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Overview

* Timeline - Team/Collaborators
- 10/2019-9/2022; —~ ORNL team: Zulgarnain Khattak, Wan L,
~ 50% completed Zhenhong Lin (Pl),Nawei Liu, Shawn Ou,
Fei Xie
e Budget

— Industry: Romeo, Aramco

~ FY20: $500k (received) — Academia: U. of Tennessee, lowa State U.,
— FY21: $500k (received) U. of South Florida
— FY22: $500k (expected) — Gov/Lab: DOE, ANL, NREL

 Barriers Addressed - International: Tsinghua University, CATARC

— providing analytical capabilities in support
of the U.S. DRIVE Partnership

— continually maintaining up-to-date,
validated vehicle component models,
and developing appropriate test
procedures as new technologies emerge Note: some acronyms explained in backup slides

Any proposed future work is subject to change
based on funding levels
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Relevance

Transportation energy transition
--why it maftterse

« DOE VTO mission, energy security, 2050 3
COrbon ﬂeUTI’C”ITy 2.8 Vehicle Miles Traveled
« Transportation: petroleum-based, largest 26

GHG emitting sector, but vital for
economy and quality of life

54 Vehicle Registration

2.2

e DOE & industry improve vehicle P

technologies: battery, light-weighting, o Numberof Households
engine, mobility

T 1.8
. 1.6 Resident Population
« Market acceptance is key but

o Fuel Use
complicated
- Technology impact is enabled by adoption 12
- Consumers see technologies differently .
than engineers/scientists/economists
— Suppliers seek more profits and less risks

Normalized to 1970 level
(™)
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Key trends associated with light-duty vehicles in the U.S.
1970-2019 (Transportation Energy Data Book)
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Relevance

TEEM goal — to develop/apply modeling tools
on fransportation energy transition issues

« Tackling energy fransition challenges

— How to efficiently and effectively transition and transform the current petroleum-based
transportation energy system into a socially more beneficial one

- Climate change, equity, energy security, employment, resilience

 Developing a market dynamics modeling platform
— Continuation and expansion of the MA3T model
— Development of new issue-driven models (e.g. REVISE, MA3T-TruckChoice, BREVO)
— Collaboration and integration with VIO models and other tools
— Scope: all highway vehicles, DOE and U.S. relevancy, comprehensiveness, user-friendliness,
credibility, collaboration

 Qutcomes: tools, publications, communications
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Milestone

On track to meet all milestones

Milestone Description Month/Year Status

Progress update presentation to HQ on xFC impact on 12/31/2020 Complete
battery degradation (consumer perspective)

Progress update presentation to HQ on xFC maximum 03/31/2021 Complete
impact and range assurance

Progress update presentation to HQ on PHEV vs BEV 06/30/2021 On schedule
analysis
Progress update presentation to HQ on MAS3T 09/30/2021 On schedule

improvements and new developments

Any proposed future work is subject to change based on funding levels.
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Approach
Quantity adoption-based impacts of "

fransportation energy technologies and decisions

Data TEEM models Decisions Impacts
Consumer
: choice of fuel, LEV sales
* fime value, price MAGZT: US LDV %%rés;";?gdcel?/ﬁﬁo ve
elasticity, driving pattern g Petroleum use
MA3T-TruckChoice: US HDV
Technology | . Elec’rrici’ry load
«Battery cost, fuel MA3T-MC: mobility choice Mgnufacturer: vehicle —
economy, range utilization price, product diversity GHG emissions

REVISE: charging infra.

o Jobs
nfrastructure . .
TransitMo: multimodal travel . . .
«Charger location, Infrastructure provider: EC{UITy

. : charger network design
number, power; fuel prices BREVO: battery/w xFC

Air pollution
Policy | MOR-BEV: optimal e-range :
eIncentive, CAFE, ZEV Policy maker: Incentive Cost-effectiveness
mandate, HOV access NEOCC: indusiry response design, regulation design

= )y
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Approach

MA3T+VISION+GREET for adoption-based
carbon neutrality analysis

« VISION takes PEV shares
from MA3T and upstream | -
gcoz /KWh fromm GREET exogenous projection

market adoption

AEO, Aut ie, NHTS modeling
: . . , Autonomie,
under various AEO grid mix ( ) (MA3T)
scenarios and outputs total A y
WTW CO2 emissions sy ) L
~ vehicle cost, es sh
~ fuel economy, B s s
' - energy prices Q
lifecycle | - 55' |ei
emission ~ carbon fleet accounting SLOC
modeling  intensity /,-' E> (VISION) egtle_lréy
(GREET) QL
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Technical Accomplishment

