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Webinar Housekeeping

* Attendees will be in listen-only mode
* Audio connection options:
— Computer audio

— Dial in through your phone (best
connection)

Technical difficulties? Contact us through
the chat section, lower right of your screen

Use the Q&A window to ask questions

Today’s webinar will be recorded and
posted to “BETO Webinars”:
energy.gov/eere/bioenergy/beto-webinars

Sign up for BETO news, events, and funding opportunities:
energy.gov/eere/bioenergy/beto-newsletter

NOTICE: This webinar, including all audio and images of participants and presentation materials, may be recorded,
saved, edited, distributed, used internally, posted on DOE’s website, or otherwise made publicly available. If you
continue to access this webinar and provide such audio or image content, you consent to such use by or on behalf of
DOE and the Government for Government purposes and acknowledge that you will not inspect or approve, or be

compensated for, such use.
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Today’s Agenda

. Beau Hoffman: DOE BETO Support for Reducing Methane
Emissions

Il. Dr. Hao Cai: Reducing Methane Emissions Via Waste-To-Energy
Technologies

lll. Anelia Milbrandt: Opportunities to Reduce Methane Emissions
for Communities

IV. Jason Feldman: Welcome to the Green Era
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¢. Net global CH, emissions

@ MNational Oceanic and Atmospheric
u Administration Search NOAA sites
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Increase in atmospheric methane set another
record during 2021 i i
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Environmental Impacts of Organic Waste Processing

Enteric Fermentation 178
Matural Gas Systems

Landfills
Manure Management

Coal Mining
Fatroleum Systems

Wastewater Treatment

Rice Culthation

Stationary Combustion

Abandoned Oil and Gas Walls
Abandoned Underground Coal Mines
Mabile Combustion

Compasting

Field Burning of Agricultural Residues
Petrochemical Production

Ferroalloy Production

Carbide Production and Consurmplion
Trom and Steel Production & Metallurgical Coke Production
Incineration of Waste

Source: epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks

>230 MMT CO,e/yr
. greenhouse gas (GHG) emissions
(CH,4, NO,, CO,)

 Landfills are the 3" largest source of CH,
CHla 29 2 Portan of Al emissions nationwide, (114 MMT CO,e/yr)
* Between 2020 and 2060, the number of

a5 available landfills will have decreased by 69%
< 0.5 * Organic waste landfill bans have been
<03 implemented in >7 states, many
.5 iy .
vos =C|:|:. communities have also implemented targets
2 CH
<os a0 or zero waste goals
05 W HFCs, PFCs, SFs and NFs
i 20 af a0 0 120 L=0 160 130

MMT Chz Eg,

CH4 = methane | CO2 = carbon dioxide | HFC = hydrofluorocarbon | MMT = million
metric ton | NF3 = nitrogen trifluoride | NOX = nitrogen oxides | N20 = nitrous oxide |
PFC = perfluorochemical | SF6 = sulphur hexafluoride
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Sources of Organic Waste in the United States

\>

N

N
P 0
Food Waste Sewage Animal Fats, Oils &
Sludge Manure Greases
Discarded food from Solids remaining Organic material from Animal byproducts and
residential, after wastewater concentrated animal grease from food-handling
commercial, processing feeding operations (e.g., operations (e.g., used
institutional, and dairy, swine) cooking oil, animal fats,
industrial sources trap grease)
91 Ib/per person (pp)/yr 90 Ib/pp/yr 240 Ib/pp/yr 37 Ib/pp/yr

(all numbers in dry Ibs)
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Distribution of Organic Waste
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Source: Milbrandt, A., Seiple, T., Heimiller, D., Skaggs, R., Coleman, A. "Wet waste-to-energy resources in the United States”. Resources, Conservation and Recycling. Volume 137, October 2018, Pages 32-47.
Source: Seiple, T. et al. “Municipal wastewater sludge as a sustainable bioresource in the United States”. Journal of Environmental Management. Volume 197, July 2017, Pages 673-680.
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How does methane form?

veas ) Methane

Organic Waste ®

o e%e%
Anaerobic digestion is the process by — ®
which organic material decomposes Acids
into smaller molecules, and m*ﬂ:f
eventually, methane. H

y e, ) Methane

]

Naturally occurring microbes, known
as methanogens convert organic
matter and carbon dioxide into
methane. ORGANIC o ® *

~ MATERIAL
Anaerobic digestion is a natural “
N
‘KJ

CHs

AhAs
Leng-chain
e FAs

Acidogenesis

process! It happens in landfills, in
mines, farms, sewers...

and even inside cows!!!

