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Slides for the morning and 
afternoon sessions are in separate 
decks. This is the afternoon deck.



BUREAU OF ENERGY AND
TECHNOLOGY POLICY

Today’s Agenda – Morning

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
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Slides for the morning session are in 
a separate deck



BUREAU OF ENERGY AND
TECHNOLOGY POLICY

Today’s Agenda – Afternoon

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

Q&A 2:35-2:50 pm

Alternative Fuels – Strategies 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 – Bureau of Energy & Technology Policy – CT DEEP

Dr. Tim Searchinger – Princeton University

Jaimeson Sinclair – Air Bureau – CT DEEP

Mike Henchen – RMI

Cara Bottorff – Sierra Club

Keegan Plaskon – American Bureau of Shipping (ABS)

Chase Whiting – Conservation Law Foundation (CFL)

(speaker order may vary)
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Bureau of Energy & Technology Policy – CT DEEP
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Challenges of GHG accounting for biofuels

• Under international GHG accounting 
norms and EPA’s GHG protocol, 
carbon emissions from combustion 
of biofuels are counted in jurisdiction 
where feedstocks are grown, rather 
than jurisdiction where combustion 
occurs

• These “biogenic emissions” are noted
in inventory of jurisdiction where 
combustion occurs – but do not 
materially influence inventory’s 
carbon accounting

BUREAU OF ENERGY AND
TECHNOLOGY POLICY



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

integrity of GHG accounting, and harmful to global climate system

• In state inventories, puts biofuels accounting on “lifecycle” basis, in contrast with 
accounting for most other sources, which are counted at “point of emission”

• Encourages states to sanction use of biofuels whose carbon emissions are 
“externalized” onto accounts of other states

• Requires a leap of faith – Provides no assurance that any “upstream” state is actually 
accounting for these emissions

• Threatens to distort energy policies by encouraging importation of biofuels whose 
combustion does not affect the importing state’s GHG inventory

Connecticut’s inventory now follows this international convention; but 
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

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

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



Princeton University
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BIOENERGY
TIM SEARCHINGER, PRINCETON UNIVERSITY,

SENIOR FELLOW & TECHNICAL DIRECTOR FOOD PROGRAM, WORLD RESOURCES INSTITUTE

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, 73–76 (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) 
69–84

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

Potapov et al., Nature Food (2022)– 10 MHA net arable expansion
+ FAO – probably 2 Mha permanent cropland 

(Slide courtesy of Matt Hanson, GLAD, UMD) 

CROPS
+ PASTURE 



BOTH BIOMASS AND FOSSIL FUEL COMBUSTION EMIT CARBON DIOXIDE, 
POTENTIAL SAVINGS COME FROM PLANT UPTAKE
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Carbon neutral means land is “free”

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 – Grain 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 
(Gibbs et al. 2008)

~6.6 ~3

Humid tropical savanna 
(Gibbs et al. 2008)

~3.5 ~3

Existing temperate forests  
(conservative)

~6-~8 tons ~3 

“Surplus” land ~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

Searchinger et al. Nature (2018) 



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

through increased plant growth

Car, gasoline

New crop growth

Car, ethanol
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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 – No change in 
emissions

Crop growth 
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Figure 3 - Indirect effect 1 of adopting ethanol  – Ethanol 

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 – 20% gross; 

~15% net  



Global Native Vegetation NPP  
Searchinger et al., Nature (2018)

Land is Not Free!



Air Bureau – CT 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

What we’ll cover

• Brief overview of Clean Act Requirements and 
CT’s current air quality

• Combustion basics and how burning fuel 
creates air pollution

• Considerations when advancing alternative 
fuels 



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

Takeaways:

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

• The 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

• Clean Air Act Amendments of 1990

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

– Establishes Air Toxics Program

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

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

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

• 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.

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

The State of CT’s Air
• CT’s air quality complies with all NAAQS except for 

Ozone.

• CT’s ozone non-attainment has persisted for nearly 50 
years

• CT’s ozone non-attainment results in significant adverse 
public health, economic, and environmental impacts.

• Ozone 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

The State of CT’s Air

• Additional challenges

– Reducing Hazardous Air Pollutant emissions, 
especially in dense population centers

– Reducing GHG emissions to satisfy CT’s Global 
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

• Theory: Fuel   +  O2 CO2 + H20 + HEAT

• Real 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

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

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

• 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 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 – Energy. Transformed.

Low Carbon Fuels’ 
Limited Role in 
Building 
Decarbonization

Mike Henchen

November 4, 2022



RMI – Energy. Transformed.

Contents

Overview

Considerations for Green Hydrogen

Considerations for Biomethane

Conclusion



RMI – Energy. Transformed.

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

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

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

➢ Inefficient use of carbon-free electricity

➢ Impractical infrastructure requirements and high costs

➢ Limited RNG potential and high-risk feedstocks

➢ High RNG heating costs



RMI – Energy. Transformed.
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Conclusion



RMI – Energy. 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%
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Conversion

74% efficient 1% loss

5% loss

N/A

Source: RMI Analysis
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RMI – Energy. 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 – Energy. 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
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RMI – Energy. 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 – Energy. Transformed.

