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Foreword

We need all hands on deck to mitigate climate change. Every country, every industry, every subsector - we all
have a proactive role to play in cutting greenhouse gas emissions quickly.

Methane, an extremely potent greenhouse gas, is the top near-term target. Cutting methane emissions soon
- at least 30% by 2030, as envisioned by the Global Methane Pledge - is the most effective way of slowing
global warming in the coming decades.

Water Resource Recovery Facilities ("wastewater plants”) can play an important role here. The top two most
impactful ways of using this critical urban and suburban infrastructure to cut methane emissions are:

- to"co-digest” food waste with sewage sludge, which avoids the large amount of fugitive methane emis-
sions from decomposing food waste in landfills; and

« tocapture the methane-rich biogas from the decomposing sludge (with or without food waste co-di-
gestion)and use it as a source of heat/energy. More and more, the most economic option is to upgrade
this biogas into renewable natural gas (RNG) - a sustainable fuel that displaces the need for fossil fuels
and thereby avoids the typically high methane emissions from their production (from drilling/fracking
and storage).

Energy Vision's primer, Can Your Wastewater Plant Do More?, was developed to be an invaluable guide for
officials and communities on the potential economic and climate benefits of energy recovery at your local
wastewater plant. It poses six main questions for wastewater plants, all of which lead to how suitable RNG
production is there and what the main advantages and big-picture costs are.

About 30 wastewater plants currently produce RNG in the U.S., and there are hundreds more prime can-
didates. Using existing infrastructure - in this case, anaerobic digesters (ADs) at the existing fleet of large
wastewater plants that already have them - is an enormous asset and opportunity because it is expensive
and time-consuming to build any significant new infrastructure, especially in urban areas where large waste-
water plants are typically located. This remains the case even as some momentum builds at the national level
for permitting reform for energy, including renewables and associated infrastructure.

Starting with ADs saves years and tens of millions of dollars per plant that would otherwise have to be spent
to build them from scratch. It takes far less time and money for wastewater plants to add on the secondary in-
frastructure to be able to co-digest food waste and to upgrade the biogas to RNG - and time is of the essence
for meeting the 2030 methane reduction target.

The bottom line of whether upgrading to RNG production at a wastewater plant makes economic sense is of
course very important. But it's also critical to prioritize what we can do to mitigate climate change, a global
crisis that transcends the particular project economics of any plant. And when the two overlap, the best path
forward for a wastewater plant becomes clear.

mpj(x_/

Matthew P. Tomich
President, Energy Vision
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|. Executive Summary

This primer offers an accessible, concise overview for whether your wastewater plant is suit-
able for producing renewable natural gas(RNG). RNG can bring in a whole new revenue stream
to a wastewater plant, and if used to displace diesel in transportation, it delivers enormous
climate and health benefits. The following six questions and the accompanying diagram will
help you see how good a candidate your wastewater plant is for producing RNG.

1. Isyour plant's capacity at least five million gallons per day?

2. Does your plant use anaerobic digestion?

3. What is your plant doing with the biogas it generates now and what are the underlying

economics?

4. Isyour plant within five miles of a natural gas pipeline it could connect to? Within one

mile?

5. Do your plant’s digesters have excess capacity?

6. What are tipping fees in your area for accepting food waste and are there substantial

sources of food waste nearby?
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Key Takeaways

If your wastewater plant has a capacity of over 5 million gallons per day (MGPD), already
uses anaerobic digestion (especially if flaring the biogas or using it as boiler fuel), and
is located within 5 miles of a natural gas pipeline (particularly within 1 mile), then it may
be a suitable candidate for upgrading to RNG production and the "gas-to-grid" model.
In general, larger-capacity plants (50+ MGPD) can achieve greater economies of scale,
making them more appealing for RNG production.

For a wastewater plant that already uses anaerobic digesters (ADs), the typical payback
period to build the infrastructure to upgrade biogas to RNG is b-7 years. That is relatively
short compared to most municipal infrastructure projects.

If your plant has excess AD capacity, then it could potentially “co-digest” food scraps and
other “high strength” organic waste along with sludge. This would significantly increase
RNG production and bring in a substantial new revenue stream: “tipping fees,” which
generators of organic waste must pay per ton/gallon dropped off at the plant. The higher
the tipping fees, the more attractive the economics of co-digesting food waste. How-
ever, there need to be reliable generators of outside organic waste like municipalities

or food and beverage manufacturers that are willing to truck in the material and pay the
tipping fees.

Energy Vision calculated that the 50 largest wastewater plants in the U.S. which already
have ADs could potentially co-digest 4.7 million tons per year of food waste, or 7.5% of
the nation’s food waste. If co-digestion were to be implemented at most of the 475 large
U.S. wastewater plants with ADs, we estimate that could handle about 10% of nation-
wide food waste (~6.3 million tons). Diverting 10% of food waste from landfills to this
existing, critical urban wastewater infrastructure would avoid significant methane emis-
sions - approximately 5 million metric tons of carbon dioxide equivalent annually. Doing
so would also increase these plants’RNG output, which could be used to displace fossil
fuels and thereby result in even deeper net greenhouse gas emission cuts.

RNG that is ultimately used for transportation fuel sells for far more than what the com-
modity gas is worth alone; factoring in its “green attributes” easily makes the RNG worth
10 times as much as fossil natural gas or more. RNG used for transportation generates
valuable credits under the federal Renewable Fuel Standard, and (as is often the case)
generates other valuable credits if sold into a state with a Clean Fuel Standard (CFS):
California, Oregon, Washington and soon, New Mexico.

In addition, there are a variety of other government incentives for wastewater plants to
make the upgrade to RNG production. These include favorable loans, tax credits, and
in some cases grants/direct reimbursement at the federal, state, and/or local levels.
Collectively, these incentives can finance millions of dollars, going a long way toward
making a project affordable.

CAN YOUR WASTEWATER PLANT DO MORE?
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Public-private partnerships can be an appealing route for financing and/or carrying out
an RNG project at a wastewater plant. Similarly, if the local gas utility or third-party de-
veloper pays for pipeline construction costs in exchange for pipeline ownership and/or
RNG project equity, that alone could make a project much more affordable for a waste-
water plant.

Upgrading a wastewater plant to RNG production is a long-term move that will require
patience throughout the lengthy process - from contractual negotiations to construc-
tion timelines to payback periods. It is important to set and manage expectations ac-
cordingly. But the environmental benefits will also be continual in the long term, includ-
ing major greenhouse gas emissions avoided and organics diverted from landfill (if the
plant co-digests food waste). Revenue from RNG sales and tipping fees will also accrue
indefinitely, long after the capex costs have been paid back.

Even with compelling data and examples in hand, it will be crucial to get the support of
key champions (senior agency decision-makers, municipal leaders, civil society leaders,
public influencers)to carry out an RNG project at a wastewater plant.

Contact Energy Vision for how we can provide a high-level advisory assessment of your
plant’s RNG potential! Energy Vision is an objective, research-based non-profit that
contracts for such advisory services in direct furtherance of our mission to quide the
transition to a clean, sustainable future.

CAN YOUR WASTEWATER PLANT DO MORE?



Il. Introduction

U.S. wastewater plants are vital community resourc-
es, processing our sewage every day. They are key
to every town and city’s quality of life. But can your
plant do even more?

It might be able to process food waste in addition
to sewage. It might then be able to capture the
methane biogases generated by these wastes and
use them to produce renewable electricity. Or your
plant may find better economic and climate benefits
from upgrading these biogases into renewable nat-
ural gas (RNG), which can be used to fuel heavy-duty
fleets and industries that can't easily be electrified.
Biogases that are now being flared could very well
be put to beneficial use in the process. Moreover,
your plant might be able to raise its income by mak-
ing and selling RNG fuel. Such initiatives capturing
methane biogases could also give your wastewater
plant a bigger role to play in tackling the immense
climate crisis facing our world.