AA = amino acids | CH = carbohydrates | FA = fatty acids | H2 = hydrogen |
VFA = volatile fatty acid
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How can we prevent methane? What is BETO doing about it?

1. Diverting organic waste from landfills ol
':-; W | o .
— Helping communities evaluate options S S e e v\
11 e =i | | o f 50 r £ NY i
other than landfilling e e TR P
. . I. i ur [ '_"| NE_ ll'. ] e I.mu m.i,.._r_‘ar:l;ﬂ__:
— Funding feasibility development for P ® e Yy W
communities e e 'l.“-_-i R -«_;f?-'i’f-ﬁiif
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NREL and BETO technical assistance recipients in 2021

O#loe of Energy Efficloncy & Rorewabibe Erangy

Department of Energy Announces $34.5

Million for Improved Bioenergy Resource
Recovery and Conversion Systems

NEW FUNDING OPPORTUNITY HELPS UNDERSERVED COMMUNITIES TURN WASTE INTOA RESOURCE FOR A
CLEAN AND EQUITABLE ENERGY ECONOMY
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How can we prevent methane? What is BETO doing about it?!

Mo Utilization
21%

Biogas Utilization at US WWTs

2. Improving affordability of Source: Shen et al. 2015

engineered digester systems

— Next generation anaerobic digester
technology for small-scale
SySte m S / C O m m u n |t| eS gggrlé goig?aksm(/)fsﬁ;rg f; g_g National Renewable Energy Laboratory

— Improving the economics of gas (@s:.:mmu YINREL ms,,gﬂmas

Natural Gas #=%

upgrading and Utilization MAINE L&g'_wmpn}_[org lilty
Lawrence Livermore
& Electrochaea — National Laboratory
Stanford
University
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How can we prevent methane? What is BETO doing about it?

Research
F HNDATION

a/ \?f?/ Water
www.awerf.org

» leidos

metrovancouver “ \‘ I I

B Massachusetts
l Institute of
Technology

ICRIVERSIDE

VEA Biofuels
Refinery

Anaerobic
Digestion

3. Develop technologies that prevent
formation of methane altogether _-_

Acidogenesis

H A

C2-C8 Volatile Fatty Acids (VFA)

TINREL werideneray @ ENERGY

REMENABLES Alder Fuels
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U.S. Department of Energy’s Strategy on Organic Waste

e Significant congressional interest in solving these
problems over the years:
— Renewable Natural Gas
— Community Digesters/Solutions
— International Collaborations
— Innovative use of Biosolids

« BETO has developed a multi-pronged strategy to:
1) Manage these economic, environmental, and social
liabilities
2) Convert these liabilities into revenue streams

3) Support community development and ownership of
these projects

BETO’s Activities on Organic Waste (2019-2022):

5 Funding Opportunity Announcement Topics

~$50M in funding:

« >$22M on liquid fuels from waste

 >$12M on products/chemicals from waste

 >$16M on Renewable Natural Gas or small scale
digester systems

In addition:

« ~$1M/yr on techno-economic and life cycle analyses

« ~$1.5M/yr on experimental R&D

‘Waste-to-Enengy fram
Municipal Solid Wasbes

T

f

Biotuels and Bicproducts from Wet and Gaseous
‘Wasie Strcams: Challongos and Opportumities
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National Oceanic and Atmospheric

vﬂ Administration Search NOAA sites

U.S. Department of Commerce

Home / News & Features

Increase in atmospheric methane set another
record during 2021

Carbon dioxide levels also record a big jump

11 77
Control of many methane sources technically possible today
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Please Reach Out!

Beau Hoffman (Waste-to-Energy)
Technology Manager, Conversion R&D
U.S. Department of Energy

Bioenergy Technologies Office
Beau.Hoffman@ee.doe.gov
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Landfills: CH, emissions and mitigation approaches

/ Fugitive CH, J \

Landfills

Displacing grid
electricity

Degradable
Organic Carbon (DOC) 1

Sequestration

K ------------------------- Flaring /
Anaerobic
Bllel=Nile]g

Organic waste streams: . Renewable Displaci
Hydrolysis & ) I Placing

Food waste, paper, wood, | > Waste-to-Energy Fuels fossil fuels

yard trimming

Gasification &
pyrolysis
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Food Waste: Current management practices
and mitigation approaches

