pm

Q&A 3:50-4:05 pm

Public Comment 4:05-4:20 pm

Wrap Up 4:20-4:30 pm
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Click on an agenda section heading 
to jump to the relevant slides



BUREAU OF ENERGY AND
TECHNOLOGY POLICY

Challenges of Alternative Fuels
Jeff Howard ςBureau of Energy & Technology Policy ςCT DEEP

Dr. Tim Searchinger ςPrinceton University

Jaimeson Sinclair ςAir Bureau ςCT DEEP

Mike Henchen ςRMI

Cara Bottorff ςSierra Club

Keegan Plaskon ςAmerican Bureauof Shipping (ABS)

Chase Whiting ςConservation Law Foundation (CFL)

(speaker order may vary)
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Challenges of GHG accounting for biofuels

ÅUnder international GHG accounting 
ƴƻǊƳǎ ŀƴŘ 9t!Ωǎ DID ǇǊƻǘƻŎƻƭΣ 
carbon emissions from combustion 
of biofuels are counted in jurisdiction 
where feedstocksare grown, rather 
than jurisdiction where combustion 
occurs

Å¢ƘŜǎŜ άōƛƻƎŜƴƛŎ ŜƳƛǎǎƛƻƴǎέ ŀǊŜ noted
in inventory of jurisdiction where 
combustion occurs ςbut do not 
ƳŀǘŜǊƛŀƭƭȅ ƛƴŦƭǳŜƴŎŜ ƛƴǾŜƴǘƻǊȅΩǎ 
carbon accounting

BUREAU OF ENERGY AND
TECHNOLOGY POLICY



This convention:
ÅIs being contested by prominent climate scientists as ill-founded, detrimental to 

integrity of GHG accounting, and harmful to global climate system

ÅLƴ ǎǘŀǘŜ ƛƴǾŜƴǘƻǊƛŜǎΣ Ǉǳǘǎ ōƛƻŦǳŜƭǎ ŀŎŎƻǳƴǘƛƴƎ ƻƴ άƭƛŦŜŎȅŎƭŜέ ōŀǎƛǎΣ ƛƴ ŎƻƴǘǊŀǎǘ ǿƛǘƘ 
ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ Ƴƻǎǘ ƻǘƘŜǊ ǎƻǳǊŎŜǎΣ ǿƘƛŎƘ ŀǊŜ ŎƻǳƴǘŜŘ ŀǘ άǇƻƛƴǘ ƻŦ ŜƳƛǎǎƛƻƴέ

ÅEncourages states to sanction use of biofuels whose carbon emissions are 
άŜȄǘŜǊƴŀƭƛȊŜŘέ ƻƴǘƻ ŀŎŎƻǳƴǘǎ ƻŦ ƻǘƘŜǊ ǎǘŀǘŜǎ

ÅRequires a leap of faith ςtǊƻǾƛŘŜǎ ƴƻ ŀǎǎǳǊŀƴŎŜ ǘƘŀǘ ŀƴȅ άǳǇǎǘǊŜŀƳέ ǎǘŀǘŜ ƛǎ ŀŎǘǳŀƭƭȅ 
accounting for these emissions

ÅThreatens to distort energy policies by encouraging importation of biofuels whose 
ŎƻƳōǳǎǘƛƻƴ ŘƻŜǎ ƴƻǘ ŀŦŦŜŎǘ ǘƘŜ ƛƳǇƻǊǘƛƴƎ ǎǘŀǘŜΩǎ DID ƛƴǾŜƴǘƻǊȅ

/ƻƴƴŜŎǘƛŎǳǘΩǎ ƛƴǾŜƴǘƻǊȅ ƴƻǿ Ŧƻƭƭƻǿǎ ǘƘƛǎ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŎƻƴǾŜƴǘƛƻƴΤ ōǳǘ 
DEEP intends to grapple with this issue in CES

Challenges of GHG accounting for biofuels (continued)



Another relevant challenge: Leaking fuel tanks

Majority (77%) of fuel oil 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 CT is 4th highest 
consumer of residential heating oil-- About half of CT residences rely on fuel oil for heat

DEEP receives releases of heating oil per month

Many residences rely on private water supply wells, which can be contaminated by releases 
of oil

Average cost of responding to and remediating a residential release of heating oil is ~$7,400 
per incident

ÅReleases with significant environmental impacts can have costs as high as $198,000

ÅDEEP has over $600,000 in expenditures this year alone in oil spill remediation



Princeton University

10



BIOENERGY
TIM SEARCHINGER, PRINCETONUNIVERSITY,

SENIORFELLOW& TECHNICALDIRECTORFOODPROGRAM, WORLDRESOURCESINSTITUTE

2022

(TSEARCHI@PRINCETON.EDU)