Thermal gasification comprises the majority of 
CT’s 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

• New methane 
creation = leakage 
risk

• Lifecycle emissions 
approach / exceed 
fossil gas



RMI – Energy. 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 – Energy. Transformed.

Conclusion

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

• These fuels should be targeted to the hardest to decarbonize sectors

• Even 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.

This is how 99% of the US’s 
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

Should Hydrogen Be Used In…?
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

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

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

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

✓ Must plan for 100 percent green hydrogen.

✓ Must not increase NOx pollution.



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

Hydrogen’s Limited Climate 
Benefits

Key takeaways:

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

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

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

● Blue hydrogen can produce more 
emissions than burning gas.

● 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

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

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

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

pipelines.
○ Leak detection systems not designed for hydrogen.

● Storage
○ Low energy density of hydrogen makes it hard to store.
○ Salt caverns - limited locations.
○ Conversion to a liquid for long-term storage - cryogenic temps, very expensive.
○ 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
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GHG Comparison
Ex: Entergy TX Plant (1,215 MW, CC)

Key takeaways:

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

● Gray or blue hydrogen production for 
use in a gas plant creates more GHG 
than simply burning gas in that plant.

○ GHG increase, not decrease 
as you use more hydrogen in 
the plant.

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

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

● 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


Sierra Club Alternative Fuels  Presentation  | Proprietary & Confidential |  Page 70

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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● 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 
“highest and best” uses. 

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

● 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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● No viable pathway to decarbonize the buildings sector using RNG:

○ Limited quantity of RNG available.

○ High cost: 
■ 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.

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

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

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

○ 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.

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

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

Biodiesel: Challenges



American Bureau of Shipping (ABS)
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© 2022 American Bureau of Shipping. All rights reserved

Alternative Marine Fuels: 
Understanding Challenges

Keegan P. Plaskon | November 4, 2022

Connecticut Comprehensive Energy Strategy

Technical Session 6



76 | CT DEEP Presentation 

• Introduction

• Current State of Affairs

• Decarbonization Strategies

• Fuel Options and Limitations

• Conclusions  

Keegan Plaskon

Director – Eastern Americas

American Bureau of Shipping

kplaskon@eagle.org



IMO Emissions – Greenhouse Gas Reduction Strategy

Suwatpo©123rf.co

m

• By 2030, reduce CO2 emissions 

per cargo transport work by 

40%, aiming at 70% in 2050, 

compared to 2008

• By 2050, reduce total 

greenhouse gas (GHG) 

emissions by at least 50% 

compared to 2008

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 

© IMO



Driver– GHG Emission reductions

• By 2030, reduce CO2 emissions per cargo transport 

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

• By 2050, reduce total GHG emissions by at least 50% 

compared to 2008

Emissions Regulations

International Maritime 
Organization (IMO)

European Union

Banks and Charter 
Parties

78 | CT DEEP Presentation 
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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

• Hydrogen

• Fuel Cells • Electric Propulsion

• Cold Ironing • Carbon Capture (Shore/Ship)

• Wind/Solar• Improved Hull and ESD Options

• Hybrid

• Air Lubrication

• Biofuels (Global)• Biofuels (Regional)

• Methanol (Regional)

• LNG

• LPG/Ethane • Ammonia

2
0

5
0

Operational 

Efficiency

• Smart Vessel/ 

Improved Reliability 

• New Charter Arrangements

• Vessel Performance 

Reporting

• Weather Routing

• Just in Time Shipping• Speed Optimization

• Fleet Interactive Performance/ 

Optimization 

Pathway to 2050



Compliance Options

© nevodka / Shutterstock © ggw/Shutterstock

DISTILLATE OR 
BLENDED FUELS

• MGO 0.1%
• MDO 0.5%S
• New marine fuels, 

‘Hybrid’ - residual 
or distillate source

• VLSFO 0.5%
• ULSFO 0.1%

HIGH SULPHUR FUELS

• With Exhaust Gas 
Cleaning Systems 
(EGCS)

NEW FUELS

• Bio-fuels
• GTL
• Synthetic fuels
• e-fuels

ALTERNATIVE FUELS

• LNG
• Methanol
• Ethane
• LPG 
• Ammonia
• Hydrogen

MGO – Marine Gas Oil

MDO – Marine Diesel Oil

VLSFO – Very Low Sulfur Fuel Oil

ULSFO – Ultra Low Sulfur Fuel Oil

GTL – Gas 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

• Supply infrastructure 

• Lack of marine fuel quality standards and 
other regulations

• Low overall industry experience level

• Fuel properties, i.e. flashpoint, toxicity, cryogenics, 
etc. 

