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Turning Orga
Valuab

nic “Waste” into a
e Resource:

Renewable Natural Gas (RNG)

A Climate & Clean Air Solution for NJ
Matt Tomich, President, Energy Vision

Decarbonizing Gas in NJ


Presenter
Presentation Notes
Energy Vision is a national environmental non-profit.

Our mission is to advance the adoption of the low- and no-carbon solutions necessary for a sustainable energy future. 
�Since 2010, a primary focus has been the capture and utilization of methane emissions from organic wastes to displace fossil fuels.  

Much of our work has been done via public education, including over 20 workshops on RNG both in the United States and abroad. We have also written research reports on, for instance, the potential role of RNG in decarbonizing New York City’s fleets. 



Biogas 101

 When organic wastes decompose in an oxygen-free
environment, they release biogas. This process is called
anaerobic digestion.

e Biogas is typically 50% - 65% methane (depending on the
source).


Presenter
Presentation Notes
Methane is produced naturally through a process known as anaerobic digestion. This BIOGAS is 50-65% methane, depending on the feedstock; the remainder is primarily carbon dioxide. 

The need to mitigate methane emissions has gained national and international traction this year, since methane is 84x more powerful than CO2 in its global warming potential– meaning it’s 84x more efficient at trapping heat in the Earth’s atmosphere. Cutting methane emissions in half over the next decade is seen as a critical short-term step in ensuring we limit global temperature rise to 1.5 degrees C.


Landfills


Presenter
Presentation Notes
Today, the vast majority of food waste and a good portion of yard waste ends up in landfills. Large quantities of biogas are produced in these landfills, which are required to capture and combust it, but even the most efficient landfills emit large quantities of methane.


Water Treatment Facilities


Presenter
Presentation Notes
Many medium and large wastewater facilities have purpose-built digesters, like the tanks seen at the Newtown Creek facility in Brooklyn, or at the somewhat smaller treatment plant in Cortland, NY. These digesters produce biogas much more efficiently and quickly, and with far less leakage, than landfills.


Dairy Farms

Complete mix
digesters on a dairy
farmin Florida

Trench digester on a
dairy farm in New
York


Presenter
Presentation Notes
In the agricultural realm, dairy farmers have long recognized the opportunity to use digestion to better manage manure and nutrients. At the top is a complete mix system at a large dairy farm in Florida, and below is a simple covered trench system at a smaller farm in upstate NY. Further to nutrients, farmers with AD systems put the “digestate” to use on their land.  


For processing food waste

VEOLIA CANADA

QUANTUM BIOPOWER

Quantum Biopower, CT

Toronto, Ontario


Presenter
Presentation Notes
Digesters can also be used to process the organic fraction of municipal solid waste. On the left is one of two anaerobic digester facilities to which Toronto is diverting all its residential food waste. On the right is a somewhat smaller facility that processes pre-consumer food waste in Connecticut


Historically, biogas has been used to produce
electricity and/or heat

CHP system at landfill, Quebec

CHP system at Coney Island WRRF, NYC


Presenter
Presentation Notes
To be clear, the digestion process is as old as time. Historically biogas made from digestion was used to produce heat or to cook with. In recent history it has been used mostly to generate heat and power. The two “combined heat and power” systems shown here are a relatively new one at a landifll in Canada and a somewhat older one in Brooklyn, NY. 


Biogas can also be upgraded to renewable
natural gas (RNG)

= 95+% methane
®» “Pipeline quality”

® [lexible, multi-purpose


Presenter
Presentation Notes
But we have seen a major shift over the past 5 years toward the “clean-up” of biogas to pipeline or vehicle quality, also known as renewable natural gas or biomethane. Essentially, removing all moisture and impurities from the gas leaving clean, nearly pure methane.


RNG is a versatile strategic energy resource that
can readily displace fossil fuels in a variety of
applications:

Power Generation

Industrial Uses

Heating/Cooling/Cooking

Transportation (both as a fuel and as a feedstock for other energy
dense options, e.g. H2 or SAF)

* Has much lower lifecycle emissions: 50% to 300+%


Presenter
Presentation Notes
With RNG there are numerous end use opportunities to directly displace fossil fuel demand – via natural gas displacement; as a feedstock to produce green hydrogen; or to displace diesel in medium and heavy duty vehicles. But even the most optimistic scenarios indicate total RNG potential is limited in comparison to total existing NG demand.

I’d like to touch on the 300% reduction that’s referenced in this slide.  RNG can be carbon negative, meaning that capturing the methane prevents more GHG emissions than come from using the fuel. This varies according to feedstock  


RNG Projects Nationwide

Nearly 200 RNG projects operating today, up from just 60
projects in 2017; ~120 more under development


Presenter
Presentation Notes
As noted here, in 2017 there were about 60 RNG projects operating in the United States, most of them at landfills. We estimate that by the end of this year there will be 200 or more projects operating, with agricultural projects taking the lead. There are an additional 150 projects under development.



Value of NJ’s RNG Resource

7 Large Landfills = 5.9 million mmbtu/yr
1.3 million tons food waste = 5.9 million mmbtu/yr
22 WWTPs = 1.5 million mmbtu/yr

TOTAL of ~13.3 million mmbtu/yr or ~95 million
gallons of diesel displacement potential

e 10% of TOTAL current on-road diesel consumption
could be displaced using in-state resources

 Enough fuel to power ~10,000 heavy-duty vehicles
and eliminate ~850,000 tons CO2e per year



RNG End Users

Transportation Market Driving Investments

CNG/LNG fleets expanding RNG use nationally;
driven by RFS and LCFS credit value well above
commodity gas pricing

Gas Utility Procurement Heating Up
A growing list of natural gas utilities across the

country are developing RNG programs for
residential and commercial customers

Voluntary CSR Commitments Emerging

Corporations, colleges and universities are
recognizing the role RNG can play

POort

of Seattle:
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Presentation Notes
As mentioned the transportation markets have been a big driver of: RNG production, via the Renewable Fuel Standard at the Federal level and by state low-carbon fuel standards. The prime mover for low carbon fuel standards has been California, recently joined by Oregon and Washington. There is a push in NYS to adopt a low carbon fuel standard. 

