ANL Vehicle Technologies
Analysis Modeling Program

Michael Wang (PI), Amgad Elgowainy, Aymeric Rousseau,

Yan Zhou, Tom Stephens, and Josh Auld

Argonne National Laboratory "
2016 DOE VTO Annual Merit Review )
June 8, 2016 |
Washington DC b

Project ID: VANO17

This presentation does not contain any proprietary, confidential, or otherwise restricted information




Project Overview

Timeline Barriers

* Indicators and methodology for

* Project start date: 10/01/2015 evaluating environmental sustainability

. : : * Evaluate energy and emission benefits
Project end date: 09/30/2018 of vehicle/fuel systems

* Percent complete: 25% * Overcome inconsistent data,

assumptions, and guidelines

Budget Partners

- Total project funding: $4.5 M (100% | ¢ National labs: ORNL, NREL

DOE
)_ _ _ * Industries: OEMs and energy
 Funding received in FY 2015: none companies via USDRIVE

(new AOP from prior separate _
projects) * Agencies: EIA, EPA, DOT

« Funding for FY 2016: $1.5 M * Other org: UIC, Jacobs
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Relevance

Project Overall Objectives

] Overcome inconsistent data, assumptions, and guidelines by
developing transparent models

" The Autonomie model: Dynamically quantify vehicle energy consumption and cost
impacts of advanced vehicle technologies

" The GREET life-cycle analysis (LCA) model: Holistically address energy and
environmental impacts of vehicle/fuel systems with fuel cycle and vehicle cycle

" The VISION/NEAT and household-level vehicle purchase/use models:
Systematically assess energy and emission effects of vehicle technology
deployment scenarios

] To develop indicators and methodology for environmental
sustainability and evaluate energy and emission benefits of
vehicle/fuel systems, the suite of models includes:

" Energy use, especially related to petroleum reductions of advanced vehicle
technologies and alternative transportation fuels

" Greenhouse gas (GHG) emission impacts of vehicle/fuel systems

= Air pollutant emission impacts (NOx, PM10, SOx, VOC, etc.)

" Water consumption of different transportation fuels
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Relevance

Task objectives

d Task 1: Leverage high-fidelity dynamic vehicle modeling with
Autonomie to quantify energy and cost impacts of a wide range
of technologies (vehicle, powertrain, component, control, cost,
etc.) and vehicle classes (light duty to heavy duty)

d Task 2: LCA of vehicle/fuel systems with GREET covers the
supply chain of a large number of fuel production pathways and
vehicle manufacturing processes to generate LCA energy use,
emission and water consumption results

1 Task 3: Fleet-wide energy and emission assessment of
advanced vehicle/fuel systems with VISION/NEAT by considering
market potentials of vehicle technologies and fuels

1 Task 4: Market dynamics modeling of household-level vehicle
ownership provides improved projections of market shares and
utilization of advanced vehicle technologies
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Relevance

Internal Linkage Among Project’s Tasks and
External Interaction with Other VTO-AP
Analysis Efforts

glnputs from VTO-AP Transportation Data Project

This Project
2. Life- CycIe Analysis

1. Vehicle FueI(CGVI:IEeETArl';"yS'S 3. Fleet 4. Vehicle
Simulations ==» C ) — Impacts == Market

(Autonomie) (VISION/NEAT) Dynamics

Vehicle-Cycle Analysis
(GREET 2)

\

Outputs to VTO Program Benefits Analysis Project
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Schedule/Milestones

Schedule/milestones are determined through:
* Quarterly updates to VTO-AP sponsors

« Semi-annual ANL visits by VTO-AP sponsors

» Regular meetings with key stakeholders via USDRIVE etc.

» Reviewer inputs from VTO Annual Merit Review

» Gather assumptions
¢ Build vehicle models
* Perform simulations

* Annual update

* Auto connection to GREET

* Uncertainty modeling in
VISION

FY16

FY16

» Perform analysis
» Write report
» Share data

FY17

Task 1:

Milestones

» Gather assumptions
 Build vehicle models
e Perform simulations

FY18

VTO Energy and Cost Impact

* Annual update
* Uncertainty modeling in

FY17
NEAT

* LCD in VISION

Task 3:

* Annual update
» Add social costs to LCD

FY18

Fleet Impacts with VISION/NEAT
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Schedule/Milestones (continued)