This primer offers an accessible, concise overview
of stepsto take in deciding whether your wastewater
plant can do more and how to explore the options.

RNG, a gas sustainably produced from organic
wastes, is chemically similar to fossil natural gas,
made up of four hydrogen atoms and just one car-
bon atom (CH4). Also known as biomethane, RNG
can be used in the same applications as fossil gas
- cooking, heating, power generation, transporta-
tion and more - but, unlike fossil gas, it requires no
drilling. RNG can be made from the methane-rich
biogas emitted by all types of decomposing organic
wastes, including sewage and food scraps. But in-
stead of the biogas escaping into the atmosphere,
where methane is an extremely potent greenhouse
gas, it can be captured in airless tanks called “anaer-
obic digesters”(ADs)and then refined into RNG.

RNG is the lowest carbon fuel available today. Ac-
cording to the Department of Energy’s Argonne Na-
tional Laboratory, on a lifecycle basis, RNG derived
from wastewater sludge with food scraps (as well as
animal manure and food waste on its own)and used
as transportation fuel is often deeply carbon-neg-
ative. This means that RNG captures more green-
house gases during its production than it releases
when it's burned. Switching to RNG production is a

CAN YOUR WASTEWATER PLANT DO MORE?

viable option for hundreds of wastewater plants na-
tionwide, with each one representing tangible prog-
ress in turning organic waste into a valuable energy
resource and cutting greenhouse gases.

lll. Wastewater Plants Today

How Many Wastewater Plants Are Large
Enough to Produce RNG?

1,132 out of About 15,000 Wastewater Treatment
Plants (WWTPs) Have Enough Capacity (5+ Million
Gallons of Sewage Per Day) to Produce RNG

Number of WWTPs
with Capacity At Least 5 MGPD
n32

Number of WWTPs with
Capacity At Least 1MGPD
but Below 5 MGPD
2608

Number of WWTPs with
Capacity Below 1MGPD
11268

Source: Energy Vision using Argonne National
Laboratory data https://publications.anl.gov/anl-
pubs/2022/07/176194.pdf

The U.S. has about 15,000 municipal wastewater
plants (see chart above). Just 1,132 are large, with a
capacity of at least 5 million gallons per day (MGPD).
These are the most important candidates for biogas
recovery/RNG production. While these large plants
make up only 8% of the total, they handle about 77%
of the nation's wastewater by volume. Thus, they
tend to be located in or near cities. Two thirds of
these large plants are within 5 miles of natural gas
pipelines, making them prime candidates for the
“gas-to-grid” model, where RNG is injected into the
natural gas grid and sold to end-users elsewhere.
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The 310-million-gallon-per-day Newtown Creek Wastewater Treatment Plant in Brooklyn, NY, that finished building its in-
frastructure to upgrade its biogas into RNG in June 2023. (Photo Credit: Rznagle, CC BY-SA 4.0 by Wikimedia Commons)

2,608 wastewater plants have a capacity of at least
1 MGPD but below 5 MGPD. These are better candi-
dates for self-consuming biogas onsite for combined
heat and power (CHP) rather than trying to produce
RNG. That said, 2 MGPD is generally considered the
minimum threshold for CHP, and higher capacity
makes for better CHP project economics. As for all
the small wastewater plants under 2 MGPD, includ-
ing the more than 11,000 plants under 1 MGPD, they
most likely wouldn't be able to afford doing anything
differently with the biogas generated onsite, if they
even have anaerobic digestersin place. The main ex-
ception would be flaring the biogas, which requires
expensive infrastructure and generates some air
pollution but is better for the climate than allowing
the raw biogas to escape into the atmosphere.

CAN YOUR WASTEWATER PLANT DO MORE?

Even though the RNG industry has grown rapidly in
the last five years, wastewater plants have been rel-
atively slow to get onboard. Only 29 of the large 1,132
plants have operational RNG facilities, and few are
as big as one of the latest additions, the 310 MGPD
capacity Newtown Creek wastewater plant in Brook-
lyn, New York. According to Argonne National Labo-
ratory, if all 1,132 large plants produced RNG based
on current inputs, their annual capacity would be
27.2 million MMBTU. This would be the equivalent of
195.8 million gallons of diesel fuel - enough to power
almost 20,000 refuse trucks a year! Greenhouse gas
emissions would be cut by 2 million metric tons of
CO2 equivalent. If these large plants were to “co-di-
gest” food waste with sewage, their RNG capacity
and avoided greenhouse gas emissions would both
rise further, depending on the quantities and types
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of food waste. Thiswould be abigwin for the climate.
(See p. 13-14 for more on the national-level implica-
tions of co-digesting food waste at large wastewater
plants where feasible.)

How Many Wastewater Plants Use
Anaerobic Digesters and Co-Digest Food
Waste?

About 90% of all wastewater plants today - over
13,000 - have no anaerobic digestion(AD)infrastruc-
ture; instead they rely on aerobic treatment or other
techniques. The other roughly 10% of all wastewa-
ter plants - over 1,000 - do use anaerobic digest-
ers. Around two thirds of these utilize the biogas
captured by their ADs onsite to provide heat and/
or power to their facilities. The other third of plants
with ADs flare all their biogas. Just 29 of the 15,000
wastewater plants in the U.S. have ADs and upgrade
their biogas to RNG (by far the smallest grouping).

The 1,000+ plants with ADs are split about evenly
between small plants (less than 5 MGPD) and large
plants(5+ MGPD). Approximately 475 large plants uti-
lize anaerobic digestion, whether for beneficial use
or flaring, making them the most straightforward
subset to convert to RNG production (see charts to
the right). (This is a sizable number but still only 42 %
of all 1,132 large plants; the majority of large plants
do not have ADs.) Lastly, almost a third of the 1,000+
wastewater plants of all sizes with ADs also co-di-
gest food waste (often fats, oils, and grease); many
of these are large plants where RNG production
would be a next logical step.

CAN YOUR WASTEWATER PLANT DO MORE?

Just 475 of the 1,132 Large WWTPs (5+MGPD)
Already Have Anaerobic Digesters (ADs)

Number of 5+MGPD Plants
without ADs
657

Source: Energy Vision using Argonne National

Laboratory data https://publications.anl.gov/anl-
pubs/2022/07/176194.pdf

Only 29 out of 475 Large WWTPs (5+MGPD)
with ADs Currently Produce RNG
Number of 5+MGPD Plants

with ADs Upgrading Biogas to RNG (as of 2023)
29

Approximate Number of 5+MGPD Plants
with ADs Using Biogas for Heat and/or Power
310

Source: Energy Vision estimates based on Argonne
National Laboratory data and Department of Energy data
https://publications.anl.gov/anlpubs/2022/07/176194.pdf;

https://betterbuildingssolutioncenter.energy.gov/sites/
default/files/Characterization_CHP_Opportunities_US_
Wastewater_Plants_April2019.pdf
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The up-front capital investments vary by site, based
on size, location, and numerous other factors. One
rule of thumb is that ADs are significantly more ex-
pensive to build than gas upgrading equipment.
Building ADs at a large wastewater plant could easily
cost $20 million. As for gas upgrading equipment,
the general range at wastewater projects is S1.5 mil-
lion at the smallest scale to $12 million at the high
end.’

For a wastewater plant that already uses anaerobic
digestion the typical payback period to build the in-
frastructure to upgrade biogas to RNG is 5-7 years.
This is relatively short compared to most municipal
infrastructure projects.