Utilities are trying to lower their emissions by including RNG in their supply. 

CSR refers to Corporate Social Responsibility. L’ Oreal is buying RNG from a landfill project in Kentucky for use at a manufacturing facility in the state. 
Middlebury College is buying from a nearby dairy project for campus heating.
The University of California has also been looking at RNG.  
One that’s not shown here, the Port of Seattle has been using RNG for heating and shuttle bus fuel at Seattle Tacoma airport, and has reached its emissions goals for the facility a decade early as a result. 


Matt Tomich, President

email: tomich@energy-vision.org
tel: 212.228.0225
web: www.energy-vision.org



http://tomich@energy-vision.org
http://energy-vision.org/

Hydrogen

NJ Clean Cities/Energy Vision Workshop JoAnn Milliken
Decarbonizing Gas in New Jersey Director
November 4, 2021 NJ Fuel Cell Coalition



Hydrogen can be produced in many ways

Color Code Source: North American Council for Freight Efficiency



Hydrogen is an industrial commodity

U.S. annual hydrogen production Largest users in the U.S.

10 million metric tons J Petroleum Fertilizer | 54 o7

0
Processing 68% Production
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In the United States, we produce approximately 10 million metric tons of hydrogen every year; and there are more than 1600 miles of hydrogen pipeline.
Most of that hydrogen is used in the petrochemical industry for petroleum refining, followed by the fertilizer industry for ammonia production. 
Today, most hydrogen comes from natural gas. 

This pathway provides hydrogen at roughly $2/gallon of gasoline equivalent (or kg), but delivering, compressing, and dispensing it to cars can add an additional $3 to $5 per kilogram even at high volumes.  



Fuel Cells powered by hydrogen are highly
efficient and scalable



Hydrogen cost must come down to be
competitive in most markets



Hydrogen can help Underserved Communities



Significant reduction in cost of electrolysis
is needed for Green Hydrogen



The Northeast is a prime location for large-
scale hydrogen demos



Thank You

JoAnn Milliken
NJ Fuel Cell Coalition
njfuelcells.org



Powering Vehicles with
Renewable Propane

Tucker Perkins

President and CEO
Propane Education & Research Council

ENERGY FOR EVERYONE

¥ propane
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Well-to-Wheels Carbon Intensity of Today’s Electricity
Grid (gCO2,,/MJ)

CARB approved value = 82.92.
Higher value here as charging losses
are accounted for

Source: Decarbonization of MD-HD Vehicles with Propane by Gokul Vishwanathan, PERC, October 2020
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Presentation Notes
The threat we’re facing is electrification of everything. 
It’s really about propane vs. electricity.
And Americans don’t understand the truth about electricity.
 
If green signifies low carbon intensity on this map, we are far from it using the electric grid.


For more information or to download the full report, visit https://propane.com/research-development/emissions/decarbonization-of-md-hd-vehicles-with-propane/



Renewable Propane

* Low carbon intensity

* |nexpensive feedstock

Abundant feedstock
° Low energy conversion

* Final product competitively priced
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Renewable propane production


Renewable Propane Production

Source: Menecon Consulting/Atlantic Consulting



Pathways for Renewable Propane

e QGasification — syngas, from biomass
e QGasification — syngas, from waste

e Pyrolysis from biomass

e Glycerin-to-propane

* Power-to-X

e Biogas Oligomerization

e Alcohol to jet/LPG

e * Plus ammonia, DME, hydrogen, etc.



Carbon-Neutral Cocktail — The Future?

80 gC02eq/MJ 20.5 gC02eq/MJ -278 gC02eq/MJ
Conventional Renewable Renewable
A0 (NA Sourced used cooking oil) (Dairy gas based)

30% by mass ~50% by mass ~20% by mass

~0 gC02eq/MIJ
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Energy for TODAY, energy for the Future.  



Precision Energy


Presenter
Presentation Notes
Finally, innovation in the fuel itself offers precision blends for specific applications and with specific emissions requirements.






DECARBONIZING GAS IN NEW JERSEY WORKSHOP

Emissions of Renewable Natural Gas

and Hydrogen

ANDY BURNHAM

Principal Environmental Scientist
aburnham@anl.gov

November 4, 2021


mailto:aburnham@anl.gov

GREET Model

e GREET analyzes
transportation and energy
systems:

* Energy use
e Greenhouse gases
1 Rail Marine
o Air pO”UtantS transportation transportation

* Water consumption @

Road Air
transportation transportation

e GREET free and public
domain: 59

e Updated and expanded
annually
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Argonne released AFLEET Tool, which expands off of GREET Fleet’s capabilities to help Clean Cities Stakeholders examine not only petroleum use and GHG emissions but also air pollutant emissions and cost of ownership of light duty and heavy duty vehicles using simple Microsoft Excel inputs.

The model contains 16 fuel/vehicle technologies…

Conventional: gasoline, diesel
Hybrid: gasoline HEV, diesel HEV, diesel hydraulic hybrid
Plug-in electric: PHEV, EREV, EV
Alternative fuel: CNG, LNG, LPG, H2, LPG B20, B100, E85,



AFLEET Tool

e Examines light-duty & heavy-duty & off-road vehicle:
e Petroleum use
e GHGs
e Air pollutants
e Cost of ownership

e Contains 18 fuel/vehicle technologies
e Conventional
e Hybrids
e Plug-in electrics

 Alternative fuels: CNG, LNG, H,, LPG, ethanol, biodiesel, renewable
diesel 2

* NG = fossil, landfill, animal waste, wastewater sludge, MSW
* H, =SMR, electrolysis

 AFLEET Spreadsheet and Online; HDVEC:


Presenter
Presentation Notes
New in AFLEET 2020
Updated “tailpipe” on-road/off-road emission factors using MOVES3
Updated vehicle and charging infrastructure costs 
New off-road payback calculator



NG Source & Leakage impact NGV GHG Performance

Transit Buses WTW GHG Emissions (kg_CO,./mi)

GWP100
6
> FE ratio =0.85
a4
) ' FE ratlo =1.7
2
1 Il
. . .

