Modeling a Biofuel Supply Chain
Between Urban Centers

9TH METRANS

International Urban Freight Conference
May 25-27, 2022 | Hyatt Regency Long Beach

Presenter:
Seckin OZkUI, PhD, P.E. UNIVERSITY of
Assistant Professor of Instruction & SOUTH FLOR'D A
Founding Director :

Muma College of Business
Supply Chain Innovation Lab Monica Wooden Center for Supply

Chain Management & Sustainability



Supply Chain Management - Overview
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Logistics Optimization Modeling Objectives

 Develop a bottoms up analysis for the
Carinata supply chain in order to
produce jet fuel, diesel, naphtha

« Use FTOT to optimize logistics costs
and determine optimal routes and

modes between supply chain facilities
such as:

 Handlers PP

* Crushers Courtesy of SPARC

* Bio refineries i/) UNIVERSITY of

» End user (airports, etc.) SOUTH FLORIDA

Muma College of Business

Monica Wooden Center for Supply
Chain Management & Sustainability
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Logistics Optimization Modeling FTOT Overview

« FTOT was developed by USDOT Volpe National
Transportation Systems Center in 2015
(previous versions exist)

« Draws data from Fuel Production Assessment
Tool (FPAT) which has contributions from several
universities and organizations

* Its purpose is to evaluate various costs _
associated with fulfilling demands for alternative

fu el S Courtesy of USDOT Volpe Transportation Center

« Current and future scenarios can be modeled to
identify patterns, needs, opportunities, and UNIVERSITY of
impacts associated with alternative fuels V SOUTH FLORIDA

Muma College of Business
* Produce an “optimal” supply chain network Monica Wooden Center for Supply

Chain Management & Sustainability

Supply Chain Innovation Lab



Logistics Optimization Modeling Methodology

Step 1: Set Origins and

Ultimate Destinations

Step 2: Locate Potential

Processing Points
(e.g., biorefineries)

“En-route” from origins
to destinations

= Minimum amount of Step 3: Identify Best
material needed Routes for Each

= Existing facilities Origin-Destination Pair

= Transport cost

* Transloading cost

*  Weightings / Step 4: Optimize
preferences Movements

& cOUTHFLORIDA

(incl. weightings)

_ * Select among biorefineries Muma C0||ege of Business
Courtesy of USDOT Volpe Transportation Center * Optimize routing Monica Wooden Center for Supply

Chain Management & Sustainability
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Logistics Optimization Modeling Structure

* Two modules are responsible for generating candidates
and optimizing routes for minimal transportation costs

* These modules constantly hand data back and forth
during analysis
* GIS module handleslocation-based calculations
and generates potential routes and bio refinery
locations
* Optimization module evaluatescandidatesand

determines optimal route with lowest penalties tf Usualﬁz-sllﬁoi:LORmA

and monetary costs Muma College of Business

Monica Wooden Center for Supply
Chain Management & Sustainability
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Logistics Optimization Modeling Structure

Inputs

GlS-related data:
J Transportation network
- Origins and production amount
- Destinations and demand
amount
. Biorefinery locations (optional)

XML-specified data:
e  Transportation cost data
= Biorefinery size constraints
. Road type weightings
= Feedstock transport distance
limit
= Feedstock type
' Process type

AFPAT-supplied data:
. Biorefinery capital cost
2 Biorefinery product slate and
conversion efficiency

GIS

Identify all potential
lowest “cost” travel
routes between origins
and final destinations

Scenario

Development

COIN-OR/PulLP

Generate optimal flow
pattern among origins
and ultimate
destinations based on
production, demand,
and travel cost

GIS

Identify candidate
biorefinery locations
based on selected
routes, flow threshold,
maximum feedstock
travel distance

Interim Data Generated
Biorefi v didate | ions
All lowest cost routes between origins and final
destinations
Optimizer-selected lowest cost routes between origins
and final destinations
Unmet demand penalty estimate

v

GIS

Identify all potential
lowest “cost” travel
routes between origins
and biorefineries and
between biorefineries
and final destinations

¥

COIN-OR/PulLP

Select biorefineries and
routes

Optimize material flow
among routes and
| biorefineries

GIS

Tally link level results

Create GIS layers for
output

Generate reports

Scenario

Optimization

Outputs: Final Reporting and Results

Lowest cost routes between origins and candidate
biorefineries and between candidate biorefineries and
destinations

Selected biarefinery locations

Optimized feedstock and fuel routing and flow by link
and mode

Costs, mileage, emissions, flow of each commodity
over each node and linkin network

Unused origins and unmet demand

Summary spreadsheet reports

Summary maps

Courtesy of USDOT Volpe Transportation Center

Supply Chain Innovation Lab




Logistics Optimization Modeling Inputs/Data

* Input GIS network layers for all
available modes

» Road (Truck)

* Rall

» Water (Seaborne and Barge)
» Pipeline

@ [ntermodal Facility
— Water
— Rail
Road

Courtesy of USDOT Volpe Transportation Center

Supply Chain Innovation Lab



Logistics Optimization Modeling Scenario Development

Supply Chain Element Datainput file Input Output
Origins: rmp.csv N/A Grease
Origins: rmp.csv N/A Carinata_oilseed_bulk
First processing point: proc.csv Carinata_oilseed_bulk Carinata_oil_crude