Moreover, upgrading wastewater plants to produce
RNG leads to big cost savings and new income over
the life of a project. Notably, co-digestion with food
increases biogas production and allows greater rev-
enue from “tipping fees” (paid per ton of food waste
dropped off at the plant). In the very near term, fi-
nancial incentives in the Inflation Reduction Act
(IRA) make investing in wastewater plants more at-
tractive than ever. The IRA allows direct reimburse-
ment of significant capital costs from the federal
government, as well as ongoing financial incentives
for RNG production. Certain provisions are only
available to projects that begin construction by the
end of 2024, though, so unless a project is already
underway today it's unlikely that these incentives
can be captured.

IV. How You Can Determine if
Your Plant is Suitable for RNG
Production: Six Questions to Ask

Auser-friendly set of six basic questions can help of-
ficials and communities determine if their wastewa-
ter treatment plant is suitable for RNG production.
The diagram on the next page serves as a simplified
overview. Below, we dive into the details, begin-
ning with the all-important first question, which will
screen out over 90% of plantsin the US.

1. Is your plant’s capacity at least 5 million
gallons per day (MGPD)?

« Ifitis over5million gallons per day, it is a candi-
date for RNG. 1,132 out of the 15,008 wastewater
plantsin the US (about 7.5%) have at least 5
MGPD capacity. This subset of plants handles
77% of the nation’s wastewater by volume. In
general, larger-capacity plants (50+ MGPD) can
achieve greater economies of scale, making
them more appealing for RNG production.

« If the plant's capacity is less than 5 MGPD but
at least 2 MGPD, then it is likely a better candi-
date for on-site self-consumption via combined
heat and power (CHP) or similar, rather than for
producing RNG. 2,608 wastewater plants have
a capacity of at least 1 MGPD but below 5 MGPD,
although 2 MGPD is generally considered the
minimum threshold for CHP, and higher capaci-
ty makes for better project economics.

« Plants below 1MGPD are by far the most com-
moan in sheer number - 11,268 nationwide - but
they treat only 7% of total wastewater. Struc-
turally, these small plants probably cannot
afford to change much, except perhaps flaring
the methane-rich biogas in the event that they
utilize anaerobic digestion(since flaring is bet-
ter for the climate than allowing the biogas to
escape into the atmosphere).

The following questions apply only for those wastewa-
ter plants with a capacity of 5+ MGPD:

2. Does your plant use anaerobic digestion?

- Ifyourlocal plant has anaerobic digesters (ADs),
thisis a big step toward being a feasible can-
didate for RNG, and on a much faster timeline.
ADs are common for secondary treatment to
capture biogas from sludge at sewage plants.
They are often used mainly to prevent odor
from the plant and to reduce the volume of
sludge that has to be disposed. At many sites
the biogas isjust flared to get rid of it. But it is
potentially a valuable resource and should not
be flared. Instead, it can undergo minimal re-

1 Based on Energy Vision calculations.

CAN YOUR WASTEWATER PLANT DO MORE?
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finement for use in generating electricity or to
provide combined heat and power (CHP). To get
the best lifecycle environmental benefits it can
be upgraded to RNG and used in any ways fossil
natural gas is used.

It is cheaper and more straightforward to build
an onsite facility to upgrade biogas from exist-
ing ADs to RNG than it would be to have to build
all that infrastructure from scratch. Only about
10% of wastewater plants have ADs, but among
large plants(those with 5+ MGPD capacity)that
proportion rises substantially to 42%. About 475
of the 1,132 large plants already utilize anaero-
bic digestion, making them the most straight-
forward subset to convert to RNG production.

As noted above, the general cost for install-

ing gas upgrading equipment at wastewater
projects ranges from S1.5 million at the small-
est scale to $12 million at the high end. For a
wastewater plant that already uses anaerobic
digestion, the typical payback period to up-
grade to RNG - including both the gas upgrading
equipment and pipeline interconnection (see
Question 4 below) - is 5-7 years. That is relative-
ly short compared to most municipal projects.

If your plant currently lacks ADs, that does not
preclude eventual RNG production, but it adds
considerably to the timeline and overall cost, as

9 CAN YOUR WASTEWATER PLANT DO MORE?

Already use Gas pipeline within Gas pipeline within Capacity over Excess capacityto o " ' Major government
anaerobic dlgester" 5 miles? 1mile? 50mgpd? take in food waste? incentives?
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SIGNIFICANT POTENTIAL TOP-TIER CANDIDATE

FOR RNG

ADs first have to be constructed. As previously
noted, it can easily cost $S20 million or more to
build ADs at a large wastewater plant.

3. What is your plant doing with the
biogas it generates now and what are the
underlying economics?

Flaring

« Ifyour plantis flaring the biogas that it collects
at ADs, that is solely an expense - and a poten-
tial requlatory liability (air permitting) - with no
revenue creation. Upgrading to RNG produc-
tion and the gas-to-grid model has significant
upfront costs but results in a steady revenue
stream. Of the 10% of wastewater plants that
use anaerobic digestion(1,000+), around one
third flare all the resultant biogas; the other two
thirds utilize it onsite to provide heat and/or
power to their facilities (see below), and just 29
upgrade their biogas to RNG.

FOR RNG
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Flaring biogas at a wastewater plant in El Paso, Texas.
(Photo credit: Hadley Paul Garland/Flickr,
Creative Commons)

Heat and/or Power

« Ingeneral, biogas used in boilers orin combined
heat and power (CHP) systems can go a long way
toward meeting a wastewater plant’s huge need
for heat, displacing natural gas purchases. Most
wastewater plants with ADs use their biogas for
boiler fuel; CHP is still fairly uncommon, utilized
at just over 10% of plants with ADs.

Electricity production from CHP is a slightly dif-
ferent story than heat. CHP from sewage sludge
alone can offset around 60% of a wastewater
plant’s electricity needs. CHP from sewage
sludge with food waste co-digested could offset
over 100% of a plant’s electricity needs, but it
may be difficult to sell excess electricity to the
grid. Some grids won't buy excess electricity
from wastewater plants due to safety concerns,
or they require multiple safety systems installed
at considerable expense. Variable electricity
prices (when plants would receive less during
non-peak demand times of the day and/or sea-
sons of the year) could also affect the viability
of selling biogas-generated power to the grid.

CAN YOUR WASTEWATER PLANT DO MORE?

If your plant uses biogas for boiler fuel only and
is considering a potential upgrade either to CHP
usage or RNG production, itis clear that RNG

is the most valuable use of the biogas in most
instances. For CHP the plant must invest in ex-
pensive turbines to generate the electricity, and
for RNG, it must invest in expensive gas upgrad-
ing equipment. There are many factors at play
here for making the choice, including:

o the size of the plant
o how expensive electricity isin the area

o how much a potential buyer is willing to pay
for RNG

o how energy-intensive the plantis

An electricity generator at a wastewater processing plant.
(Photo credit: hugovk/Flickr, Creative Commons)

However, with the federal and elective RNG incen-
tive programs at record highs, electricity generally
inexpensive in the US, and with limited remaining in-
centives for biogas-to-power applications, it is rea-
sonable to assume that the market for RNG is signifi-
cantly more lucrative than the market for electricity
(even if the plant in question separately purchases
natural gas and power for onsite needs; see the box
titled “What is the Economic Value of RNG?" follow-
ing Question B, for more).