* Collect and analyze
water consumption
data

* Collect and analyze
vehicle materials/
manufacturing data

* Develop water
FY16 consumption factors
for vehicle/ fuel systems

FY17

Milestones

* Evaluate implications of
system boundary

* Examine regional
differences

FY18

4

Task 2.1: GREET Water Consumption LCA

* Analyze critical LCA

FY16 issues related to vehicle FY17

lightweighting

* Develop PDFs
 Conduct uncertainty (FY18
analysis

4

Task 2.2: Vehicle Cycle Analysis (GREET2)

* Develop regional
analysis capabilities
* Expand HDV and rail

* Incorporate additional
vehicle classes

* Update fuel economy and
vehicle materials

FY16

FY17

* |Include stochastic
simulations FY18
* Develop user tutorials
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Task 2.3: GREET Development in the .net Platform
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Approach of Autonomie Vehicle
Dynamic Modeling

Vehicle Powertrain Component Models

VOLTECELECTRICDRIVE

3 t-ﬂw i e. GM Voltec i.e. Advanced

Transmission (e.g.
DCT)

Component
Benchmarking

Vehicle Energy
& Cost

Standard Procedures
SAE/nternational

HimpACK J711
VEHICLE )
all'hlernmmai nacouusmen L e TS

Large Scale Simulation

Numerous processes, including
vehicle sizing algorithms, distributed
computing, parametric study, SOC
correction... are used to evaluate a
large number of options

i

= )

snlmremar«maf macomnsnoso —

T Sy e

Levelized Cost of Driving

ot g 20208

Approach/Strategy

Vehicle Control

Integrate advanced
control algorithms

.1 such as instantaneous
optimization or route
based control

Validation

Te st

M A

Integrate LCD

calculations to
| I | | evaluate the
technology benefits

using S/mile

aaaaaa
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Approach/Strategy

Approach of GREET Life Cycle Analysis

GREET
Vehicle Cycle

l
GREET Fuel |
Cycle

Emissions Emissions Emissions Emissions

feed | prodess 1 | Process 2 | Process i .| Vehicle

Process fuels Process fuels Process fuels Traveling distance [mi]
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Approach/Strategy

Approach of VISION/NEAT Fleet
Impact Modeling

Vehicles Technology & Fuel Fuel Pathways

. Crude oil to
Major Inputs 4 ICEVs (gasoline, diesel gasoline and diesel

(User defined) -Market share E85, CNG)
- Fuel efficiency Cars 3 HEVs (gasoline, diesel,

R E85) Natural gas
- Travel volume @ 3 PHEVs (2 gasoline types, To CNG, LNG, F-T

- Economic factors diesel)

Light Trucks 2 EYS fiese
Internal Calculations J 1 FCEV
. Soybeans to
- Vehicle stock : Gasoline ICEV, diesel ICEV, b)i/odiesel
- VMT per vehicle - & CNG ICEV, diesel HEV
Class 3-6 Trucks
- VMT per technology Corn, sugarcane,
*Emission and energy rate Gasoline ICEV, diesel Switchgrass, etc. to
ICEV, CNG ICEV, diesel ethanol
HEV
- Energy use and Class 7-8 Single Unit Coal, nuclear,
GHG emissions by Trucks Renewables, etc. to

vehicle tech, electricity

vehicle type and
Major Outputs fuel type

Diesel ICEV and LNG ICEV

NG, coal,

Class 7-8 Combination Biomass, etc. to H2
Trucks
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Approach/Strategy

Approach of Household Vehicle
Ownership Modeling

d Dynamic vehicle ownership model

= Vehicle transactions depend on the utility Vehicle Transaction
derived from the household vehicles within Transaction Timing
the household context Buy/Trade/Scrap/None In household context
» Transaction timing is the central variable
= Vehicle attributes can be modeled conditional H
on transaction decisions or jointly / \
O Dynamic timing models can be linked vehicle Attributes
to new or existing vehicle choice + Powertrain type
Vintage
models to better represent market Etc.
dynamics
) ) ) Vehicle Use
1 Based on longitudinal vehicle Trip frequency

Trip distance

transaction data from various regions dotri.
= Supplemented with small-scale panel study Trip purpose
focusing on new vehicle technology \ Etc. /
[ The focus on fundamental household

behaviors enables national applicability
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Autonomie Modeling

Vehicle Classes, Powertrains,

Component Assumptions
Timeframes, and Fuels Considered

Some provided by DOE VTO (Targets)

