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NLGC Introductory Webinar

Welcomel
Loqistics

®NLGC

National Laboratory
Gasification Consortium

« Arecording of the Webinar and the presentation slides will be available

within 24 hours at the USEA website

« Feel free to submit comments or feedback through the Chat feature
« We may not have time to answer questions today, but will review your feedback

Agenda:

Introduction and NLGC Background
Online Participant Polling

NLGC Organization

Reviews of Technical Tasks

Summary

Intfroduction to the Industry Data Survey
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USEA and Speaker Intfroductions

Dr. Nathan T. Weiland
Senior Fellow — Energy
Conversion Engineering
National Energy
Technology Laboratory

Dr. Jordan L. Klinger
Senior Research
Engineer

Idaho National
Laboratory

Dr. Edward J. Wolfrum
Principal Researcher and
Group Manager
National Renewable
Energy Laboratory

Dr. James E. Parks Il
Section Head, Energy
and Industrial Processes
Section

Oak Ridge National
Laboratory

®NLGC

National Laboratory
Gasification Consortium

Michael Talmadge
Senior Research
Engineer

National Renewable
Energy Laboratory

Dr. Mehrdad Shahnam
Team Supervisor,
Computational
Multiphase Flow Science
Team, National Energy
Technology Laboratory
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NLGC Snapshot D NLGC

Nt ILb 1y

Boilerplate Information

DOE: Office of Fossil Energy

Program: Advanced Energy Systems
 Division Director: Bob Schrecengost

Subprogram: Gasification
* Program Manager: Jai-Woh Kim
* NETL Technology Manager: Jonathan Lekse

NLGC Lead: Nate Weiland (NETL)

NLGC Co-Principal Investigators: Jordan Klinger (INL), Jim Parks (ORNL),
Mehrdad Shahnam (NETL), Mike Talmadge (NREL), Ed Wolfrum (NREL)

Federal Project Manager: Mike Bergen (NETL)
Period of Performance: 4/1/2025 - 3/31/2029 (4 years)
Year 1 Budget: $5.38M
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NLGC Background & NLGC

National Laboratory

Gasification Consortium

« Gasification converts carbonaceous solid feedstocks into syngas to enable the low-cost
production of hydrogen, transportation fuels, chemicals, electricity, and other products

« FECM’s Gasification Program has funded individual gasification R&D Field Work Proposals
(FWPs) from INL, NETL, NREL, and ORNL, which were combined into a consortium in FY25

« NETL's RIC asked to lead the consortium due to our role as a Government-Owned, Government
Operated lab and intimate knowledge of FECM's needs

 Benefits

« Coordinated Gasification R&D that optimally utilizes the strengths of each participating national
laboratory

* Improved communication and coordination of national laboratories' activities in Gasification
« Achievement of broader program goals than any one lab can attain alone

« The NLGC is advancing prior BETO-funded work and relationships begun under:
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https://www.energy.gov/sites/default/files/2025-03/FECM%E2%80%99s%20Gasification%20Systems%20Program%20Fact%20Sheet.pdf
https://energy.gov/fcic
https://www.chemcatbio.org/home
https://www.energy.gov/eere/bioenergy/consortium-computational-physics-and-chemistry

The NLGC Builds on Gasification Experience at NLs NLGC

National Laboratory

"Bi I Iion Ton " y Gasification Consortium
Resource Study MEFiX
—u Computational
2 Bl Ton Report: Fluid Dynamic
= Gasifier
Modeling

Biomass Feedstock
National User Facility
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NLGC Timeline & NLGC

National Laboratory
Gasification Consortium

Individual Lab Delivered Final NLGC
work in : Work Plans to Infroductory
FECM Webinar

Gassification
Before 2024

© eNRey Consorfium NLGC Kickoff e —
gy Planning * Meeting with ~InoducTorwepinar

i Kickoff
{<::/!!%A£§ AAgiEﬁ?Kg Ihllb(E; FECM

April 29, 2025
June 5, 2024

August 21, 2025

Feb. 1, 2025
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https://energy.gov/fcic
https://www.energy.gov/eere/bioenergy/consortium-computational-physics-and-chemistry

Online Poll for Participants & NLGC

National Laboratory
Gasification Consortium

Please reply on behalf of your organization or business unit

Anonymous Menti poll to provide real-time results on parficipants’:
« Organization

« Feedstock interests

« Reactor types and reactants of inferest

« Scales of operation

« Co-gasification challenges

How to participate-

« Click QR code on your phone (next slide)

* Clicklink in the chat

« GO to menti.com — enter the code (next slide)
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Crosscutting Gasification Challenges

& NLGC

Based on recent Workshops and Requests For Information

« Analysis tools to assess waste resource availability, cost, and
environmental impact, to enable economically viable
gasification projects to be optimally sited

« Technical and economic tradeoff assessments between
feedstock preprocessing, gasifier selection, and syngas cleanup

« Cost-effective in-situ feedstock variability measurements
to enable gasifier operational optimization

 Waste feedstock resource variability assessments to
inform gasification plant designs and operability

« Specific preprocessing requirements for biomass,
plastics, and Municipal Solid Waste (MSW) to mitigate

National Laboratory
Gasification Consortium

SO

GTlI ENERGY

Gasification Workshop

GASIFICATION
WORKSHOP
SUMMARY

January 2024
Gasification Technolegy Status

Gasification Technology Status and

Pathways for Net-Zero Carbon Economy

Report from XLeap Workshop Collaboration Site

and Pathways for Net-zero
Carbon Economy

April 24, 2024

sssssssssssssss

ENERGY

Workshop

impacts from the high amounts of alkali metals, tar,

November 30, 2022

TECHNOLOGY
LABORATORY

chlorine/halogens, and unusual contaminants

« Gasification reaction kinetics R&D for alternative
feedstocks to enable computational tools for gasifier
plant design, scaleup, and digital twinning

