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Project Benefit Overview GTI ENERGY

« Convert NMSW to jet fuel instead of landfill

—Today all Material Recovery Facility (MRF) Municipal
residue (NMSW) goes to landfill Solid

Waste

 NMSW is contaminated and heterogenous e ———

 NMSW constituents and properties are not
well characterized oo ot
Waste Key Innovations

 NMSW has handling, decontaminationand |l . ,=======-----------o-o-o-o-- \
injection challenges project will solve Fractionation,

Decontamination
and Injection

—This project will create a new path for NMSW

to produce jet fuel, capture secondary value Non-convertible
streams, and minimize land fill R material with

R T T

————————————————————————————



Project Team and Overview

1. Decontamination (N@aNORANCH - NR)

« Artificial Intelligence (Al) sorting algorithm development
for removal of constituents harmful to gasification

2. Preprocessing (\m'i“l: Idaho National Laboratory — INL)

* Preparation, sizing and blending to meet feed,
injection and conversion specification

=
3. Injection (Gas Technology Institute — GT| Cﬁ\\/)
GTlI ENERGY

and PR'ME ENGINEERING ) solutions that transform

* Dry Solid Pump (DSP) key to reducing variation in
injected feedstock and reducing conversion costs
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Key support activity

NMSW sample (Waste
Management — WM) m
Physical and chemical

characterization of NMSW (Georgia
Institute of Technology — GIT)

Gr Georgia Tech.

Numerical modeling (GIT) and
predictive algorithms (INL)

Cost assessment of
decontamination, pre-processing,
feed, injection and gasification (GTI)
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Project Goals GTI ENERGY

« BETO goal: <$3.00 gasoline gallon equivalent (GGE)
—Funding Opportunity Announcement (FOA) topic metrics
« >95% feedstock purity
» >50% reduction in feedstock variability
« >80% decontamination efficiency
« <$30/ton cost added to $86/ton delivered cost
—Team specific goals

« Demonstrate NMSW injection into 150 psi (pressure for target gasification process)
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1 — Project Approach GTI ENERGY

 Obtain actual NMSW batches from a commercial recycling facility
—Provided by team member Waste Management

» Analyze the NMSW, determine constituents, evaluate variability

* |dentify best methods of separation and processing

— Fractionate into major material components using a combination of air-classification/air-
column, density table, forage separator to generate pure (or enriched) fractions for
Quality-by-Design testing

— Constituent fractions will be preprocessed through size reduction or formatting
techniques to meet conversion and handling requirements
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Project Approach (continued) CTI ENERGY

 Develop Al based method to remove contaminants that are detrimental gasification (e.q.,
chlorine)

—Screen with non-destructive sensing techniques to identify differential characteristics for
the development of automated decontamination (removal) methods

 The final decontamination and pre-processing methods will inform technoeconomic
analysis (TEA) and life cycle analysis (LCA) of commercial scale plant for added cost and
$GGE
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Project Approach (concluded) GTI ENERGY

» Characterize NMSW and its constituents
—Chemical analysis to determine suitability for gasification
—Physical property measurement

 Develop advanced constitutive laws to numerically represent the feed handling and
consolidation characteristics of NMSW

* Numerically model the physical behavior of NMSW

—To assess materials handling equipment such as active mass flow hoppers and the final
fuel injection system

« Adapt feed and solids injection system to demonstrate NMSW injection for gasification

—Test using continuous-feed Dry Solids Pump



Key Challenges and Risk Mitigation Strategy
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Conse- | Like-
Risk quence | lihood Mitigation

Quantify properties early and quantify impact on
The feedstock cannot be processed performance and cost. Use results for go/no go
to achieve physical and chemical decision point. Evaluate additional processing, such
properties necessary for successful as tempering, added moisture, multi-stage material
pump or gasifier operability 5 3 size reduction. WBS 2.3.1,2.4.1

Increase preprocessing intensity, add secondary
Inefficient separations reduce ability recovery line. Transition to different size reduction
to meet targets for purity or method and switch to a more distributed feed to
decontamination efficiency 3 2 improve efficiency. WBS 2.3.2,2.4.2
Excessive material rejected from
feed reduces ability to meet $86/ton
cost target or decontamination Consider co-production of fuel pellet or generation
efficiency 3 2 of steam to still utilize the materials. WBS 2.3.2