Diesel SMR-H2

W CH4 leakage 0.7% m CH4 leakage 3%

= Potential production of RNG ~3.6 to 6.5 billion DGE/yr
=  Could cover 10-15% of US on-road diesel consumption
= Cost challenges when scaling up production
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GHG emissions of AD pathways are negative relative to reference case (109–125% less  for manure, 113–115% less for WWTP sludge) because of credits from avoided CH4  emissions

Expanding the production and use of RNG will require substantial quantities of organicmaterial
feedstocks. Of the 1,076 landfills, 6,900 dairy and swine farms, and 1,200 large
WWTPs in the U.S. that could supply that feedstock, 636 landfills, 239 farms, and over
160 WWTPs currently have operational waste-to-energy projects (Burnham 2015). However,
only 46 of those projects (37 landfills, 3 dairies and 6 WWTPs) produce RNG for pipeline
injection or use as a vehicular fuel (Burnham et al. 2015). Thus, there is a substantial untapped
market of candidate sites that may be able to add biogas purification equipment to produce RNG.
Table 2 shows the estimated practical annual potential RNG from major biogas sources through
anaerobic digestion. On-road vehicles consumed about 40 billion diesel gallons in 2016
(EIA 2017c). The midpoint RNG potential estimate is about 5 billion DGE per year, or 12% of
on-road diesel use.


The challenge to expanding RNG use is its cost of production, as it is significantly more
expensive than fossil NG. To date, credits from the RFS and LCFS have incentivized the
development of RNG. However, increasing the supply of RNG increases fuel costs, owing to the
high capital costs of RNG production and issues of scale at potential sites, as shown in Figure 10
(Jaffe et al. 2016).


RNG Source impacts NGV GHG Performance
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GHG emissions of AD pathways are negative relative to reference case (109–125% less  for manure, 113–115% less for WWTP sludge) because of credits from avoided CH4  emissions

Expanding the production and use of RNG will require substantial quantities of organicmaterial
feedstocks. Of the 1,076 landfills, 6,900 dairy and swine farms, and 1,200 large
WWTPs in the U.S. that could supply that feedstock, 636 landfills, 239 farms, and over
160 WWTPs currently have operational waste-to-energy projects (Burnham 2015). However,
only 46 of those projects (37 landfills, 3 dairies and 6 WWTPs) produce RNG for pipeline
injection or use as a vehicular fuel (Burnham et al. 2015). Thus, there is a substantial untapped
market of candidate sites that may be able to add biogas purification equipment to produce RNG.
Table 2 shows the estimated practical annual potential RNG from major biogas sources through
anaerobic digestion. On-road vehicles consumed about 40 billion diesel gallons in 2016
(EIA 2017c). The midpoint RNG potential estimate is about 5 billion DGE per year, or 12% of
on-road diesel use.


The challenge to expanding RNG use is its cost of production, as it is significantly more
expensive than fossil NG. To date, credits from the RFS and LCFS have incentivized the
development of RNG. However, increasing the supply of RNG increases fuel costs, owing to the
high capital costs of RNG production and issues of scale at potential sites, as shown in Figure 10
(Jaffe et al. 2016).


H, Source & Fuel economy ratio impact FCV
GHG Performance

WTW GHG Emissions (g_C0O2./mi)

3,000 M Diesel ICEV M SMR-H, 60%SMR+40% Renewable H; M Renewable H;
5 500 FE Ratio
2 =236 F'Efast;" FE Ratio
r —1 58 FE Ratio
2,000 T =1. 10
57% 36%
1,500
1,000
h A
500 I
0

Class 6 PnD Box Transit Bus Class 8 Drayage Short-Haul Class 8 Long-Haul

= Current H, production potential (RFF 2020)
" Biomass: ~ 1/6 one-sixth of technical potential of US biomass
=  Electric: ~ 1% of wind / 0.1% of solar
= Current production cost NG SMR $1-1.5/kg; wind $2.5-4.5; solar $3.5-S7
= Electrolyzer cost and capacity factor
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https://www.rff.org/publications/reports/decarbonizing-hydrogen-us-power-and-industrial-sectors/

Technical potential is defined as the resource potential constrained by geographic and �system limitations but not economic or regulatory barriers (s


THANK YOU!!!

Argonne National Laboratory’s work is supported by the U.S. Department of
Energy, Office of Energy Efficiency and Renewable Energy

This work has been supported and assisted by:
Margaret Smith: U.S. DOE
Amgad Elgowainy: Argonne
Marcy Rood: Argonne

Joann Zhou: Argonne

www.anl.gov
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[Coalition and coordinator introduction]

mailto:John.gonzales@nrel.gov

NEW TECHNOLOGIES &

BUSINESS MODELS ARE DRIVING DISRUPTION

Shared Mobility Goods Connected & Emerging Fuels New Modes
Mobility On Demand On Demand Automated Vehicles & Powertrains of Transport



Portfolio

E Electricity

| LPG _

Eliminate

Idle
g : b Reduction
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Over the years, Clean Cities has kept up with a rapidly changing industry on its mission to cut petroleum use. The program’s activities fall under a trifecta of strategies:

Replace petroleum with alternative and renewable fuels, including biodiesel, electricity, ethanol, hydrogen, natural gas, propane, and other fuels;

Reduce petroleum consumption through smarter driving practices and fuel economy improvements; and 

Eliminate petroleum use through idle reduction and other fuel-saving technologies and practices.