• Similar 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

• NH3 is a colorless inorganic compound

• NH3 is carbon- and Sulphur-free and gives a clean 
combustion without generation of CO2 or SOX

• Liquefied by compression to approximately 8 bar 

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

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

• Relatively low volumetric energy density - impact on 
tank size

IDLH – Immediately Dangerous to Life or Health
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Properties of Methanol

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

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

• Relatively low volumetric energy density

• Flammability range 6% – 36.5%

• Toxicity: 6,000 ppm IDLH NIOSH

• Can be produced from natural gas and 
sustainable sources

IDLH – Immediately Dangerous to Life or Health

NIOSH – National 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 – Bunkering 
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

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

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

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

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

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

Production Scaling  – The 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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• The production pathways of ammonia and 
hydrogen are related

• Present – Brown ammonia
- From fossil sources

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

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

- Extraction of hydrogen and then synthesis with 
nitrogen

• Future – Blue ammonia 
- Using the carbon capture and storage (CCS) 

technology on brown ammonia production

• Technology is being used today in small scale

Fuel Production - Brown vs. Blue 

Steam 

reforming

Air separation 

unit

LNG/COAL

Haber – Bosch process

CCS/CO2

90 | CT DEEP Presentation 



• Future – Green ammonia
- Green hydrogen extracted 

from water by energy that 
comes from renewable 
electricity: 

• Solar farms

• Wind farms

• Hydro power

• (Nuclear)

- Synthesis with nitrogen

• Nitrogen from air which 
contains 78% nitrogen 

Fuel Production – Green

Air separation 

unit

(Green Methanol)

N2 Haber – Bosch

Liquefaction Liquid

H2

Ammonia
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Key Takeaways

• Drivers for marine decarbonization are strong

• Safety and regulatory framework in place

• Experience and scope of dual-fuel technologies growing

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

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

• Scaling the infrastructure to provide fuel for the future 
vessels will be a limiting factor 
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• 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 
www.eagle.org/sustainability

ABS Support
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© 2022 American Bureau of Shipping. All rights reserved

Thank You

www.eagle.org



Conservation Law Foundation (CFL)
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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



Biofuels’ infrastructure has process emissions

“biomethane production may lose its 
advantages as a clean-energy 
technology and may jeopardize Paris 
Agreement targets if used extensively.”

Source: Bakkaloglu et 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.



The “Carbon Neutrality Gap”:  
Only 37% of biofuel emissions 
were removed from the 
atmosphere, causing a net 
increase in 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

In Connecticut’s Greenhouse 
Gas Emissions Inventory, 
“biofuels are treated as carbon 
neutral” 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

“If 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 isn’t cheap.”

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

“Depending on the feedstock, the 
energy delivered by biodiesel 
currently costs 70%-130% more 
than fossil diesel.  Based on May 
2022 prices, the mandatory 
blending of biofuels costs European 
citizens €17 billion more per year.”

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 because of emissions 
from burning biofuels, from biofuel production and transport, and from the 
fossil fuels blended with biofuels.

3) Likely result 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

110



BUREAU OF ENERGY AND
TECHNOLOGY POLICY

Strategies for Optimal Use of
Alternative Fuels

Robert Bell – CT Department of Transportation (DOT)

Tessa Weiss – RMI

Emily Kent – Clean Air Task Force (CATF)

Erin Childs - Strategen

(speaker order may vary)
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CT DOT
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Connecticut’s Alternative 
Fuel Corridors

Robert Bell
Connecticut Department of Transportation 

DEEP Technical Session: Alternative Fuels
November 4, 2022



The Alternative Fuel Corridors Program
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Section 1413 of the Fixing America’s Surface Transportation (FAST) Act requires 
the U.S. DOT to designate alternative fuel corridors along the National Highway 
System.  

Administered by the Federal Highway Administration (FHWA) to 
improve/promote an interstate network of stations to enhance the 
reliability/mobility of alternative fuel vehicles. 

Designated national corridors along major highways are identified by fuel type:
➢ Plug-In Electric Vehicle Charging
➢ Hydrogen Fueling
➢ Propane (LPG) Fueling
➢ Natural Gas (CNG, LNG) Fueling



Benefits of a National System



Alternative Fuel Corridor Designation Process

• States apply to FHWA for Alternative Fuel Corridor designation

• FHWA reviews applications and designates a corridor either as:

➢Corridor Ready - A sufficient number of facilities exist on the 
corridor to warrant installation of highway signage (by fuel type)

➢Corridor/Signage Pending - An insufficient number of facilities 
currently exist on the corridor to allow for reliable corridor travel



FHWA’s Corridor-Ready Criteria
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Public 
Stations

Only

50 miles 
between 
stations

150 miles 
between 
stations

5 miles 
from 

highway

1 drivable 
mile from 
highway 

exit

DCFC 
Only 

(no Tesla)