WVehicle Clazs | Powertrain { Thnef;:gx;s[lab J{ Fuels | Rizk Analysiz | Example' Ilght Welghtlng
- . l < < 50 : : : ‘
= Corrpact b= Consentional = 2010- Ref e (GGagoline Laowr 45 T Midsize N
I - o - < | { 27 small sSUV : :
40 IEHEHMidsize L FR R S e St & K & e
— Midsize —  Micro HEV - 2015 — Ethanol - E35 Medium a5 E=IPickup §
— & T
- - ® ' i
B0 b 1l L H 4
e SmallSUV | e P HSEP‘LSWE‘" L 200 = G High ; o Ul
L | H CHE
> < | r < | ¢ o < - g g® i § Eé%
20 4l | 1 i LT
== Midsize SUV == Fuel Cell HEV - 2025 - Diesel 4 §§“ i § §%Ii
| 4
N 15- i H \/I! 4
( 1| [ Pluginggbed | | [ ( ] : §E§§ Eéh %gig
e Fickup = 10AER Power | fe= 2030 = Hydrogen A0F o §§|; Ll %ﬁlﬁ E
| J Split Ny 7 %gll
i . B : . \ J 5 ‘%g Z B
Flug-in Hybrid %\/ % §%==
. 20AERPower | b= 2045 ' Hectricity 0 i N N haE |
Split ] Ref 2015 2020 202 2030 2045

| Plugin Hybrid |
| 30AER EVER
Valtec

—_— Some provided by OEMs, Nat. Labs, Univ....

[ Flugin Hybrid |

[ e Example: Electric machine data from ORNL
I Series Fuel Cell ] 200
™ PHEV10AER

____ 180
| Series Fuel Cell 160
PHEV 20AER
| J 140
|| Series Fuel Cell £ 120
PHEV 30AER =
S g 100
o
| Series Fuel Csll S 80
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\ J 60
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— 20
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GREET LCA: Cooling Water Consumption
for Thermoelectricity Generation

0.9

o
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‘ * Weighted Average ‘
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Combined Others Combined Others
Cycle Cycle

o o
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(gal/kWh)
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4

Cooling Water Consumption Factor

w/ Pond wlo Tower or

Pond
Recirculating Single loop Dry

Tower Ponds w/ Tower

Thermoelectricity makes up 87% of U.S. total power generation (for 2015) :
Cooling Technology Shares for

NG Combine Cycle Other Combustion Nuclear Thermoelectricity:
(21 i/;a) (46% (20%) m Recirculating w/ Tower
5%

g% Recirculating w/ Pond
AN <: Single Loop w/ Tower
‘ 1ok i m Single Loop w/ Pond
| Single Loop
® Dry Cooling
m Others

* Coal: 40%, NG: 5%,

Residual Oil: 1%
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GREET LCA: Cradle-To-Grave (C2G)
Analysis of Vehicle/Fuel Pathways
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GREET LCA: GREET.net — A Dynamic
LCA Platform for Fuel and Vehicle Cycles

i | i 2 v" Developed regional evaluation capabilities
Tl I Loe il v’ Developed new common vehicle editor for LDV, HDV
= = he and rail
R [ S 23 B v" Linked documents of data sources to the user interface
| R __'-_J" i R v' Developed tutorial videos of usability and functionality
]| p—————— of model
/  ——
J [ |
G R E ET Power Generation
LIFE-CYCLE MODEL Example: PM10

C— (9]

https://greet.es.anl.gov/index.php?content=greetdotnet

We also have online videos tutorials to guide you with GREET: Find the videos on YouTube

Argonnea GREET

ABORATOR LIFE-CYCLE MODEL

u GREET Model Tutorial Videos .-

Video #1: Introduction
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https://greet.es.anl.gov/index.php?content=greetdotnet

Accomplishments

VISION/NEAT: Long-Term Base Case for
LDVs and HDVs by Fuel and Vehicle Type

(Calibrated to AEO 2015 Ref. Case)

30
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0
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W Car M Light Truck
= Medium Truck m Heavy Truck (Comb)
M Heavy Truck (SU)

Energy Use by
Vehicle Type

(Quads)

Heavy Vehicle

Fuel Production

Energy Use (Quads) Light Truck

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
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3.0

CNG

F-T Diesel
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Hydrogen
Electricity
Ethanol

2.5

2.0

15

10 Energy Use by Fuel
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VISION/NEAT: Base Case Results

14,000

;‘u'if f;’:us Baf:g‘;;se - Ton-Miles By Mode Base case: Domestic freight sector Ton-
o grow .
12,000 1| e | @ \iles grow 96% from 2010 to 2050
Freight rail ) 87% Air Freight