U.S. LDV 2050 carbon neutrality analysis

o Approach: MA3T+VISION+GREET+AEO Renewable

« Battery and C.I. improvements required, but not sufficient

« Policy forcing and PHEV force-out may be necessary

« PHEVs can be competitive

o Grid decarbonization needs acceleration

Projected annual sales by powertrain type (million) in US
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MAS3T-TruckChoice Model Development

» Total cost of ownership (TCO) — based
framework:

— Vehicle cost, fuel cost, refueling cost, etc.

— Cost components based on VTO’s TCO study
and literature

e Stochastic simulation with random factors, to

capture truck procurement heterogeneity, such

as
— Annual VMT
— Discount rate

— Refueling behaviors (e.g., budget time and time
value)

* Implemented in Python

* Results have been generated

%

OAK RIDGE

National Laboratory

Technical Accomplishment

TruckChoice

Infrastructure Vehicle Policy Truck Buyers
N N N N
I N I N I N I N
. Vehicle Driving
Fuel cost Vehicle cost incentive intensity
N N N N
I N I N I N I N
Infrastructure Fuel Infrastructure .
capital cost consumption incentive Discount rate
N N N N
Y N N N
Carbon Idling .
intensity consumption Segment size
N N N



Technical Accomplishment

Understanding value of extfreme fast charging

« Setup: what are priority and cost-effectiveness of level 2, DCFC, Super Charger, and xFC for public use?

« Assuming a battery electric vehicle with 150 miles of driving range; charge only when dwell fime >15 min

« Increasing charging power may not significantly improve BEV daily driving range

« DCFC can be comparable to Super chargers and XFC in terms of improve BEV feasibility

« XFC may be more valuable for occasional emergency use and for commercial vehicles than for light-duty

regular use
(1)=charging if > 15 min (2)=(1)+battery capacity constraint
Level 2 Level 2
DCFC DCFC
Super Charger Super Charger
XFC XFC
0.95 0.96 0.97 0.98 0.99 1.00 095 096 097 098 099 100
Percentage of BEV Feasible Trips Percentage of BEV Feasible Trips
(3)=(2)+prior trip constraints (4)=(3)+only stop with longest dwell time
Level 2 Level 2 99.46%
DCFC DCFC 99.8%
Super Charger Super Charger 99.84%
XFC XFC 99.84%
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0.95 0.96 0.97 0.98 0.99 1.00
Percentage of BEV Feasible Trips Percentage of BEV Feasible Trips
%OAK RIDGE
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Technical Accomplishment

Regional Electric Vehicle Infrastructure Strategic Evolution
(REVISE) Model -- User Interface and Results

bjectives Vehicle

REVISE
Desktop Tool
User Interface

» Multi-page GUI

* Pre-loaded with default assumptions

* Mouseover with help descriptions

» Capture some geographic variations in parameters (e.g., EV
adoption)

« Software Download:
https://teem.ornl.gov/Account/Login?returnUrl=/resources
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Scenario analysis on infrastructure
planning based user-specific
assumptions on technology, behavior,
economic factors, etc.

Results on Charging Multi-year Infrastructure
Evolution

Stage 111 (2030-2034)
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Technical Accomplishment

Opftimization of Workplace Charging (WPC) Design and Operation

« WPC is an important alternative to home charging

- Home charging is difficult in some places: 34% of occupied ———— G
housing units do not have a garage or carport (FOTW #1058) S j

- OpporTUniTy TO eXTend rOnge WiTh reIOTively |Onger dWe” ﬂme E journal homepage: www.elsevier.com/locata/trd

Transportation Research Part D 87 (2020) 102481

o . o g Optimizing workplace charging facility deployment and smar [
« Design and operations of WPC are sophisticated charging sategiost ey depoymentandmat (R4

Shengyin Li*, Fei Xie", Yongxi Huang”, Zhenhong Lin"", Changzheng Liu"

1. Limited space and budget o o e o g o v 5y o, o 034 12

® Energy andd Transponmson Scimce Division, Ouk Ridge Nationa! Laboramory, Ouk Ridge, TN, USA

Which charger to choose, and how many?¢ — Level 1, level 2, and DCFC.