M Lawrence Livermore
National Laboratory

Carbon-Negative Hydrogen Workshop
Co-Hosts: NREL, LLNL, NETL

Venue: NREL'’s South Table Mountain Campus, Golden, CO

June 22 - 23, 2023

e
TECHNOLOGY ."l\ Idaho National Laboratory
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https://docs.nrel.gov/docs/fy25osti/88938.pdf
https://netl.doe.gov/sites/default/files/2025-08/2024%20DOE%20FECM_NETL%20Gasification%20Workshop%20Summary%20jb.pdf
https://docs.nrel.gov/docs/fy25osti/88938.pdf
https://netl.doe.gov/sites/default/files/2025-08/2024 DOE FECM_NETL Gasification Workshop Summary jb.pdf

NLGC Goals & Objectives % NLGC

National Laboratory
Gasification Consortium

Goal: To enable economic utilization of a broader spectrum of alternative

and blended feedstocks to ensure fuel resiliency in gasification systems

Objectives:

« Engage industry to collaboratively tackle gasification feedstock
challenges by leveraging the national labs’ premier capabilities

« Expand the gasification feedstock base to include waste resources and
mixtures of these with coal and biomass to produce syngas for energy,
chemicals, fuels, and/or hydrogen

* Provide datq, information and tools to expand alternative and blended
feedstock utilization in the gasification industry
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NLGC Overview ® NLGC

National Laboratory
Gasification Consortium

Gasifier
Onsite @ Tower
Codl Feedstock Water/Air/
Storqge Oxygen Chemic0|s

@) o~

Municipal Solid
Waste (MSW) .

% Liquid
Fuels
@ Hydrogen

S0l Feedstock
Quality Sensing -

Feedstock -’.:-:-" +* Solid
Preprocessing " Byproducts

Biomass
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NLGC Organization % NLGC

National Laboratory
Gasification Consortium

Task Lead

Task Structure and Leads

Task 1: FWP Coordination the,\\?’;'ﬂqnd

Mike Talmadge

Task 2: Supply-Chain Modeling and Analysis

NREL
Task 3: Upstream Feedstock Quality and Jordan Klinger*
Preprocessing INL
Task 4: Feedstock Variability, Sensing & Control Ji%‘;f\'{i‘s*
Task 5: Pyrolysis and Gasification Kinetics Mehrdad Shahnam
Database and ML Tool NETL
*Lab Lead Ed Wolfrum®* - NREL
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NLGC Overview ® NLGC

National Laboratory
Gasification Consortium

Task Level Scope

Task 3: Upstream Task 4: Feedstock Task 5: Pyrolysis and
Feedstock Quality Variability, Sensing  Gasification Kinetics

and Preprocessing & Control Database and ML Tool
Feedstock
Quality Sensin
_' 4 y 9 Power
Coal Rail Entrained-Flow &
Gasification
Chemicals
sl ' (X B
' ) Liquid Fuels
. Feedstock ) o Syngas Cleaning
Municipal Preprocessing Onsite Fluidized Bed and Conditioning
Solid Waste Feedstock Gasification
Storage
Hydrogen
Biomass Truck Gl CO;

Gasification

Task 2: Supply-Chain Modeling and Analysis
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NLGC Management ® NLGC

National Laboratory
Gasification Consortium

Organizational chart

FECM Gasification
Program

Other DOE Offices

Jai-Woh Kim, FECM
Jonathan Lekse, NETL BETO, HFTO, efc.

1. FWP Coordination Stakeholder Group

Nate Weiland, NETL Jim Parks, ORNL

5. Pyrolysis &

3. Upstream 4. Feedstock
Feedstock Quality & Variability Sensing &
Preprocessing Control

Gasification Kinetics
Database & Machine
| earnina Tool

Mike Talmadge, NREL Jordan Klinger, INL Jim Parks, ORNL Mehrdad Shahnam, NETL

2. Supply Chain
Modeling & Analysis

TECHNOLOG, ~, Idaho National Laboratory National Laboratory

U.S. DEPARTMENT | Office of Fossil Energy ?ﬁé‘%’i‘tgm %O AK RIDGE %%
»

¢ of ENERGY | and Carbon Management



Federal Work Plan (FWP) Coordination & NLGC

National Laboratory
Gasification Consortium

Goals, Objectives, and Activities
Goal: Coordinate national lab R&D to meet the FECM Gasification Program’s goals.

Objectives: Develop impactful joint R&D scope, facilitate communications with FECM and
gasification stakeholders, and manage gasification data for internal and external use.

Lead: Nate Weiland (NETL), Technical Task Leads (All Labs)

« Consortium Coordination and Reporting (NETL)
A Annual Reports

« Stakeholder Management and Communications (ORNL)
A NLGC Infroductory Webinar — August 215, 2025
A Presentation at Spring Project Review Meetings
A Fall virtual meetings

« Data Management (NETL)

A Data needs assessments &
coordination

A Data Management Plan

/A EDX data repository for
public use

Year 1 Year 2 Year 3 Year 4

% U.S. DEPARTMENT | Office of Fossil Energy ENERGY B : OAK RIDGE
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NLGC Coordination ® NLGC

Stakeholder Interactions Gasification Consortium
* Plans for bi-annual public meetings

* In-person NLGC Stakeholder Workshop to present on our
progress and obtain feedback from industry

» To be held during the FECM / NETL Carbon Management
Research Project Review Meeting, Pittsburgh, PA, June 2026

« Virtual NLGC Webinar/Workshop ~ January 2026

Data Management

« EDXrepository for data:

« A secure, private EDX site will be developed for use in sharing
data within the consortium

» Asecure, public EDX site and NLGC website will be developed
by June 2026

« Bioenergy Feedstock Library:

* As new feedstock blends are developed and analyzed = -
under Task 3 of the consortium, INL's Bioenergy Feedstock Library Bioenergy Feedstock Librar

will be updated with this information T

Biomass Feedstock National User Facility
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NLGC Overview ® NLGC

National Laboratory
Gasification Consortium

Task Level Scope

Feedstock
Quality Sensin
_' ; Y g Power

Coal Rail Entrained-Flow &
Gasification chormical
emicals
1
<03 Il
. Liquid Fuels
. Feedstock ) o Syngas Cleaning
Municipal Preprocessing Onsite Fluidized Bed and Conditioning
Solid Waste Feedstock Gasification
Storage

Hydrogen

Biomass Truck Fixed Bed CO;
Gasification

Task 2: Supply-Chain Modeling and Analysis
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Supply-Chain Modeling and Analysis & NLGC

National Laboratory
Gasification Consortium

Goals:

- Evaluate cost and emissions minimization for H, produced from waste resources.
« |ldentify promising locations for technology deployment.

