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Opening Remarks

Andrew Meintz
Lee Slezak




. EVs©@
Consortium Structure SCGI&(\.‘\N

U.S. Department of Energy

« Leadership Council

« Andrew Meintz (NREL, chair), Keith Hardy (ANL,
rotating co-chair), David Smith (ORNL), Summer
Ferreira (SNL), Rick Pratt (PNNL), Tim Pennington

(INL)
N = : : External
« External Steering Council Technical Leadership Steering
- Utilities, EVSE & Vehicle OEMs, CNOs, SDOs, Gov't, SeElEhls Louml Council
Infrastructure
« Consortium Pillars and Technical Leadership VG and SCM
« Vehicle Grid Integration and Smart Charge
Management (VGI/SCM): Jesse Bennett (NREL), High Power Charging
Jason Harper (ANL)
- High Power Charging (HPC): John Kisacikoglu Wireless Power Transfer
(NREL)
« Wireless Power Transfer (WPT): Veda Galigekere Cyber-Physical Security
(ORNL)

Codes and Standards

« Cyber-Physical Security (CPS): Richard “Barney”
Carlson (INL), Jay Johnson (SNL)

« Codes and Standards (CS): Ted Bohn (ANL)
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BIANNUAL STAKEHOLDER MEETING

Open Common RFl and
Virtual Understanding / 4 018/ 0Tt £ srayenolder 4 Visibility
Forum Direction Feedback
High Level Comprehensive Long / Short FOA
Information Situational Term R&D Information
Exchange Awareness Results

DEEP DIVE TECHNICAL MEETINGS

Detailed Stakeholder Aete Podl Support for
Technical Feedback of Project RFI Process
Discussions Stakeholders
Project Plans R&D |n§2 otriton Tech
and Progress Agility IA%S Transfer

DEDICATED ENGAGEMENT WEBSITE

Continuous Formal and
Stakeholder Informal
Engagement Communications

Enable Project
Participation

Meeting
Logistics

Ease of Project
Information Updates I:?%;%gt?;n
Exchange and Review
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Collaboration and Coordination

e Consortium Laboratories
— ANL, INL, NREL, ORNL, PNNL, SNL

External Steering Committee
— Utilities, EVSE & Vehicle OEMs, CNOs, SDOs, Gov'’t, Infrastructure

Direct interaction for each pillar projects
— Utilities, EVSE & Vehicle OEMs, CNOs, SDOs, Gov'’t, Infrastructure

— Webinars / Project discussions

Bi-annual high-level meetings

— Rotation among labs with discussion on all pillars

Bi-annual deep-dive technical meetings
— VGI/SCM, HPC & WPT, and CPS with C&sS incorporated into all meetings

Long-term R&D January ‘
Short-term R&D

On-going, ad hoc
communications

Consortium
FY Planning October

Meeting with
poE ¢

Bi-annual deep-dive
technical meetings — > @

Bi-annual high-level

Moetings ‘/
Annual Merit Review




Importance of the Deep Dives

These deep-dives are open to industry

experts to help us better shape the R&D
efforts for EVs@Scale.

We need your input to identify:
— for our R&D efforts to help

with insight, data, and other resources.

= in our activities to ensure
timely research is available to key
stakeholders

— for R&D that accelerates the
transition to EVs at Scale.
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Flexible charging to Unify
the grid and transportation
Sectors for EVs at scale (FUSE)

Jesse Bennett, NREL




Objective:

Develop an adaptive ecosystem of smart charge
management (SCM) and vehicle grid integration (VGI)
strategies and tools relevant to assess and reduce
barriers to electrification throughout a wide geographic
area and across numerous vocations

Outcomes:

Broadly identify limitations and gaps in the existing VGI
and SCM strategies to strategically shift PEV charging in
time across a wide range of conditions

Develop enabling technologies and demonstrate VGI
approaches to reduce grid impacts throughout the
entirety of the LD, MD, and HD on-road electric fleet
while accounting for vehicle operational and energy
requirements.