(202) 465-2074

mailto:tsearchi@princeton.edu


Land Use Change ~20-25% Carbon in Atmosphere

K-H Erb et al. Nature 553, 73ï76 (2018) doi:10.1038/nature25138



Ongoing Land Use Change ~10% of Emissions



Climate Strategies Require No Additional Land Use Change

IPCC, 2018



Global land use 
demands by 2050 
relative to 2010 
(without more 
bioenergy)

>50 more crops

~70% more livestock products

~50% more wood

~100 million hectares of urban land



Searchinger/WRI 2016 16

C. Schmitz et al. 

Agricultural 

Economics 45 (2014) 
69ï84

Nearly all studies project more cropland for food by 2050



Cropland now expanding ~11 Mha/year 2011-2019
Rate would convert 1.5x India 2010-2050

Potapovet al., Nature Food (2022)ς10 MHA net arable expansion
+ FAO ςprobably 2 Mha permanent cropland 

(Slide courtesy of Matt Hanson, GLAD, UMD) 

CROPS
+ PASTURE 



BOTHBIOMASSANDFOSSILFUELCOMBUSTIONEMITCARBONDIOXIDE, 
POTENTIALSAVINGSCOMEFROMPLANTUPTAKE
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/ŀǊōƻƴ ƴŜǳǘǊŀƭ ƳŜŀƴǎ ƭŀƴŘ ƛǎ άŦǊŜŜέ

Source of 
fuel*

Producing 
Feedstock 
(crude oil 
or crop) Refining

Tailpipe 
Emis-
sions

Ferment-
ation

emissions 

Total GHGs &
% Increase for 

Biofuel Without 
Plant Credit

Credit for 
Plant 

Growth
Total GHGs &

% Savings for Biofuel

Gasoline +4.5 +8 +73.3 - 85.8 -

EU 
Ethanol +40 +21.2 +71.4 +35.7 168.3 

(+96%)
107.1

Lifecycle Analysis Grain-Based Ethanol - CO2 eqv. per mega joule of fuel

Source: European Joint Research Center ïGrain Ethanol 

85.8

+61.2
(-29%)



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
(tC/ha/y)

Benefit of biofuels
(tC/h/y)

(very high cellulosic ethanol 
yield &  replaces fossil fuels)

Tropical seasonal forest 
(Gibbset al. 2008)

~6.6 ~3

Humidtropical savanna 
(Gibbs et al. 2008)

~3.5 ~3

Existingtemperate forests  
(conservative)

~6-~8 tons ~3 

ά{ǳǊǇƭǳǎέ ƭŀƴŘ ~3 ~3
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Counting average carbon lost to produce the crops, ethanol & biodiesel have 2-3 
times higher emissions than gasoline/diesel

Searchingeret al. Nature(2018) 



Effect of switching from gasoline to biofuels grown on 
otherwise unproductive land ςReduced atmospheric CO2

through increased plant growth

Car, gasoline

New crop growth

Car, ethanol

Unproductive

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

Burning or decomposing

crop residues

Car, gasoline

Reduced emissions from

Residues

Car, ethanol
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Figure 2- Direct effect of switching from gasoline to 
biofuels that use existing crops ςNo change in 
emissions

Crop growth 

Car, gasoline

Crop growth 

Car, ethanol
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Figure 3 - Indirect effect 1 of adopting ethanol  ðEthanol 

leads to less crop consumption for feed and food, which 

reduces CO2

Crop growth 

Car, gasoline
Livestock & human 

respiration, methane 

and wastes

Crop growth

Car, ethanol

Reduced 

livestock 

& human 

respiration, 

methane and 

wastes

(vertical arrows indicate carbon uptake and emissions)
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Renewable Does Not Equal Free

27



Solar conversion efficiencies

Most optimistic location 

future US switchgrass(DOE)
(24 tDM/ha and 100 gallons/tonne)  

0.35%

Brazilian sugarcane 

ethanol 0.2% 

Iowa corn 

Ethanol 0.15% 

PV today ς20% gross; 

~15%net  



Global Native Vegetation NPP  
Searchingeret al., Nature (2018)

Land is Not Free!