« Publish useful tools to support indusiry development.

Hotspots for Hydrogen Production via Gasification of Biomass

Integrated Feedstock, Infrastructure, and Market Favorability

Scope:

* Integrate resource assessments, feedstock sorting and pre-
processing models, gasification process models, TEA,
geospatial facility siting analysis, and process design.

o Comprehensive resource data set for MSW, herbaceous, coadl

o Optimized advanced sorting and preprocessing strategies
o Process models for gasification technologies and syngas cleanup

o Market considerations for feedstocks and products

o Analysis framework to assess waste-to-syngas supply chain

April 5, 2024

o Publish tools for GIS-based facility siting and process design

U.S. DEPARTMENT | Offjce of Fossil Energy ?ﬁé%%’:;m '—i“l\ o Natonal Labora %OAK RIDGE ¥7%
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Supply-Chain Modeling and Analysis Team ® NLGC

National Laboratory
Gasification Consortium

* Indicates sub-task lead

Mike Talmadge Eric Lewis Bob Wallace Tammy Lin Gary Grim Anelia Milbrandt
NREL* NETL* NETL* INL* NREL* NREL

Abhijit Dutta Dale Keairns Shannon McNaul Rachel Emerson  Bob Stevens Gavin Pickenpaugh Gui Zheng
NREL NETL NETL INL NETL NETL NREL

U.S. DEPARTMENT | Offjce of Fossil Energy ENERGY V|8 . OAKRIDGE 73 *
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Supply-Chain Modeling and Analysis Overview & NLGC

National Laboratory

Gasification Consortium

Feedstocks, Markets, & Facility Siting: Feedstock Sorting & Preprocessing: Gasification Process Modeling:
GIS-based analysis for feedstock Feedstock preprocessing analysis Process modeling and analysis
sourcing, market opportunities, and with considerations for the frade-offs  based on NETL and NREL models
facility siting between preprocessing cost and for different feedstock-gasifier
emissions vs. downstream benefits technology combinations
" ! \—— — :
; | Collection Pre- I I | Gasification Syngas : I  Syngas to I
—b» and Tipping —>» Sorting ——> . —+—>| Transport (> . > Cleanup/ —|—|—) Downstream |

: Fees Processing : : Technologies Conditioning : : Processing :

| o o o o o o e e e e e e o e 1 e e e e e e o e o e a e |

@ == == e e >
Data Coordination: Data gap Resource to End-Use TEA/LCA: Desigh Handbook:
assessments and tracking for supply Develop analysis framework to Develop waste gasifier design
chain modeling basis quantify cost and emissions from handbook for public

waste resource to syngas dissemination

LABORATORY National Laboratory
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Feedstocks, Markets, and Facility Siting & NLGC

National Laboratory
Gasification Consortium

 Infegrate data sets for waste
biomass, coal, and mixed MSW.

* Apply GIS-based analysis for
wastes, infrastructure, markets,
and facility siting.

Biomass and Municipal Solid
Waste Yearly Production

Bl All Biomass Types (di/yr)
Al MSW Types (dt/yr)
High
Biomass Both High

« Connect resource data with
sorting and pre-processing models.

Both High MSW
Low

* Develop and publish tool for
economic analysis and facility Source: USDOE Bilion Ton Study
siting evaluations.

NATIONAL RENEWABLE ENERGY LABORATORY
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Resource Sorting and Preprocessing & NLGC

National Laboratorv

N ope Gasification Consortiuim
Resource Availability Preprocessing Technologies

* Sorting and Separation: Manual hand sorting; Magnetic separator; Eddy current separator; Froth floatation
 Size Reduction: Sieving; Milling; Chipping; Grinding; Cutting

* Moisture Content: Drying; Solvent Based; Filtration; Centrifugation

* Density: Torrefaction, Pelletization

* Contaminants Removal: Washing; Air classification; Dimethyl Ether (DME)

Resource Quality ‘

"""""""""" Configurations for Different Resources Cost and Emissions Estimates from

4- Modeled Configurations
MSwW Ballistic - Amp

{

e
i
'|\|i'i|||

N
e
oL ,__»nu‘ 1 III‘I!:’II!I “

Quality Specifications

:

Mean: $135.32
Std.Dev:$4.57
Min:$126.61

Max: $189.20
' Median: $134.38

|

i

Ash content

Moisture content 1 ) i

Volatile matter

Carbon content
PSD

Count

y

Cost ($/Dry Ton)

U.S. DEPARTMENT | Offjce of Fossil Ener =|ENERQY X . OAK RIDGE
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Gasification Process Modeling

& NLGC

National Laboratory
Gasification Consortium

« Apply process models and TEA/LCA to estimate yields, conversion costs, and

emissions.

 Integrate outputs from pre-processing models as gasifier feedstocks.

* Provide flexible models o assess different gasifiers and syngas quality targets.

 Incorporate data and learnings
from NLGC research tasks.

y Flue Gas

e Air
ﬁ N,

 Provide conversion

basis for supply ended 3] i & >
Preparation

chain analysis

Air
Separation
| 0; Unit (ASU)
(Cryogenic
¢ T Distillation)
Gasification
i Gas Cleanup Conditionin
“ESIII;;?;:]?BZE:V ' ) i (High and Lovf
Solids Cyclone; Filtration and Temperature
Slag Removal ’ Scrubbing, Fuel Shift Reactors)
Gas Combustor)
and Quench)

0

= = o =

Purification

I (Amine System, I%Syngas
)I Sulfur Recovery, I

Pressure Swing

Adsorption, L= ) Co-Products

I_Compression) [

framework.