Determine SCM and VGI benefits for consumers and
utilities for EVs@Scale across the range of conditions
(geographies and seasons) found in the US




EVs@Scale FUSE - Team and Partners

E\Vs@

Scaleg M e

U.S. Department of Energy

Team:

e National Renewable Energy Laboratory (NREL)

— Vehicle Charging, Grid Impact Analysis, SCM/VGI Development and
Demonstration

e Argonne National Laboratory (ANL)
— SCM/VGI Development and Demonstration

» Idaho National Laboratory (INL)
— Vehicle Charging Analysis, SCM/VGI Development

» Sandia National Laboratories (Sandia)
— Grid impact Analysis

Industry Partners/Data Sources:

e Electric Distribution Utilities
— Dominion Energy (100+ distribution feeder models throughout VA)

e Vehicle Travel Data
— Wejo (~400 million trips throughout VA for Sept. ‘21 and Feb. 22)

IINREL  pgome®

Transforming ENERGY NATIONAL LABORATORY

Sandia
National _
Idoho National Laboratory Laboratories
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EVs@Scale FUSE - Approach and Outcomes Scales—"e
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e This project will analyze and demonstrate SCM and VGI approaches to reduce grid impacts from
EVs@Scale as a result of the charging needs of the LD, MD, and HD on-road electrified fleet.

MD Transit HD XFC LD Residential

e SCM/VGI Analysis

— Assess the potential charging demand for EVs@Scale and determine
the uncontrolled charging grid impacts.

— Develop and analyze the effectiveness of various VGl and SCM
strategies at mitigating the grid impacts of charging EVs@Scale

 SCM/VGI Demonstration

— Expand on existing SCM/VGI strategies to adapt to the evolving needs
EVs@Scale throughout a wide range of vehicles and vocations.
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LD XFC HD Drayage

— Develop enabling technologies to demonstrate the potential for new
and existing SCM and VGl in a laboratory and real-world environment.

— Coordinate with Codes and Standards Pillar to determine the
potential of existing technologies and need for future developments.
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Year 1 Objective — Passenger EVs:

O Passenger EV charging demands are simulated for aggressive 2040 electrification scenario to understand
the energy requirements and smart charge management opportunities for EVs@Scale.

O Extend previous models/approaches for synthesizing spatially resolved passenger EV travel and
charging data to new regions (Virginia) and higher adoption levels (>50% EV penetration).

1. Trip Data Acquisition &
Preprocessing
Representative LDV travel data for region(s) of

study is joined with geographically determined
locational characteristics obtained from
multiple data sources.




Real-World Driving Data Set:

Q Vehicle trips data acquired from Wejo for two months in the
state of Virginia. Newport

News, VA:
Newport News 720k

% ~3% of passenger vehicle population Hompon

York county
James City county

% September 2021 and February 2022 ——

Richmond
Henrico county

% Richmond, VA and Newport News, VA regions selected for detailed grid e couny
modeling.

Regional Trip Data Summaries:

Population (Census) Land Parcel Use

Q Trip O/Ds joined to land use data to infer trip purpose. Qv Nens, V4 Nerport News, Va

Google
COVID-19 Community Mobility Reports

: VA: Retail & Recreation
' it m ) N | V ( ab
Richmond, VA

A Temporal scope: - T
September 2021 (summer) o ol
February 2022 (winter)

“1VA: Workplaces

WWMMWWW "
“ VY

11/ Ei
22|

Geographic scope:
VA statewide

% change from pre-COVID baseline
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Vehicle Energy Needs

Goal Seeking Optimization: System-Level Feedback

. Transportation
Incentives 3 3!
— Service Demand
O
1A Regulation Results System
—_— i > oV
vi Choice  —> coregation Outcomes
Technology
A ‘/ Attributes

https://www.nrel.