Travel patterns and charging demands are different between employees e e i o et i T e
e B e

Warted alectriity prine

Varied electricity rate and demand charge s oy

ation
r charging demands and varied elechricity prices. Results of experiments hased on national
data indicate that the actual WPC strategy varies by budget level. Through opti-
cis of the varied electricity price by shilting charging

prices are Tow. Alsa, the model is expanded to study the
irade.off Between providing WPC and ad.drezlng consquence of degraded charging servies by

Energy and environment concerns o e e e s et of s osrging deand. We e okt e

lative competitiveness maialy depends oa the actual shadow cas of WPC.

Equity between users: electric vehicles vs. conventional vehicles

1. Introduction

STOC h OSTiC SYSTe mS - h OW TO d eSig n O n d O perO Te W PC CO nSid eri ng Establishing adequate charging Infrastructure support s an Important step to alleviate range anxlety (fear of Insufficlent vehlcle

ranges) and Increase public acceptance of plug-in electric vehicles (PEVs). The structure of this charging Infrastructure support 1s
ro n d Ol | |n ess hierarchical (WRC, 2015). In particular, the primary and secondary charging points should be st home and workplace while public
charging plays a supporting role when PEV trip distance exceeds the electric range. According to the national household travel survey

N oA N

(NHTS) (U'SDOT, 2009, 2018), most trips, in terms of vehicle miles, are home- and work-related. Therefore, most charging activities
are still expected to occur at home and the workplace. As the primary charging resource, home charging could be convenlent where
there Is 3 deslgnated parking garage or carport at home, but is usually difficult to implement In multifamily residential bulldings

(Peterson, 2011). The recent American Housing Survey (AHS) (Census Bureau, 2017) revealed that only two-thirds of all occupled
De mo nd Cho r e =vrs housing units In the U.5. have garages or carports. Therefore, In addition to home charging, work-place charging (WPC) s an
g EM‘W Use Profile (sargk) Important secondary charging solution. Accordingly, this study alms at developing & mathematical model to evaluate WPC Infra-
F 3 structure requirements and provide guldance on WPC operations.
Varied e U dEMENG
thioeghout the day kW) * This manuscript has been authared by UT.Battelle, LLC under Contrace No. DE-ACOS.D00RIZTIS with the US. Department of Energy. The

United States Gavernment metains and the pablisher, by accepting the article for publication, acknawledges that the United States Governmen:

electricity

N Dsaraty of enargy
price $ $ consumad (KWh)

retains 2 non-exclusive, paid-up, irrevorahle, world-wide license to pablish or reproduce the pablished form of this manuscripe, or allow others to do
50, for United States Government purposes. The Depanmcnl of hwg} will provide puhllc acoess to thess results of federally spansored research in
ccordance with the DOE Public Access Plan (http:/fencrgy.gov/downloads dae. pblic-access plar).
- Cormspeading a
Eomail address: |

DEMAND (Ww)

htips://doi.org/ 101016, 120102481

Available anline 06 August 2020

» s :- M', ‘;" Vet 1361-9209/ © 2020 Hsevier Lid. All rights reserved.
Time of the day P :
Pea) Demand Pe

Source: we-energies.com
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Responses to Previous Year Reviewers’ Comments

%

The TEEM project was not reviewed in 2020, but at the 2019 AMR. The 2019
reviewers in generally reacted positively on research relevancy, publication
productivity, model validation, model usefulness, and international engagement,
with the following concerns or suggestions.

“As the team seems very output oriented, the reviewer cautioned that the team
continues to make sure that the core mission remains in front and center as the
project team moves forward with new models and validates existing ones.”

— Response: we have continued to update data and re-calibrate the models. We
communicated frequently with the HQ manager to ensure we focus on the core
mission and useful work.

“This reviewer also stated that specific information with respect to problems solved
and problems being addressed needs to be provided in a future Annual Merit
Review (AMR) to help further evaluate accomplishments.”

— Response: we will try to clarify better on research questions and result
insights.

“More ambitious goals using data-driven approaches to calibrate and validate the
project team’s existing models should also be considered.”

— Response: we have focused more on data-driven approaches, such as the
MAS3T calibration, charging infrastructure analysis and air taxi external energy
impact study.