Air Bureau ςCT DEEP
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Connecticut Department of
Energy and Environmental Protection



Connecticut Department of Energy and Environmental Protection

Air Pollution in CT for Technical 
Session on Alternative Fuels 

11/4/2020
Jaimeson Sinclair
Enter Event / Location



Connecticut Department of Energy and Environmental ProtectionConnecticut Department of Energy and Environmental Protection

²Ƙŀǘ ǿŜΩƭƭ ŎƻǾŜǊ

ÅBrief overview of Clean Act Requirements and 
/¢Ωǎ ŎǳǊǊŜƴǘ ŀƛǊ ǉǳŀƭƛǘȅ

ÅCombustion basics and how burning fuel 
creates air pollution

ÅConsiderations when advancing alternative 
fuels 



Connecticut Department of Energy and Environmental ProtectionConnecticut Department of Energy and Environmental Protection

Takeaways:

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

ÅThe benefits and consequences of alternative fuels need to be 
weighed and balanced in a thoughtful way



Connecticut Department of Energy and Environmental ProtectionConnecticut Department of Energy and Environmental Protection

Clean Air Act Overview
In depth overview of Clean Air Act Can be found at Overview of the Clean Air Act and Air 
Pollution | US EPA

Å Clean Air Act Amendments of 1990

ï Sets lower National Ambient Air Quality Standards (NAAQS)for  Criteria Air 
Pollutants, and process for periodically reviewing and amending the standards

ï Establishes Air Toxics Program

ÅCreates a list of 188 Hazardous Air Pollutants to be regulated to reduce near term 
health effects

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

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

ÅThe 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.

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


Connecticut Department of Energy and Environmental ProtectionConnecticut Department of Energy and Environmental Protection

¢ƘŜ {ǘŀǘŜ ƻŦ /¢Ωǎ !ƛǊ
Å/¢Ωǎ ŀƛǊ ǉǳŀƭƛǘȅ ŎƻƳǇƭƛŜǎ ǿƛǘƘ ŀƭƭ b!!v{ ŜȄŎŜǇǘ ŦƻǊ 

Ozone.

Å/¢Ωǎ ƻȊƻƴŜ ƴƻƴ-attainment has persisted for nearly 50 
years

Å/¢Ωǎ ƻȊƻƴŜ ƴƻƴ-attainment results in significant adverse 
public health, economic, and environmental impacts.

ÅOzone non-attainment is the most significant air quality 
challenge in CT in terms of effort to comply and near-
term adverse impacts (health, environment, economic)

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


Connecticut Department of Energy and Environmental ProtectionConnecticut Department of Energy and Environmental Protection

¢ƘŜ {ǘŀǘŜ ƻŦ /¢Ωǎ !ƛǊ

ÅAdditional challenges

ïReducing Hazardous Air Pollutant emissions, 
especially in dense population centers

ïwŜŘǳŎƛƴƎ DID ŜƳƛǎǎƛƻƴǎ ǘƻ ǎŀǘƛǎŦȅ /¢Ωǎ Dƭƻōŀƭ 
Warming Solutions Act and mitigates the 
future impacts of climate change.



Connecticut Department of Energy and Environmental ProtectionConnecticut Department of Energy and Environmental Protection

Fuel Combustion and Air Pollution

ÅTheory: Fuel   +  O2 CO2 + H20 + HEAT

ÅReal World

CxHyOzNa(Trace Minerals)b +   (N2 +O2)  

CO2 + H20 + HEAT + NO2 + SO2 + CO+ PICs

where PICS = Pb, VOC, hazardous air pollutants& PM



Connecticut Department of Energy and Environmental ProtectionConnecticut Department of Energy and Environmental Protection

Fuel Combustion and Air Pollution
What about the Ozone?



Connecticut Department of Energy and Environmental ProtectionConnecticut Department of Energy and Environmental Protection

How can Alt fuels and Fuel Switching reduce air pollution

ÅElectricity generated by non-emitting renewable 
sources of electricity is the least air polluting 
way to fuel anything

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

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



Connecticut Department of Energy and Environmental ProtectionConnecticut Department of Energy and Environmental Protection

Important Considerations: Carbon Intensity

U.S. Energy Information Administration - EIA - Independent Statistics and Analysis

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


Connecticut Department of Energy and Environmental ProtectionConnecticut Department of Energy and Environmental Protection

Important Considerations:  Heat Content

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

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


Connecticut Department of Energy and Environmental ProtectionConnecticut Department of Energy and Environmental Protection

Important Considerations:  Technology

Boiler/furnace

Gas turbine

Spark ignition 
engine

Compression 
ignition engine

Oven/cooktop



Connecticut Department of Energy and Environmental ProtectionConnecticut 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.



Connecticut Department of Energy and Environmental ProtectionConnecticut Department of Energy and Environmental Protection

Important Considerations:  Biofuels

Some have a lower heating value than their petroleum-based 
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 petroleum-based counterparts



Connecticut Department of Energy and Environmental ProtectionConnecticut 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 



RMI
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RMI ςEnergy. Transformed.