{

{

Slag

{

¢

{

Waste Water Treatment and Heat, Steam, Power Integration, and Generation

(_ Imported
Electricity
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Integrated Analysis Framework & NLGC

National Laboratory
Gasification Consortium

Develop framework to assess and optimize supply-chain economic and sustainability metrics.

I 1 : ! |
: Collection Pre- : I | Gasification Syngas : : Syngas to :
—b»| and Tipping ——>| Sorting |—> Processin —1—>| Transport _I_)Technolo ies_) Cleanup/ [ 1> Downstream
| Foes CH : 8IS | conditioning| I | Processing |
L --------------- -. I ---------------- 4 L ------------------ ol I ---------- o

Explore supply chain variable impact on cost and emissions through scenario analysis.

« Gasification plant scale vs. feedstock collection radius and fransportation distance.

» Tradeoffs between co-location with resource (e.qg., landfill) vs. syngas consumer (e.q., refinery).

« Scenarios and specific locations that minimize cost and/or emissions.

* Impacts of different feedstock sources and blends on scale, yields, reliability, costs, and emissions.
 Limitations and opportunities based on different gasifier technologies.
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Economic and Facillity Siting Assessment Tool & NLGC

National Laboratory
Gasification Consortium

« Combine data and models for
resources, feedstock sorting
and preprocessing,
transportation, conversion
fechnologies, and product s o DO
utilization. AR e

Hotspots for Hydrogen Production via Gasification of Biomass

« Publish analysis and siting tool
based on user inputs.

 Promote commercialization by
enabling screening analysis

ere e - Landfills Near-Term H2 Deman
R Current and Potential C
capabilities to stakeholders S | i SR
° =i Hydrogen Pipelines Llcwef ooooo 3 5‘% N R E L
V2] Mear-Term Feedstock . &-Q
over 100,000 tons High AT BN NGRS SRR
April 5, 2024
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Design Handbook & NLGC

National Laboratory
Gasification Consortium

. Incc.)r.porq’re learnings o.f ol’remo’n\{e feedstock EUlbEL N AN e
gasification supply chain systems into the NETL FOR THE DESIGN OF MODULAR

Gasification Systems Handbook GASIFICATION

e Select sections from the current handbook SYSTEMS
that may be updated include:

o Scope definition
o Guidelines for the design of a Gasification Module

o Guidelines for the design of a Feedstock Handling
and Pretreatment Module

o Guidelines for the Design of a Syngas Cleanup
and/or Conversion Module

.S. DEPARTMENT | Office of Fossil Energy N=|[EKEReY - N . OAK RIDGE
f ENERGY | and Carbon Management EE\%S'.{ETLS.%Y %ldoho e %N"ﬁm"l Lo


https://www.netl.doe.gov/sites/default/files/2022-07/Gasification%20Handbook.pdf

Data Coordination and Industry Engagement & NLGC

National Laboratory
Gasification Consortium

« Data Coordination tracks major gaps in data and models for analysis.

« High priority aspects of data needs for industry input:
o MSW resource scenarios

= Source-separated materials to clean MRF

= Mixed MSW to dirty MRF)
Feedstock formats (chipped, pelletized, pulverized)
Gasifier technologies (fluidized bed, entrained flow)
Limits for mixing feedstock types (biomass, coal, MSW-derived materials)
Characteristics and capabilities of public-facing tool
Scenarios for analysis

= Co-location with existing infrastructure

o O O O O

=  Opftimizations between scale and transport
o Impact of feed contaminants on syngas clean-up steps and reliability concerns

“2.% U.S. DEPARTMENT | Office of Fossil Energy N=|Eray™ T . OAKRIDGE %
f ENERGY | and Carbon Management TLJRSERRISR MDldaho he Lo %Naﬁonal Laboitt L"':NWRE L
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NLGC Overview ® NLGC

National Laboratory
Gasification Consortium

Task Level Scope

Task 3: Upstream
Feedstock Quality
and Preprocessing

Feedstock
Quality Sensing Power
Codl Entrained-Flow &
Gasification chemical
emicals
1
(XX- i
. Liquid Fuels
- Feedstock : o Syngas Cleaning
Municipal Preprocessing Onsite Fluidized Bed and Conditioning
Solid Waste Feedstock Gasification
Storage

Hydrogen

Biomass Truck Fixed Bed CO;
Gasification

Task 2: Supply-Chain Modeling and Analysis
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Upstream Feedstock Quality and ® NLGC

National Laboratory

P re p roces Si N g Gasification Gonsortium

Godl

« Convert coal and waste resources (MSW, biomass) into conversion-ready
feedstocks and quantify the economic & energy impacts of preprocessing

Objectives

 |dentify optimal preprocessing pathways 1o Overational
convert coal and waste materials (MSW, biomass) Heating Value Effectiveness
into conversion-ready feedstocks

 Produce validation data such as mass and energy LA\ Variability

balances for preprocessing pathways for
predictive tools to estimate cost tradeoffs

- Establish relationships between preprocessing TAYAVE & SNNSN
intensity and feedstock quality VAVAViViV v v

Inorganics

N
\
,,,,,,,,,,

Particle Size

® QOperating Envelope & Format

.S. DEPARTMENT ==|NATIONAL —~e -
f ENERGY e S E%E‘éﬁﬁ&ocv ‘..l : Idaho National Laboratory %gﬁﬁlgiggg 'N" 2 N R E L

and Carbon Management LABORATORY

BLE ENERGY LABORATORY



Task 3 Team WNLGC

National Laboratory
Gasification Consortium

Rachel Emerson, Nepu Sahaq, Vicki Thompson, Becca Brown, INL
INL

Zophia Tillman, Charles Finney, Ben Chorpening, Dan Hartzler, NETL Neal Yancey,
NREL ORNL NETL INL