Electricity Natural Gas (RNG)

Zero tailpipe emissions  Fuel economy similar to gasoline
MOStly LD VEhiCIES,' MD/HD market is e Driving range Competitive with
growing gas/diesel

Low operating costs e Fuel cost competitive and stable
Can be renewable e Commonly MD/HD vehicles

Can be renewable — livestock/landfill

Delivered by widespread electric grid
e Delivered by widespread pipelines

Propane (Renewable LPG) h Hydrogen (Renewable H2)

e Zero tailpipe emissions (fuel cell

MD niches _ electric vehicles)

Off-road (ex: mowers, forklifts) e Fast-filling time

Lower maintenance costs e Driving range comparable to diesel
Low cost fueling infrastructure  Low market penetration; mostly in CA

Renewable sources in development e Produced from water or hydrocarbons
Delivered by truck e High cost vehicles and infrastructure



National Alternative Fuel Corridors

* To improve the mobility of alternative fuel vehicles, the
U.S. Department of Transportation (DOT) has designated
national corridors in strategic locations along major
highways for:

Plug-in electric vehicle charging
Hydrogen fueling

Propane (LPG) fueling

Natural gas (CNG, LNG) fueling



Complementary Framework

Local & National Information &
Partnerships Education
Competitiv.ely _ Technical & Problem
Awarded Financial Solving Assistance
Assistance
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Clean Cities focuses on four major activities (represented by the nodes of this web) as part of a complementary framework:

Local & National Partnerships: Clean Cities helps convene key community and business leaders to develop and implement projects, leverage resources, and address local barriers through the program’s coalitions. In addition, national partnerships leverage Clean Cities resources nationwide to engage with larger fleets and organizations.

Information & Education: Clean Cities develops data-driven tools to help consumers save money on fuel costs and help fleets understand their options for cost-effective alternatives to gasoline and diesel fuel.

Technical & Problem Solving Assistance: Clean Cities experts help local leaders address permitting and safety issues, technology shortfalls, and other project implementation barriers.

Competitively Awarded Financial Assistance: Clean Cities utilizes federal awards to provide funds that encourage an initial private sector match and long-term investment.

This framework is bolstered by local support through designated Clean Cities coalitions [like ours] that have their finger on the pulse of local market conditions and priorities. These local coalitions [like ours] can tap national resources to provide unbiased information, tools, experts to address barriers and solve problems, national partnerships with industry and large national fleets, publicity through mass media and outreach, and financial assistance to jump-start markets and incentivize private investment. 

 


Information & Education: Websites

afdc.energy.gov

FuelEconomy.gov
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Now let’s switch gears to discuss the next node in the complementary framework web—information and education. 

The Alternative Fuels Data Center, or AFDC, is maintained by Clean Cities at the national level. Its mission is to collect, analyze, and distribute data used to evaluate alternative fuels and vehicles. The website houses an extensive collection of information, data, and tools related to all the technologies and fuels in the Clean Cities portfolio. On the AFDC you can find details about each fuel, as well as some of the most widely used Clean Cities tools, including the Alternative Fueling Station Locator, a Laws and Incentives Search, a Maps and Data tool, emissions and petroleum reduction calculators, the Alternative Fuel and Advanced Vehicle Search, and a publications search. 

In addition to the AFDC, DOE also manages and maintains FuelEconomy.gov through a partnership with the U.S. Environmental Protection Agency, or EPA. It is the official U.S. government source for fuel economy information.

Users can access mobile versions of the AFDC and the “Find a Car” tool on FuelEconomy.gov. Clean Cities also has an Alternative Fueling Station Locator app for the iPhone and is in the process in developing one for Android.





Clean Cities: Making the Connections

O
l
Local & Information

Nat|ona.| & Education
Partnerships

Competitively
Awarded
Funding

Technical &
Problem
Solving

Assistance
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In summary, Clean Cities provides the assistance, information, and resources to successfully plan and execute AFV and fueling infrastructure projects, including for anchor/niche fleets, OEMs, industry partners, and government agencies. These activities, combined with access to the information, technical assistance, funding, and project planning capabilities makes Clean Cities the successful program that it is today.



o
Advancing Low

Carbon Gases Today:
Industry Perspective

* Dan Hagan — Waste Management
Organics

e Mark Kahrer — New Jersey Natural
Gas

e Panel discussion

New Jersey
Natural Gas
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WASTE MIANAGEMENT
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WM COReg System



56

Waste Management’s CORe. process is a local,
urban solution that takes food material and through
our proprietary process we convert that material
into our EBS. product

EBSs is a high quality, consistent product that
removes >99.9% of the physical contaminants >4mm
found in urban food waste

The EBS. product is used to create renewable,
sustainable energy in partnership with long term
local partnerships, helping them approach zero
waste

1 ton of inbound SSO, processed to produce our
EBSs product, generates enough renewable,
sustainable electrical energy to power 8 to 10
homes (or 3+ mmbtu)

WASTE MANAGEMENT
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WM COReg Inbound Source
Separated Organic Food Waste




WM CORe, Residuals Separation

Contamination Detail

Contaminants Removed
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EBSg for Renewable Energy
Food Waste Production

Focused on developing a
, removing
contamination to produce a
end
product EBS.



WM CORe, Co-digestion/Renewable Energy Production

Lo
RENEWABLE
ENERGY

60 Photo Courtesy of NYCEP
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WM CORe, Operating Facilities

Q

BOSTON

Permitted for 300 t/d

hi

NORTHERN
NEW JERSEY

Permitted for 500 t/d

NEEW YORIK

LOS ANGELES

Permltted for 500 t/d

Permitted for 125 t/d



62

In New Jersey, WM has 224 CNG vehicles with fueling stations in Camden, Trenton, Matawan
and Toms River. WM will be adding stations in Lafayette and Woodbine in 2022.