Low Carbon Fuelsõ 
Limited Role in 
Building 
Decarbonization

Mike Henchen

November 4, 2022



RMI ςEnergy. Transformed.

Contents

Overview

Considerations for Green Hydrogen

Considerations for Biomethane

Conclusion



RMI ςEnergy. Transformed.

ÅLow carbon fuels will have an important role to play in decarbonizing 
hard to electrify sectors.  

ÅEarly priorities in CT might include: industrial thermal processes, aviation, 
maritime, long-distance trucking.

ÅLow carbon fuels are not a practical solution for heating buildings at scale:

üInefficient use of carbon-free electricity

üImpractical infrastructure requirements and high costs

üLimited RNG potential and high-risk feedstocks

üHigh RNG heating costs



RMI ςEnergy. Transformed.

Contents

Overview

Considerations for Green Hydrogen

Considerations for Biomethane (RNG)

Conclusion



RMI ςEnergy. Transformed.

Heating a Connecticut home with hydrogen would require significantly 

more energy input than heating with an electric heat pump.

21.6 MWh

6.1 MWh

21.9 MWh29.5MWh

6.4
MWh

283%

H
E

A
T

 P
U

M
P

Electricity Input Electrolysis T&D
Heat 

Conversion

74% efficient 1% loss

5% loss

N/A

Source: RMI Analysis

17.3 MWh

80%
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Home Heating 

Demand

17.3 MWh



RMI ςEnergy. Transformed.

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

2.83

7.88

13.7

Source: EIA Henry Hub Natural Gas spot Price; New York CAC Green Hydrogen Cost Estimate

Fuel costs, $/MMBtu

Natural gas Hydrogen

Avg Henry Hub Price, 

2015-21

Henry Hub Price, 

Sept 2022

NY Green H2 Price

2050 Projection



RMI ςEnergy. Transformed.

Over 50% of all Connecticut gas mains are made of steel or cast-

iron, which would require expensive upgrades or replacements to 

deliver a high blend of hydrogen 

Miles of CT 

gas mains by 

composition

Source:  PHMSA



RMI ςEnergy. Transformed.
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Considerations for Biomethane (RNG)

Conclusion



RMI ςEnergy. Transformed.

RNG potential estimates in Connecticut are just 2-4% of 

statewide gas demand and 6-12% of buildings demand

Sources: EIA consumption data; AGF/ICF Renewable Sources of Natural Gas

Connecticut gas
consumption

CT buildings gas
consumption

RNG high resource
potential

RNG low resource
potential

2021 fuel demand and 2040 ICF resource potential estimates, TBtu

326

115

14 7



RMI ςEnergy. Transformed.

Thermal gasification comprises the majority of 
CTõs RNG resource potential.

Landfill gas

Manure

WRRF

Food waste

Ag residue

Forest residue

Energy crops

MSW

2040 High resource potential by feedstock

40% Anaerobic 

digestion

60% Thermal 

gasification

Source: AGF/ICF Renewable Sources of Natural Gas

ÅNew methane 
creation = leakage 
risk

ÅLifecycle emissions 
approach / exceed 
fossil gas



RMI ςEnergy. Transformed.

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

57 Tbtu

6% of statewide demand

$49/MMBtu

Source: Michigan Renewable Natural Gas Study, Sept 2022



RMI ςEnergy. Transformed.

Conclusion

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

ÅThese fuels should be targeted to the hardest to decarbonize sectors

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



Sierra Club
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Challenges with Alternative Fuels 
and Strategies for Optimal Use
Comprehensive Energy Strategy
Technical Meeting 6: November 2022



W: 3.34
H: 2.81
X: 0
Y: 0

W: 3.34
H: 2.81
X: 3.34
Y: 2.81

W: 3.34
H: 2.81
X: 6.68
Y: 0

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

åŞŢƮ ŢƮ ŞƌǓ ̞̞χ ƌŕ ƷŞŁ ìÛͻƮ 
hydrogen is currently produced.

Gray 
Hydrogen

Same issues as gray hydrogen.

False Solution: Studies show 
emissions impact is worse than 
using gas directly.

Blue 
Hydrogen

This is the only kind Sierra Club 
might support.

Other conditions still need to be 
met.

Green 
Hydrogen



Sierra Club Alternative Fuels  Presentation  | Proprietary & Confidential |  Page 64

NO: Electrification is a 
better option. It is more 
readily available, more 
efficient, more cost -
effective, and provides 
cleaner indoor air.