. J Existing programs in
Gas collection for cities/towns to mitigate CH,
SNergy recovery emissions from food waste
| Landfill —- Fugitive CH, disposal:
! emissions _
Business-As-Usual L 12% E'are biogas
Management Practices ~ +----- ,| Confrolled nergy recovery
combustion - Digestate for soil amendment
. Food waste vs Mixed MSW * Curbside source-separated
(’;‘gggirg:igr Landfilling food waste leads to 1.1 to g;g:grﬁ;ocsi:fgtlon’ followed
co-digestion t2h1 tl:nesf_nllghfhr CH, emlssmnts f O Austin, TX saw 17.5% GHG
.an andtifiing the same amount o emission reduction from 2013
Sewage mixed MSW (Wang et al. 2021). to 2018
treatment O Seattle, WA observed 25%
GHG emission reduction from
2008 to 2018
Composting

Anaerobic
Digestion

—— Renewable Displacing
| .
Waste-to-Energy (RSl Fuels fossil fuels

MENT OF rgonne I’taﬂon‘a\ If_aéboratc;ygs a " GOSifiCO Tio n &
oot s : Argonne & |75
y UChicago Argonne, LLC. pyro|y5|s NATIONAL LABORATORY | 1946-2021




Animal Manure: Current management practices
and mitigation approaches

Animal
manure

Dairy cow manure

BAU

Anaerobic lagoon,
liquid/slurry, solid storage
Daily spread.

Deep pit
Anaerobic lagoon,
liquid/slurry, etc.

Dry lot, etc.

Anaerobic
Digestion
Hydrolysis &
Waste-to-Energy

Gasification &
pyrolysis

Controllable CH, emissions
from:

Anaerobic lagoon, solid
storage, liquid/slurry
storage, and dry lot.

Hard-to-collect CH, emissions
from:

Deep pit;

Open application to land.

Renewable

—>
Fuels

Existing programs in
cities/towns to mitigate
CH, emissions

Flare biogas

Energy and nutrient

recovery

On-farm digestors expanded

to accept food waste (e.g.,

Mifflintown, PA)

Q increase biogas vyield

O renewable electricity for
onsite use

Q sell excess to the grid

Displacing
fossil fuels
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Diverting Waste Streams from BAU Management to WTE

. _-%
Organlc Food qui-e LOﬂdﬂ”, eTC. ————————————————————
Waste

Dry lot, Liquid/slurry,

. anaerobic lagoon,
Animal manure solid storage
\ /

. _

Gasification & )ﬂ

pyrolysis

- Renewable ,  Displacing
Waste-to-E Ar)oerc?blc »> > fossil fuels
aste-to-Energy digestion Fuels
Hydrolysis &
Fermentation
Waste Waste reduction

E—

e —

| » Management for landfills
L Nutrient Co-product
recovery credits

Seq. CO,: Avoided CO, emissions from sequestered carbon; AD: Anaerobic digestion;

ational Laboratory is a
D ent of Energy laboratory A
icago Argonne, LLC. rgon ne

NATIONAL LABORATORY
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Potentials of WTE to Reduce Methane Emissions

CH, Emissions, kg CH,/ton waste

60

50

40

30

20

10

OBAU

« WTE technologies such as AD and HTL
are effective in cutting methane
emissions from BAU waste
management practices.

» Wide variation in BAU CH, emissions
among waste streams:
o CH, generation rates;
o CH, collection/capture rates.

82%
77%

li | 75% ;
— | |

US average MSW landfills Food Waste (AD) Dairy Cow Manure (AD)
(AD)

oOWTE

91%

L4

-

Swine Manure (AD)

97%

v
1

Swine Manure (HTL)

Argonne &
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WASTE-To-Energy Generates Renewable Energy
That Decarbonizes the Energy Sector

2.0

Q
§ ODirect GHG emissions OCarbon sequestration O Displacement credits E Total GHG emissions
c
2 15
)
AN
)
&)
5 1.0
)
c
i)
3 0.5
£
w
)
T
Q)

(=T e Ny u

-1.0
-1.5
BAU WTE (AD, WTE (AD, BAU WTE (AD, WTE (AD, BAU WTE (AD, BAU WTE (HTL, WTE (AD,
Electricity) CNG) Electricity) CNG) Electricity) RD) Electricity)
US average MSW Food Waste Dairy Cow Manure Swine Manure
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Waste-to-Energy Technologies Present Tremendous
Opportunities to Promote Circular Economy and Significantly
Reduce Methane Emissions from Organic Waste

COLLECTION &
WASTE DISTRIBUTION

This is methane’s moment,

This is action time for

SORTING& communities,
RECYCLING

CIRCULAR
ECONOMY

Waste
Management

End-User

Waste-to-Energy

Technologies can play a BIG

< & role.