OAK RIDGE

National Laboratory

Project review scores from AMR 2019
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Figure 8-2 - Presentation Number: van021 Presantation Titha:
Transportation Energy Evolution Modeling (TEEM) Program Principal
Investigator: Thenhong Lin (Oak Ridge National Laboratory)



Collaboration

Collaboration and Coordination

DOE: VTO, HFTO

Labs: NREL, ANL, SNL

University of Tennessee Data support for MA3T

Transport Canada Analysis: DOE program benefits T E EM Mo d els

KAPSARC Micro/mile hybrid study
Romeo Power Total cost of ownership MA3T: US LDV
Sonoma Technology Analysis: GHG reduction MAZ3T-TruckChoice: US HDV

Energetics MAZ3T-MC: mobility choice

Analysis: ZEV scenarios

University of Washington REVISE: charging infra.

Battery degradation data

North Carolina State University Emerging mobility TransitMo: multimodal fravel

University of South Florida BREVO: battery/w xFC

Multi-sector energy modeling

MOR-BEV: optimal e-range
HDR Inc.

Analysis: fransportation planning
NEOCC: industry response

Carnegie Mellon University

Analysis: free charging

Transportation Energy Evolution Modeling (TEEM.ornl.gov)




Remaining Challenges/Barriers

Model the adoption barrier of PHEVS
Understanding the industry’s strategy on BEV vs PHEV

Data availability for heavy-duty electrification

Implications of COVID-19 for energy transition

S_QOAK RIDGE
Nat
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Proposed Future Research

* PHEV vs BEV analysis(Q3 milestone)

* MA3T improvements and new developments(Q4
milestone)

* FY20-21

- Developing MA3T-Used model to address legacy vehicle issue

- Analyze impacts and strategies of large-scale deployment of
charging infrastructure

- Simulate employment impact of vehicle electrification
— Continue development of MA3T-TruckChoice

Any proposed future work is subject to change based on funding levels
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Summary

TEEM FY20-21 summary

 Relevance e« Accomplishment
- Transportation energy transition; VIO mission — Assuite of market dynamics models for
and new tech portfolio; modeling technology different technology and region focus
adoption dynamics - Innovative methods and analysis insights
« Milestone - on track — Publications: 12 published or accepted since

: : 2020 AMR, 3 under review for journals; 5
- Extreme fast charging analysis working drafts
- Upcoming: PHEV vs BEV; MA3T update

e Collaboration

* Approach - Multiple universities, lalbs and companies
- Organized activities by Data, Model, Decision supporting assumptions, model development
and Impact. and model applications
- Use MAZT, -MC, -TruckChoice, -China, REVISE, — TEEM provide technical support to external
BREVO to link relevant assumptions to analysis users and gather feedback
of impacts

— Collaborate widely to improve assumptions,
logic linkages, and application of the models

OAK RIDGE

National Laboratory
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Regional Electric Vehicle Infrastructure Strategic

Evolution (REVISE) Model

%OAK RIDGE

National Laboratory

Approach

Model Inputs
i3 TTEI!I’EIE_!_I'_ ) Travel *00=1 Ireaific: N
i AI‘IBIH'EISI_QL. Demand LY penelralion (AL
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e

BEW 2005300
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REVISE Model

A mixed-integer model:

Min infrastructure cost
Min travel cost...

s.t. constraints on:
infrastructure expansion
stochastic charger operations
agent-based trip operations

I

|

|

I

I

I

I

| | Solution methods:
| +  Genetic algt:rith_m
| = Parallel computing (HPC)
I

I

I

I

I

I

Environment: Java
User-interface: JavaFX

Outputs

Model Outputs




Approach

Approaches of additional selected models/studies

Battery Run-down under Electric Vehicle Operation

(BREVO) Model

2. Tasks Q

1. Method BREVO model
ST ST T -
NHTS 2017 / N\, / N /
[ Travel [ Labbesed /
or | data | :I degradation : —
On-road data from sources | . | relationships —_—
Romeo

)

Develop linkages to travel and charging data.

I
\
r
\

Design analysis scenarios for testing the battery long-life hypothesis.

(
L Evaluate the electric vehicle TCO under multiple scenarios.

é [ Percentage of travelars J )[Guanllty Energy J ' Helﬂmnr‘ﬁhbﬁ batanzen .

L
3. Impact and Value:

1) Inform stakeholders R&D investment and target setting;
2) Inform technology integration in consumer information;

3) BEV manufacturers could provide longer battery warranty;
4) Lead to greater consumer acceptance of BEVs.