With our current NJ fleet, we have reduced diesel fuel consumption by 1,792,000 gallons and
3,136 Metric Tons of greenhouse gas emissions annually.

“From a carbon footprint
comparison, the WWTP/Hauler
alternative had the lowest
carbon dioxide equivalent (CO,E)
emissions compared to the
other alternatives”

THE

Water

Research
FOUNDATION

WASTE MANAGEMENT
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COReg Process

49009448



hank youl!

Dan Hagen, Dir. Business Development
dhagen@wm.com
315.521.2631

Page 64


Presenter
Presentation Notes
https://www.bing.com/videos/search?q=wm+organics&&view=detail&mid=CDE8AEE460B041230147CDE8AEE460B041230147&&FORM=VRDGAR&ru=%2Fvideos%2Fsearch%3Fq%3Dwm%2520organics%26form%3DSWAUA2

mailto:dhagen@wm.com

Decarbonized Gas: The Potential for New Jersey

65



New Jersey Natural Gas

New Jersey Resources (NJR)

‘ﬂ! rsippany
NEW YORK

Middlesex CITY

ers across five counties

* Asbury Park

stribution and transmission pipeline

stomer Satisfaction with
as Service in the East T i
, 6 years in a row

NH“ Jersey  FOrJ.D. Power 2020 award information, visit jdpower.com/awards
a Resources



Most Environmentally Sound Natural Gas System In the State*

e More than $2 Billion in System
Investments in Last Decade

* Fewest leaks-per-mile of any
natural gas utility in New Jersey

e Cut emissions by more than
900 metric tons since 2015

* Reduction of operational
emissions in New Jersey

>50% from 2006 levels

Investments to remove cast iron and bare steel drive leak reduction

*As measured by leaks per mile 67
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Investments to date position NJNG
to deliver decarbonized molecules to
our customers in the Clean Energy
Future
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By the year 2050 ...

... we believe NJNG will serve Its
customers with a carbon neutral
fuel supply.
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Zero Carbon Fuels: RNG

Landfill

Wastewater

Food Waste

New Jersey
6 Resources

Anaerobic Digester

Advanced
Processing
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Zero Carbon Fuels: Green Hydrogen

Creates Renewable
Surplus Renewable Electricity Power Electrolysis Hydrogen Gas

New Jersey
G Resources

Stored in Pipeline System
for Later Use
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Optimizing Renewable Resources

 New Jersey’s energy goals call for a substantial
iIncrease in wind and solar renewable generation

o 7,500 MW of offshore wind capacity by 2035
o 14,000 MW of additional solar capacity by 2035

« Significant energy supply-demand imbalances and
excess renewable power expected

» EXxcess power could be converted to hydrogen
avoiding waste and benefitting customers



NJNG’s Howell Green Hydrogen Project

The first project

on the East Coast
to deliver

green hydrogen

through a utility distribution
pipeline to customers’
homes and businesses

Sy

A clean energy
New Jersey

starts here.
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Howell Green Hydrogen Project

NJING Howell LNG Facility

Project Status

Electrolyzer will source

« Commercial operation reached in October 2021 solar power from a 416

kw DC array on site

Entire project located within NJNG’s Howell facility

Electrical current will split
water molecules into

Converts renewable electricity on-site to zero- hydrogen and oxygen
carbon hydrogen, blended into natural gas

distribution system -
Hydrogen initially

stored in onsite vessel

System expected to offset ~180 US tons R R

of CO2 per year system




A Growing Consensus...

» Bolster development and deployment of
carbon-neutral fuels

« The Hydrogen Shot initiative seeks to cut
the cost of hydrogen fuels

* Clean hydrogen fuels are a promising
technology and may play a key role in
decarbonizing fuel streams and the global
supply chain

The Infrastructure we have Is an asset we should use, not discard.

New Jersey
Mﬁ BS0Urces 75
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Columbia University’s

Center on Global
Energy Policy

“Retrofitting and otherwise improving
the existing pipeline system are not a
choice between natural gas and
electrification or between fossil
fuels and zero-carbon fuels.

Rather, these investments in
existing infrastructure can support
a pathway toward wider storage and
delivery of cleaner and increasingly
low-carbon gases while lowering the
overall cost of the [clean energy]
transition and ensuring reliability
across the energy system.”
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Key Takeaways

New Jersey
6 Resources

Prudent regulatory policy and investments have
positioned NJNG’s system to deliver decarbonized
fuels

RNG from landfills, food waste and wastewater
facilities present real opportunities for New Jersey
to leverage decarbonized fuels

Green Hydrogen is here, and will grow in the future
as more renewable generation sources become
available

Green Hydrogen deployed on existing gas systems
offers a practical solution for large scale, long-
duration renewable power storage

These decarbonized fuels can be used for home
heating/appliance use as well as for transportation



Q&A
Panel Discussion




Atlantic County Utilities Authority

Juan Corcino - Manhattan Beer

Case Stu d les: Rick Dovey - Atlantic County Utility Authority

Deca rbonized Gas NOW Ricardo Hamdan - Hitachi Zosen Inova

Chelsea Jenkins — Roush CleanTech




November, 2021

Fleet & Environmental Initiatives

At Manhattan Beer Distributors, we know that in order to effect change, we all must
contribute. For this reason, we have continuously invested in minimizing our
environmental footprint across several areas of focus.
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Compressed Natural Gas:

We were the first company in the Northeast to convert a portion of our Diesel-powered fleet to Compressed
Natural Gas, or CNG /RNG, trucks. Continuing over two decades since the onset of the program, Manhattan Beer
Distributors has expanded this fleet, currently operating over 200 CNG delivery trucks as well as 3 private on-site

CNG fueling stations. Our communities, customers, and employees can all breathe easier as a result of these low-
emission vehicles.
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Over 200 route delivery Trucks / Tractors




Wyandanch CNG Station:

CNG Benefits: CNG Barriers:

Great for the High Cost of
environment CNG Station

Incentives Cost of new
available to CNG TRUCKS
reduce the
incremental
cost of new
vehicle
purchases




Our fleet strategy is focused on safety, the environment, and our aging equipment.

