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AgSTAR Program

K@STAR
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PARTNERSHIP
PROGRAM

Collaborative program sponsored by EPA
and USDA.

Established in 1994

0 Mission e Strong Ties e Helping Hand

Advance adoption of livestock manure Working with industry, Assisting those who enable,
anaerobic digestion and alternative government, NGOs and purchase, or implement farm

manure management practices to university stakeholders. anaerobic digestion projects.
reduce, capture, and use methane.




Why EPA Is Concerned about Manure Management and

Landfill Emissions

U.S. METHANE EMISSIONS 2020, BY SOURCE

Enteric
Fermentation
27%

= Livestock (dairy, beef, swine, poultry) manure
and landfills contribute 26% US methane o
emissions Management

9%
= US methane emissions from livestock manure
Increased 71% between 1990 to 2020

Landfills
17%

Natural Gas
and Petroleum

Systems
1990-2020 U.S. GHG Inventory — Public Review Estimates 32%
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EPA Biogas Toolkit

' '
= A web-based toolkit with 38 tools
) Biogas Toolkit
“1: . 4 2 The U.S. Environmental Protection Agency (EPA) Biogas Toolkit serves as a centralized knowledge hub for biogas project stakeholders. The toolkit
a I I re S O l I rC e S O a ‘ : I | a e | O g a S . 2 is designed to allow stakeholders to search and browse for information and resources that meet their specific project needs. The toolkit includes
/ information and resources compiled from across several EPA programs, including , the ,a
| d lopment s
project development.

DISPIEW"%EEC“{ 38 resources.

« Roadmap for planning and

[ Getting Started

10 Keys to Digester Success

Many factors are required to successfully implement and operate an

n n [ ] [ ] T a icestion/biomas sys _This res ists - s
I m Iementl n bl O aS ro eCtS a n d [ Pre-Feasibility AT naero.bu: digestion/biogas system. T .3 resourcelllst 10 key factor
essential for a successful farm-based digester project.

[ Feasibility Assessment

O Development and

quantifying economic and

environmental impacts

Biogas Sector

Anaerobic Digestion Operator Guidebook
This guidebook helps operators increase operational performance and

efficiency of AD systems, and aveid common challenges.
DOCUMENT

[ Agriculture

[ Solid Waste Anaerobic Digester Project Development Handbook, Chapter 1

| AUdience: PrOjeCt i m plemente rS , [ Wastewater DOCUIENT This chapter of the AgSTAR Project Development Handbook outlines the

factors to consider to successfully implement and operate an AD/biogas

Is An Anaerobic Digestion Project Appropriate?

I o |

Topic systern, provides characteristics for farms that might indicate an AD/biogas

developers, financiers, and

[ Engineering and : ) .
E & determine that AD/biogas is not applicable.
Technology

policymakers.




EPA Biogas Toolkit Makes It Easier to Develop Successful

Projects

Toolkit Highlights

Usable by all knowledge levels

Filter categories help users find
exactly what they need

Intended for U.S. and international
audience

B ey ey
Where do I star

Guided Search

Project Phase

| Getting Started
| Pre-Feasibility

(] Feasibility Assessment
)

Development and

Construction

Guided Search
Which of the following best describes your goals? (Check all that apply)

0 ) PR : Ll . L
L) Tam new to the topic of biogas and want basic information on biogas projects. k results.
[} I'want to start a biogas project.

) 1Tam looking for technical resources for an existing biogas project.

10U Keys to Digester Success

Many factors are required to successfully implement and operate an
anaerobic digestion/biogas system. This resource lists 10 key factors

CHECKLIST essential for a successful farm-based digester project.




New GMI Biogas Tools

Anaerobic Digestion (AD) Screening Tool version 2.0

Estimates the quantity of biogas and digestate produced by AD systems and methane emissions
reductions

Organics Economics (OrganEcs) version 3.0
Estimates costs, revenues, and profitability with composting and AD projects

Solid Waste Emissions Estimation Tool (SWEET) version 4.0

Quantifies emissions of greenhouse gases and other air pollutants from the municipal solid
waste sector

Landfill Gas (LFG) Screening Tool version 3.0
Estimates LFG recovery rate and provides potential project type and size




Anaerobic Digester Screening Tool
Overview
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What is the Anaerobic Digestion Screening Tool?

