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* Regulatory
* Anaerobic Digestion Technologies

* Siting Considerations
" | ogistics
= Capital Costs
" Operating Costs
= End-markets / Revenue

Source: DRANCO



https://dranco.be/household_waste/dranco/
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Te|eTraTecH  Tetra Tech ENR Rankings ENR

Engineering News-Record

Desalination Wind Power

ENVIRONMENTAL RANKINGS DESIGN RANKINGS

[ Top 200 Environmental Firms 4 Top 500 Design Firms
1 Hydro Plants

2 Environmental Science 1 Treatment/Desalination
2 Water Treatment/Supply 2 Dams & Reservoirs
6 Engineering/Design 8 General Building

I Environmental Firms in International Markets 12 Global Design Firms

Source: Engineering News-Record issues: 9/19/22, 5/1/23, 7/10/23, and 7/24/23 7/24/23




Landfill Design and Engineering
e Master Planning & Permitting

e Leachate & Environmental Control
Systems

e Hydrogeologic Services

e Baseliner & Cover

e Infrastructure

e Construction-Related Services

e Operations Consulting

Site and Civil Design
e Site Engineering & Design
e Surface Water Management

e Environmental Engineering

Tetra Tech Solid Waste Solutions

Biogas

Engineering, Design and Phasing
Beneficial-Use Feasibility Studies
Biogas-to-Energy Project

Pipeline, Compressor Stations and
Electrical Generation Station Design

Organics Infrastructure

Organics Management Planning &
Feasibility Studies

Composting Operations, Anaerobic
Digestion Facility Design

Construction Oversight

Solid Waste Management Planning
Zero Waste / Waste Reduction

Facility Planning, Permitting & Design
Material Recycling Facilities

Existing Facility Review
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Operations and Maintenance

Biogas Collection & Control Systems
Leachate Management Systems
Environmental Sampling

Training of Site Personnel

Construction Management

e Post-Closure Monitoring and
Inspections
Air Quality

Air Permitting

Permit Compliance Support

Federal, State & Location Reporting
Greenhouse Gas Support & Reporting



Organics Management and Waste Reduction Te| TETRA TECH

Solid Waste is a resource.
* Diversion to reduce disposal
* End-markets for renewables
- High quality compost
- Biofuels, energy
- Green chemistry, bioplastics

Paradigm shift to a more circular infrastructure.
Organics is the next solid waste commodity.

& Commumty/ Home
Composting
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EPA: Reducing Environmental Impacts of Waste Food

Wasted Food Scale

N7 EFA
How to reduce the environmental impacts of wasted food

© avoip

& oo

Send Down the Drain,

z
o)
Ul Prevent Wasted Food - e
. Produce, buy, and serve Landfill, or Incinerate
m only what is needed with or without energy recovery
g
b
o o
- Anaerobic Digestion «©
e -
Donate with disposal of digestate/blosolids &
w
L i or &
= Q
_ 3
Upcycle Apply to 9
the Land &

Feed Compost
Animals
- 9 Anaerobic

Leave Digestion

Unharvested with beneficial use of
digestate/biosolids

or

Compost or Anaerobic Digestion
with beneficial use of

E— digestate/biosolids

October 2023




EPA: Wasted Food and Climate Change Te| TETRA TECH

m FOOD WASTE MANAGEMENT October 2023

Draft National Strategy Qua_nti_fyingf Methane .
for Reducing Food Emissions from Landfilled

2015 EPA /USDA Reduce Food Loss & Waste Loss abd Weste and Food Waste
50% by 20302 (50 x 30) 4 Recycling Organics

Agency /

Alignment Action

2021 EPA /[ UNEP Reduce Food Waste by 50%
Across the Value Chain

2023 EPA Quantify Methane Emissions from
Landfilled Food Waste b:¢

2023 EPA/USDA/FDA Government Approach; Circularity
For Organics to reach 50 x 30

?Recycling Food and other Organic Waste to drive National Recycling Goal 50 x 30.
b 58% of Landfill Methane emissions is from landfilled food waste.
€61% of methane generated by landfilled food waste is captured by LFG collection systems.



https://www.epa.gov/sites/default/files/2020-12/documents/final_one_pager_to_print_508.pdf
https://www.epa.gov/land-research/quantifying-methane-emissions-landfilled-food-waste#:~:text=Due%20to%20its%20quick%20decay%20rate%2C%20food%20waste,solid%20waste%20landfills%20are%20from%20landfilled%20food%20waste.
https://www.epa.gov/land-research/quantifying-methane-emissions-landfilled-food-waste#:~:text=Due%20to%20its%20quick%20decay%20rate%2C%20food%20waste,solid%20waste%20landfills%20are%20from%20landfilled%20food%20waste.