/1
‘ |
(
p(riiv
il
|
‘ ||
N EV Range ECR DC Charge 2040 NN fleet 2040 Rich fleet
- . VehiCen: [VehiclelType! (mi.) (Wh/mi) | Accept. (kw) share (%) share (%)
TEMPO projected household passenger LDV stock in VA BEV SUV/iruck
1 Gen3
| BEV midsize car
PEVs ~52% 1 N BEV SUV/truck
statewide stock 1 Technology ; Gen2 BEV midsize car
0
Q@ ! ICEV BEV compact car
Q
E . PHEV %v M = BEV SUV/truck
. BEV B ) ) MO 5 N BEV midsize car
] r Gen1
PHEV SUV/truck
PHEV midsize car
BEV compact car
Gen0
PHEV midsize car



https://www.nrel.gov/transportation/tempo-model.html

Vehicle Energy Needs EVs@
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Return Home Time (weekday) Vehicle Distance Travled (Weekday and Weekend)

50 s 100 125 150 175 200
Daily Distance Traveled (mile)

Dwell Time Distribution for Work and Public

=3
o
w

POF_ZEP
CDF_zEP
PDF_NHTS
CDF_NHTS

Percent (%)
o
o
~N

200 400 600 800 1000 1200 1400 400 600 800
Dwell Time (min)

Dwell Time (min)
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EV Charging Simulation — NREL EVI-Pro Model:

Q EVI-Pro takes EV adoption and travel demand data and
simulates EV charging behaviors, energy demands, and
infrastructure requirements.

Q For this study, EV drivers are assumed to prioritize home
charging, followed by workplace and public slow charging
(increased opportunities for SCM and presumably lower
charging costs).

O Home charging access is derived from previous modeling,
72% for both Newport News and Richmond regions in 2040
scenario.

O 1-week charging demands are produced for September and
February in both regions of study.

=
Y
-
EVI-Pro ordered charge preference:

Home > Work > Public > Public
L2 DCFC

drivers prefer to destination charge during long
dwell periods, maximizing opportunities for SCM...

PEV Fleet Size +——  AEO, CARB https://www.nrel.gov/transportation/evi-pro.html N

&
PEV Attributes «——— ADOPT, MA3T, TEMPO < ‘Q'
\§

. EVI-Pro
| EVI-Pro

Installation

z <4——— EV-FAST + URDB
Constraints

3" Party Data/Simulations
Access, PUMS (e.g. POLARIS, BEAM, HIVE)

EVI-Pro Modeling Diagram



https://www.nrel.gov/docs/fy22osti/81065.pdf
https://www.nrel.gov/transportation/evi-pro.html

EV Load Profiles:

Q EV charging demand is combined from two sources:
% Intra-regional charging demand is determined from EVI-Pro simulations
% Inter-regional charging demand is determined by separately simulating charging for long-
distance trips (>100-mi.) that end within the region of interest.

O EV charging events are assigned spatial coordinates depending on their
location type:

< Home charging locations = EV adoption projections + residential land use data.

< Workplace charging locations = census tract of charging demand +
commercial land use data.

< Public charging locations = census tract of charging demand + commercial
land use data.

O EV charging events can be assigned to individual stations depending on
EVSE type(s), station size, and port utilization assumptions.

~
\9-;!
}

Intra-
Regional
Charging
Demand

|

Inter-
Regional
Charging
Demand

555555

v

Combined Regional
Charging Demand

F'alrgel Level Home Charging Energy Distribution (kWh for a Week)
e

wwwwwwww

1000

400
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- Complete Modeling Fraimework:
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{ Outcome of this modeling
|
\ 4
|
A A |

Grid Analysis
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Charging Start Time - Weekday Charging Start Time — Weekend
% kWh - Flexible* . e Home

s Work
Public

% kWh -
Location

Newport News, VA: ’ 1%
Newport News ome: o; . .
H(fmpfon 202,212 14,352,169 Work: 9%; :ngELI?Qﬁ?Z;

York county Public: 40% PUDIi Dé' ]9;

James City county ublic DL 177

Home: 81%;

Percent (%)
Percent (%)

10 15 10 15
Hours of Day Hours of Day

Charging Demand (kWh) by Day of Week

W Home
s Work
Public

le6

o °
o (=)