NO: Renewables offer a 
cleaner, more efficient, 
and more cost effective 
option in most cases.

Maybe : Potential for use 
as a long - term energy 
storage option.

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

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

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

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

Buildings Electric Sector Transportation Industry

W: 1.75 
H: 1.75
X: .88
Y: 1.6

W: 1.75
H: 1.75
X:3.12
Y: 1.6

W: 1.75
H: 1.75
X: 5.33
Y: 1.6

W: 1.75
H: 1.75
X: 7.53
Y: 1.6

?|­ÄӃT ,ÉT³­zX« #X C´XT .«Źų
Hydrogen should only be used for end uses where electrification is not an option.
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Green Hydrogen Considerations
Green Hydrogen is not a Solution Everywhere

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

ƺ Green hydrogen is 20 - 40% less efficient than using renewables 
directly.

ṉ Should not be used to justify a buildout of facilities that otherwise 
increase pollution or fossil fuel use.

ṉ Must plan for 100 percent green hydrogen.

ṉ Must not increase NOx pollution.



Sierra Club Alternative Fuels  Presentation  | Proprietary & Confidential |  Page 66

,ÉT³­zX«Ż´ 2 ª ºXT $Ӄ ªJºX
Benefits

Key takeaways:

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

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

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

ᵞ Blue hydrogen can produce more 
emissions than burning gas.

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

Figure: Relationship between CO2 emissions from 
combustion and hydrogen/methane fuel blends

Source: EarthJustice, Reclaiming Hydrogen for a Renewable Future (2021)
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Issues: Moving and Storing Hydrogen
System is not prepared or safe

ǒ Pipelines
ƺ 96% of existing gas transmission pipelines (steel) are susceptible to hydrogen embrittlement.
ƺ Safe transportation of hydrogen requires:

ƴ Plastic pipelines with a coating to prevent hydrogen leakage.
ǒ Over half of distribution pipelines are plastic.

ƴ Substantial modification of steel pipes.
ƺ 1,600 miles of hydrogen pipelines (mainly in Gulf Coast) compared to 3 million miles of gas 

pipelines.
ƺ Leak detection systems not designed for hydrogen.

ǒ Storage
ƺ Low energy density of hydrogen makes it hard to store.
ƺ Salt caverns - limited locations.
ƺ Conversion to a liquid for long - term storage - cryogenic temps, very expensive.
ƺ 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.
ǒ Compressor Stations
ǒ Metering Systems



Sierra Club Alternative Fuels  Presentation  | Proprietary & Confidential |  Page 68

GHG Comparison
Ex: Entergy TX Plant (1,215 MW, CC)

Key takeaways:

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

ᵞ Gray or blue hydrogen production for 
use in a gas plant creates more GHG 
than simply burning gas in that plant.
ȩ GHG increase, not decrease 

as you use more hydrogen in 
the plant.

ᵞ Methane Assumptions
ȩ 20-year GWP = 82.5
ȩ Leakage rate = 2.9%
ȩ Blue hydrogen still produces 

more emissions than using 
gas if leakage is reduced to 
1.5%.

ᵞ Blue hydrogen is NOT a climate 
solution.
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Sources of RNG
Potentially Climate Beneficial:

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

Unlikely To Be Climate Beneficial:

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

RNG 
Availability

https://www.nrdc.org/sites/default/files/pipe-dream-climate-solution-bio-synthetic-gas-ib.pdf
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ǒ Given limited quantities and high cost, RNG should be prioritized to address the 
hardest to decarbonize sectors of the economy ͦ should be dedicated to its 
ͯŞŢŗŞŁƮƷ ĖƃĹ İŁƮƷʹ ƾƮŁƮ͔ 

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

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

Where should RNG be used?
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ǒ No viable pathway to decarbonize the buildings sector using RNG:

ƺ Limited quantity of RNG available.

ƺ High cost: 
ƴ American Gas Foundation study showed RNG costs of $7 $ͧ20 per 

MMBtu, compared with $2 $ͧ4 for fossil gas in 2020 and $5 $ͧ6 during 
the late 2021 gas price spike.

ƺ Dubious climate benefits wͧill leak from gas distribution system as methane, 
a highly potent greenhouse gas.

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

RNG inappropriate for buildings
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ǒ Cannot provide significant greenhouse gas emissions reductions over 
conventional heating oil.

ƺ 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.