Evaluate current XRF, IR and vision sensors to
Sensor limitations reduce ability to distinguish spectral material properties. If
meet targets for decontamination unsuccessful, utilize destructive methods (LIBS for
efficiency, cost or feedstock example) to obtain direct chemical information
variability 4 2 about the feed. WBS 2.6.0

1) Characterize material and process to achieve feed

specs, 2) Design with margin to achieve >200 psi, 3)
The solids pump is unable to show a Parametric component/pump configuration test
path to achieve goal of 150 psi approach to achieve optimal performance. WBS
Injection pressure, resulting in 2.5.1, 11.1 (Hopper); 2.4.1, 2.5.2, 11.2 (Scraper);
reduced system performance B 2 2.5.2,2.5.3, 11.2 (Moving wall)

OO0 XT—=rrMX=r

LwMOZMCOMLZOO

RISK

LEGEND

. HIGH —Unacceptable. Msjor disruption
licely. Different approach required. Priority
management sttention required

RISK MATRIX

[[] MeDIUM —Some disruption. Different 5
approach may be required. Additional |.
management sttention may be needed. |
. LOW — Minimum impact. Minimum overs ight K 4
needed to ensure risk remains low.
E
. - e L
What is the likelihood the situation 1 3
or circumstance will happen? H
Level | Your team's current process ... (o)
5 cannot prevent this event, no akernate o 2
approaches or processes are available D
4 cannct prevent this event, but a different
approach o process might 1
3 may prevent this event, but additional
actions will be required. 1 2 3 4 5
2 .. & usually sufficient to prevent this type of CONSEQUENCES
event
1 .. & sufficient to prevent this event t
Given the event occurs, what is the magnitude of the impact to your team? ...
Level 1 2 3 4 5
Technical *| Minimal or No Some reduction in | Significant reduction Major reduction in Unacceptable reduction
Impact performance or in performance or performance or no in performance or
margins ; s ame margins but remaining margins; margins; no akernatives
spproach retasined | workarounds available | unacceptable but sre avsilable
workarounds available
Schedule Minimal or No Additional Minor slip in key team | Major slip inkeyteam |Can't achieve key team
C u Impact resources milestones; not able miles ones or oritical or msjor program
required; able to to meet need dates path impx d mik
meet need dates
Cost Minimal or No Team budget Team budget Team budget Team budgetincrease
Impact increases or unit increases or unit cost increases or unit cost | or unit cost increase
cost increase <5% | incease 5-7% increase >7-10% >10%

* Technical includes everything that is not cost and schedule; eg.. design, management, production, s sfety, etc.




Metrics and Go/No-Go

* 15 Key Performance Parameter (KPP)
metrics used to track incremental

progress to meet project goals tied to

specific tasks

—FOA Required Metrics

—Pump Specific Metrics

— Physical and Numerical Modeling

— Gasifier Specific Feedstock Metrics

* Go/No-Go used to evaluate
achievement of the most critical FOA
KPP before proceeding