EPA: Quantifying Methane Emissions from
Landfilled Food Waste
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* Organics stream is up to 50% of the MSW
stream

* EPA reports that Food Waste alone is 24% of = - of methane emissionsfrom
MSW disposed in landfills. : '

-~ % -~
* . Wasted food causes * .
’

* 58% of fugitive methane emissions are from
landfilled food waste.

* Environmental impacts of methaneiis
25X greater than C02 release into the
atmos P here In landfills, wasted food breaks down relatively quickly, generating methane -

. Some studies repo tu b to 80X times greate " a powerful greenhouse gas - before landfill gas collection systems are in place.

Keeping food out of landfills helps tackle climate change.




EPA: Definition of Environmental Justice Tt | TETRA TECH

Federal Justice40 Initiative

State EJ Policies and Regulations

Massachusetts Pennsylvania
New Jersey North Carolina
Connecticut New York

“Fair treatment and meaningful involvement of all people regardless of race, color, national origin, or income,
with respect to the development, implementation, and enforcement of environmental laws, regulations, and
policies.”

B


,%20President%20Joe%20Biden%20issued%20Executive%20Order%2014008,%20Tackling%20the%20Climate%20Crisis%20at%20Home%20and%20Abroad.%20Section%20223%20of%20EO%2014008%20established%20the%20Justice40%20Initiative,%20which%20directs%2040%25%20of%20the%20overall%20benefits%20of%20certain%20Federal%20investments%20–%20including%20investments%20in%20clean%20energy%20and%20energy%20efficiency;%20clean%20transit;%20affordable%20and%20sustainable%20housing;%20training%20and%20workforce%20development;%20the%20remediation%20and%20reduction%20of%20legacy%20pollution;%20and%20the%20development%20of%20clean%20water%20infrastructure%20–%20to%20flow%20to%20disadvantaged%20communities%20(DACs).

State Organics Bans and Diversion Mandates
(as of January 2024)
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State Organics
Regulations

B Organics Diversion

From Landfill

[ ] states with Yard Waste
Bans

. Cities with Organics Bans




Why AD For Organics Management T | TETRA TECH

Anaerobic digestion is the natural process in which
microorganisms break down organic materials, such as food
scraps, grease, and biosolids. This process produces biogas,
* Climate Mitigation a renewable energy source.

+ Soil Health - land application of digestate for carbon
sequestration

Regulatory and Policy Drivers
* Organics diversion from landfill

Financial
* Disposal cost, transportation/distance, labor

Solid Waste Disposal Capacity
 MSW landfill closures
e WTE closures

Feedstock and End-Markets - Renewable Energy
Generation (RNG)

* Fuel forengines & generators
* Combined heat & power electricity
» Compressed for vehicle fuel (CNG)




Federal Regulatory Environment - Overview Te| TETRA TECH

National Ambient Air . National Pollutant . .. .
. Resource Conservation . . ... Land Application of Environmental
Quality Standards & Recovery Act (RCRA) Discharge Elimination Disestate Justice (EJ)
(NAAQS) y System (NPDES) &

Clean Air Act requires EPA  Subtitle D requirements for  Discharge from an AD Sewage Sludge Executive Order 12898
to set NAAQS for 6 criteria  landfilling of non-hazardous system to waters of the U.S.  Regulations promulgated  Practices & NEPA:
pollutants: solid wastes. or to a municipal (publicly under the Clean Water. Federal Action to Address
CO, PM, No2, Pb, O,, SO2 * Depends on state, AD owned) Wastewater Environmental Justice in

facility to be located - Treatment Plant (POTW) RCRA Subtitle D Minority & Low-Income
TitleV, 40 CFR Part 70 may be exempt from requires an NPDES or requirements state Populations.

solid waste permitting pretreatment program environmental agencies

requirements. discharge permit. will manage the beneficial Public health & industry

* Depends on type and use of industrial non- data to minimize nuisance
volume of feedstock. Stormwater discharge hazardous secondary impact to neighbors.
during construction and materials.
from AD facilities.

Complexity of the air Conduct due diligence Develop public
permitting regulations, report or organics participation strategies,
consult with an experton feedstock evaluation. job creation potential,
Title V permitting facility location.

process. - Build Trust




Environmental Justice Mapping Tools by State T| TETRA TECH

_ EJ Mapping Tool _ EJ Mapping Tool

U.S.EPA EPA EJScreen: EJ Screening and Mapping Tool Michigan MiEJScreen: Environmental Justice Screening Tool
Council on . : :
Environmental Climate and Economic Justice Screening Tool MRS e
Quality New Jersey NJDEP Environmental Justice
California CalEnviroScreen 4.0 . )
New York State NYS GIS Tools for Environmental Justice
Colorado Colorado Enviroscreen
North Carolina DEQ NC Community Mapping System
Connecticut CTDEEP Environmental Justice
. . : : Pennsylvania PA Environmental Justice Areas
Illinois lllinois Environmental Justice
Maryland MDE Environmental Justice Screening Tool Virginia VADEQ Environmental Data Hub