U.S. DEPARTMENT | Offjce of Fossil Energy ENERGY V|8 . OAKRIDGE 73 *
of ENERGY | and Carbon Management TL )RS \I}“-l;bld°h° Nafonal Laborclory %Naﬁonal Laboratory M=% NWR E L

LE ENERGY LABORATORY



Upstream Feedstock Quality and ® NLGC

P re p rocess i N g Gasification Gonsortium

Activities Across the National Laboratories Preprocessing

« Collect and Characterize Feedstock

)
Rail
« Archive Metadata, Analysis, and Physical Samples >
- Preprocessing, Separations, ond Formatfing * 5l
1 e d k .
° F t
Deconfaminate Feedstock Municipal | pregrocessing Onsite
Solid Waste Feedstock
| o a D " @ '<>'°"'¢>i
mprove Preprocessing Diagnostics D ek

R —|NATIONAL - OAK
NNL NE[Eehee  TEINREL  *¥ripce

MNATIONAL RENEWABLE ENERGY LABORATORY —————
LABORATORY National Laboratory
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Upstream Feedstock Quality and & NLGC

National Laboratory
Gasification Consortium

Preprocessing

Biomass Feedstock National User Facility (BFNUF)

A national asset to de-risk the scale up of the
bioeconomy, tfransforming diverse biogenic
carbon sources and wastes into feedstocks for
specific conversion processes.

Understand the fundamentals of
material preprocessing, which will
ultimately mobilize feedstocks for
clean fuels, chemicals and products

Only facility in the world with the wide range of

mechanical preprocessing capabilities to r—rq.
manage the diversity of raw biomass and waste 8

resSources.

Capabilities range from gram/kilogram per
hour scale to the ton per hour scale

Reconfigurable testbed for public and
private sectors

Godl

NATIONAL
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Upstream Feedstock Quality and & NLGC
Pre proc essi N g Sasioation Gomsortium

Advanced Manufacturing impact Milling Bale Processor _’ Densification

- Spark Plasma Conditioning Mixer, Rock/Magnet & 1 Ton/hr Pellet Mill

Sintering Unit £ _ Ti ut of pict
& Chemical il it

. Preprocessor | | L B ﬁl Real-Time
.h mh : g | ! Control
1. E K -_ - | " Metering Bin

— 1 Knife Mill
o _, u'..' = -.‘;;; : | e = ; {out of picture) =

= "ll' I_' F

1T AL

Am ced Comminution
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~~0
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Representative Preprocessing Pathways ® NLGC

Gasification Consortium
Southern Yellow Pine, Coal, MSW Formulated Feedstock Blends Mixture Components

Inifial

Initial
Shredding

Shredding Classification

D) D D)
Coarse - Coarse
Shredding g Shredding
) ) D) D
Fine 0 Single Pellet Fine
Shredding HULEIRE Mixing Shredding
D D
Pellet Mill Pellet Press

National Laboratory

NATIONAL Ri
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Processing Diagnostics & NI-GC

Gasification Consortium
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Integrated Preprocessing-Conversion Example & NLGC

National Laboratory
Gasification Consortium

Coupled TEA with Preprocessing and Conversion Models

« Establish relationships between preprocessing intensity and
feedstock quality < ,fl:ll:

« Changing feedstock quality led to variable conversion
performance, reflected through Techno-economic Assessment

Fractionation of low-performance and contaminant This led to improved performance and cost savings for
species improved product yields and quality CFP, especially where there was coproduct valuation
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NLGC Overview

Task Level Scope

Task 3: Upstream
Feedstock Quality
and Preprocessing

Coal
Municipal Feedstock
Preprocessin
Solid Waste P 9

'O'O‘-'Oi

Biomass Truck

U.S. DEPARTMENT | Office of Fossil Energy

of ENERGY | and Carbon Management

Task 4: Feedstock
Variability, Sensing
& Control

Feedstock
Quality Sensing

Entrained-Flow

Gasification
1
Onsite Fluidized Bed
Feedstock Gasification
Storage

o

Fixed Bed
Gasification

== |[NATIONAL
ENERGY
T TECHNOLOGY
LABORATORY

.“'_ Idaho National Laboratory

A /

XP X

Syngas Cleaning
and Conditioning

%OAK RIDGE

National Laboratory

®NLGC

National Laboratory
Gasification Consortium

Power

a

Chemicals

|

Liquid Fuels

o

Hydrogen

CO2

i:NREL
([ { )l
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Feedstock Variabllity, Sensing, & Control & NLGC

National Laboratory
Gasification Consortium

Godl

« Implement a cost-effective combination of sensing
technologies to provide detailed characterization of
feedstock entering the gasifier

Objectives
« Leverage existing knowledge from MSW sortation

- Engage reactor operators and control experts; define
feedstock material attributes and confrol approaches
including potential benefits of feedstock standards

« Evaluate existing and emerging sensing modalities for inlet
characterization

* Publish open database and analysis methods; access
accuracy and robustness of methods

 Demonstrate real-time system at the pilot scale

% U.S. DEPARTMENT | Office of Fossil Energy N=|Eray™ T . OAKRIDGE %
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Feedstock Variability, Sensing, & Control & NLGC

National Laboratory
Gasification Consortium

Team

Jim Parks Charles Finney Rachel Emerson Bob Kinoshita
ORNL ORNL INL INL INL

Ed Wolfrum Zophia Tillman Ben Chorpening Dan Hartzler Bob Wallace
NREL NREL NETL NETL NETL

U.S. DEPARTMENT | Offjce of Fossil Energy N= (B Y™ ST . OAKRIDGE 73
of ENERGY | and Carbon Management Ifx%'é%gﬁ" \E}“-l:)'d"m NafonolLoboralry %National Laboratory L"l:N R E L