200 miles 
between 
stations

Primary 
stations 

only

Fast fill, 
3,600 psi

EV PropaneHydrogenLNGCNG
Public 

Stations
Only

Public 
Stations

Only

Public 
Stations

Only

Public 
Stations

Only

5 miles 
from 

highway

5 miles 
from 

highway

5 miles 
from 

highway

100 miles 
between 
stations

150 miles 
between 
stations



Connecticut’s Alternative Fuel Corridors
Connecticut is participant in Program since 2016

The following Interstate highways are 
“FHWA Designated Corridors” 

EV: I-84 (NY border to MA border)*
I-91 (New Haven to MA border)*
I-95 (NY border to RI border)*
I-395 (Waterford to MA border)
US 7 (between US 7/I-95 interchange

in Norwalk and New Milford)

CNG: I-91 (New Haven to MA border)
I-95 (NY border to RI border)
I-395 (Norwich to MA border)

LPG: I-84 (NY border to MA border)
I-91 (between I-91/I-95 interchange in  

New Haven and the MA border)



Connecticut’s EV Corridors
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Connecticut's Pending 
Corridors

• EV: US 7 (New Milford to CT/MA border)

• CNG: I-395 (between the I-395/I-95 interchange in East Lyme 
and Norwich)

I-84 (NY border to MA border)

• LPG: I-84 (between South Windsor and CT/MA border)

I-95 (NY border to Guilford)

I-395 (Waterford to MA border)

• Hydrogen: I-84

I-91

I-95

I-395
Corridor-Pending: DO NOT have sufficient fuel 

facilities to support alternative fuel vehicle 
travel



Alt. Fuels 
Data 

Center

Alternative Fuels Data Center: Alternative 
Fueling Station Locator (energy.gov)

https://afdc.energy.gov/stations#/corridors?state=CT&fuel=HY


Current and Near-Term Activities

➢opportunities/funding for building alternative fuel infrastructure 
along CT’s Alt. Fuel Corridors

• IIJA Formula Funding: NEVI Funds to 
Build out EV Fast Charging 
• $52 million over 5 years in CT
• Phase 1 focused on AFCs

• IIJA Discretionary Funding: Community & Corridor Charging 
grant program
• $2.5B nationwide in community grants for EV charging, plus 

Hydrogen, Natural Gas, and Propane fueling infrastructure
• FHWA's Notice of Funding Opportunity not released yet

Sustainability & Resiliency Unit (ct.gov)

https://portal.ct.gov/DOT/Sustainability-and-Resiliency/Sustainability-and-Resiliency-Unit
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➢Participates in state, regional, and national discussions and 
activities around alternative fuel technologies
➢ Close coordination with FHWA Office

➢ Foster awareness of alternative fuel availability

➢Monthly meetings with Connecticut Clean City Coordinators 
➢ Discuss opportunities and identify challenges/solutions to fleet concerns

➢ Collaborate on resource for fleets looking at incorporating alt. fuels

➢Work with OEMs and Fueling Distributors to understand 
challenges/needs to promote Alt. Fuels within the state

➢Works with MPOs, COGs, DEEP and others to identify 
future Alt. Fuel Corridors

CTDOT's Alternative Fuel
Coordinator



For Additional Information Please Contact

Jennifer Reilly
Connecticut Department of Transportation

Alternative Fuel Coordinator
Jennifer.Reilly@ct.gov

860-594-2143
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RMI – Energy. Transformed.

Why Prioritize Low 
Carbon Fuels for 
Industry and Heavy 
Transport? 

Tessa Weiss

November 4, 2022



RMI – Energy. Transformed.

• Priorities exist for biofuels and hydrogen given limited biofuel availability 

and the need for system-wide efficient use of renewable electricity. 

• Direct electrification should be prioritized whenever possible- it is more 

efficient, cheaper, and can bring human health and broader environmental 

benefits. 

• Hydrogen is a necessary, and sometimes the only, solution to decarbonize

industrial and heavy transport processes, and must be prioritized for use 

in these sectors. 

• Sustainable aviation fuels- biofuels and synfuels- and a central solution to 

aviation decarbonization.

Summary



RMI – Energy. Transformed.

Limited supply of sustainable biofuels at scale forces prioritization for 
use in only applications with no decarbonization alternatives. 

Source: ETC, Bioresources within a Net-Zero Emissions Economy



RMI – Energy. Transformed.

Current global 

power production

Economic and 

Population growth

Hydrogen

for Industrial 

Decarbonization

25,000 TWh +25,000 TWh 25,000 TWh+

The scale of non-fossil power required for 2050 decarbonization targets 
motivates a need to efficiently use renewable electricity.



RMI – Energy. Transformed.

Direct electrification provides a higher abatement impact for renewable 
electricity compared to hydrogen’s use to decarbonize these sectors.

0.72

0.21

0.15

0.15

0.09

0.07

0.56

0.51

0.18

Steel

Light Duty Transport

Buildings Heating

Fertilizer

Power Generation

Maritime Shipping

Light Duty Transport

Buildings Heating

Power Generation

Green Hydrogen

Direct Electrification

Reduction of GHG emissions

kgCO2 / kWh renewable power

Source: RMI analysis



RMI – Energy. Transformed.