Massachusetts MA Environmental Justice Populations 2020 Washington State Washington Environmental Health Disparities Map



https://www.epa.gov/ejscreen
https://screeningtool.geoplatform.gov/en/#3/33.47/-97.5
https://oehha.ca.gov/calenviroscreen/report/calenviroscreen-40
https://cdphe.colorado.gov/enviroscreen
https://portal.ct.gov/DEEP/Environmental-Justice/05-Learn-More-About-Environmental-Justice-Communities
https://epa.illinois.gov/topics/environmental-justice.html
https://mde.maryland.gov/Environmental_Justice/Pages/EJ-Screening-Tool.aspx
https://mass-eoeea.maps.arcgis.com/apps/webappviewer/index.html?id=1d6f63e7762a48e5930de84ed4849212
https://www.michigan.gov/egle/maps-data/miejscreen
https://www.pca.state.mn.us/about-mpca/environmental-justice
https://dep.nj.gov/ej/communities-location/
https://dec.ny.gov/get-involved/environmental-justice/gis-tools
https://www.deq.nc.gov/outreach-education/environmental-justice/deq-north-carolina-community-mapping-system
https://www.dep.pa.gov/PublicParticipation/OfficeofEnvironmentalJustice/Pages/PA-Environmental-Justice-Areas.aspx
https://geohub-vadeq.hub.arcgis.com/
https://doh.wa.gov/data-and-statistical-reports/washington-tracking-network-wtn/washington-environmental-health-disparities-map

NEWMOA/NERC Regulatory Guide New!

For AD Developers:

* Provide a baseline understanding of
regulations.

* Overview requirements for new
development opportunities in the 11
Northeast states.

Developing Solutions to Regulatory Challenges and
Engaging Community Support to Expand Diversion of
Food Waste to Anaerobic Digestion in the Northeast:

A REGULATORY GUIDE

to the Northeast States’Air, Water,
& Solid Waste Anaerobic Digestion
Facility Permitting Processes

TETRA TECH




Example: Wet AD System Co-Located at Landfill Facility Tt | TETRA TECH

100 TPD of Food Waste
$30 - S40M in CAPEX
$1.3-51.8M per year in OPEX

Over 20 years of operation ~$81M Cost
At S50 per ton Tipping Fee ~ $88M Revenue
- (notincluding biogas revenue)

350-400 scfm of biogas @ 60-65% CH4

Added Benefit
Utilize the generated biogas in an existing gas utilization project or
create a new stand-alone AD project.




Environmental Attributes Tt TETRA TECH

Carbon Intensity (gC02e/MJ)

100
80
60
40
20
0 Food Waste - RNG . .
LFG - RNG H2 from Natural Gas LFG - LNG Propane Gasoline Ethanol from
Renewables Corn
-20
-40
-60

Sources: US Energy Information Administration FAQS https://www.eia.gov/tools/fags/fag.php?id=73&t=11, and
California Air Resources Board, Carbon Intensity Values of Certified Pathways https://ww?2.arb.ca.gov/resources/documents/|cfs-pathway-certified-carbon-intensities.

]



https://www.eia.gov/tools/faqs/faq.php?id=73&t=11
https://ww2.arb.ca.gov/resources/documents/lcfs-pathway-certified-carbon-intensities

Key Siting Considerations T| TETRA TECH

Policy and Regulatory Aspects
(Federal/State/Municipal)

Waste Characteristics/Sources

Technologies

Location
= Source of Organics
= Proximity to NG Pipeline or Electric Grid
* Proximity to end use of Digestate
= Proximity to Sensitive Receptors

Financial Qutcome
= CAPEX, OPEX, Revenues




EPA AgSTAR: Anaerobic System Design and Technology

Manure
(e.g., dairy, swine, beef,
poultry)

2D

Bioproduct

Feedstock
(e.g., bioplastics)

Electricity

Wastewater Biosolids
(e.g., municipal sewage
sludge)

Feedstocks can be digested singularly or in combination (co-digestion)

\

Renewable

Vehicle Fuel || -4 ral Gas

Food Waste

(e.g., household, restaurant,
cafeteria, grocery, food

Anaerobic Digestion

production

f}

Organic
Fertilizer

tiit LAL

\
Digestate \‘

Bedding

/‘

Other Organics
(e.g., energy crops, fats, oils,
grease, crop residue,
winery/brewery waste)

-
7
Z " N

Products

w

e.g., soil amendment, peat moss
replacement, plant pots) )

~

=\
Other

Products
\ (e.g., building material)

Crop

Irrigation

Y

Source: EPA AgSTAR AD System Design and Technology

TETRA TECH



http://www.epa.gov/agstar/anaerobic-system-design-and-technology

Technologies Te| TETRA TECH

* Dry AD
= Garage style
» Plug flow digesters

e Wet AD

* Depackaging
= Preprocessing and
Postprocessing requirements




Anaerobic Digestion - Dry Technologies

Dry (High Solids)

1. Garagestyle
2. Plug flow digesters

* Commonly used for source separated organics (SSO)
including food waste and woody materials such as yard
waste.