Key Recent Developments in Our Fleet Program

* 3 new CNG stations in Bronx, Wyandanch, and Suffern
Facilities.

* 6 type-3 charging stations for electric trucks

* 60 CNG tractors, and 5 Electric Tractors. These will replace
78 Diesel units.

* We continue to expand the role of CNG and Electric in our
fleet, 53% CNG & Electric vs. 49% Diesel

 We are planning fleet purchases of approx. 35 trucks per
year after 2021
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Atlantic City Utility Rick Dovey

Authority President




Intersection Between RNG
and H2. Case Studies
Decarbonizing Gas in NJ

Ricardo Hamdan

Hitachi Zosen Inova



Who is HZI?




Hitachi Zosen Inova
Global Leader in Energy from Waste

Hitachi Zosen Corporation (Hitz)

Founded in 1881, 9500 employees

Osaka, Japan based industrial and engineering
company focused on the waste and
environmental business sectors.

Revenue ~3.7 billion USD

Hitachi Zosen Inova (HZ|) Hitachi Zosen Locations
100% wholly owned subsidiary of Hitachi Zosen
HZI is the global market leader in energy from waste solutions.

HZI is headquartered in Zurich, Switzerland with offices in Germany, Italy,
Slovakia, Sweden, China, Australia, USA, Canada, etc.

HZI with proprietary products span incineration, anaerobic digestion,
renewable natural gas processing, and moving quickly into methanation,
hydrogen and CO2

Over 500 reference projects worldwide
Dedicated R&D continuously improving and expanding
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Hitachi Zosen Inova North America
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Mention SLO, Escondido, London


Decarbonizing Infrastructure




Keyword is: TRANSITION

We can’t electrify everything.

RNG as a gateway fuel

Have a plan. Decarbonize as
infrastructure builds up, but
think long term.

MVV — PtG Concept July 8, 2017 91
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Presentation Notes
Zurich-based Hitachi Zosen Inova (HZI) is a global leader in energy from waste, operating as part of the Hitachi Zosen Corporation Group. Formed from the former Von Roll Inova, HZI acts as an engineering, procurement and construction contractor delivering complete turnkey plants and system solutions for energy recovery from waste. 
HZI’s solutions are based on efficient and environmentally sound technology, are thoroughly tested, can be flexibly adapted to user requirements, and cover the entire plant life cycle. 
The company’s Customers range from experienced waste management companies to up and-coming Partners in new markets worldwide. HZI’s innovative and reliable waste and flue gas treatment solutions have been part of some 500 reference projects
delivered since 1933.



Building RNG + H2 compatible infrastructure

 RNG Projects are versatile.

e A biogas plant today with:
* Gas Upgrading + Electrolysis + Methanation = CH4 in TODAY’s pipeline.
can tomorrow be a plant with:
e Gas Upgrading + Electrolysis + SMR = H2 in TOMORROW!’s pipeline.
* You keep the Gas Upgrading + Electrolysis assets.

e RNG / H2 as an industry decarbonizer.

* RNG and Hydrogen can be used to decarbonize heavy industry such as Cement,
Steel, Ethanol.

e Utilities are currently in the process of allowing 10% blends H2 in pipelines,
improving the pipeline quality which will mitigate and avoid leakage.

e RNG from CO2 Capture mixed with H2 generation at landfills can extend its life while
the industry transitions to process organics separately.



Types of Low Carbon H2

Blue Hydrogen

e Hydrogen derived from
splitting Natural Gas
using:

e Steam Methane
Reformation + Carbon
Capture and Storage or
Utilization.

e This process produces
H2 CO2 and O2 as a
byproduct.

* Green premium is not as
high.

Hydrogen derived
from the electrolysis
of renewable energy:

Power + Water with
Caustic Solution = H2
and 02

This process produces
zero carbon H2.

Green premium is
currently high.

Turgouise Hydrogen

Hydrogen derived from
the HT pyrolysis of
biomass

Biomass + Water +
High heat (800 C).
Offgas is reused.

This process produces
zero carbon H2 and
biochar.

Green premium is not
as high.



HZ| view of the Plant of the Future: the Urban
Waste Energy Network

Decarbonisation



Transportation using RNG



Case Studies




San Luis Obispo, USA
AD + Turgquoise H2

First Kompogas® plant in the USA

Client
Start-up

Technology
Waste types
Digester

Biogas utilization

Technical Data
Waste throughput

Biogas production

Electrical power production
Compost production
Liquid fertilizer production

Kompogas SLO LLC

2018

SSO - Green waste, food waste
PF1800 steel digester
Electricity grid injection

82 t/day - 30,000 t/a
2,900,000 Nm3/a
16,200,000 kWh/a
6,200,000 kWh/a
12,000 t/a

1,600 t/a

Design Build Finance Own and Operate (DBFOO) for 20 years by HZI's

subsidiary Kompogas SLO LLC

Biogas utilization in combined heat and power unit (CHP), covering power needs

of more than 600 US households

The plant contributes to California’s goal to divert food waste from landfills and

hence reduce greenhouse gas emissions

Next phase is the transformation of the post digestion digestate into Turquoise

Hydrogen

Energy and Biogas from Waste



Power-to-SNG / RNG / Carbon Capture
Werlte, Germany

Plant Capacity 6.3 MWe +:Methanation
Production 330:)nm%*h CH4
Operation 2011


Presenter
Presentation Notes
WERLTE, Germany Audi (6.3MWel, 330 Nm3/h) PtSNG plant Audi - 2011
Feed gas: 80%H2 / 20%CO2
Reactor type: shell and tube type
Reactor cooling: molten salt
No. of reaction stages: 1 
Production of hot water, 170degC as byproduct for usage in gas upgrading (amine scrubber) 