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

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

Biodiesel: Challenges
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Alternative Marine Fuels: 
Understanding Challenges

Keegan P. Plaskon | November 4, 2022

Connecticut Comprehensive Energy Strategy

Technical Session 6
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ÅIntroduction

ÅCurrent State of Affairs

ÅDecarbonization Strategies

ÅFuel Options and Limitations

ÅConclusions  

Keegan Plaskon

Director ςEastern Americas

American Bureau of Shipping

kplaskon@eagle.org



IMO Emissions ïGreenhouse Gas Reduction Strategy

Suwatpo©123rf.co

m

ÅBy 2030, reduce CO2 emissions 

per cargo transport work by 

40%, aiming at 70% in 2050, 

compared to 2008

ÅBy 2050, reduce total 

greenhouse gas (GHG) 

emissions by at least 50% 

compared to 2008

Key activities prior to 2023 adoption of revised IMO strategy
ÅData collection from ships (January 2019)

ÅFourth IMO GHG study using data from 2012-2018 

ÅReview energy efficiency requirements (EEDI) for new ships 
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DriverïGHG Emission reductions

ÅBy 2030, reduce CO2 emissions per cargo transport 

work by 40%, aiming for 70% in 2050 compared to 2008

ÅBy 2050, reduce total GHG emissions by at least 50% 

compared to 2008

Emissions Regulations

International Maritime 
Organization (IMO)

European Union

Banks and Charter 
Parties
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Potential Impacts on World Fleet ( >60k vessels)

87%
Sample 11,179 vesselsBulk Carriers

Tankers

Container Ships

Gas Carriers

Number of vessels requiring improvement to 

become Energy Efficiency Index (EEXI) compliant

85%
Sample 9,546 vessels

88%
Sample 5,080 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

Tankers

Container Ships

Gas Carriers
Sample 128 Vessels

Sample of 1,110 Vessels

Sample 731 Vessels

Sample 1,377 Vessels

54%

80%

70%

78%

82%

2020

LNG Carriers Sample 98 Vessels
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Decarbonization Solutions

Technology 

Improvements

Alternative Fuels 

and Energy 

Sources

ÅHydrogen

Å Fuel Cells ÅElectric Propulsion

ÅCold Ironing ÅCarbon Capture (Shore/Ship)

ÅWind/SolarÅImproved Hull and ESD Options

ÅHybrid

ÅAir Lubrication

ÅBiofuels (Global)ÅBiofuels (Regional)

ÅMethanol (Regional)

ÅLNG

ÅLPG/Ethane ÅAmmonia

2
0

5
0

Operational 

Efficiency

ÅSmart Vessel/ 

Improved Reliability 

ÅNew Charter Arrangements

ÅVessel Performance 

Reporting

ÅWeather Routing

ÅJust in Time ShippingÅSpeed Optimization

ÅFleet Interactive Performance/ 

Optimization 

Pathway to 2050



Compliance Options

© nevodka / Shutterstock © ggw/Shutterstock

DISTILLATE OR 
BLENDED FUELS

ÅMGO 0.1%
ÅMDO 0.5%S
ÅNew marine fuels, 
óHybridô - residual 
or distillate source

ÅVLSFO 0.5%
ÅULSFO 0.1%

HIGH SULPHUR FUELS

ÅWith Exhaust Gas 
Cleaning Systems 
(EGCS)

NEW FUELS

ÅBio-fuels
ÅGTL
ÅSynthetic fuels
Åe-fuels

ALTERNATIVE FUELS

ÅLNG
ÅMethanol
ÅEthane
ÅLPG 
ÅAmmonia
ÅHydrogen

MGO ïMarine Gas Oil

MDO ïMarine Diesel Oil

VLSFO ïVery Low Sulfur Fuel Oil

ULSFO ïUltra Low Sulfur Fuel Oil

GTL ïGas To Liquid
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Alternative Fuels Comparison

Fuel
Boiling point

(oC)
Safety Risk

Storage volume 

compared to MGO
Infrastructure 

Tank-to-wake 

CO2 emissions

Impact on 

newbuilding ship 

cost

Hydrogen

(H2, liquid)
-253 High 4.1

Nothing available 

Costly to establish and transport 
None High

Ammonia

(NH3)
-33 Medium 3.4

Existing LPG network could be 

used

> 700 LPG carrier

None
Medium

Methanol

(CH3OH)
65 Low 2.3

Infrastructure in place 

available in many ports
Similar to MGO Low

Methane

(CH4)
-163 Low 1.6

Infrastructure under

development, costly to 

transport 

Reduced 

compared MGO Medium / High

Diesel

( C16H34 ) 360 Low 1.0 Infrastructure in place worldwide Same as MGO 
Low

* Capturing CO2 results in lower production efficiency
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Challenges with Alternative Low Flashpoint Fuels

ÅSupply infrastructure 

ÅLack of marine fuel quality standards and 
other regulations

ÅLow overall industry experience level

ÅFuel properties, i.e. flashpoint, toxicity, cryogenics, 
etc. 