Direct electrification can bring benefits to human health and reduce 
environmental risks. 

Homes with gas stoves have 

50 - 400% higher NO2 emissions 

than homes with electric stoves

Over 28,000

deaths per year 

from building 

air pollution

2,598 Incidents

603 Injuries

122 Deaths

from methane 

leaks

Source, air pollution: RMI analysis

Source, methane leakage hazard: US PIRG, 

Environment America, Frontier Group



RMI – Energy. Transformed.

Industry and heavy-duty transport cannot be electrified and must use 
low carbon fuels and feedstocks to decarbonize.

Electrification Hydrogen Synfuels Biofuels

Steel Manufacturing H2 replaces coking 

coal

Fertilizer Production H2 needed as 

feedstock

Maritime Shipping Short haul only H2 (short haul), 

ammonia (long haul)

Methanol (long haul) Limited availability

Heavy Duty Trucking Urban and regional 

trucking

Needed for long 

distance, no home 

base routes

Aviation Short haul only, future 

solution

Future solution Future solution Drop-in fuels

Available Decarbonization Options:



RMI – Energy. Transformed.

Sustainable aviation fuels are a near and long-term priority for aviation 
as they can drop-into existing aircraft and meet range requirements.

Source: MPP analysis



RMI – Energy. Transformed.RMI – Energy. Transformed.

Thank you! 
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Zero-Carbon Fuels Overview

N o v e m b e r  4 ,  2 0 2 2



CATF’s Mission:
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Lead the way to an affordable, zero carbon energy

system by advocating for pragmatic policies, new

business strategies, and advanced technologies.



Where we have been active and where we are expanding
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CATF Staff

CATF Active Areas in 2022

CATF Expansion Areas



What we need to do
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Carbon Intensive Energy System Decarbonized Energy System



Zero-Carbon Fuels (ZCF)

In the future, many fuel end users will convert that consumption into electricity.

Despite critical efforts to expand electrification, there are many sectors of the 

economy where electrification is not a viable alternative to molecules. 

This is because the fuel performance requirements are so high, that it cannot 

be commercially delivered through electrification alone. For these sectors, 

replacement fuels are required that do not emit carbon when consumed.

Zero-carbon fuels—specifically hydrogen and ammonia—are fuels that do not emit 

carbon dioxide when consumed and can replace existing high-emitting fuels.
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of end-use energy is currently provided by fuel 

molecules like coal, natural gas and refined petroleum. 80%



Hydrogen’s eventual 

role in full economy-

wide decarbonization 

may be limited in 

scope, but it probably 

won’t be a niche role
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NOTES ON HYDROGEN DEMAND: Except for power system balancing, CO2 values represent approximate current total global emissions from the indicated activity and EJ values illustrate potential H2 demand assuming 

the stated % of current demand is replaced with hydrogen. Power system balancing CO2 represents potential CO2 if assumed balancing energy was provide by natural gas. Total potential demand total ~70 EJ including 

~5 EJ from building heating (~10% today’s demand) and ~5 EJ from ammonia fertilizer production. Marine fraction reflects bulker and containership fraction of current marine fuel consumption. Trucking fraction reflects 

current fuel consumed in US on trips more than 300 km from base. Aviation fraction reflects half of fuel currently consumed on trips more than1500 km. Process heat fraction assumes electrification and CCS apply to 75% 

of fuel consumption. Ironmaking fraction assumes CCS and hydrogen split current market size. 1.5%/yr growth suggests >100 EJ/yr could be needed by 2050. All values intended for illustration only.

Process Heat 
~ 2 B tpy CO2

10 EJ H2 @ 25%

Ironmaking
~ 2 B tpy CO2

6 EJ H2 @ 50%

Balancing  
~ 1 B tpy CO2

18 EJ H2 @ 10%

Marine Vessels 
1 B tpy CO2

6 EJ H2 @ 50% 

Heavy Trucking 
~ 2 B tpy CO2

13 EJ H2 @ 50%

Aviation
~ 1 B tpy CO2

6 EJ H2 @ 40%

https://www.chicagotribune.com/weather/ct-met-subzero-streak-polar-vortex-20190201-story.html
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Projected Zero-Carbon Fuels Demand

IEA Predicts that global 

hydrogen demand will 

increase from 90 Mt/y to 

530 Mt/y by 2050

46% of hydrogen 

produced by 2030 is 

low-carbon

By 2050, 38% of 

hydrogen is fossil-

based with CCS.

Global hydrogen and hydrogen-based fuels in IEA NZE 2021



Global hydrogen and hydrogen-based fuels use in the IEA’s NZE
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Initial focus: converting existing users to low-emissions hydrogen

Longer-term: expanding use of hydrogen and hydrogen-based fuels across additional end-users
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Zero-carbon fuels production pathways

We refer to fuels that are not only zero- carbon at the point of use, but that 

are also produced in ways that aim to minimize greenhouse gas emissions, 

resulting in very low CO2-equivalent emissions across the value chain.