On a final note, plants that have already invested in
the expensive turbines to generate electricity may
be hesitant to foot another large upfront capex bill
by switching over to RNG production. However, it is
important to consider a variety of factors including:

o construction time and costs


https://www.flickr.com/photos/paul_garland/
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A natural gas pipeline. (Photo Credit:

o how much income could be generated by
selling the RNG fuel

o how farthe plantis from a natural gas
pipeline

o the payback time to recoup the construc-
tion costs

o what switching to RNG could mean in cut-
ting the net lifecycle greenhouse gas (GHG)
emissions

4. Is your plant within 5 miles of a natural
gas pipeline it could connect to? Within 1
mile?

« The proximity to a gas pipeline is a major factor
in determining the feasibility of connecting to
the grid, and by extension the whole “gas-to-
grid”model. The closer the better, with less
pipeline to build and maintain. Two thirds of the
RNG potential (from current inputs) at all large
wastewater plants(those with 5+ MGPD capaci-
ty) are within 5 miles of natural gas pipelines.

o 42% of that RNG potential is at plants be-
tween Tand 5 miles away from the nearest

CAN YOUR WASTEWATER PLANT DO MORE?

U.S. National Archives, Rawpixel)

natural gas pipeline

o Another 26% of that RNG potential is at
plants less than 1 mile away from the near-
est natural gas pipeline

In general, it costs at least S1 million per mile for
pipeline construction, even on city outskirts. With-
in 1 mile of the nearest gas pipeline is best, and this
can make or break a wastewater plant’s potential
RNG project.

For example, as the figure on page 12 shows, the
cost of extending a gas pipeline 1,000 feet (roughly
a fifth of a mile) from a 1,555 MMBTU/day RNG plant
is estimated at only 1% of the total project cost, but
the same capacity plant extending a pipeline 10,000
feet (almost two miles)is estimated at 9% of the to-
tal project cost. (Both assume installation on roads
with curbs and gutters, which require asphalt/con-
crete to be cut, traffic control, and night work or re-
stricted work hours to not overly impede traffic. In-
stalling pipelines in roads without curbs and gutters
is less expensive.)

Separately, the cost of the actual interconnection of
the new pipeline to the existing grid is highly depen-
dent on local and regional geography. In a less urban
area in a generally less expensive state like Texas,



Estimated Breakdown of Lifecycle Costs to Produce and Inject RNG into the Pipeline
{based on 1.5 million scfd of biogas for 15 years}

1.5 million scfd
1%

100%

1,000 10,560
Length of Pipeline Extension (Feet)

0% ‘ u Pipeline Extension Cost
80% Incremental Testing and
Monitoring
0% w Utility Point of Receipt O&M
60%
m Utility Point of Receipt - Upfront
50%
m Capital - Biogas Upgrading
40%
30% W O&M - Biogas Upgrading
Labor/Materials Breakdown
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Source: Presentation by Deanna Haines, SoCalGas/SDG&E, 2018.
https://www.epa.gov/sites/default/files/2018-11/documents/7._deanna_haines-508.pdf

interconnection costs could be as low as $500,000.
On the other hand, in an urban area in a more expen-
sive state like California, interconnection costs can
be as high as $S6 million. $2-3 million is a reasonable
midpoint for general reference.

While pipelines, including compressor stations and
the interconnection to the grid, are extremely ex-
pensive, the wastewater plant may not be on the
hook to pay for the entire cost. The cost and owner-
ship of the biogas upgrading equipment and pipeline
can be negotiated among the entities involved. As
gas grids increasingly seek to “green” their assets,
they may be more willing to finance the costs, for
example putting up half of the pipeline installation
costs. If the gas company takes ownership of the
pipeline to be built, then it would be responsible for
operations and maintenance costs as well. Working
out these contractual details, including the precise
quality of the end RNG (which depends on the type of
biogas upgrading equipment), has historically taken
aminimum of two years, and easily many more.

« Forplants overb miles away from the nearest
natural gas pipeline, their capacity would have
to be very large to make it worthwhile to build
and maintain many miles of pipeline. Consider-
ations here include:

o the cost of construction

CAN YOUR WASTEWATER PLANT DO MORE?

o what financial incentives might exist

e whether a utility might cover the costs of
pipeline installation and maintenance

o the potential resistance to the construc-
tion from communities for environmental,

political, or climate change reasons

Of course, a wastewater plant might bypass
the pipeline option entirely. No pipeline would
be needed if its RNG were to be sold directly as
fuel for vehicles(i.e., heavy-duty refuse trucks)
onsite. Planning such an onsite project would
also need to identify customers willing to drive
onsite to fuel up with RNG. This might be refuse
trucks from a nearby fleet or waste transfer
station (see Case Study of the Pleasant Grove
Wastewater Treatment Plant in Roseville, CA

in Appendix Il.). Other possible users could be
trucks (from third parties or from the plant's
own fleet) delivering food waste or other organ-
ic wastes to the site for processing(see Ques-
tions 5 and 6 below).

This direct onsite fueling option would only
work for the more modestly sized wastewater
plants within the large category, as the largest
plants typically produce too much RNG to sell
it all onsite (gas storage onsite and congestion
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Biogas Production (in Cubic Meters) Per Ton of Organic Waste Feedstock
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Source: Patrick Serfass, American Biogas Council https://www.energy.gov/eere/fuelcells/articles/biogas-and-fu-
el-cells-workshop-summary-report-proceedings-biogas-and-fuel

of so many trucks coming in and out to fuel up
would also become a problem). But if a suit-
able plantis located in California, Oregon, or
Washington (or in a future state with an CFS),
and there are willing RNG customers nearby,
then it could spare the considerable expense
of building a pipeline interconnection to the
gas grid to deliver its RNG. On a final note, this
direct-to-vehicles model is not without risk

or expense. In certain jurisdictions it may be
viable/attractive, but it still requires significant
planning, design/engineering and the build-out
of natural gas refueling infrastructure.

5. Do your plant’s digesters have excess
capacity?

« Most municipal wastewater plants'anaerobic
digesters are based on conservative design

parameters, meaning that in practice they have
significant daily excess capacity. If your plant
has even a modest amount of unused digester
capacity, then it could be a prime candidate

for accepting food waste and co-digesting it
with sewage sludge. This could raise the total
biogas production by a large margin compared
to wastewater solids. For example, food scraps
generate 3 times as much biogas as sewage
sludge alone; bakery wastes generate 7.5 times
as much; and fats and greases generate 24

times as much (see chart above).

Energy Vision calculated that the 50 largest waste-
water plants in the U.S. which already have ADs
could theoretically co-digest 4.7 million tons per
year of food waste, or 7.5% of the nation’s food
waste (as of 2020).? If co-digestion were to be im-
plemented at most of the 475 large U.S. wastewater

2 U.S. Environmental Protection Agency, Food Waste Management: Quantifying Methane Emissions from Landfilled Food
Waste. October 2023. EPA-600-R-23-064. https://www.epa.gov/system/files/documents/2023-10/food-waste-landfill-

methane-10-8-23-final_508-compliant.pdf
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plants with ADs, we estimate that these facilities
could handle about 10% of nationwide food waste
(~6.3 million tons). Diverting 10% of food waste from
landfills to this existing, critical urban wastewater
infrastructure would avoid significant methane
emissions - approximately 5 million metric tons of
carbon dioxide equivalent annually.® Doing so would
also significantly increase these plants’ production
of RNG, which could be used to displace fossil fuels
and thereby result in even deeper net greenhouse
gas emission cuts.

Co-digesting food waste with sewage requires many
considerations (further detailed in Question 6 be-
low):

« what tipping fees are generally paid in the re-
gion to plants accepting food waste

« what types and quantities of food waste are
available

« how far away is the food waste coming from

« whatisthe cost of the infrastructure necessary
to receive, prepare, and send food waste into
ADs

« how the food waste will affect biogas produc-
tion

« what income can be generated from selling the
RNG

Co-digesting food waste not only increases RNG
production but also adds a new source of revenue
to wastewater plants: tipping fees to buy the food
waste. These are paid per ton/gallon to the plant
from the producers (such as municipalities) who
transport it there for disposal. While some infra-
structure changes are necessary to store, mix, and
feed the food waste slurry into digesters, if there is
already unused capacity these technical issues can
be overcome with proper design and operations.