ÅSimilar safety concepts to natural gas (i.e. double 
barriers, ventilation, gas detection, hazardous 
areas, etc.) but no single safety framework, fuel 
specific solutions, risk assessment
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Properties of Ammonia

ÅNH3 is a colorless inorganic compound

ÅNH3 is carbon- and Sulphur-free and gives a clean 
combustion without generation of CO2 or SOX

ÅLiquefied by compression to approximately 8 bar 

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

ÅToxicity: 2,700 PPM at 10 min is IDLH by AEGL-3

ÅRelatively low volumetric energy density - impact on 
tank size

IDLH ïImmediately Dangerous to Life or Health
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Properties of Methanol

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

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

Å Relatively low volumetric energy density

Å Flammability range 6% ï36.5%

Å Toxicity: 6,000 ppm IDLH NIOSH

Å Can be produced from natural gas and 
sustainable sources

IDLH ïImmediately Dangerous to Life or Health

NIOSH ïNational Institute for Occupational Safety and Health

© ggw/Shutterstock
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Potential Fuel Mix Forecast
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Stages of Development

1st non-gas carrier LNG 
fueled ship in service year 

2000

Approximately 220 
non-gas carrier 

LNG fueled ships in 
operation 

January 2022 

ISO/TS 18683 ïBunkering 
supply of LNG 
First Edition 

January 2015

ISO 23306:2020 
Specification of LNG

Published October 2020
First U.S. LNG fueled 

OSVs and large container 
ships enter service 2015 

IACS Rec. No.142 LNG 
Bunkering Guidelines
Published June 2016; 

No.146 IGF Risk 
Assessment 

Published August 2016 

SGMF formed 2013

ISO 21593 -
Bunkering 
couplings 

First Edition July 
2019

LNG

METHANOL

Major order for methanol 
fueled container ships 

announced 
July 2021

MSC.285(86) Interim 
Guidelines for LNG

Adopted 1 June 2009 

MSC.1/Circ.1621 Interim 
Guidelines for Methyl/Ethyl

December 2020 

MSC.391(95) IGF code
Adopted 11 June 2015

Entry Into force 
1 January 2017 

1st methanol 
fueled carriers in 

service 2016

1st methanol 
fueled ship in 
service 2015

Methanol 
Institute formed 

in 1989 ISO
IACS

?

87 | CT DEEP Presentation 



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

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

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

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

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

Production Scaling  ïThe Challenge

Source: Mærsk Mc-Kinney Møller Center for Zero Carbon Shipping

HFO/MGO for Shipping

MT/YR

Ammonia Production

MT/YR

Methanol Production

MT/YR

Biodiesel Production 2019

MT/YR

Renewable Energy to Produce 

Green Fuels for Shipping TWH

Renewable Energy Produced in 

2019 Wind TWH

Renewable Energy Produced in 

2019 Solar TWH

250
180

539

110

509

50 54

7500

1430
724

Current

Production

Current

Production
Current

Production
Current

Production

Ammonia 

needed to 

cover 100%

Methanol 

needed to 

cover 100%

Assumed need of 

green pilot biofuel 

for DF engines

Current and Projected Production for Decarbonization of Shipping
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Life Cycle Analysis of Alternative Fuels
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ÅThe production pathways of ammonia and 
hydrogen are related

ÅPresent ïBrown ammonia
- From fossil sources

ÅNatural gas (60%) emits 1.6 tons of CO2 per 
produced ton of ammonia

ÅCoal (40%) emits 2.0 tons of CO2 per produced 
ton of ammonia

- Extraction of hydrogen and then synthesis with 
nitrogen

ÅFuture ïBlue ammonia 
- Using the carbon capture and storage (CCS) 

technology on brown ammonia production

ÅTechnology is being used today in small scale

Fuel Production - Brown vs. Blue 

Steam 

reforming

Air separation 

unit

LNG/COAL

Haber ïBosch process

CCS/CO2
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ÅFutureïGreen ammonia
- Green hydrogen extracted 

from water by energy that 
comes from renewable 
electricity: 

ÅSolar farms

ÅWind farms

ÅHydro power

Å(Nuclear)

- Synthesis with nitrogen

ÅNitrogen from air which 
contains 78% nitrogen 

Fuel Production ïGreen

Air separation 

unit

(Green Methanol)

N2 Haber ïBosch

Liquefaction Liquid

H2

Ammonia
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Key Takeaways

ÅDrivers for marine decarbonization are strong

ÅSafety and regulatory framework in place

ÅExperience and scope of dual-fuel technologies growing

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

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

ÅScaling the infrastructure to provide fuel for the future 
vessels will be a limiting factor 
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ÅWe offer a suite of guidance 
documents and services to support 
your next alternative fuel project 

ÅNeed assistance? Contact us at 
sustainability@eagle.org

ÅInterested in learning more? Visit 
www.eagle.org/sustainability

ABS Support
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www.eagle.org
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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:

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

Replace fossil fuels in applications that cannot otherwise be electrified.