* Substrate is 20% to 50% total solids

* Higher solids content equates to higher transport
efficiencies in comparison to wet systems where 90% or
more of the feedstock transported is simply water.

* Typically higher CAPEX

TETRA TECH




Anaerobic Digestion - Wet Technology Te| TeTRA TECH

Wet AD (Low Solids)
Biowaste Pulper Hydrodynamic grit Biofilter
 Similar biological process as Dry _/_l rermgysl SVS‘E“‘ REACIDr aiogas Exhaust Gas
. . — q
» Substrateis a slurry (<15% total solids by mass) i Thermal En.
Screw Mill Contaminants Sand CHP Electncal En

» Co-digestion of wastewater treatment residuals (biosolids) with
source separated organics (SSO) from MSW is underway at WWTF.

Dewatermg
» No yard waste
» Food waste and biosolids as feedstocks ’
» Person hygiene products (i.e., diapers) can be included in m‘
Liquid Fertilizer Process water Pagkcompasing
some processes buffer

Wet Co-Digestion At Existing WWTF
» Utilize available digester capacity at wastewater treatment facility

* Increase biogas quality and quantity that could be sold and/or
used to supplement energy use at the plant

* |ncrease reaction timein the reactor




Wastewater Treatment Facility

[l Lethbridge

Wastewater

City of Lethbridge Wastewater Treatment Plant Process

@ @ @ Ultraviolet

Primary Clarifiers BioReactors Secondary Clarifiers Disinfection

o)
—

Discharge to
River

o

Screening and Grit
Removal

R.AS.
Splitter Box

Return Activated Sludge

Waste Activated Sludge

Flare
Stacks
Gravity Belt Thickener ‘

Lagoons

SaEy

Supernatant

'lt TETRA TECH

Low Solids (5%)
Biogas Generation

Lower due to Low
Solids
Typically flared



l Residential Curbside Organics T| TETRA TECH

Wet AD versus Dry AD
* Wet creates more Biogas

* Dry more adaptable to Leaf and
Yard Waste

* Plug flow fits between Wet and
Dry AD




l Location T | TETRA TECH

* Proximity to Feedstocks
= Transportation
" Timing
* Proximity to End-Markets
= Digestate
* NG pipeline
* Proximity to Sensitive Receptors
= Odor
» Traffic
= Community Engagement (EJ)




Economics Tt | TETRA TECH

« Capital costs (CAPEX)
= Technologies (wet to dry)

* Operating costs (OPEX)

* Revenues
" Tipping Fees
-~ MSW, ICI Organics, Other materials |
= RNG revenues
= Electrical Revenues
= Others




RNG Market US
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* Three Potential Markets
* Transport Fuel Market
= Voluntary Market
* Emerging Market

* RIN/LCFS (Renewable Identification Number/Low Carbon Fuel Standard)
= D3 and D5
= Daily Rates

* Cl (Carbon Intensity) - LCA
* Approximate value - 6-10 X NG value ($32/MMBtu)
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RNG Market Canada I*I

Federal and Provincial Organics Policies
* Organics bans - purchase credits from Canada for the US

 Key drivers: BC and Quebec (future Ontario)

» Gas providers have mandates (5% by 2026 / 20% by 2030) - forcing gas
companies to buy credits from outside these provinces.

* Cl measured
* Longer term contract (10 to 15 year)
* Approximately $24/MMBtu




Organics Diversion and Infrastructure for a Circular Economy T | TETRA TECH

Anaerobic Digestion Technology

Due Diligence

Planning

Feedstock Market Analysis

Equipment Evaluations and Recommendations

Civil & Facility Design / Permitting

Sustainability

Zero Waste and Waste Reduction

Solid Waste Planning / Materials Management
Stakeholder Engagement
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 Existing Facilities * Organics Infrastructure Create end-markets and
should consider the needed for service area. new revenue streams.

changes coming to the . - :
industry. (It’s here!) Leverage opportunities Circular Economy

30



Thank You! Questions?

Debra Darby Peter Klaassen
debra.darby@tetratech.com peter.klaassen@tetratech.com
(978) 376-8879 (226) 203-5209
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1 cant heip it. It's coming
from my dairy-oir.
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