The costs of building this co-digestion infrastruc-
ture directly vary with the scale of the project. The
biggest expense is often related to the tanks to re-
ceive the food waste and equalize it (by slurrying it
into a more consistent mixture), as well as the piping
to feed this slurry into the AD. The rough total costs
of building this co-digestion infrastructure ranges
from $500,000 to $S2.5 million.

But the bottom line is that the plants would be get-
ting paid to take in this food waste and then earn-
ing revenue again by selling the resultant RNG. Over
130 wastewater plants currently co-digest food
waste and/or other industrial “high strength organ-
ic wastes” (such as glycerin and biodiesel wastes).
Most of these are large plants where RNG produc-
tion would be a next logical step.*

Food waste that could be co-digested with sewage to
increase biogas production.
(Photo credit: Taz, Wikimedia Commons)

Plus, co-digesting food waste otherwise destined
for landfills has other major environmental benefits;
in particular, reducing GHG emissions and air pol-
lutants. Additionally, sending fats, oils, grease, and
food processing wastes directly to ADs can reduce
the illegal disposal of these wastes in waterways.
Doing so could also reduce sewer overflows caused
by grease blockages in pipes. Both developments
can help to improve water quality in the regional en-
vironment.

3 This factorsin two conservative assumptions: that ADs capture 95% of the methane generated from decomposing
organic waste and that pipelines are 95% efficient in transporting the subsequent RNG.

4 The Water Research Foundation, “Food Waste Co-Digestion at Water Resource Recovery Facilities: Business Case
Analysis,” 2019. https://www.waterrf.org/system/files/resource/2019-12/DRPT-4792.pdf [requires creating an account to

access]
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On the other hand, if your plant's ADs are currently
operating at or very near capacity, co-digestion is a
less likely option without expanding the core infra-
structure. This would be far more expensive than
just building the food waste receiving, equalizing,
and injection infrastructure to enable co-digestion.
However, for large plants, making RNG from waste-
water alone - even without adding food waste - may
still be worth exploration.

6. What are tipping fees in your area
for accepting food waste and are there
substantial sources of food waste nearby?

What are tipping fees in your area?

Tipping fees paid per gallon/ton to an AD facility for
accepting external waste can also make or break an
RNG project, as they provide a major new revenue
stream. At wastewater plants that are co-digesting
food waste and producing RNG, typically somewhere
between 10% and 30% of their revenue comes from
tipping fees and the other 70-90% comes from RNG
sales.

Tipping fees vary substantially across the country
and within states. The picture to the right shows av-
eragetippingfeesbyregionin2023.(Below, we refer-
ence the weighted figures, which are more accurate
as they factorin the volume of municipal solid waste
accepted by these landfills). The national average
is about S58/ton. The Northeast region is by far the
most expensive, at roughly $S84/ton, followed by the
Pacific region at around S66/ton and the Midwest at
S61/ton. Tipping fees average between S42 and S49/
ton in the remainder of the country. The higher the
tipping fees, the more attractive the economics of
co-digesting food waste for RNG production.

Of note, there is a biological limit (based on the mi-
croorganisms breaking down the organics in ADs) to
how much food waste can feasibly/safely be co-di-
gested with sewage sludge in an AD. (This param-
eter is referred to as the Organic Loading Rate.) In
practice, the general rule of thumb is that up to 35%
of the biogas produced in a co-digesting AD can
come from food waste, and the rest (65% or more)
comes from sewage sludge. Many combinations of

food waste can reach this biological limit, such as
a relatively small amount of very potent fats, ails,
and grease or a larger amount of slurried general
food waste. So there is flexibility in what types and
guantities of food waste can be co-digested. Since
tipping fees are paid per gallon/ton, a plant may earn
more by taking in larger amounts of general food
waste than it may by taking in smaller amounts of
fats, oils, and grease, while still ultimately producing
the same amount of RNG.

NATIONAL AVERAGE: $56.80 / $57.63*
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1 /
{
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\\
. \
.
4 »

*UNWEIGHTED / WEIGHTED

_343.18 /$42.39

$45.25/ $45.87

EREF

Source: Environmental Research & Education Foundation
(EREF), Analysis of MSW Landfill Tipping Fees - 2023°

Are there sources of municipal food waste nearby?

Access toreliable sources of food waste at favorable
tipping fees are important in determining the eco-
nomic feasibility of co-digestion. Municipalities are
a likely source, as their populations constantly gen-
erate food waste that must be disposed of some-
how. A growing number of cities (and entire states)
have bans on landfilling organic wastes, opting in-
stead to collect and put them to use in making com-
post or sending them to anaerobic digesters. These

5 https://erefdn.org/product/analysis-of-msw-landfill-tipping-fees-2023/
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municipalities are willing to not only pay for disposal
but also to truck in the food waste to facilities with
anaerobic digesters. This is advantageous to them
too, as it addresses their waste disposal challenges
and helps them meet their sustainability and climate
commitments.

Are there substantial sources of organic waste
from commercial/industrial operations nearby?

Each site and region has unique characteristics, but
in general there are opportunities to source exter-
nal food waste or industrial high strength organic
waste from a variety of sources. These include food
processors, farms, canneries, meatpacking plants,
breweries, resorts, and more. Such sources might
pay a premium to a nearby AD facility to dispose of
this waste, as that would reduce their fuel expens-
es, vehicle maintenance costs, and employee time
spent in transporting the waste for disposal com-
pared to a more distant landfill. These commercial/
industrial sources may have a concentrated stream
of a certain organic waste like vegetable oil or hops,
but that's no obstacle, as food waste doesn't have to
be a mixture to break down into biogas in an anaero-
bic digester. Many combinations are possible within
the biological limit described above.

CAN YOUR WASTEWATER PLANT DO MORE?
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V. What is the Economic Value of RNG?

Since selling RNG directly to the grid will be a major new revenue stream for a wastewater
plant, its expected price (and by extension the plant’s expected revenue from selling RNG) will
affect the economic feasibility of the whole undertaking. The price of RNG may vary by many
factors: duration of an off-take contract, volume of gas produced, region, and any contractual
particularities. But no matter what, RNG commands a hefty premium over fossil natural gas.

This premium is due to its “environmental attribute” value, namely from transferable cred-
its earned by producers under both the federal Renewable Fuel Standard (RFS) and a given
end-user state’s Clean Fuel Standard(CFS), as discussed below. Importantly, RFS credits don't
vary nationwide and CFS credits don't vary by region of production (the only differences are
the end-use values in California, Oregon, and Washington, as each has a distinct CFS). RNG's
value thus comes from the following component plus at least one of the others listed below it:

« Value of the Commodity Gas
The regional value of the commodity gas is pegged to the Henry Hub national wholesale
benchmark for natural gas, which fluctuates. (That benchmark is usually a few dollars
per MMBTU; in 2023, it averaged $2.57/MMBTU and mostly traded between S2 and S3/
MMBTU.) However, hubs west of Texas - especially California - occasionally experience
prices well into the double digits, for example during cold winters. In general, the com-
modity value of RNG is always pegged to Henry Hub with some amount of premium de-
pending on distance from the gas supply. The grid buys the physical gas at this adjusted
commoadity price. Separately, the environmental attribute is transacted with a different
certified entity.