%OAK RIDGE
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Traffic Energy with Air-taxi

(TEA) model

Corridor-level analysis: Most congested corridor at each city

Data Collection
Congested corridor:
traffic flow:
capacity;
road length;
travel time,
speed limit

Household:
Income levelvalue af time

Infaut

W

L Mode Choice Model J

{Car ws. Air Taxi)

/lw‘

choosing air taxi (P) Saving (ES) uannus levels of P and EE

l Scale up

City-level analysis: Top 15 congested cities in the US

Data Collection
Interstate & Arterial:

Daily vehicle-miles travel:
‘Yaarly Dalay per auto commuter

Input

(Based an the autpuls fram
corridor-level analysis)

[ Scala-Up Modal J

Outm

; Energy Saving on Energ:,r Sm.'lng on
| Interstates f Frocways

Artorials ] )I Total Energy Saving }




Approach
Workplace charging optimization "

i ?
How to assign EVs to When to charge? e .
chargers?

70% tﬁ.\ Level 1

8 am to 8 pm i Eﬁ # ]

[ tﬁ_‘ Level |

11 am to 5 pm E]T 4o
it

|P== Sam 9am 12pm 3pm

]
™

7 am to 3 pm How many chargers Time of day
Travel and charging by power level? Considering:
demand « Budget

« Varied electncity price
« Demand charge

S_QOAK RIDGE
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Approach
Valuing fast charging technologies N

" Publlc Charging Infrastructure ' BEVs owners :
Charging 3 Battery Home charging
S opportunitly | : capacity availability :
" Cumulative Publlc Recharging Model ' (—’1"“ %ﬂ‘ i
: umulative Public arging .
— (CPR) | [Sohcet | }
. T Dwell time | | Trip distance o ﬂ o= Jay
s : e
I | f - iy
l : ud rip
---------------------------------
: Maximum charging potentials & '
: Maximum daily travel range '
Output I |
: Recommendations for Public \
| Charging Deployment !
%OAK RIDGE
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Technical Accomplishment

FY21 publications: 12 published or accepted since 2020
AMR, 3 under review for journals, 5 working papers

1. Liu, N., Xie, F, Lin, Z., Jin, M.. 2021. Empirical Estimation of Route Length Along U.S. Interstate Highways Based on Great Circle Distance. Transportation
Research Record (accepted).

2. Ou, S, Yu, R, Lin, Z., He, X., Bouchard, J., & Przesmitzki, S. (2021). Evaluating China’s Passenger Vehicle Market under the Vehicle Policies of 2021
2023. World Electric Vehicle Journal, 12(2), 72.

3. Burnham A, Gohlke D, Rush L, Stephens T, Zhou Y, Delucchi MA, Birky A, Hunter C, Lin Z, Ou S, Xie F. Comprehensive Total Cost of Ownership
Quantification for Vehicles with Different Size Classes and Powertrains. Argonne National Lab.(ANL), Argonne, IL (United States); 2021 Apr 1.

4. DeCaraolis, J. et al. (including Z. Lin) (2020). Leveraging open-source tools for collaborative macro-energy system modeling efforts. Joule, 4(12), 2523-2526.

5. Lin, Z., Xie, F., & Ou, S. (2020). Modeling the External Effects of Air Taxis in Reducing the Energy Consumption of Road Traffic. Transportation Research
Record, 2674(12), 176-187.

6. Greene, D. L., Ogden, J. M., & Lin, Z. (2020). Challenges in the designing, planning and deployment of hydrogen refueling infrastructure for fuel cell electric
vehicles. eTransportation, 100086.

7. He, X,,0u, S, Gan, Y., Lu, Z., Przesmitzki, S. V., Bouchard, J. L., ... & Wang, M. (2020). Greenhouse gas consequences of the China dual credit
policy. Nature communications, 11(1), 1-10.

8. Li, S., Xie, F.,, Huang, Y., Lin, Z., & Liu, C. (2020). Optimizing workplace charging facility deployment and smart charging strategies. Transportation
Research Part D: Transport and Environment, 87, 102481.

9. Hao, X,, Lin, Z., Wang, H., Ou, S., & Ouyang, M. (2020). Range cost-effectiveness of plug-in electric vehicle for heterogeneous consumers: An expanded
total ownership cost approach. Applied Energy, 275, 115394,

10. Ou, S., He, X., Ji, W., Chen, W., Sui, L., Gan, Y., ... & Bouchard, J. (2020). Machine learning model to project the impact of COVID-19 on US motor
gasoline demand. Nature Energy, 5(9), 666-673.

11. Dong, J., Wu, X., Liu, C., Lin, Z., & Hu, L. (2020). The impact of reliable range estimation on battery electric vehicle feasibility. International Journal of
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