Clean hydrogen can be produced in multiple ways, through electrolysis 

using zero-carbon electricity, methane reforming using natural gas with 

carbon capture and upstream methane control, etc.

Clean hydrogen is the whole point. What constitutes “clean” depends on 

context and should evolve over time, but at a minimum:

Gas-based production must feature very high level of carbon capture for 

reformers, extremely low methane loss rates upstream, low CO2 intensity 

of process electricity

Electrolytic production must utilize electricity that is renewable or clean 
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Hydrogen production pathways
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Hydrogen Supply Chain



147

Zero-Carbon Fuels Challenges

The key challenges for zero-carbon fuels are costs, infrastructure 

development and markets.

Costs are currently too high to compete with incumbent high-

emitting fuels without public policy support.

Reductions in costs will require large-scale deployment through 

markets that recognize the greenhouse gas benefits of these 

fuels.

Other challenges include the lack of an attractive ecosystem for 

financing and investing in zero-carbon fuels projects.

In the transport sector, the fuel costs comparison is closer, but 

costs and available fueling infrastructure is the problem.

Certification schemes and frameworks for lifecycle analysis (LCA) 

of hydrogen’s greenhouse gas (GHG) intensity are also needed

Zero-Carbon Fuels

Reduced Cost 

Wide Deployment



What is happening on hydrogen in the United States?
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Regional Clean Hydrogen Hubs
Provision in the Infrastructure Investment 

and Jobs Act of 2021

Hydrogen Production 

Tax Credit (PTC)
Provision in the Inflation Reduction Act of 

2022

Coons/Cornyn Hydrogen 

Infrastructure Initiative
Proposed bills for ports, trucks, industry, and 

infrastructure financing

Trucking
EPA Vehicle Emissions Regulations & 

California’s Advanced Clean Truck 

Regulation

Marine
Proposed bills for emissions fees or 

standards from marine shipping; Ports 

decarbonization funding from IIJA and IRA

Aviation
R&D Funding and Sustainable Aviation Fuel 

tax credit from IIJA and IRA



What is a hydrogen hub?
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What kinds of state-level policy could be needed?

A focus on the hard-to-abate sectors, many of which are new end-users for hydrogen (R&D, Contracts for 

Differences, etc.)

Support for developing/emerging hydrogen hub efforts in your region, particularly for low-GHG intensity 

production

Significant local outreach, education, and planning to include potentially-impacted communities in the process 

and develop intentional, community-beneficial development plans

Hydrogen leak management, including: R&D on needed technologies or infrastructure, regulatory frameworks to 

encourage minimizing of leaks in the design of infrastructure, and requiring leak detection and repair (LDAR) in 

hydrogen-supportive policies

Support for and research into certification schemes and frameworks for lifecycle analysis (LCA) of hydrogen’s 

greenhouse gas (GHG) intensity



Thank You!

• www.catf.us

• @cleanaircatf

• ekent@catf.us



Strategen
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Erin Childs | Strategen Consulting
November 4th, 2022

Hydrogen Study – Feasibility and Recommendations

A Look at Progress on Special Act 22-8
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Strategen is helping to facilitate thoughtful development of 
hydrogen hubs

Erin Childs

Director

+ Strategen’s Emerging Technologies team has been supporting hydrogen ecosystem and hub
development across the US, including

+ Hydrogen hub visioning and stakeholder engagement in Los Angeles led by Green
Hydrogen Coalition (GHC), to assess hydrogen offtake potential and associated
impacts on pollution, water availability, and workforce transition requirements

+ Convening the Western Green Hydrogen Initiative (WGHI), a collaborative effort of
state energy officials and policymakers to discuss opportunities for green hydrogen
to support regional energy, economic, and environmental needs.

+ Currently, our team is supporting the Connecticut Green Bank in fulfilling the requirements
of Special Act 22-8 to convene a Hydrogen Task Force and associated work groups to
develop recommendations for the Connecticut Legislature

Client & Work Examples
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Special Act 22-8 requires the Green Bank to convene the Hydrogen 
Task Force to provide recommendations to develop a clean hydrogen 
economy in Connecticut
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The Task Force will:

1. Provide a review of regulations and legislation needed to guide the development and achievement of 
hydrogen economies of scale

2. Provide recommendations for workforce initiatives to prepare the state for hydrogen-fueled energy-related 
jobs

3. Examine how to position the state to take advantage of competitive incentives and programs created by 
the federal Infrastructure Investment and Jobs Act

4. Identify funding and tax preferences for building hydrogen-fueled energy facilities at brownfield sites 
through the Targeted Brownfield Development Grant and Loan program.