« Credits Fuel Producers Earn Under the Federal Renewable Fuel Standard (RFS)
RNG that is ultimately used for transportation fuel generates valuable credits called
Renewable Identification Numbers (RINs)under the federal RFS. The RNG producer gets
credits once the end-user fleets use their fuel, wherever in the country that may be.
The RNG molecules injected into the pipeline system may not be the same ones that end
users consume, but the industry-standard “book and claim” system keeps careful track
of the molecules injected into the pipeline and those removed and used to fuel vehicles,
making sure that the net effects are recorded precisely. Wastewater plants usually re-
tain about 70-85% of the RIN value; the rest goes to the gas marketers, fuel dispensers,
and fleet end-users. RIN prices fluctuate but add significant value to RNG besides the
physical commoadity price of the gas itself.

« Credits Transportation Fuel Producers Earn Under a State’s Clean Fuel Standard (CFS)
California, Oregon and Washington are currently the only states with CFS programs
(New Mexico has passed legislation creating one but it won't be operational until 2026).
However, projects anywhere in the continental US can sell low-carbon fuel(s) into these
existing CFS markets (see chart below for out-of-state and in-state RNG sources used in
California). One CFS credit is generated for each metric ton of CO2 equivalent reduced,
as verified by third party auditing. Under a CFS, each facility/project producing a specif-
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ic fuel has its own unique lifecycle carbon intensity score that determines the number
and value of credits generated. Anaerobic digesters processing sewage sludge with food
waste are classified as net carbon-negative, so they have low carbon intensity scores
(outmatched only by ADs processing exclusively food waste and some ADs processing
manure, which have recorded extremely deep net negative carbon intensity scores). As
such, RNG projects can generate significant value under a CFS program beyond RINs
and the physical commodity gas itself. This can help offset the high initial capital costs
of building an AD and gas upgrading equipment.

- Emerging “Voluntary” Non-Transportation Market Value
Separate from compliance-based transportation fuel markets and associated credits,
a fourth category has emerged. There's growing interest in RNG from gas utilities as
well as corporate and industrial gas consumers interested in decarbonization. While
the premium is typically not as high, a willingness by various third-parties to commit to
long-term, fixed price RNG offtake may be an attractive alternative for wastewater plant
owners/operators.

Volume Share of Biomethane (RNG) Used in California from In-State and Out-of-State
Sources in 2023

Volume share of Biomethane by source in 2023

= Imported Dairy and Swine

= Imported Landfill

= Imported Waste
California Dairy and Swine

= California Landfill

= California Waste

Last updated 04/30/2024

Year 2021 2022 2023
Share of Total Reported Biomethane Volume
that was Produced in State 6.74% 16.00% 18.23%
Total Instate Volumes (DGE) 10,947,399 29,847,515 37,544,319

The share of in-state RNG production has been rising in California but the vast majority of RNG supply
still comes from out-of-state sources.
Source: California Air Resources Board, LCFS Data Dashboard.

The values of these components fluctuate. As of August 2024, CFS prices are low, making

RINs the largest factor in RNG's total worth. But inexplicably, EPA set RINs for RNG from sew-
age sludge alone in a structurally more valuable category (D3) than RINs from sewage sludge
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with co-digested food waste (D5). The difference is only partially offset by the additional bio-
gas produced by co-digestion and the tipping fees paid to the plant for disposing of organic
waste (see Questions 5 and 6 above). This major price difference has the perverse effect of
disincentivizing co-digestion. For example, the current total value (physical commodity plus
environmental attribute)for RNG produced from sewage alone at wastewater plantsisaround
S43/MMBTU, while RNG produced from sewage and co-digestion of food waste is about S15/
MMBTU (plus tipping fees paid to the plant for disposing of organic waste). EPA should fix this
flaw by reclassifying sludge with co-digestion as D3, which would give a major boost to the
economic case for co-digestion at wastewater plants. That simple administrative step would
directly advance EPA's priority of diverting food waste away from landfills and thereby lower-
ing fugitive methane emissions.

Wastewater plants that produce RNG typically sell their full output, reaping the valuable RINs
and CFS credits, and separately buy much cheaper natural gas and electricity from the grid
to meet their own onsite needs (some may have microturbines to generate some electricity
onsite as well). This makes good economic sense and does not compromise on maximizing
benefits to the climate.

Some context is necessary here. Even if RNG production reaches its full theoretical capacity
from various feedstocks in the US, it could only replace about 20% of current diesel con-
sumption. Therefore, as a limited resource, RNG should be used strategically where it results
in the most lifecycle GHG emissions avoided as possible. Its most impactful use - today and
for the foreseeable future - is to replace diesel as a transportation fuel in heavy-duty vehicles
that are equipped with today’s efficient natural gas engines. Doing so results in more GHG
emissions avoided per MMBTU than replacing fossil natural gas with RNG in a wastewater
plant boiler. RNG is best used to displace diesel as heavy-duty vehicle fuel wherever practica-
ble, especially given that the heavy-duty transportation sector is difficult to electrify (based
on cost, performance, and availability of heavy-duty battery electric vehicles). And if addi-
tional electricity is needed onsite, wastewater plants can and should purchase power from
renewable sources or from a grid that has a large and growing percentage of renewables in
its matrix.

On a final note, while most RNG goes to the transportation sector, there is growing demand
for RNG in the non-transportation “voluntary market” (as noted above) - for example by utili-
ties and companies voluntarily seeking to decarbonize their operations. Buyers in this market
typically have to pay a premium to compete with what RNG producers would otherwise get in
the transportation market (including the environmental attribute value), but they often offer
longer-term purchasing contracts that may be appealing to a wastewater plant.
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VI. Government Incentives for
Equipping Wastewater Plants to
Produce RNG

Besides RINs and CFS credits, there are a variety of
other government incentives for wastewater plants
to make the upgrade to RNG production. These in-
clude favorable loans, tax credits, and in some cases
grants/direct reimbursement at the federal, state,
and/or local levels. Collectively, these incentives can
finance millions of dollars, going a long way toward
making a project affordable. Some examplesinclude
the following:

«  When the Pleasant Grove Wastewater Treat-
ment Plant near Roseville, CA arranged to
expand its capacity to 12.5 MGPD, accept food
waste for co-digestion, and switch from flaring
biogas to producing RNG, it secured over S7
million in funding from the California Energy
Commission, the Clean Water State Revolving
Fund Green Project Reserve, and the Placer
County Air Pollution Control District.

« The Department of Energy (DOE)s Bioenergy
Technologies Office (BETO) awarded a total of
$29.5 million to 15 projects in August 2022 for
“Improved Bioenergy Resource Recovery and
Conversion Systems,” including for wastewater
treatment applications.

« The US Environmental Protection Agency
(EPAYs WIFIA program (from the Water Infra-
structure Finance and Innovation Act of 2014)
provides long-term, low-cost loans for waste-
water treatment plant (and other water-related)
projects. Itis limited to 49% of total eligible
project costs, although in some cases EPA
Clean Water State Revolving Fund and Drinking
Water State Revolving Fund loans could finance
some or all of the remaining eligible project
costs. The minimum project cost is $20 million
(or S5 million for communities of up to 25,000),
and there is no maximum amount of the WIFIA
loan. Repayment can be delayed up to 5 years
after project completion and take up to 35 years
for full payback.

- The California Public Utilities Commission

CAN YOUR WASTEWATER PLANT DO MORE?

(CPUC)Biomethane Interconnector Monetary
Incentive Program encourages the develop-
ment of biomethane projects interconnected
to gas pipeline systems. The maximum grant
funding is S3 million per non-dairy project (or
S5 million per dairy cluster) that is operational
and sending RNG to the grid by December 31,
2026. The program was originally allocated S40
million, but the CPUC authorized an additional
S40 million in funding from gas utility Cap-and-
Trade auction proceeds.