Power-to-SNG / RNG / Carbon Capture
Werlte, Germany

Biogas Upgrader
(amine)

Electrolyser hall One of the three 2MW  elecktrolyser Methanation Reactor


Presenter
Presentation Notes
Marketing : HZI has long term operation feedback of the technologies (operating costs of electrolysers and methanation reactors)
Status of Werlte today ? Management buy out, Audi is no more owner of plant


WERLTE, Germany Audi (6.3MWel, 330 Nm3/h) PtSNG plant Audi - 2011
Feed gas: 80%H2 / 20%CO2
Reactor type: shell and tube type
Reactor cooling: molten salt
No. of reaction stages: 1 
Production of hot water, 170degC as byproduct for usage in gas upgrading (amine scrubber) 



Power-to-SNG
Nagaoka, Inpex-1, Japan

Plant Capacity 160 kW

Production 8 nm¥h'CH4
Operation 2019


Presenter
Presentation Notes
INPEX-1, Nagaoka, Japan (160kW, 8 Nm³/h of SNG) – 2019
1 stage water/steam cooled plate type reactor system
Production of high grade SNG (>= 96%vol CH4) with a membrane gas upgrading process including recycle
High pressure steam production, ~35 – 60barg for consumption elsewhere downstream
Fully automatic plant operation

INPEX-2 Design, Japan (8MW, 420 Nm3/h) – 2020
Water/steam cooled plate type cylindrical reactor system scaled to 8MW size


Power-to-SNG
Nagaoka, Inpex-1, Japan

Methanation Turnkey plant for reference project

Compact methanation Plant for small v' Proof of the in-house Power-to-SNG concept: electrolyser and
capacity

advanced methanation reactor technology.

v Carbon dioxide from an industrial off-gas to reduce CO2 emissions

v" Production of high-grade SNG (>= 96% ) with a membrane gas
treatment process including recycling

v' Proof of performance on a small scale (8 Nm3/h SNG), but reactor
scalability towards multi-MW applications

v Fully automatic operation of the plant

v Use of reaction heat to generate high pressure steam >= 35 barg
for consumption elsewhere in the plant

v Conformity with common international codes & standards: ASME,
ATEX

2020 : Large scale methanation reactor design (8MW, 420 Nm3/h): Inpex-2


Presenter
Presentation Notes
INPEX-1, Nagaoka, Japan (160kW, 8 Nm³/h of SNG) – 2019
1 stage water/steam cooled plate type reactor system
Production of high grade SNG (>= 96%vol CH4) with a membrane gas upgrading process including recycle
High pressure steam production, ~35 – 60barg for consumption elsewhere downstream
Fully automatic plant operation

INPEX-2 Design, Japan (8MW, 420 Nm3/h) – 2020
Water/steam cooled plate type cylindrical reactor system scaled to 8MW size



Power-to-Hydrogen
Buchs, Switzerland

Plant Capacity 2,75 MW

Production 550.nm3h H2
Operation 2022



Power-to-Hydrogen
Buchs, Switzerland

Plant Capacity 2,75 MW

Production 550 nm3h H2
Operation 2022



Power-to-Hydrogen
Buchs, Switzerland

USPs of PtH2 solution Data Sheet Electrolyser 50 kg/h

- _ ISO 14687 SAE
v Containerized system and full turnkey modular design Quality H2 2719

for outdoor installation
Nominal load

: : - : MW 2.75
v’ Superior conversion efficiency for pressurised system .
minimises OPEX Load range % | 20-110
v' Lowest capital cost for electrolyser components
_ _ Dynamic Y%nominal / SEC >0.5
v Very good coverage of all dynamic operation
requirements (delivering ancillary services to the grid) H, production @15 barG Nm?/h —
v’ Scalability to multi-MW utility-scale capacity Efficiency at full load (without | kWh,/Nm3H, 4,8
compression) kWh,/kgH, 54

Footprint area (turn-key) M2 30 x 15



Presenter
Presentation Notes
Grid service
Power efficiencies : values above do not include compression and should be corrected….


Ricardo Hamdan
Sales Manager. Renewable Gas
+1-647-336-4020
Ricardo.Hamdan@hz-inova.com



Welcome

Chelsea Jenkins
Vice President, Government and Industry Relations

ROUSH

8/5/2021 CLEANTECH




ROUSH AT A GLANCE

Founded in

PRIMARY
ACTIVITIES

A R

Design Engineering Prototyping Testing
| I

Manufacturing

| CORPORATE OVERVIEW ROUSH CONFIDENTIAL 108



Ford
FCA
GM
Argo.ai
GAC
Aptiv
Rivian
Toyota

Google/Waymo
Honda
Hyundai
Isuzu
Volkswagen
Nissan
Bluebird
BMW

CORPORATE OVERVIEW

DEFENSE

Navistar Defense
BAE Systems
AM General

SAIC
Textron
FAAC
US Army/TARDEC
OskoshDefense
Hardwire
Astradyne

ENTERTAINMENT

Disney Parks,
Experiencé & Products

Universal Parks &
Resorts

SeaWorld Parks &
Entertainment

The Henry Ford
Entertainment Suppliers

-

/0

AEROSPACE

Bell Helicopter
Boeing
Pratt & Whitney
Sikorsky
United Launch Alliance

ROUSH CONFIDENTIAL 109
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Presentation Notes
This slide provides a good example of just how broad our customer base is. These customers are all customers of Roush Industries which is the services side of our business. You can see that we still service the traditional OEMs but have also expanded our capabilities to service a lot of new start-up companies focused on commercializing electric and autonomous technology. Government & Defense is another sizeable market we serve in addition to entertainment and aerospace. 