ENEWABLE ENERGY LABORATORY




Feedstock Variability, Sensing, & Control & NLGC

National Laboratory
Gasification Consortium

Pre-Processing &
Meta Data Data Analysis Feed-Forward Information

& Correlation for Gasifier Control

Multiple Sensors Classification of Blends

LIB/XRF

Moisture Content

Chemical Composition
Ash Content & Chemistry

Mass & Energy Density
Particle & Pore Size & Shape

Pre-Processed

Feedstock To Gasifier

4 Cross-Cutting Activities

Industry Database Control Strategy Pilot-Scale
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Building on NL Capabilities & Experience & NLGC

National Laboratory
Gasification Consortium

Experience base includes previous Fossil Energy projects

.
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Non-Imaging Near-Infrared (NIR) Spectroscopy & NLGC

National Laboratory

Open-Source Workflows Ensure Reproducible Research Gastfieation Gonsortium
o i ot e T T, 3, Multivariate analysis of NIR data can be used to distinguish
N different feedstock types (plastic waste, paper waste,
1. o biomass) and can quantify bulk moisture content
%Vﬁ A ’ Spectra PCA Scores Plot
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Neutron Techniques Provide Detfailed Characterization * NLGC

National Laboratory

" Small Angle Neutron Scattering (SANS) In-Situ Neutron Imaging with asification Consortium
* SANS porosity measurements Thermogravimetric Analyzer (TGA)
dukglr]rg p?r.yrﬁlyms show @ | . In-situ imaging show substantial carbon loss
>URS Qnga |nc5rOeO<?)sCe nsmad during TGA analysis; good correlation with
POres above conventional mass loss dato

Size fractions vs Pyrolysis Temperature
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Creating Open-Source Al-Ready Database & NLGC

National Laboratory
Gasification Consortium

Public sharing of database & analysis algorithms for feed forward information

« An extensive database will be curated 1o enable Al
and other advanced analysis algorithms

’(“’(‘-’(‘- « Various analysis algorithms will be assessed for

w accuracy and robustness for industrial application
— —

Artificial Intelligence (Al)

Database: Feedstock Sensing Data + Meta Data
VB =) 4 : : Feed-
TL EE%ggé%ggY = EVAN. _’l Machine Learning (ML) I_V Forward

Energy Data eXchange e Information

- | h - I for Gasifier
q}"‘b Biomass Feedstock National User Facility ' Chemometrics Control

-0—" =

J —>| Principal Component Analysis |—>

k Idaho National Laboratory i S

Industry Input
Requested
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NLGC Overview

Task Level Scope

Coal

Municipal
Solid Waste

Biomass

S. DEPARTMENT

ENERGY

'
0z0 0z0

Rail

Feedstock
Preprocessing

'O'O‘-'Oi

Truck

Office of Fossil Energy

Task 4: Feedstock
Variability, Sensing

& Control

Feedstock
Quality Sensing

Onsite
Feedstock
Storage

Task 5: Pyrolysis and
Gasification Kinetics

Database and ML Tool

e

Entrained-Flow
Gasification

Fluidized Bed
Gasification

&)

Fixed Bed
Gasification

N= NATIONAL

== |[ENERGY

T TECHNOLOGY
LABORATORY

A /

XP X

Syngas Cleaning
and Conditioning

'“'_ Idaho Netional Laboratory %OAK RIDGE

National Laboratory

®NLGC

National Laboratory
Gasification Consortium

Power

a
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|
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o

Hydrogen

CO2

and Carbon Management
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Kinetics Database and Machine Learning Tool Q NLGC

National Labor ioy
Gasification Con

Godl

« To develop a repository of validated reaction kinetics and product
distributions for diverse feedstocks undergoing pyrolysis and gasification.
The repository will include the capability o generate kinetics and product
distributions for cases where experimental data is currently unavailable.

Objectives

« To develop KinetiXHub, an interactive platform featuring a data repository
and machine learning-based tools for validated kinetic models. This
platform will provide reaction rates and product distributions for mixed
feedstocks, including biomass, waste plastics, and coal.
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Kinetics Database and Machine Learning Tool & NLGC

National Laboratory
Gasification Consortium

Activities Across the National Laboratories
« Literature Survey

« Intrinsic Reaction Kinetics & Product Co-gasification modeling
Distribution of Pure and Blended Feedstock ,
N=|ranona « Apparent Reaction Kinetics & Product %
TLJSERRSR Distribution Model Development
« Kinetic Model Validation in CFD e e
« Kinetic Database Development e

Gasification

Syngas
b
RIDGE .
Natonal Labosstory Fluidized Bed
. Gasificati
« Particle-Scale Model to Account for Heat & D
*INREL Mass Transfer Effects
TELALEEE e Single Particle Reactor and NREL Research
- Gasifier Validation Experiments Fixed Bed

*"-b Gasification
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Kinetics Database and Machine Learning Tool (NETL) & NLGC

National Laboratory
Gasification Consortium

Develop and validate kinetic models and product distribution for blended
feedstock of coal, biomass and waste plastic

Project Team
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Kinetics Database and Machine Learning Tool (NETL) & NLGC

National Laboratory
Gasification Consortium

Literature Survey

a) Polyethylene
45 @) Polyethy

 [nitial literature review focuses on plastic
pyrolysis kineftics, for polyethylene (PE) and
polypropylene (PP)

Number of References

- Variafions in reported kinetfics data arise L | T
from differences in feedstock property o )
(proximate and ultimate analysis),
chemical compositions, particle size,
experimental setup, test procedure
(sample mass, heating rate), and modeling
approach

50 100 150 200 250 300 350
Activation Energy [k] mol~1]
Literature-reported activation energy variation of
polyethylene and polypropylene pyrolysis.
Mastalski et al. (2023).
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Kinetics Database and Machine Learning Tool (NETL) & NLGC

National Laboratory

Develop and validate kinetic models and product distribution for blended Sestiestion Gonsertam
feedstock of coal, biomass and waste plastic

« Develop intrinsic reaction kinetics and product distribution for pyrolysis &
gasification of plastic (PE, PP, PS, PET), biomass, and coal at multiple
heating rates, up to 20 bars