« The Colorado Department of Local Affairs
awarded the City of Longmont a S1million grant
to contribute to its project of upgrading its
wastewater plant to produce RNG. Prior to the
project’s completion in 2019, the plant had used
just a quarter of its biogas for onsite heat and
flared the rest; the RNG now being produced
there powers over half of the City's refuse
trucks, displacing diesel.

Even with compelling data and examples in hand, it
will be crucial to get the support of key champions
(senior agency decision-makers, municipal leaders,
civil society leaders, public influencers)to carry out
an RNG project at a wastewater plant.
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Appendix I: Questionnaire for Officials and Communities to
Evaluate The Suitability of Their Wastewater Plant for RNG
Production

1. Is your plant's capacity at least 5 million gallons per day?
o Isitinthe highest potential category of over 50 MGPD capacity?
2. Does your plant use anaerobic digestion?

o If not, could it afford the major capital expense of building ADs?

3. What is your plant doing with the biogas it generates now and what are the

underlying economics?

o

Is it flaring the biogas?
o Isitusingthe biogas solely for boiler fuel?

o Isitusingthe biogas for combined heat and power?

o |nall of these cases, does it make sense in economic and climate terms to switch to

RNG production?

4. |s your plant within 5 miles of a natural gas pipeline it could connect to?
Within 1 mile?

o How faraway is the nearest natural gas pipeline to your plant?
o How much does a pipeline interconnection typically cost in your area?

o Might there be utility interest in taking on some capital costs in exchange for own-
ership or a portion of revenues?

o Isdirect fueling of vehicles onsite an option, avoiding the need for a new pipeline?

5. Do your plant’s digesters have excess capacity?

o If not, meaning co-digestion of food waste is probably not in the cards, is it still a
viable option to switch to producing RNG?
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6. What are tipping fees in your area for accepting food waste and are there
substantial sources of food waste nearby?

o

What are tipping fees in your region typically?

What types and quantities of food waste are available?
How far away would it come from?

How would the food waste affect biogas production?

What additional income could be generated from selling the greater volume of RNG?

7. Are any government incentives available to make the transition to RNG
production?

o

o

o

Are any federal incentives available?
Are any state incentives available?

Are any local (county or municipal) incentives available?

8. Does switching over to RNG production make economic sense?

How much would it cost to build the necessary infrastructure?
What costs can be offset by government incentives?

Might any costs be covered by a project developer or utility in exchange for equity or
ownership (with a share of revenue for the plant)?

How much revenue could the plant earn from tipping fees to accept food waste?

How much revenue could the plant earn from the sale of RNG to end-users in the
transportation sector?

How much revenue could the plant earn from the sale of RNG to end-users in the
voluntary market?

What would the payback period likely be?

What's the bottom line?
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Appendix Il: Map and List of All Operational RNG Facilities at
Wastewater Plants in the US

Map of All Operational RNG Facilities at Wastewater Plants in the US
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List of All Operational RNG Facilities at Wastewater Plants in the US

Wastewater Plant City State
91st Avenue, Phoenix Phoenix AZ
Tres Rios Wastewater Reclamation Facility Tucson AZ
City of San Mateo Wastewater Treatment Plant San Mateo CA
Ellis Creek Water Recycling Facility Petaluma CA
Las Gallinas Valley Sanitary District San Rafael CA
Los Angeles County Sanitation Districts Joint

Water Pollution Control Plant Carson CA
Point Loma Wastewater Treatment Plant San Diego CA
Victor Valley Wastewater Reclamation Authority Victorville CA
Roseville Energy Recovery Project (Pleasant Roseville CA

Grove WWTP)
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Longmont Wastewater Treatment Plant Longmont co
Persigo Wastewater Treatment Plant Grand Junction co
City of Boulder WRRF Boulder co
South Platte Water Renewal Partners Englewood co
Honouliuli Wastewater Treatment Plant Ewa Beach HI
Des Moines WWTP Des Moines IA
Dubugue Water and Resource Recovery Center Dubuque IA
Sioux City WWTP Sioux City IA
Oakland Wastewater Treatment Plant Topeka KS
Warrior Biogas Reuse Project Dodge City KS
Grand Rapids WRRF Grand Rapids Ml
Fremont WWTP Fremont NE
Lincoln, Nebraska Theresa Street WWTP Lincoln NE
Newtown Creek Wastewater Treatment Plant Brooklyn NY
Metropolitan Wastewater Management Commis-

sion, Eugene / Springfield Eugene OR
Dos Rios Water Recycling Center San Antonio X
Roanoke Regional Water Pollution Control Plant Roanoke VA
South Wastewater Treatment Plant (King County) Renton WA
Tacoma Central Wastewater Treatment Plant

(Tideflats) Tacoma WA
Janesville Wastewater Treatment Plant Janesville WI
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Appendix lll: Case Studies

Newtown Creek Wastewater Resource Recovery Facility
Brooklyn, NY

In June 2023, Newtown Creek, New York City's largest and most modern wastewater plant,
celebrated the completion of its signature project to produce RNG from sewage and co-di-
gested food waste. The plant, with a capacity of processing 310 MGPD, already had anaerobic
digesters(ADs)and produces more than 500 million cubic feet of biogas per year. Previously,
the NYC Department of Environmental Protection (DEP) had only used about 40% of the bio-
gas in the plant's boilers, providing heat to the buildings and ADs. The rest of the biogas had
been flared.

Newtown Creek’s overhaul was many years in the making and includes the following elements:

« The plant was upgraded to be able to co-digest up to 500 tons of food waste (13% of the
City’s total) per day, which will be crucial as NYC expands mandatory organics separation
and collection citywide by October 2024. The food waste is processed into a slurry at
Waste Management (WMJs Brooklyn transfer station before being delivered to Newton
Creek, where itis fed into the ADs, increasing biogas production.

« Anew facility was built onsite to upgrade the biogas to RNG.

« Anpipeline interconnection into National Grid's natural gas grid was constructed, making
Newtown Creek the first wastewater plant in NYC to adopt the co-digestion and gas-to-

grid model.

The project’s emission reductions come from replacing fossil natural gas with RNG, eliminat-
ing onsite flaring, avoiding methane emissions from organic material that otherwise would
have been landfilled, and decreasing truck traffic to haul that organic waste to distant land-
fills. Newtown Creek's RNG capacity is 400,000 MMBTU per year, and current production is
about 92% of that, or about 368,000 MMBTU per year. (The plant encountered major mainte-
nance issues in 2023, operating at 44% capacity on average, but throughout the first half of
2024 that figure was 92 %, according to National Grid.) Newtown Creek has the potential to
produce enough renewable energy to heat nearly 5,200 homes in Brooklyn and reduce annual
GHG emissions by more than 90,000 metric tons of CO2 equivalent - the same amount as
removing about 19,500 gasoline-powered cars from the road per year.®

National Grid financed the design, construction, operation, and maintenance of the biogas
upgrading system. While the exact cost has not been disclosed, a February 2021 document

6 Based on standard EPA assumption that a typical passenger vehicle emits about 4.6 metric tons of
carbon dioxide per year. https://www.epa.gov/greenvehicles/tailpipe-greenhouse-gas-emissions-typi-
cal-passenger-vehicle#:~:text=typical %20passenger%20vehicle % 3F-,A%20typical % 20passenger %20
vehicle %20emits%20about %204.6%20metric %20tons %200f,8 %2C887%20grams % 200f %20C02.
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from National Grid put actual expenses by that time at S47.8 million. DEP is initially providing
the biogas for free, although once the project costs have been paid back, the profits will be
split between DEP and National Grid's customers.