10.000 4- D::)mer?lnc marine 68%
T Air freight 345%
E Pipeline
S 8,000 Energy use would increase by 90% (lower
% 6,000 A than VMT increase) due to alternative fuel
5 use and improved efficiency

4,000

" 4

2,000 %
A However, upstream energy use would

0 iz [ grow by 110% due to alternative fuel use
2010 2015 2020 2025 2030 2035 2040 2045 2050 ‘

12,000

NEAT 2015 Base Case -- Energy Use by Mode 1,000

2010 to 2050 growth 90%

d | Truck 107% . .
10,000 Freight rail 92% Air Freight

NEAT 2015 Base Case -- GHG Emissions by Mode
2010 to 2050 growth 72%
Truck 86%

800 4 |Freight rail 76% Air Freight
Domestic marine  38%

Domestic marine

Domestic marine

Domestic marine  37%

8,000 4 [pperme avk | nrigh 243
600 - = \\\\\\
\@t\\m\

400

Energy Use (Trillion Btu)
G
8
(=]
GHG Emissions (MIn MT CO2 eqv)

Inter City Heavy Trucks 200

Inter City Heavy Trucks

0
2010 2015 2020 2025 2030 2035 2040 2045 2050 2010 2015 2020 2025 2030 2035 2040 2045 2050
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. Coordination
External Collaboration

J USCAR via USDRIVE for Autonomie and GREET

= |nputs on vehicle technology options and fuel pathway choices
= Verification of key parameters by member companies

 National lab partners for Autonomie, GREET, VISION/NEAT

= NREL: TEA outputs processed for inputs to GREET for fuel production pathways
= ORNL: Electric machine performance maps for Autonomie; transportation energy data
book provides inputs for VISION/NEAT

- Universities
= University of lllinois at Chicago (UIC): Household vehicle ownership modeling

 Other government agencies
= EIA: GREET and VISION/NEAT, annual updates with AEO and other
publications/databases

= EPA: Power plant emissions and renewable fuel standard pathway development
= DOT: FRA — GREET rail module; FAA — aviation fuels

1 Research organizations
= Jacobs Consultancy: detailed petroleum refinery LP modeling for energy, emissions
and water
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Remaining Challenges and Barriers

d

Data availability and quality: challenges for all three models
= Collaboration with various organizations
= Modeling and simulations to produce needed inputs

Modeling methodologies

= Autonomie: Inclusion of latest powertrain and component technologies

= GREET: System boundary expansion and modeling of indirect effects via economics
= VISION/NEAT: Uncertainty analysis of key parameters and inclusion of social cost

Technology/market dynamics over time
= Need to address technology improvements and market changes as time progresses

Metrics of modeling results
= Energy, emissions, water, costs so far
= Only a subset of issues for performance of technologies/systems

Interpretation of results
= Users sometime have tendency to interpret results beyond modeling scope
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Planned/Proposed Future Work

J Autonomie

» |nclude latest component and powertrain technologies (i.e., new GM xEV
configurations)

= Expand QA/QC algorithms
= Develop web-based post-processing tools to facilitate results analysis by 3 parties

d GREET

= Continue development of water consumption factors for feedstocks, fuels and
vehicle materials

= Address LCA system boundary/regional issues
= Analyze critical LCA issues related to vehicle lightweighting

= Develop stochastic capabilities and regional database for environmental metrics in
GREET.net

d VISION/NEAT

= Annual update to match AEO reference case projections
= Develop uncertainty module for key parameters
= Extend vehicle cost module to allow levelized cost estimation

J Household vehicle ownership modeling
= Develop model framework in FY16
» Use existing data and new data (from UIC survey) to calibrate model in FY17
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Summary

1 Objective of this project is to develop modeling capabilities for VTO-
AP to estimate energy, environmental, and cost effects of advanced
vehicle technologies and alternative fuels

 Main products of this project include a suite of widely accepted/used
models (GREET, Autonomie, VISION/NEAT) to address key barriers
in analyzing energy, environmental, costs of vehicle/fuel systems

1 Model development efforts of this project are

» Highly leveraged with ANL's efforts for other EERE programs, other
VTO programs, and other VTO-AP efforts

» Executed by ANL top-of-field experts

1 Key factor for project success is the continuing interactions with DOE
sponsors, other national labs, OEMs, energy companies, and
universities during project
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