> TGA experiments have been conducted for PP with far composition determined by
grouping hydrocarbons (alkane with C,, to Cy)

TGA-DSC

Quantitative results of standard compounds in PP Tars from TGA Pyrolysis
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Kinetics Database and Machine Learning Tool (NETL) & NLGC

National Laboratory
Gasification Consortium

Computational Method to Predict Equilibrium Secondary Tar Cracking Product Distribution

Atomistic Qucm’rum 1 I E
mechanics =\ +11
molecular .. = .
s + statistical ]
dynamics : .
/Monte mechorycs o T,)'
+ machine i
Carlo )
learning 0.1E -
Gibbs free S
energy

minimization 0.01¢ =
(MInG) . :
constrained & —X]
by mass a ]

conservation
0.001 |

] L ]
0 15 20
Molar/mass P (bar)

product
distribution

LABORATORY National Laboratory
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Kinetics Database and Machine Learning Tool (NETL)

& NLGC

Kinetic Database Development

« Develop asearchable web portal kinetic
repository (KinetiXHub), where kinetic data can be

browsed, and downloaded

reaTenH

produc hasReactant

arrh_001

hasFreduct asArrheniusCoefficient

r .V\\I
validatesMechaniim rdf—type e

reaction_mechanism.owl#ChemicalR

O <=>CO0O + 3H2
hasReactant

hasPro\duct

product1

exp_001 CH4 +

reactant2

U.S. DEPARTMENT | Office of Fossil Energy

National Laboratory
Gasification Consortium

> A simplified knowledge graph for a simple
reaction were constructed for proof-of-concept

demonstration
Methane Steam Reforming reaction
“CH,+H,O & CO + 3H,
A mock TGA data (exp_001)
A mock Arrhenius rate constant (arrh_001)
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Kinetics Database and Machine Learning Tool (NETL) & NLGC

Kinetic Database Development

« Develop a ML framework for estimating the
reaction rate and product distribution of @
feedstock not available in the repository

« Develop an ML surrogate model for detailed
reaction schemes with many tens of reactions
and species

Mass (kg)

National Laboratory
Gasification Consortium
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Kinetics Database and Machine Learning Tool (INL) & NLGC

National Laboratory
Gasification Consortium

Feedstock Acquisition

Project Team

« Interfacing with Upstream Feedstock Quality and
Preprocessing

» Crifical feedstock aftributes are tracked across
preprocessing steps, analyzed, and archived

» Critical feedstock attributes likely impact reaction
kinetic and conversion pathway for a feedstock

% Size distribution :
< Density (skeletal and envelope) Jordan Klinger Saha Nepu
% Effective porosity, sphericity and shape factor

% Proximate and ultimate analysis

< Chemical composition (cellulose, hemicellulose, lignin,
tannin, extractives, ash, moisture content, heteroatom)

% Ash speciation

% Thermal conductivity, heat capacity, mechanical
properties

“ Energy content

% U.S. DEPARTMENT | Office of Fossil Energy N= [Ny T - OAK RIDGE
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Kinetics Database and Machine Learning Tool (ORNL) & NLGC

National Laboratory
Gasification Consortium

Evolution of Particle Morphological and Textural Properties
Project Team

Femi Oyedeji  Stephen Purdy
 Develop models to quantitatively describe how
the pelletized feedstocks undergo physical and
stfructural changes during pyrolysis and
Simultaneous Neutron

gasification processes
radiography/TGA of beech wood

* Leveraging advanced micro-TGA analysis lvis
« Characterizing solid residue and product distribution YTl

» Tracking changes in size, density, and porosity
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Kinetics Database and Machine Learning Tool (NREL) & NLGC

National Laboratory
Gasification Consortium

Develop a Particle Scale Model to Account for Heat & Mass Transfer Effects

Project Team

1.06+00
5.46-05 [

[ 08
4e-5

[ 0.06+00

1.0e+00

C16H34

Peter CleS|eIsk| Megcm Croley % 08

: 0o 3
Particle scale simulations of pine and S
LDPE pellets at 770 C, accounting e
for pe”eT Shnnkoge Ond mOTChlﬂg Pine pellet at 770°C LDPE pelletat 770°C
experimental conditions of from the - Time: 0.100000

Single Particle Pyrolizer (SPR)

% U.S. DEPARTMENT ] platleh =3
fENERGY Office of Fossil Energy TECHNOLOGY [, ldaho National Laboratory %gﬁﬁ}&{gﬁg’ 'N{ : N R E L @

LABORATORY

and Carbon Management



Kinetics Database and Machine Learning Tool (NREL) & NLGC

National Laboratory

Single Particle Reactor (SPR) and NREL Research Gasifier (NRG) Validation Sosfication Consortur

Project Team

Reinhard Seiser Dan Dupuis

Clark Yarbrough Kellene Orton  Cheyenne Paeper EIIo Slogel

* 2% U.S. DEPARTMENT | Offjce of Fossil Ener N=[EErey ARL \ OAKRIDGE #7%
f ENERGY = TECHNOLOGY %National Laboratory & "l' NQB{GER%

LABORATORY

and Carbon Management



Kinetics Database and Machine Learning Tool (NREL) & NLGC

National Laboratory

Single Particle Reactor (SPR) and NREL Research Gasifier (NRG) Validation Sestestion Sonsorium
Single Particle Reactor NREL Research Gasifier
« Records Mass loss and temperature (free stream and « Externally heated fluidized bed gasifier
internal particle) « Continuous feeding with mass balances (typical 600 g/hr)
«  Optical Observation « Ex-situ catalytic reformer
« Gas bags for GC analysis «  Amine scrubber
« Samples: single particles up to %" and 2 grams « Solid Phase Absorption for detailed tar characterization
« Rapid heating « Online NDIR, TCD, and GC
« Process gases: nitrogen, steam, oxygen « Process gases: nitrogen, steam, air

i T z
ESTTEER
» ;f. |
™| g W
/‘r i -
|
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-