The project aligns with NYC's ambitious environmental goals, including cutting citywide
emissions 40% by 2025 and 50% by 2030 before achieving carbon neutrality by 2050, and
sending zero waste to landfills by 2030. Moreover, by replicating the Newtown Creek model
at other large wastewater plants, NYC could reduce municipal greenhouse gas emissions by
more than 600,000 tons per year, process over 30% of its food waste, and generate or save
S48-72 million dollars annually, according to Energy Vision's research (see our 2023 report
Gotham Gas Goes Green). Eliminating biogas flaring would also cut health-damaging criteria
air pollutants, which is especially important since 12 of the 14 wastewater plants are in or next
to what New York State has designated as “potential environmental justice areas.”

Depending oninfrastructure upgrades and potential co-digestion, NYC's 14 wastewater plants
could produce 2.4-3.6 million MMBTUs of RNG annually. This could replace up to 27% of the
fossil natural gas that the city currently purchases or could instead displace over 25 million
gallons of diesel fuel - more than enough to power all 6,000 heavy-duty trucks in NYC's munic-
ipal fleet. Running these trucks on RNG instead of diesel would eliminate over 175,000 tons
of greenhouse gas emissions, more than 90% of health-threatening nitrous oxide emissions,
and 60% of particulate emissions.

91st Avenue Wastewater Treatment Plant
Phoenix, AZ

The 91st Avenue Wastewater Treatment Plant is jointly owned by Phoenix, Glendale, Mesa,
Scottsdale, and Tempe, serving all of those cities. The plant, which has a capacity of 230
MGPD but averages about 134 MGPD, is located in and operated by the City of Phoenix. The 91t
Ave plant long used a small portion of the biogas from its anaerobic digesters (ADs) as boiler
fuel but flared the rest. However, in 2016, the plant owners announced a 20-year public-pri-
vate partnership with private firm Ameresco for the latter to design, build, own, operate, and
maintain a biogas-to-RNG facility onsite. When completed in 2019, it was the largest RNG
project at a wastewater plant in the US. The project involved the following elements:

« An RNG upgrading facility was constructed onsite that processes 3,250 standard cubic
feet per minute of biogas.

« Ameresco built a 3-mile RNG pipeline to connect to the Kinder Morgan natural gas pipe-
line network.

The 91t Ave plant now produces 693,500 MMBTU of RNG annually, reducing an estimated
44,671 metric tons of CO2 equivalent per year. This is roughly equal to 9,700 gasoline-fueled
cars being taken off the road annually.

The project has already helped Phoenix deepen its climate goals. The city's new short-term
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objective isa 40% reduction in GHG emissions in government operations from 2005 levels. It
also unveiled a Climate Action Plan in 2021 with the ambitious goals of reducing community
carbon emissions from buildings, transportation, and waste by 50% by 2030, on the way to
becoming a carbon neutral city by 2050.

The cities that own the 915t Ave plant initially explored a number of ways to use the biogas
produced inthe ADs, including for energy on site. However, they ultimately decided to partner
with Ameresco because of the low risk of the proposal: the private company paid all capital
costs and is covering maintenance of the RNG upgrading facility and pipeline, while the cit-
ies sell the raw biogas to Ameresco. (The total cost of the project has not been disclosed.)
Contractually, the cities will also receive additional royalties if Ameresco reaches a certain
amount in sales; in aggregate, the cities anticipate earning over S1million per year. The RNG
is sold on the open market as vehicle fuel, earning EPA Renewable Fuel Standard credits and
presumably CFS credits from one of the West Coast states, as Ameresco notes that inter-
state pipeline connection is part of the services it provides for the project.

On a final note, the 915t Ave plant does not currently co-digest food waste, although that is an
option worth considering which would expand its RNG output.

Pleasant Grove Wastewater Treatment Plant
Roseville, CA

The City of Roseville, CA announced the start of RNG production at its Pleasant Grove Waste-
water Treatment Plant in June 2023. This involved a major overhaul of the plant, beginning in
2020:

« The plant’s treatment capacity was expanded from 9.5 MGPD to 12 MGPD.

- Two new anaerobic digesters (ADs)were installed to generate biogas and stabilize
wastewater solids generated in the treatment process.

« Areceiving facility was built to accept high-strength organic wastes (specifically fats,
oils, and greases) directly into the ADs to maximize biogas production. This now diverts
up to 12,000 tons of high-strength organic waste per year from landfill.

« Anonsite facility was constructed to upgrade biogas into RNG.

« Anonsite RNG fueling facility was built to supply the City’s fleet of approximately 47
refuse trucks. It currently fuels 15-30 refuse trucks per day.

« Four microturbine cogeneration units were installed to produce electricity that helps
power the biogas upgraders and provide heat for the ADs. These microturbines run on
the tail gas left over after fueling the trucks. Overall, they supply 10% of the plant's elec-
tricity.
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The project is an integrated citywide effort to meet efficiency and sustainability goals on
long-term financial footing that will also benefit utility ratepayers. Food waste being co-di-
gested at the wastewater plant means less organics going to landfill, and some onsite clean
power generation (equal to powering 740 homes) offsets electricity use from the utility. By
replacing diesel with RNG throughout its refuse truck fleet, the City will reduce greenhouse
gas emissions by about 7,000 metric tons of CO2 equivalent per year (equal to taking about
1,500 gasoline-powered cars off the road per year).

The plant will also earn RINs through the federal Renewable Fuel Standard as well as credits
through California’s CFS program, as it lowers NOx emissions by b metric tons per year. The
Pleasant Grove plant has the advantage of being in a state with an CFS and having dedicated
direct purchasers for its RNG, meaning that it did not need to take on the considerable ex-
pense of building a pipeline interconnection to the gas grid to deliver its RNG.

The project is ajoint venture funded by the partners that comprise the South Placer Waste-
water Authority: Roseville, Placer County, and the South Placer Municipal Utilities District. Of
the roughly $78 million in total construction costs, the local utility - Environmental Utilities -
secured about 10% in grant funding/forgivable loans. Specifically, over S7 million in funding
came from the California Energy Commission, the Clean Water State Revolving Fund Green

Project Reserve, and the Placer County Air Pollution Control District.
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Appendix IV: Helpful Resources

Argonne National Laboratory, “Opportunities for Recovering Resources from Municipal
Wastewater: Assessment of Resources, Markets, and Environmental Benefits,” July
2022. https://publications.anl.gov/anlpubs/2022/07/176194.pdf

The Water Research Foundation, “Food Waste Co-Digestion at Water Resource Recov-
ery Facilities: Business Case Analysis,” 2019. https://www.waterrf.org/system/files/re-

source/2019-12/DRPT-4792.pdf [ requires creating an account to access

US Department of Energy, Office of Energy Efficiency and Renewable Energy, “Charac-
terization of CHP Opportunities at US Wastewater Treatment Plants,” April 2019. https://
betterbuildingssolutioncenter.energy.qgov/sites/default/files/Characterization_CHP_0Op-
partunities_ US_Wastewater_Plants_April2019.pdf

Matthew P. Tomich, Gotham Gas Goes Green. Energy Vision, June 2023. https://ener-
gy-vision.org/wp-content/uploads/2023/04/Gotham-Gas-Goes-Green.pdf

Michael S. Lerner, Meeting the Methane Challenge: How the U.S. Can Reach Its 2030
Goal. Energy Vision, May 2024. https://energy-vision.org/wp-content/uploads/2024/06/
EV-National-AD-Report-1.pdf
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Map of All Operational RNG Facilities at Wastewater Plants in the US
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