. . Grease .
Second processing point: proc.csv . . Jet, diesel, naphtha

Carinata_oil _crude

Final destinations Type 1: dest.csv Jet fuel, diesel, naphta N/A

fiaan Freight Conference

9/° SOUTH FLORIDA

Muma College of Business

Monica Wooden Center for Supply
Chain Management & Sustainability

Supply Chain Innovation Lab



Logistics Optimization Modeling Scenario Development

ARA and CAAFI Developed/Requested Scenarios

Supply Chain Element 1

Origins: Kissimmee, FL Location
Origins: RMP Handler Locations
First processing point: Express Grain, MS
Second processing point: Sunshine (Tampa)

Jet- MCO; Diesel - Los Angeles

Final destinations Type 1:
ve CA; Naphtha - Des Moines, lowa

2
Kissimmee, FL Location
RMP Handler Locations

Express Grain, MS

Sunshine (Tampa)

Jet- TPA; Diesel - Los Angeles CA;
Naphtha - Des Moines, lowa

3 4
Houston, TX Kissimmee, FL Location
RMP Handler Locations RMP Handler Locations
Express Grain, MS Express Grain, MS
Pascagoula, MS Valdosta,GA

Jet - Airbus at Mobile, AL
Downtown Airport; Diesel - Los | Jet-SAV; Diesel - Los Angeles
Angeles CA; Naphtha - Des CA; Naphtha -Des Moines, lowa
Moines, lowa

NS
Urban Freight Conference
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Logistics Optimization Modeling Scenario Development

Agrisoma Developed/Requested Scenarios

Final destinations Type 1:

Jet- TPA; Diesel - Los Angeles CA;
Naphtha -Des Moines, lowa

Jet- LAX; Diesel - Los Angeles;
Naphtha - Los Angeles

Supply Chain Element 5 6 7 8
Origins: Kissimmee, FL Location N/A N/A Kissimmee, FL Location
Origins: RMP Handler Locations RMP Handler Locations RMP Handler Locations RMP Handler Locations
First processing point: Express Grain, MS Express Grain, MS ADM RedWing, MN Express Grain, MS
] ] . REG Refinery Andeavor Refinery REG Refinery
Second processing point: ARA Facility; Tampa FL . o ;
Geismar, LA Dickinson, ND Geismar, LA

Jet - SFO; Diesel - Vancouver;
Naphtha - Seattle

Jet-1AH and /DFW;
Diesel -Vancouver;
Naphtha - Vancouver

9TH METRANS
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Logistics Optimization Modeling — Optimal Supply Chain Solution

Facility name

Facilty_type

RMPCLHORNHOUSTON

12w _materia] prodocer

RMPPRTWLLHOUSTON

EMPAUSTIN

RMPELLTROUTLUFKIN

RMPLAFAYETTE

EEEE] |

HANDCRGLLMONTGO

carmata ol seed buk

Facility name [Facility type|  Commodity
BREF CHVRNMS Biorefinery  carinata_od crode
BREF.CHVENMS Biorefmery mease
BREF-CHVRNMS Biorefinery jet
BREFCHVRNMS Bierefmery naphtha
PROCCRGLLMONTGO Crusher  carinata_od_seed_bulk
PROCCRGLLMONTGO| Crusher canmata _v:_i_ crude

Facility name Facility type | Commodity
DESTLAX ultimate destmation  Jet
DEST.CHEVCA ultimate destmation  Diesel

DESTSWGAETH  uimate_destination  Naptha
\DESTTATELYLE  utimate_destnation  Naphtha
DESTADM

timate destination  Naphtha

W |/

UNIVERSITY of
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Muma College of Business
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Logistics Optimization Modeling — Optimal Supply Chain Network

DEST-ADM

DEST-CHEWVCA

DEST-TATELYLE
O

DEST-LAX

HAND:CRGLLMONTGO
O

RMP ELLTROUTLUFKIM
BREF:CHVRMNM S

RMRELAFAYETTE
RMP . PRTWLLHOUSTOMN

RMP - AUSTIMN
@

Il sl Optimsl Ultimsts Destination (4)

3 Finaioptimal Frooessor (2)

[ FinalOptimsl Raw Maerisl Froducer (8)
Final Optimal Routes with Commodity_F low > 0
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Logistics Optimization Modeling —Volumes (Gal.) on Optimal Network

Final Optimal F low Volume Rail

Supply Chain Innovation Lab



Summary of Scenarios — Optimized Total Cost & CO2 Emissions

SPARC Scenario # Total CO, Emissions (Kg) Total Dollar Cost (USD)

Scenario (1) 24,363,761 35,120,617
Scenario (2) 21,585,050 29,573,722
Scenario (3) 19,958,689 28,137,663
Scenario (4) 34,201,716 44,701,612
Scenario (5) 23,827,896 28,326,489
Scenario (6) 14,047,265 18,737,736
*Carinata only

Scenario (7) 23,037,417 31,905,705
Scenario (8) 29,008,157 43,593,692
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Tableau Integration with FTOT

#* Tableau - tableau_dashboard - Tableau license expires in 14 days - -} x

File  Data  Worksheet Dashboard Story  Analysis  Format  Server  Window Help
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4 Tableau - tableau_dashboard - Tableau license expires in 14 days

File Data Worksheet Dashboard
Story Layout

New story point
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