P
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Baseline Attained value - Intermediate Attained Value - Final Attained Value
FOA Required KPP Metrics
PURITY = Mconverr/MroraL
Afesdstock stream having a >95% purity for gasification (95% of
‘material
properties). This is primarily accomplished through the removal
of substantial inorganic and unconvertable materials in the
NMSW. This includes rocks, soil, etc. and other components that
. o ot meet minimum quality specifications for the gasification
Purlty of Stream process (decontamination). Such materials will be processed WBS 3.1
. through simple rock traps, size exclusion, and screening . .
Relative to the Proposed techniques, as well as materials fractionation. This is performed Unknown prior Receive/analyze/prepare/di WBS 6.0: Al Sorting
© through density-based separations and Al control mechanical ' stribute initial NMSW Algorithm Deviopment; WBS 9.3: Final feedstocks
Baseline picking arms s a last separation. wt % 72 Literature to sampling sample(s) 85.8 GNG#2 Milestone characterization
-1
[ -
V= [ Q] v, ash
Poraxe = Prinr,
>50% reduction in feedstock variability as fed to the reactor (a
consequence of compaction and compounding i the diry-solids
pump). One major challenge in feeding and handling of NMSW
are the non-ideal properties leading to inability to convey material
or handle material uniformly due to the tendency to segregate
during transport leading to dynamic material properties changes
[5]. Upon material flow segregation, this can impart significant
variability of material composition as-fed to the gasifier. With
incorporation of the active hopper and solids pump, the material
is effectively compounded info a uniform feed unit and allowed for No historic value, variability Ratio of incoming and
. . e imization & nsis roperties. In o is will be assessed for outgoing samples, target
Reduction in Va”ablllty e g:‘:: b‘;'“"”’t""'_’ "’"""’1 the, ""”";’j"”""‘_"l’::_"’%‘ incoming stream as well as insensitive to actual WBS 3.3: Implement and
of feedstock for an end ”;‘::u e o”:m”':m"‘:,";l";’:ﬂ': unsg; e Lg’m preprocessed material for magnitudes. Denominator validate predictive tools for
chemical determine by proximate and ult physical, chemical and will be identified once blending fractions into WBS 9.3: Final feedstocks
use analysis. % N/A pump testing 0 NMSW samples obtained | 75.1 stock characterization
WBS 3.3 Implement and
— = validate predictive tools for
Decontamination NpECON = NFPOSITIVENFNEGATIVE blending fractions info
i Has been attained with feedstock; WBS 6.1-6.2: _ WBS 9.1: Validate
EfﬁC|ency OVer . select clean materials using Initial Al Sorting Algorithm 75 WBS 6.2: Al sorting decontamination and final
Proposed Baseline % 80 NIR 50 Development 100 algorithm training. sorting algorithm
Cost = z ng
Added Cost of WES 72 1. Updae
over Delivered Cost Goal of $86/ton, including collection, WBS 3.2: Fractionation and commercial scale WBS 12.2: Final TEA and
Tecl hnolog y handling, preprocessing, and transportation costs sty ton 15 Developed for pine <40 sizing of NMSW fractions | <35 processing cost <30
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2 — Progress and Outcomes GTI ENERGY

* Project has completed all contracted tasks (2 through 6) and achieved all three milestones

to date
'Task Number  Task or Subtask Milestone Milestone Description
Number

2.3.1 Receive/prepare/distribute initial M3.1 Composition of the as-received NMSW
feedstock samples identified

2.4.2 Characterization of individual NMSW  M4.2 Chemistry and permeability of fractions
fractions identified

2.54 Component testing of blended M5.4 Solids pump dimensions for NMSW

feedstocks identified

10
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TEA Development GTI ENERGY

» Technoeconomic Analysis used GTI confidential and proprietary methods and data sets
— Developed block diagram with team input for process flow

—Applied National Energy Technology Laboratory Cost Estimation Methodology and
Quality Guidelines for Energy System Studies (QGESS)

— Estimated total plant cost using Fischer-Tropsch liquids yield

— Conducted sensitivity analysis on key assumption parameters

11
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Fractionation and Decontamination Development CT! ENERGY

 NMSW and fractions
sterilized, analyzed, pre-
processed and distributed

Management Salt Lake City MRF

iesone Descipion

Milestone
3.1

Composition of the as-received NMSW identified. Sample collected,
processed, analyzed and distributed to project partners. Analysis
identified the composition of the as-received NMSW for the entire
project. Verified by analysis report.

Package

Dirt+glass
Hard

Sack

General

Glossy
Unsorted

Textile Brown

Metal

Woody Package

12



log{Kg) Actual

Developed predictive model

— Permeability of blend

accurately predicted based
on constituent fractions

I ! I ' I ! | ' I

-4 -3 -2 -1 0

leg(Kg) Predicted RMSE=0.2674 RSq=0.91
PValue=<.0001

Fractionation and Decontamination (concluded)
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Purity and variability KPPs on track

Goal: 75% toward final metric

PURITY =
Mconverr/MroTAL

Variability Reduction
1-V.R.=
[(DMAXO - CDMINO]

CI)MAXF o CDMINF

-1

® <« OR(p,VM, ash)

Baseline

Intermediate

Final

Baseline

Intermediate

Final

48.5%

61.2% processable, 20.9% avg ash
72% initial literature benchmark

85.8% 83.4%
(achieved) (target)
95%

0

75.1% 37.5%
(achieved) (target)