Infrastructure & Emissions



Biofuels are a lot like fossil fuels when burned in 
thermal infrastructure

Biodiesel

Diesel

Natural Gas & 
Renewable Natural Gas

Hydrocarbons: Made from hydrogen and carbon



Biofuelsô infrastructure has process emissions

άōƛƻƳŜǘƘŀƴŜ ǇǊƻŘǳŎǘƛƻƴ Ƴŀȅ ƭƻǎŜ ƛǘǎ 
advantages as a clean-energy 
technology and may jeopardize Paris 
!ƎǊŜŜƳŜƴǘ ǘŀǊƎŜǘǎ ƛŦ ǳǎŜŘ ŜȄǘŜƴǎƛǾŜƭȅΦέ

Source: Bakkalogluet al, Methane Emissions Along Biomethane and 

Biogas Supply Chains Are Underestimated, 5 One Earth 724-736 (2022).

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



¢ƘŜ ά/ŀǊōƻƴ bŜǳǘǊŀƭƛǘȅ DŀǇέΥ  
Only 37% of biofuel emissions 
were removed from the 
atmosphere, causing anet 
increasein atmospheric CO2 

Source: John DeCicco, et al, Carbon balance effects of U.S. biofuel 

production and use, 138 Climate Change 667-680 (2016).

Not all CO2 emissions are resequestered



Assumptions about biofuels overlook real emissions

Lƴ /ƻƴƴŜŎǘƛŎǳǘΩǎ DǊŜŜƴƘƻǳǎŜ 
Gas Emissions Inventory, 
άōƛƻŦǳŜƭǎ ŀǊŜ ǘǊŜŀǘŜŘ ŀǎ ŎŀǊōƻƴ 
ƴŜǳǘǊŀƭέ when they are burned 
for building heating.  

Source:  Connecticut Department of Energy and Environmental 
Protection, Proposed Methodology for Electric-Sector GHG 
Accounting: Presentation, 31 (Oct. 26, 2021).

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.  



Infrastructure & Stranded 
Assets



Infrastructure decisions today determine costs tomorrow

ñIf we 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 life.  And that isnôt cheap.ò

Source: Hal Harvey, et al, The Costs of Delay, Energy Innovation Policy & Technology(2021)



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.

Stranded Assets



High Costs



Biofuels are expensive

ά5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŦŜŜŘǎǘƻŎƪΣ ǘƘŜ 
energy delivered by biodiesel 
currently costs 70%-130% more 
than fossil diesel.  Based on May 
2022 prices, the mandatory 
blending of biofuels costs European 
ŎƛǘƛȊŜƴǎ ϵмт ōƛƭƭƛƻƴ ƳƻǊŜ ǇŜǊ ȅŜŀǊΦέ

Source: T&E (Transport & Environment), Billions Wasted on 

Biofuels (June 2022).

Biofuels have consistently been more expensive 
compared to fossil fuels over last several years



Conclusion



Increased biofuel blending would:

1) Prolong Connecticut's reliance on fossil fuels.

2) Make it harder for the state to achieve its climate goals becauseof emissions 
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 that Connecticut would
need to discontinue the use of blended biofuels before the infrastructure 
reaches the end of its useful life.

4) Probably increase heating costs for Connecticut residents.

Connecticut should not rely on biofuels as a climate strategy



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.

BUREAU OF ENERGY AND
TECHNOLOGY POLICY
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BUREAU OF ENERGY AND
TECHNOLOGY POLICY

Strategies for Optimal Use of
Alternative Fuels

Robert Bell ςCT Department of Transportation (DOT)

Tessa Weiss ςRMI

Emily Kent ςClean Air Task Force (CATF)

Erin Childs - Strategen

(speaker order may vary)
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/ƻƴƴŜŎǘƛŎǳǘΩǎ !ƭǘŜǊƴŀǘƛǾŜ 
Fuel Corridors

Robert Bell
Connecticut Department of Transportation 

DEEP Technical Session: Alternative Fuels
November 4, 2022
















































