= Excel-based screening tool to
assess potential feasibility of an
anaerobic digestion project

Anaerobic Digestion Screening Tool

Version 2.0
October 2021

Developed by U.S. Environmental Protection Agency

= Primary audience:

» Project proponents to understand the
biogas potential of a proposed
project

nnnnnnnnnnnn
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» Lending institutions/banks to
determine if a project application is
feasible




Anaerobic Digestion Screening Tool Applications

= Project implementers can:

= Estimate biogas and digestate production potential from
a variety of feedstocks

= Evaluate end uses like electricity, RNG, and cooking gas

= Estimate emissions reductions

= Financial institutions can assess project viability
and risks

* Project developers, analysts, local stakeholders
can calculate emissions reductions to justify
climate goals




AD Screening Tool Inputs and Outputs

Inputs* Outputs

. : Emissions inputs . . Annual methane
Digester inputs (e.g., baseline waste Annual biogas production oroduction

(e.g., feedstock type &

amount, AD system type) management practices,

electricity consumption)
Annual digestate Estimated emissions

production reductions

Potential end uses for
biogas

*AD Screening Tool provides default values for various inputs,
which can be updated by the user







What is the Organics Economics (OrganEcs) tool?

= Two Excel-based tools to estimate 9rgggEcs-An°er°bic Digestion

the financials of organic waste e |
management projects:

Lead, International Biogas Programs: Tom Frankiewicz | Frankiewicz.Thomas@epa.gov
Tool Support: biogastoolkit@epa.gov

= Composting

= Anaerobic digestion g D
AAAAAA Methane Ifilt‘i’:t?\lre

= Primary audience:

OrganEcs — Compost

Version 3.0
December 2021

= Local governments

Waste professionals

Developed by U.S. Environmental Protection Agency

Policymakers

Lead, International Biogas Programs: Tom Frankiewicz | Frankiewicz.Thomas@epa.gov
Tool Support: biogastoolkit@epa.gov

Facility operators

Project developers GEPA e ha.obal

Methane Initiative




OrganEcs Applications

Evaluate economic feaSibility Of a proposed HIGH-LEVEL PRE-FEASIBILITY STUDY AND

IMPLEMENTATION PLAN FOR AN ORGANIC

composting or anaerobic digestion project WASTE TREATMENT PROJECT IN THE

MUNICIPALITY OF QUITO

Evaluate effect of gate or tipping fees on
project profitability

Evaluate optimal financial management of an
organics project

Estimate project net present value or
internal rate of return

PRE-FEASIBILITY STUDY

Evaluate financial sustainability of existing A e

. . : Composting Project to Trea't Organic
composting or AD projects B

DRAFT




OrganEcs Inputs and Outputs

Inputs* Outputs

Facility inputs Waste inputs Operations & maintenance
Capital investment costs
costs
Economic inputs
Total annual biogas and Total revenues (e.g.,
digestate, or compost compost sales, net
production electricity from AD system)

Profitability (internal rate of
return)

*OrganEcs provides default values for various inputs, which can
be updated by the user







What is the Solid Waste Emissions

Estimation Tool (SWEET)?

= Excel-based tool for quantifying pollutant
emissions from sources across the waste sector

= Project-, source-, or system-level emissions
estimates

= Methane, black carbon, PM, and other pollutants

= |ncreasing usage among audience
= Used in 50+ cities to date

= Adopted by the International Solid Waste
Association’s Closing Dumpsites campaign

= |ncorporated into the United Nation’s Habitat’s Waste
Wise Cities Tool

= Used by World Health Organization as part of Urban
Health Initiative

Solid Waste Emissions Estimation Tool

Version 4.0
December 2021

Developed by U.S. Environmental Protection Agency

Lead, International Biogas Programs: Tom Frankiewicz | Frankiewicz.Thomas@epa.gov
Tool Support: biogastoolkit@epa.gov

‘- ,Global

Methane Initiative

o 1 United States 3
g EPA Environmental Protection &sw E ET
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Example SWEET Applications