75.1% avg for VM
72.3% avg for ash

50%

13



NMSW and Feedstock Characterization Testing

10 +

« NMSW and individual fractions were chemically
and mechanically characterized

Wistone | Descriptin

Milestone 4.2  Chemistry and permeability of fractions identified
Fundamental characteristics of initial NMSW and NMSW
fractions measured
Permeability vs consolidation behavior of NMSW fractions is
identified

Proximate Analysis Results
Paper Cardboard Foam Rigid Plastic
Volatiles 81.17 81.95 97.00 92.03
Fixed Carbon 9.23 9.80 0.30 3.33
Moisture 4.13 4.03 0.60 0.36
Ash 5.46 4.22 2.10 4.28

g
-

Gas permeability Kg [Darcy]

0.001 +

0.0001 +

0.00001
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0.01 £

y = 201140074
R? = 0.8553

*

y = 9.2262e0091
R2=0.982

AY = 15756601
R? = 0.8996

y = 11.53170-145
R2=0.9806

A Cardboard
X Rigid Plastic
m Paper

@ Original Stream
% Thin Film
e Foam

y = 6.1882¢0-183

—Expon. (Original Stream) —Expon. (Cardboard)

3

R?=0.9831
——Expon. (Thin Film) —Expon. (Rigid Plastic)
—Expon. (Foam) —Expon. (Paper)
10 20 30 40 50 60 70

pbulk [pcf]
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Solids Pump Component Testing GTI ENERGY

* Solids Pump heritage component rigs adapted for, and tested with, NMSW

—Inlet feed (active wall hopper), tractive force (moving wall)

Track Solids Flow System
Direction ‘ Pressure
Hydraulic Cylinder Track 1
Direction of
. solids
Fixed Frame consolidation | |A
i 5 B
Saddle Plate Tractive M
Force =
Carrier Plate :
x =
Back Side Wall Drive |R
Sprocket Normal c
Linear Bearings Loads
B B | . S 4 (1111111 S S :
Moving Frame -
Drive s
& Internal u
i Rotation o R
Anvil Assembly “Bridges” &
Carrying
Solids Plug Load Load to
(Gas + Friction) Walls

15



Solids Pump Component Testing (concluded)
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 Data and analysis supports KPP metric progress and Milestone 5.4 pump dimensions for NMSW

— Update permeability

target to 0.117 for

Intermediate Attained Value - Final Attained Value

NMSW measurement

— Representative data
set for initial NMSW

Parameter/Performance
Pump Specific KPP Metrics _ _
e <0.117 with
Feedstock permeability in/sec SALTAF wlh it it = 0.0 NMSW
NMSW -
fractions
e | [ >3in/s for |
Pump inlet feed rate in/sec >0.6 with intial al NMSW result = 5.35 NMSW
NMSW -
| fractions i

45
o £ Initial NMSW -
35
-
]
§30 + .
5 25 -
QB’ n
o []
=20 L -
w»n L}
2] 1
E 15 + a"
H
10 § _I'
l..
5 ot
ll-.-
0 t t t
0 10 20 30 40
Time [second]

Hopper test confirms exit and feedstock

size enable feeding at pump speed

oy vs H/W for stationary end walls

1000.0
O density offset added - 2> 20%
900.0 - &> 25% - &> 30%
® lowP e Expon. (density offset added)

800.0

700.0 i
g _.'.

600.0 ;
= o’ ©
2 5000 &
T S 9
2 B
g— 400.0
pot —-——Du.
3000 -)‘ o
é O &r ===
2 200.0
4 - -
j 00 A >
3 1000 0§
L P ety

[=]
o
T

10 15 20 25 30 35
Height/Wall Gap in compressed state at first slip condition

Moving wall test identifies pump height
to achieve consolidation stress

<0.117 with NMSW blends results =
NMWS blends 0.38 to 0.54

>6 in/s for NMSW blends results =
NMSW blends 3.02 to 5.91

Initial NMSW - Permeability

10.000
o..
o (@]
1.000 T
CO 00 .,
2 )
8 &,
Z 0100 R
) O™,
©
]
£ o
(3
£ 0010
0.001
10 10.0 100.0 1000.0 10000.0

Consolidation Stress (psi)

Permeability data identifies pump speed to
prevent reverse gas flow

16
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Al Sorting Algorithm Development GTI ENERGY