5. Recommend funding sources for developing hydrogen-fueled energy programs and infrastructure.

6. Examine the sources of potential clean hydrogen, including, but not limited to, wind, solar, biogas and 
nuclear.

7. Recommend potential end uses of hydrogen-fueled energy.



Strategen is supporting CT Green Bank in administering the Hydrogen Task 
Force and developing legislative recommendations

156

All Task Force and Working Group meetings are open to the public, and we encourage stakeholder participation! 
Please contact Jennifer Gorman (jgorman@strategen.com) to get involved.

Policy and 
Workforce 

Development

Chaired by:
Commissioner Katie 

Dykes, DEEP

Chairman Marissa Gillett, 
PURA

Will identify legislation 
and workforce initiatives 

needed to guide the 
development of clean 

hydrogen.

Funding

Chaired by:
Commissioner Katie 

Dykes, DEEP

Alexandra Daum, DECD

Will identify funding 
sources for developing 

hydrogen-fueled energy 
programs and 
infrastructure.

Hydrogen Sources

Chaired by:
Ugur Pasaogullari, UCONN

Kathy Ayers, Nel Hydrogen

Will identify potential 
sources of clean hydrogen 

and relative merits

Hydrogen 
Infrastructure

Chaired by:
Adolfo Rivera, Avangrid

Chris Capuano, Nel

Will identify infrastructure 
needed to support scaled 

and cost-effective 
hydrogen economy

Hydrogen Uses

Chaired By:
Joel Rinebold, CCAT

Digaunto Chatterjee, 
Eversource

Frank Reynolds, Avangrid

Will identify potential and 
priority end uses for 

hydrogen

Cross-Cutting Issues: Environmental Justice, Supply Chain, Safety, R&D, and Insurance

mailto:jgorman@strategen.com


Tours of hydrogen-related facilities and national lab involvement 
have provided opportunities for Task Force education

157



States and national governments are beginning to adopt definitions for
clean, renewable, or green hydrogen
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Hydrogen Type (e.g. 
clean, renewable, 

green)

Based on a carbon 
intensity calculation

Technology agnostic 
(e.g. includes 

biomass, biogas, 
electrolysis, nuclear)

Electrolysis with 
renewables only

Excludes use of fossil 
fuels

US DOE Clean X X

Montana Green X X

Washington State Renewable X

Oregon Renewable X X

Australia Clean X

Canada Green X X

Canada Low Carbon Intensity X X

Chile Green X X

France Renewable X X X

France Low Carbon X X

Germany Green X X

Sweden Renewable/Clean X

CertifHy Green X X X

CertifHy Low Carbon X X

https://www.energy.gov/eere/fuelcells/articles/clean-hydrogen-production-standard
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fleg.mt.gov%2Fbills%2F2021%2FHB0199%2FHB0170_2.pdf&data=04%7C01%7CjLin%40strategen.com%7C6a31cf6833c64bcb88b308d8d9c2644d%7C5776570c455d4878b13c39bf8e74aff3%7C0%7C0%7C637498776229820969%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=V3Rox6NAPoMKxyyIgbkLOvaxt4h130PFV9vZ%2FpVaWDg%3D&reserved=0
https://lawfilesext.leg.wa.gov/Biennium/2019-20/Htm/Bills/Senate%20Bills/5588.htm
https://olis.oregonlegislature.gov/liz/2021R1/Downloads/MeasureDocument/SB0333/Enrolled
https://www.industry.gov.au/sites/default/files/2019-11/australias-national-hydrogen-strategy.pdf
https://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/environment/hydrogen/NRCan_Hydrogen-Strategy-Canada-na-en-v3.pdf
https://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/environment/hydrogen/NRCan_Hydrogen-Strategy-Canada-na-en-v3.pdf
https://energia.gob.cl/sites/default/files/national_green_hydrogen_strategy_-_chile.pdf
https://www.legifrance.gouv.fr/codes/section_lc/LEGITEXT000023983208/LEGISCTA000043154071?init=true&page=1&query=L.+811-1&searchField=ALL&tab_selection=all&anchor=LEGIARTI000043154073#LEGIARTI000043154073
https://www.legifrance.gouv.fr/codes/section_lc/LEGITEXT000023983208/LEGISCTA000043154071?init=true&page=1&query=L.+811-1&searchField=ALL&tab_selection=all&anchor=LEGIARTI000043154073#LEGIARTI000043154073
https://www.bmwk.de/Redaktion/EN/Publikationen/Energie/the-national-hydrogen-strategy.pdf?__blob=publicationFile&v=6
https://fossilfrittsverige.se/wp-content/uploads/2021/01/Hydrogen_strategy_for-_fossil_free_competitiveness_ENG.pdf
https://www.waterstofnet.eu/_asset/_public/CertifHy/CertifHy_Leaflet_final-compressed.pdf
https://www.waterstofnet.eu/_asset/_public/CertifHy/CertifHy_Leaflet_final-compressed.pdf


Coordinated policy and regulatory drivers are informing and driving public and 
private sector investment

States and Countries are defining 
clean hydrogen eligibility in similar 

ways.