= Creating municipal GHG inventories
= Establishing emissions baselines

= Comparing policy and project choices for
handling municipal waste

= Justifying waste management projects for grant
funding or financing

= Supporting quantification of public health
impacts of waste management choices

= Measuring, reporting, and verification of
emissions reductions

Solid waste management and
health in Accra, Ghana

Pierpaolo Mudu
Betty Akua Nartey
Gina Kanhai
Joseph V. Spadaro
Julius Fobil

WHO URBAN HEALTH INITIATIVE




SWEET Inputs and Outputs

Inputs® Outputs

Waste composition Collection transportation Carbon dioxide
: Black carbon
equivalent
Disposal site information Open burning information
Methane Sulfur oxides

Equipment (e.g., forklift,
grader) information
Particulate matter Emissions changes
from alternative
scenarios versus the
business-as-usual
scenario

*SWEET provides default values for various inputs, which can be updated by the user
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Landfill Gas Screening Tool
Overview
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What is the Landfill Gas Screening Tool?

= Excel based screening tool to
assess potential feasibility of landfill
gas (LFG) to energy projects

Landfill Gas Screening Tool
December 2021

= Estimates LFG recovery rate

Developed by U.S. Environmental Protection Agency

= Provides potential project type and size

Lead, International Biogas Programs: Tom Frankiewicz | Frankiewicz.Thomas@epa.gov
Tool Support: biogastoolkit@epa.gov

= Primary audience:

= Landfill/dumpsite operators i s I\G.oba.

Methane Initiative

= Project developers




LFG Screening Tool Applications

= Generate preliminary estimate of how much
landfill gas (LFG) a site could collect

= Determine whether biogas production is
likely sufficient to support a modest-sized
landfill gas to energy project

= Determine what type of landfill gas to energy
project would be most

Source: Waste Management




LFG Screening Tool Inputs and Outputs

Inputs

Opening Year of Disposal Closing Year of Site (Actual
Site or Projected)

Annual Disposal Rate

;
(Metric Tons/Year) Climate

Landfill Category (l.e.,
dump site, controlled
dump site/landfill, sanitary
landfill)

Outputs

Feasible Project Types,
based on LFG Recovery
Rate

Estimated LFG Recovery
Rate (m3/h)

Feasible Project Sizes,
Based on LFG Recovery
Rate




BioWATT (Biogas Wastewater Assessment Tool) o

= Provides a quick and preliminary assessment of wastewater-to-

energy projects.

= Biogas production estimate for various wastewater-to-energy technologies
Electricity generation potential from the produced biogas

GHG savings associated with biogas-generated electricity

Preliminary assessment of the WWTP's electricity demand that can be met
through biogas-generated electricity

Preliminary design parameters of major components of a wastewater-to-
energy project, such as required digester volume, required gas holder volume,
and total combined heat and power (CHP) electric power output

https://www.globalmethane.org/tools-resources/resource details.aspxer=1913



https://www.globalmethane.org/tools-resources/resource_details.aspx?r=1913
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Ex. 1: Anaerobic digestion project pre-feasibility study

= Challenge: A farmer in a rural community would like to build an AD system to manage
cow manure and potentially food waste to produce energy.

= Proposed solution: Available livestock manure and food waste from a local producer
could be used for AD system. Biogas from the AD system will be used to heat barns
and produce electricity.

= Analysis:
= AD Screening Tool: plug in available feedstocks to identify biogas and digestate generation potential

= OrganEcs: plug in outputs from AD Screening Tool into OrganEcs to determine financial feasibility of AD project

- -

Copy outputs from AD
Screening Tool into
OrganEcs - AD

AD Screening Tool




Ex. 1: Anaerobic digestion project

pre-feasibility study

= AD Screening Tool inputs:

= Feedstock type (cow manure, food waste)

= Feedstock amount (kg/day)

= AD Screening Tool outputs:
= Biogas production: 75 m3/day
= Digestate production: 2,446 kg/day

Biogas Production -

The estimated low and high production values use calibration factors from actual . . Theoretical
. . . Estimated Estimated Value .

observations that represent the 25th and 75th percentile values of the ratio between value (low) (high) Maximum

measured and modeled data. These values are used to adjust the maximum potential 9 Potential

biogas generation values to estimate the likely biogas generation potential values.