Charging Energy (kWh)

o
IS

Thu Fri
Day of Week
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Vehicle Energy Needs

Region PEVs 1-wk kWh

Richmond, VA:
Richmond
Henrico county 470,114 39,745,324
Chesterfield county
Hanover county

% kWh -
Location

Home: 53%;
Work: 9%;
Public: 38%

% kWh - Flexible*

Home: 78%;
Work L2: 23%;
Public L2: 12%;
Public DC: 21%

Percent (%)

Charging Start Time — Weekday

10
Hours of Day

15

Charging Energy (kWh)

8 Home
s Work
Public

Percent (%)

A¥E)
Scole{\.‘\\.

U.S. Department of Energy

Charging Start Time — Weekend

88 Home
s Work
Public

10 15
Hours of Day

s Charging Demand (kWh) by Day of Week

5 Home
B Work
Public

Thu Fri
Day of Week

24



Next Steps:
-
- O Facilitate use of passenger EV charging data sets for SCM/VGI analysis in EVs@Scale.

O Year 2 — Focus shifts to M/HD EVs, introducing several challenges:

< Many venhicle types and heterogenous vocational usage patterns.

< Limited public or commercial data sets capturing the full extent of M/HD operations.
< High uncertainty around technology adoption and timing.

< M/HD charging models/approaches are less mature than for passenger vehicles.

- 0

Year 1 Focus Year 2 Focus




Stakeholder Feedback
Vehicle Energy Needs Analysis

(10 minutes)

Brennan Borlaug
brennan.borlaug@nrel.gov

Zhaocai Liu
zhaocai.liu@nrel.gov

EVs ©
Scaleg——%" o

U.S. Department of Energy

s e Office of ENERGY EFFICIENCY
ENERGY & ren
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mailto:brennan.borlaug@nrel.gov
mailto:zhaocai.liu@nrel.gov

Extra Slides: Region Selection

Number of Trips to/from Richmond

~——— Cumulative Percentage of Richmond-Related Trips
—— Percentage of Trips Fully Contained within the Combined Region

Define self-contained regions for
simulation based on % of travel
captured in city’s core county and the %
of self-contained trips within the
aggregated region

A¥E)
SCGl&{}\\

U.S. Department of Energy

self

cum_percent inclusiveness
40.810081 0.40810081
68.472736 0.68264386
87.5951994 0.80584406
91.4282845 0.85328371
92.5436174 0.87202693
93.1944607 0.87201947
93.7805824 0.88476212

94.3485708 0.87983326

27
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Extra Slides: Land Use Classification and Reclassification SCZ|@&¢/\.‘\\Q
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Work Arrival Time (Sep-Richmond) (Before Adjustment) Work Arrival Time (Sep-Richmond) (Public 2 Work) Work Arrival Time (Sep-Richmond) (Work 2 Public)

BN NHTS - B NHTS . B NHTS
. Zep . Zep N Zep

10 15 10 15 ' 10 15
Hours of Day Hours of Day Hours of Day

28
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0 SCM Availability:
% EVSE Vendors
» ABB, Schneider, Siemens, Eaton, Wallbox, Enel X, ChargePoint, etc.
» Traditional EVSE vendor has the advantage of to deliver
a full range of smart charging control solutions.
% Third-party Charging Management Company:
» ChargelLab, Ampcontrol, Driivz, VIRTA, MOEV, PowerFlex, WeaveGrid, BP Pulse (AMPLY
Power), etc.
» With the Open Charge Point Protocol (OCPP), a number of third-party startups offer cloud-
based EV smart charging platforms as

0 SCM Gaps:
% Existing SCMs focus on site or household level, such as avoiding demand charges and A
coordinating with renewables. =
< There is a . Smart i
charging control is not available on a large scale with advanced functions like price-responsive .
smart charging, volt-var control, or V2G functionality.
s EVS' are rarely exploited to mitigate their impacts on the power

system, which is critical for EV@Scale.
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. Caldera OpenDSS Co-simulation Platform

Q The HELICS (Hierarchical Engine for Large scale

Control

Infrastructure Co-Simulation) co-simulation framework Federate
facilitates communication and synchronization between the CHStomiE oAt
federates.