A

Fossil Energy
Products

WASTE-To-Energy

f"ﬁé U.S. DEPARTMENT OF _ Argonne National Laboratory is a
7| U.S. Department of Energy laboratory A 7 5
(ZJENERGY >\5iit, iy rgonne

NATIONAL LABORATORY 1946-2021




Thank You!

Hao Cai, hcai@anl.gov

www.anl.gov Argonne s

NATIONAL LABORATORY



Anelia Milbrandt

Senior Research Analyst

National Renewable Energy
Laboratory
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Organic Waste Research

Food Waste
Resource
Assessment

* Resource assessment (quantity, geographic
distribution, current use, etc.)

* Economic analysis of organic waste (prices,
supply curves)

- . ‘i*»-r '-..‘ - : -?0200?200
* Techno-economic analysis (e.g., key cost - 2 T — g
drivers, technical challenges, targets for a —p

process)

* Cost-benefit analysis (e.g., food waste disposal
and utilization pathways)

* Market and policy analyses (existing and
potential markets, available credits, regulations
for disposal and handling, etc.)

* Socio-economic evaluation (e.g., jobs,
economic development)

Y Existing Biogas
Plants

= MWastewater Treaiment Plants

- fills
[ 5]
&  Livesiock Operatians el N R E L
Sy 20

L | 30



Work with Communities

* Waste-to-Energy Technical Assistance (WTE TA) launched during
FY 2021

* The goal of the WTE TA is to mobilize data and information
compiled about organic waste streams and:

— Provide this data to local decision makers

— Deploy the analyses that have been developed for a variety of
energy/resource recovery strategies

— Foster local public-private partnerships
* 17 communities participated in FY 2021

* FY 2022 applications received during March 2022

NREL | 31



Drivers of Change in Communities

* Challenges associated with:
— Landfills closing soon
— Land constraints

— Energy/environmental
justice issues

e Communities motivated by
sustainability objectives

Landfills in the United States

Total Waste Capacity in Million Metric Tons

) <15
Closure Date

@ 15-<58
Q@ Closed as of 2018
@ 58-<150
@ Closed by 2050 )
150 - <450
. b @ Closed after 2050
. =450 €>

i iNREL

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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Relevant Goals and Plans

e Divert a substantial amount of waste
from landfills (e.g., 50%, 75%)

* /ero waste
* Circular Economy Program
 Climate Action Plan

Source: Federal Ministry for the Environment, Nature Conservation, Building and

o S u Sta i n a bi I ity P | a n Nuclear Safety (BMUB), Germany; ooyoo/gettyimages.

reducing the amount of waste going into landfills or using the waste in

beneficial ways provide the benefit of GHG emissions reduction.
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Communities’ Actions

* Legislature (e.g., organic waste bans)
e Automatically include organics

collection service as part of the waste

collection program
* Pay-As-You-Throw Program
e Zero Waste Event Rebate

* Technology implementation (e.g.,
anaerobic digestion, composting,
landfill gas capture, etc.)

STATES AND MUNICIPALITIES THAT HAVE ORGANIC WASTE
BANS & WASTE RECYCLING LAWS

GiRE. .
‘ A '\QQ
L e

T
'-m'\ -

{COMPOST | COMPOST K RECYCLING RECICLAJE  LANDFILL == BASURA |
MIGST ITEMS r Mgsmlcuin"s_ ! SOMEITEMS | ALGUNOS ARTICULES FEW ITEMS POCOS ARTICULOS {

Picture taken by Anelia Milbrandt, Denver Zoo NREL | 34



How We Have Helped Cost-Beneft Anayis f Food Wast
CO mmun it i es ? Disposal and Utilization Pathways

Small facility size
$80

$60

S40

* Anaerobic digestion (AD) of organic waste

e — m -
captures methane and allows for its use in a : ®
beneficial way i
* The Global Methane Assessment published by .
the UN Environment Programme and Climate e
and Clean Air Coalition in May 2021 notes AD - Large facility size

S60

2 520 ° l
* We help communities understand the costs o -
and benefits associated with various AD -
pathways (flare’ eIeCtriCity’ CHPI CNG’ and 0 Pathway 1 Pathway 2 Pathway 3 Pathway 4 Pathway 5
pipeline injection) to make informed decisions. " Copital costs B Operating costs

WTE revenue B Product revenue
B Credit revenue (RINs, RECs) Tipping fee
@ Net present value

as “one of the key technologies that can deliver
methane reductions at low cost”

W
£
=]

Costs and benefits (5/t)
L

(=2} 4

= =S

NREL |
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