U.S. DEPARTMENT | Offjce of Fossil Energy N=|[EKEReY - T . OAK RIDGE
f ENERGY | and Carbon Management Ii%'é%g%" .“l doho NafinolLoborolry %Naﬁonal Laboratory



NLGC Overview ® NLGC

National Laboratory
Gasification Consortium

Task Level Scope

Task 3: Upstream Task 4: Feedstock Task 5: Pyrolysis and
Feedstock Quality Variability, Sensing  Gasification Kinetics

and Preprocessing & Control Database and ML Tool
Feedstock
Quality Sensin
_' 4 y 9 Power
Coal Rail Entrained-Flow &
Gasification
Chemicals
sl ' (X B
' ) Liquid Fuels
. Feedstock ) o Syngas Cleaning
Municipal Preprocessing Onsite Fluidized Bed and Conditioning
Solid Waste Feedstock Gasification
Storage
Hydrogen
Biomass Truck Gl CO;

Gasification

Task 2: Supply-Chain Modeling and Analysis

U.S. DEPARTMENT | Offjce of Fossil Energy N= Ry AR . %OAK RIDGE %% N R E L
J of ENERGY TL|ESHN ey ., ldoho National Laboratory National Laborarory =4 I IS L

LABORATORY L RENEWABL

and Carbon Management



Technical Task Interactions & NLGC

On-line

sensing S\
cost & er
consump

Sensing
reduces

O&M c

Feed

throughput
N

IEN 5

Feedstock

Variability & Control

U.S. DEPARTMENT

National Laboratory
Gasification Consortium

Preprocessing needs and costs
Contaminant limitations & removal
Pre-processing co-product value

Task 3:

‘—Feedﬁoeleqﬂammes—eeﬁs—> Upstream

locations, Cls, & yields Feedstock

Impdc’rs of Bulk feed

feed roperties:

properties omposition,

gasification shape

performan fGctors
’7700,@/3

| P Kinetic model inputs

Feedstock composition and shape factor

Gasification Kinetics
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Summary & NLGC

National Laboratory
Gasification Consortium

« Goal: To enable economic utilization of a broader
spectrum of alternative and blended feedstocks to
ensure fuel resiliency in gasification systems

 The NLGC will provide industry with information and
tools to:

« Assess economic gasifier siting as a function of feedstock
availability, hydrogen markets, and waste stream disposition

« Assess tfechnical and economic fradeoffs in feedstock
preprocessing, gasifier selection, and syngas cleanup needs

« Deploy cost effective real-tfime sensing of feedstock
variability for gasifier control

« Estimate reaction kinetics and product distributions for most
feedstocks and gasification conditions to enable accurate
gasifier design and operability assessment

* Industry stakeholder involvement will ensure relevant
and impactful R&D
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Conclusion and NLGC Industry Survey

Provide your input to the NLGC via our Industry Survey today!

& NLGC

National Laboratory
Gasification Consortium

* Please fill out our initial Industry Survey
« USEA to email survey after the Webinar
+ Also available at the NLGC USEA Website

« Please complete the survey by 9/5/25
» Estimated 10-15 minutes to complete

« Survey responses will be utilized to:
+ Feedstock Prepro‘c‘essing ) »
i G U I d e N |_ G C R & D p rl O rl TI es : Eii&;?;:?:g\fglgﬁutgv:ﬁnzI:gﬁf: B‘a;fasgales!;cf:g: gzls‘lficat‘lon of Mixed Feedstocks

The NLGC welcomes input from industry stakeholders and requests input via this 2025

i P | G n fU TU re i n d U STry e n g G g e m e n -I- eve n TS Industry Survey. The survey responses will be utilized to (1) guide NLGC R&D priorities and

(2) plan future industry engagement events. All survey responses will be anonymous. We will
compile the survey results and provide a summary of key themes and priorities to all seminar

° Ensure 'I'hO'I' We Gre focused On The CriTiCOl needs Of The attendees, but we will not attribute any survey feedback to a specific individual.
g O S I fl C O TI O n C O m m U n I Ty :;:'::sl::;i:::;r all the questions possible. There is a section available for additional

comments at the end of the survey if you would like to provide more specific input. The
NLGC would prefer for you to list your company name, contact name, and email, but these
are optional if you wish to remain anonymous. When complete, please select the “submit”

Than you for your inieresi in ihe NLGC! button at the end of the survey. Thank you for your time and input.

« Following the Webinar, the USEA website will be updated to -

include presentation slides and a recording of the webinar oo ot |

« Responses to questions from the chat (time permitting) ot s |
« Opportunity to ask questions at the end of the Industry Survey

National Laboratory Gasification Consortium
2025 Industry Survey

The NLGC, led by the National Energy Technology Laboratory (NETL) and including
researchers from NETL, Idaho National Laboratory (INL), the National Renewable Energy
Laboratory (NREL), and Oak Ridge National Laboratory (ORNL), was created to address the
key challenges associated with gasification of alternative and blended feedstocks (coal,
municipal solid waste, residual biomass) to produce syngas for chemicals, fuels, or hydrogen.
The NLGC advances prior work by the Feedstock Conversion Interface Consortium (FCIC)
and other programs funded by DOE's Bioenergy Technologies Office and Office of Fossil
Energy. The overall goal of the NLGC is to enable economic utilization of a broader spectrum
of alternative and blended feedstocks to ensure fuel resiliency in gasification systems. The
NLGC work scope includes four key areas:

« Feedstock Supply-Chain Modeling & Analysis

U.S. DEPARTMENT | Offjce of Fossil Ener N=[ERay ™ N . OAK RIDGE
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https://app.smartsheet.com/b/form/9ec9af67e1e84b64b7344160b5b24724
https://usea.org/event/introductory-webinar-national-laboratory-gasification-consortium

NLGC

National Laboratory
Gasification Consortium

Thank You

CONTACT:

Nate Weiland, NETL Jim Parks II, ORNL
nathan.weiland@netl.doe.gov NLGC@ornl.gov

412-386-4649 %
N/ >
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