* Al process and algorithms are nanoRANCH proprietary and confidential

» Focused on X-ray fluorescence (XRF) based removal of chlorine (present in polyvinyl
chloride — PVQ)

* A variety of classifiers were tested to select the ones that provide the best accuracy for
overfitting and underfitting

* Sorting algorithms were trained using representative data sets
« KPP for decontamination efficiency = False Positive x False Negative

— Achieved 75-100%, exceeding intermediate target of 72.5%

17
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NMSW and Feedstock Numerical Modeling GTI ENERGY

Model parameters determined from physical tests, i.e., dynamic packing, consolidation, and shear testing

* Key parameters

were identified Materials pplkgm’] @[] n[]  hi[kPal ex[] enl]  eol]  a[] BL-]
2mm original stream 350 442  0.620 12.824 1.0806 2.3685 3.0790 0.3 0.1
and measured
Hopper flow model using 20 2mm Rigid Plastic
a hyperplastic model was 80 1 -
validated against the test 70
results § 60 Numerical
— Exp. 1
KPP target of 20% accuracy g 50 Exp. 2
@]
were met for feedstock = 40 Exp. 3
permeability and 8 30 Exp. 4
° ° 2 Exp 5
mass flow prediction 20
Exp. 6
10
0 T T
10 15 20

Time [Second]

18
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3 — Impact GTI ENERGY

* Project will develop and advance technology that can reduce landfill use by enhancing NMSW
value through enabling conversion to liquid fuel with a minimum selling price of $3/GGE

— Reducing landfill will significantly reduce greenhouse gas emissions from transportation and landfill processing and
decomposition gases

— Additionally, groundwater pollution from landfills will be significantly reduced

* Project will characterize NMSW and develop processes for efficient sterilization, and handling
— The ability to prepare NMSW efficiently and effectively is critical for conversion to liquid fuels

— The project is applying a range of novel approaches in order to meet the overall objective

* Project success in NMSW processing and injection into gasifier operating pressures will provide
patentable technologies and commercial opportunities including;

— A process for sterilization of as-received NMSW
— A process for separation, sizing and re-blending for optimizing gasifier feed specification
— A process using Al for removal of contaminants to the conversion process

— Mechanical devices for promoting flow of NMSW and injecting the processed NMSW into gasifier operating pressure

19
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Summary GTlI ENERGY

* The project is characterizing NMSW to determine purity and quality implications with
bench scale testing and component proof-of-concept, targeted to enable GTI Energy U-
Gas® gasification conversion technology and identify conversion specifications

* NMSW characterization and variability analysis will indicate potential feedstock supply
sources and systems able to deliver at-scale quantities of NMSW for conversion

» The project will develop a novel and unique Al sorting algorithm and implement in a
demonstration process system to verify performance for identification and removal of
NMSW contaminants which is required to overcome key handling barriers, enable
conversion chemistries, and minimize fuel cost,

* The project is remediating physical/mechanical properties of NMSW to address material
segregation and flow issues to deliver a homogeneous and pure feedstock for gasification

» The project is developing and testing a novel and unique solids pump for injecting the
processed NMSW into the operating pressure of the GTI Energy U-Gas® gasification
system. This solids pump injection system will allow conversion solutions for a wide range
of materials that currently go to landfill in addition to NMSW

20



Quad Chart Overview

Timeline

« 5/1/2021
«  5/30/2024

FY22
Costed Total Award
DOE $642,310 $2,500,000
Funding
Project  $141,095 $628,383
Cost
Share *

TRL at Project Start: 2
TRL at Project End: 4

PrOJect Goal

Develop neural-network based method to identify NMSW gasification
contaminants

Develop advanced constitutive laws to numerically represent the feed
handling and consolidation characteristics of NMSW

Refine preprocessing and solids injection systems to remediate
chemical and physical contaminant properties

Overcome key handling barriers, enable conversion chemistries, and
allow a minimum fuel selling price of less than $3/GGE.

End of Project Milestone

Demonstrate injection into conversion %V ssure with a range of
fractionated and decontaminated NMSW feedstock that meets the
physical and chemical specification required for conversion:

Funding Mechanism
DE-FOA-0002203

Area of Interest: 2a — Waste to Energy Strategies for the
Bioeconomy

Project Partners*

Waste Management, Idaho National Lab, NanoRanch, Georgia
Institute of Technology, Prime Engineering
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