Increasingly, definitions based on a 
carbon intensity range are emerging.

Additional specification focuses on 
feedstock type (i.e., must be 

renewable or must be non-fossil 
fuel).

In the last 3 years, hydrogen specific 
legislation has skyrocketed. Hydrogen 
bills have typically been focused on a 

particular end use, such as:

Mobility
Gas and Electric Generation

Industrial Uses

A smaller set of hydrogen related bills 
provide specific grant funding, 

authorize specific studies, or address 
safety provisions

Some States offer incentives or 
funding for clean hydrogen 

production, distribution, or use. 
Incentive types include:

Tax Credits
Tax Exemptions

Electrolytic Tariffs

Examples of grants and loans for 
hydrogen-related topics include: 

RD&D
Renewable Deployment

Infrastructure Development

Definitions Legislation Funding & Incentives



The California legislature has allocated significant funding for hydrogen-
related programs and projects

For long-duration storage projects throughout the state to support grid reliability

To deploy new zero or low emissions distributed backup assets (i.e., fuel cells)

To implement ZEV charging infrastructure programs

To identify transportation-related climate vulnerabilities and develop and implement programs to 
adapt infrastructure

For heavy-duty zero-emissions vehicles

To provide 5,000 MW of reliability reserves 

$140M

$550M

$383M

$200M

$2.2B

$1.5B

$3.8 billion will be allocated in the summer pending additional discussions with the Legislature. 
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Robust stakeholder has helped to highlight areas of addition focus and 
research

+ How do proposed offtake areas 
align with industry activity and 
interest, and what can we do to 
support near-term hydrogen 
deployment opportunities?

+ What steps can we take to 
ensure an inclusive approach to 
supporting hydrogen industries?

+ How can we approach end use 
support and prioritization 
recognizing continued technology 
advancement and improvements?

+ How will hydrogen market 
development impact the existing 
workforce? 

+ What skills will workers need to 
contribute to the hydrogen 
economy? Are these transferrable 
from current jobs?

+ How can we provide support for a 
just transition for workers in the 
fossil fuel industry? What training 
programs may be appropriate?

Industry Participants Labor Organizations

+ How can we ensure that 
hydrogen production and usage is 
prioritized to address reduction of 
climate and local pollutants?

+ What steps can we take to 
ensure that hydrogen deployment 
does not unduly extend the life of 
fossil infrastructure?

+ What steps can be taken to 
continue to create transparency 
and visibility in hydrogen 
planning processes?

Environmental Participants
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There are multiple ways to get involved in the Hydrogen Task Force!

All Task Force and Working Group 
materials are publicly available on 

the Green Bank’s Task Force 
website. Meeting minutes are also 

translated into Spanish.

Written Comment Opportunity Review Materials

+ Task Force: Nov. 8, 10am-Noon

+ Sources WG: Nov. 17, 11am-Noon

+ Infrastructure WG: Nov. 17, 3-4pm

+ Funding WG: Nov. 18, 10:30-Noon

+ Uses WG: Nov. 22, Noon-1pm

+ Policy & WF Dev WG: Nov. 29, 
Noon-1pm

Upcoming Meetings

The Hydrogen Task Force is 
planning to offer a written 
comment opportunity for 

stakeholders to provide feedback.

https://www.ctgreenbank.com/hydrogentaskforce/
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Questions?



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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Public Comments 

• Please use the “Raise Hand” feature if you would like to speak
• After any interested elected officials have provided their 

comments, you will be invited to provide your comment in the 
order the hands were raised 

• Please unmute yourself, state your name and affiliation
• Given time limitations, please limit your comment to 2 minutes.  
• After your comments, please remember to click the “Mute” 

button 

If you would like to make a comment during the public comment periods:

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

General Public Comment
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WRAP UP

Presenter’s Name

Thanks for joining our technical session today!

Written comments related to this session, or the general 
Comprehensive Energy Strategy can be submitted to:
1. BETP’s Energy Filings web page – or –
2. Via email to DEEP.EnergyBureau@ct.gov

All information on upcoming Comprehensive Energy Strategy 
technical sessions and written comment opportunities can be 
found on the CES webpage

This slide deck and a recording of this session will be posted on the 
CES webpage

BUREAU OF ENERGY AND
TECHNOLOGY POLICY

Written Comments related to this technical session are due 

Monday, November 21, 2022, at 5:00 p.m. ET
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https://portal.ct.gov/DEEP/Energy/DEEP-Energy-Filing/DEEP-Energy-Web-Filing---Main
mailto:DEEP.EnergyBureau@ct.gov
https://portal.ct.gov/DEEP/Energy/Comprehensive-Energy-Plan/Comprehensive-Energy-Strategy


BUREAU OF ENERGY AND
TECHNOLOGY POLICY

Thank you for joining!
Questions? DEEP.EnergyBureau@ct.gov
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mailto:DEEP.EnergyBureau@ct.gov