Annual Biogas Production 10,940 19,934 27,292 m3/year
Annual Methane Production 5,459 9,947 13,618 m3/year
Digestate Production Unit

Total Non- Biodegradable Solids 23,004 kglyear
Remaining Volatile Solids 75,947 kglyear
Digester Solids 892,826 kglyear
Dry Sludge 803,544 kglyear
Liquid Effluent 89,283 kglyear

Energy Recovery Options - Each energy recovery option is an "or" estimate
(i.e., the plant will not be capable of producing both X kWh of electricity and Y

m3/year natural gas, but is capable of producing either X kwh of electricity hours or
Y m3/year of natural gas).

Electricity Production (cleaned biogas to natural gas quality) 52 MWh
Electricity Production (biogas only) 35 MWh
Renewable Natural Gas (RNG) Production 5,459 m3/year
Cooking Gas Potential 100 homes/year

Home Heating Potential 75 homes/year




Ex. 1: Anaerobic digestion project

pre-feasibility study

- O rg a n ECS | n p u tS m Total Revenues (USD/year) B Total Expenses (USD/year)

- ‘o . $4,500,000.00
= Facility specifications

$4,000,000.00

= Qutputs from AD Screening Tool IRR: 29%

- Capital costs $3.500,000.00

= O&M costs $3,000,000.00

= Tipping fees, electricity sale price, digestate ~ $2500,000.00
Sale price $2,000,000.00
= Organkcs outputs: $1,500,000.00
= Total revenues $1,000,000.00
= Total expenses $500,000.00

- IRR N

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037




Ex. 1: Summary

= Result: Demonstrated a scenario that showed preliminary financial
feasibility of AD system which will use manure and food waste to
produce heat and electricity.

- -

Copied outputs from AD
Screening Tool into OrganEcs
- AD to determine financial
feasibility of the biogas facility
and estimate a 29% IRR

OrganEcs
o+

AD ST

AD Screening Tool

estimated potential biogas and
digestate production from
available manure feedstocks




Various Ways Biogas Tools Can Work In Tandem

l EXAMPLE 1 '
AD STor LFG ST
| o T e | +
SWEET estimates baseline emissions AD ST or LFG ST SWEET
from landfill gas to energy modification g offers project pre- ~—>

and anaerobic digestion projects feasibility information

| EXAMPLE 2 i
OrganEcs
- - Use AD ST results in +
AD ST estimates OrganEcs to estimate AD ST
biogas potential ~— financial feasibility
| EXAMPLE 3 '

SWEET
. . e T s |
OrganEcs assess financial SWEET estimate potential +
feasibility of various ~—> emissions reductions of ~_9 OrganEcs
anaerobic digestion projects the preferred project
| EXAMPLE 4 i OrganEcs
+
== SWEET estimates AD ST estimates biogas Use AD ST results in AD+ST
potential emissions of == potentlgl frpm a chosen SN—> Organ_Ecs to _esft_lmate ? SWEET
alternate scenarios anerobic digestion scenario financial feasibility




Additional Resources

User Manuals
Presentations
Case Studies

Webinars
Fact Sheet

Training Videos

(in progress)

<SWEET

‘SOLI0 WASTE EMISSIONS ESTIMATION TOOL

Estimating short-lived climate pollutants from h
municipal solid waste In Tyre Caza, Lebanon M.,,.,,...,':'.'.‘,‘,;".','L

Launched in 2004 the Global
Background Baseline Methane Initiative (GMI) is an
Tyre Coza is a coostal district of Lebanon that includes The 1WA study authors International public- private
the historic city of Tyre and provides solid waste: calculated cument I thotiagvarcas

collection services for 400,000 people. In 2015, lebanon
had a waste monagement crisis with no waste pickup
services after the closure of a large landfill for & months.
Cumently, the notional government is operating under a
termporary waste management plan since no new plan
has officialy been adopted. As of 2020, Lebanon has
landfills, but the district of Tyre Coza does not. Tyre Coza
uses dumip sites and open buming as its core waste
management strategy. About B0% of waste in the
district was dispesed in durmp sites as of 2018,

The Intemational Solid Weste Association [ISWA) used data
from Lebanon's Ministry of Environment and Cfice of the
Minkter of State for Administrative Reform [OMSAR) surveys
in 2005, 2011-2014, ond 2018 to develop inputs for the Solid
‘Waste Emissions Estimartion Tool (SWEET). SWEET wes
developed by the LS. Environmental Protection Agency
under the auspices of the Global Methane Initiafive. 1WA
used SWEET to estimate shor-ived climate pollutants from
runicipal sold waste In Tyre Ceoza for busine ss-as-usual
and four dfernative policy options. The alfernative
scenarnos are based on proposals from OM3SAR.