ROUSH IN THE ELECTRIC VEHICLE INDUSTRY

Motlv BEY Assembly cummins AEOS Canoo CARB UPS Hydrogen Fuel
Class 7 EV Demo _ _
Ford Escape HEV Prototyping Cell Electric Vehicle
Ford Ranger
EV Prototyping
Farmwise Agribot
/ . g ROUSH
Roush Electric Vehicle V"Z '\Iﬂm?rts Design CleanTech
rototypin
4 YIS F750 BEV
Nuro Al Delivery Bot MBRDNA Battery
Testing

1998 1999 2005 2008 2009 2011 2012 2014 2017 2018 2019 2020 2021 2022 2023 2024

CONFIDENTIAL

Series Hybrid
Commercial Truck

Fisker Design

Engineering Google Firefly
Design & CONFIDENTIAL
Production -
Mobile High Voltage Roush Cleantech ROUSH Charged
Charging Vehicle F650 BEV2.0
1t Hybrid Transmission _ ging F650 BEV
Prototype Build & Test Blink Charger Assembly

CORPORATE OVERVIEW ROUSH CONFIDENTIAL



HFCEV

Entire Vehicle Design, Development, Build

Capability ...

Roush Transit Bi Fuel Development
Vehicle

OEM Hydrogen Fuel Cell Technology
Demonstrator Vehicle Fleet

*Compact Sedan, Crossover, SUV

Ford 999 Hydrogen Land Speed Record
Vehicle

*Ford Fusion Hydrogen Fuel Cell

UPS Hydrogen Fuel Cell BEV F59
Delivery Fleet

CORPORATE OVERVIEW



I Current Products

1 Billion

OOOOOOOOOOOOOOOOO


Presenter
Presentation Notes
Roush CleanTech is on the products side of our business. 



BEV Class 6 Offering
Ford F-650 — 2023 full production

e Prototype Production 2017
Demonstrator units 2019

Range: 120 miles (Maximum
Payload)

Payload: 14,500Ibs (8500 w/upfit)

Gross Vehicle Weight: 26,000Ibs
Charging: 19.2Kw / 50Kw
Proterra 165KwH HV Battery
eAxle

Wheelbase: 194” to 260"

CORPORATE OVERVIEW 113
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Massive interest in our truck with leasing companies, Penske/Enterprise/Fluid/GSE/Ford dealership network


Have You Seen Any of These On the Road? PROPANE

CORPORATE OVERVIEW ROUSH CONFIDENTIAL




I Propane Paratransit Deployments

More than propane paratransit buses

CORPORATE OVERVIEW



I Propane School Bus Deployments

More than 17,700 propane
school buses in North America

CORPORATE OVERVIEW ROUSH CONFIDENTIAL



I Decarbonizing Propane

Renewable Propane, in
commercial practice, Is
Identical to the fossil
counterpart. Thatis, the
chemical structure and
physical properties are

the same —they just come One

Molecule,

Multiple

from different sources. Markets

CORPORATE OVERVIEW ROUSH CONFIDENTIAL
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Presentation Notes
Cinch Notes: Oberon produces the Dimethyl Ether molecule. It is similar to propane, and in fact can be blended with propane and used in existing propane applications. This one molecule is quite powerful. We can take a variety of waste products (ag waste, food waste, municipal solid waste) etc. and turn it into DME via our process in the middle. That rDME molecule then goes into 3 different markets. The first is DME as a blending agent with LPG. That is what we’re focused on today. Depending on the waste feedstock, the Carbon Intensity of the DME we produce can be very negative, and we have an estimated CI from CARB of -278 for DME from dairy waste. Beyond the DME+LPG opportunity, rDME can be used as an energy source by itself particularly as a diesel replacement as it works extremely well in compression ignition engines. Lastly, rDME is a very effective Hydrogen carrier that can help make the hydrogen opportunity real as rDME is easily transported and stored using the existing and extensive propane infrastructure and the hydrogen molecules can be easily cracked at the point of fueling to put hydrogen into fuel cell or hydrogen engine vehicles.



Decarbonizing Propane

1.REG currently producing RLPG in
us

2.0beron Fuels producing
renewable DME

3.Neste producing RLPG in Europe
4.Partnerships announced to
produce rDME

1.SHV and UGI

2.SHV and KEW
5.Investment globally and in US to

increase supply of rLPG and rDME
growing

CORPORATE OVERVIEW
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REG is producing renewable LPG
Suburban Propane has access to rLPG
Blossman Gas has access to rLPG
Oberon Fuels is producing renewable DME
Suburban has access to rDME
In Europe, Neste is producing renewable LPG
SHV has access to rLPG in Europe, not sure if others do
SHV and UGI have announced a proposed JV to produce rDME
SHV and KEW have established a partnership to produce rDME
The global and US LPG industries are investing in their renewable future with rLPG and rDME



Highlights

Globally, projects underway evaluating
rDME in residential, commercial, off-
road, and on-road applications

CA vehicle fleet currently testing
rDME+LPG blends

FPT is researching DME in large
displacement engines

DOE Vehicle Technologies Office Fiscal Year 2021 Low Greenhouse Gas (GHG) Vehicle Technologies
announced nearly $4.4M in research Research, Development, Demonstration and Deployment

into DME + LPG fuel blends in engines FOA # DE-FOA-0002475

DOE Technology Commercialization
awarded $1.5M to Los Alamos National
Lab to scale up DME to hydrogen
reforming technologies

CORPORATE OVERVIEW



THANK YOU

Chelsea Jenkins

Vice President

Government & Industry Relations
chelsea.Jenkins@roush.com

734.812.1965

CORPORATE OVERVIEW

We provide
innovative solutions to

complex challenges.




Closing Comments

Joanna Underwood

Energy Vision

ENERGY V|S|0N Founder and Chair
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