Source: EWA and karim Hashezh of DMSAR.

For mere information. see the repart “Estimation of Waste
Seclor Greenhouse Gas Emissions in Tyre Caza, Lebanon,
Using the Solid Waste Emissions Esfimafion Tool” (2020)
irom the International Solld Wasie Asseclation.

cost-afective, near-term
waste composition from e han e abalered and
@ 2018 OMSAR report recovery and use of methane
and historic waste as a clean energy source.
volumes based on dota
about a large dumpsite
frorm a 2017 OMSAR proposal on dumpsite closures. The
business-as-usual [or baseling) scenario corsiders the
dispesal of 100 theusand metric tons of municipal selid
waste separated into recycling, compaosting, burning,
and disposing indump sites. The baseline scenario also
assumes the government will corstruct a landfil in the
next decade.

Alternative Scenarios

The four alfemative scenarios build upon the bassline with
measures such as conversion of uncentrolled dumpsites
to confrolled dumpsites, covering and clesing durnpsites,
reducing ondeliminating waste buming, and copturing
and combusting landfil gas from the new sanitary landfil.
The authors added eoch scenaro into SWEET with the:
start year and percent changes to waste buming.

Modeled Results

In 2050, three of the alternative scenarios would
produce less than half of the omeount of CO_e emissions
projected for 20580 in the baseline scenaric. Comparng
the SWEET results, the authors find that the largest
emissions rrductions come from the combination of
closing and reme diating dumpsites, ending weste
burning, and building a sanitary landfill to receive all
woste disposal.

Using the Results

ISWA recommended that Tyre Coza conduct feasibilify
studies as a next skep before choosing a solid waste:
management program. SWEET was used as a
preliminary scoping strategy to focus on specific policy
measures that could improve public health and reduce
greenhouse gas emissions.

Anaerobic Digestion Screening Tool
USER MANUAL

Version 2.0
October 2021

Tool Support: biogastoolkit@epa.gov

\"‘IEPA Global

Methane Initiative




Examples of ways to use tools

* AgSTAR plans to train dairy cooperatives on tools and support farmers
to run tools to analyze potential for AD systems

 LMOP plans to encourage partners to use them to see the benefits of
diverting organics from landfills.

« GMI Biogas Team will conduct trainings on tools to international
partners

= We will also use these tools in practice for technical assistance to communities and

organizations interested in analyzing environmental impacts and costs of various waste
management options.







Thank you!



Additional Resources

SWEET v4.0

= Excel Tool and User Manual: www.globalemethane.org/sweet

= Webinar: https://www.waste.ccacoalition.org/seminar/introduction-solid-waste-emissions-estimation-tool-sweet

= Fact Sheet: https://drive.google.com/file/d/1A 3CNgL1mPjZnZYEuorTixfsdJfkQV1r/view

Anaerobic Digestion Screening Tool v2.0

= Excel Tool: https://www.qglobalmethane.org/resources/details.aspx?resourceid=5170

= User Manual: https://www.globalmethane.org/resources/details.aspx?resourceid=5174

OrganEcs v3.0

= Excel Tools and User Manual: www.globalmethane.org/organecs

Landfill Gas Screening Tool v3.0

= Pending re-release

EPA Biogas Toolkit: https://www.epa.gov/agstar/biogas-toolkit



http://www.globalemethane.org/sweet
https://www.waste.ccacoalition.org/seminar/introduction-solid-waste-emissions-estimation-tool-sweet
https://drive.google.com/file/d/1A_3CNgL1mPjZnZYEuorTtxfsdJfkQV1r/view
https://www.globalmethane.org/resources/details.aspx?resourceid=5170
https://www.globalmethane.org/resources/details.aspx?resourceid=5174
http://www.globalmethane.org/organecs
https://www.epa.gov/agstar/biogas-toolkit