O The following three entities are co-simulated in the following
framework:
» OpenDSS: Distribution system power flow calculation
» Caldera: High-fidelity EV charging models
» Control Module: Control the charging behaviors of EVs

Vrms for each
power flow node

using Caldera or custom defined SCM strategies. Caldera 4 ] OpenDSS
Federate [ : Federate .
1 - = 2 c PEV Charge PEV Charging (P & Q) Power Flow Model
O Caldera is an EV charging infrastructure simulation platform Models and Controls for each power flow node

developed by INL. Caldera is designed to study the impact of
EV charging on the grid and develop strategies to manage
charging.
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Caldera OpenDSS Co-simulation Platform
O EVI-Pro is a tool developed by NREL to create charging demands from EVs on a large scale.
O HELICS based co-simulation platform also support , including:

> PV generation based on NSRDB data;

» Energy storage system (ESS) charging/discharging control;
> Integrated with building EMS and achieve Behind-the-meter (BTM) control.

High Level | N
Controls « PV Power
(New Aggregator) + Storage SOC
PEV Charging Needs W e Ll :
* Park Start Time R, e e o Irradiance
Park End Time P Data
Park Start SOC * EVSEID
Park End SOC * Power setpoint
Vehicle Type (BEV100,etc) after t+1 « Node ID =
Geo-spatial Mapping * Charger Type (L1,L2, etc) ! End'SOC at t+1 T No_dg ID DER
° Building Load | .
Simulation J
= ,, #
Serial Processing . Vrms for each power flow node
EVI Pro (csv file) N \ Caldera < — Open DSS
Vehicle Travel  |L Y PEV Charge L v Power Flow
and Infrastructure Models and Controls PEV Charging (P&Q) for each power Model
flow node
Conventional
Vehiclg Data and Utility load and distribution
SECHGIIS s system operational data

NSRDB — National Solar Radiation Database
DER - Distributed Energy Resource
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SCM R&D Capabilities

verload

Limiting Factor
< Under Voltage|

(MIW) Aydede) Buisoq A3
n n [Fp] [Fp]
+ M M N N A +H O

(MW) Ajoede)d BunsoH A3
n n n 1
+ m oM N N <4 —~ O

(MW) Ajdede) BunsoH A3
n wn n n
+ M M N N A +H O
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SCM Strategies Developed in RECHARGE

TOU Immediate
TOU Random
Random Start

Centralized Control
(Feeder Peak)

Volt/VAR

Global Voltage

BTM
(Renewables)

PEV driver responds to Time-of-Use incentives by
charging at the beginning of TOU windows

Decentralized control randomly distributes EV charging
within vehicle dwell and TOU windows

Decentralized control randomly distributes EV charging
within vehicle dwell

Centralized control shifts EV charging within vehicle
dwell to minimize feeder peak

Decentralized control provides reactive power support
based on local power quality

Decentralized control shifts EV charging within dwell to
reduce nearby grid voltage concerns

Decentralized control shifts EV charging within dwell to
reduce behind-the-meter peak demand

Caldera

Caldera

Caldera

Caldera

Caldera

Outside Caldera*

Outside Caldera*

Price Signals

Price Signals,
Capacity Deferral

Capacity Deferral

Capacity Deferral

Voltage Support

Demand Response,
Voltage Support

Demand Charge Mitigation,
Max Renewables




SCM R&D Capabilities g‘c;gl@&f\‘\\o
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Feeder 6 2030 High Work

Feeder 6 total power Feeder 6 2030 High Work

uncontrolled

TOU 9pm-8am, immediate
Voltage support
Centralized

[oe]

—— uncontrolled_Homedom
uncontrolled_Workdom

o
[«)]

n

z
2
[
[
2
o
=9

Sum of EV charge (MW)

N

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 - 0%;00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
29-jun ) 29-Jun
Time of day Time of day

)
=
o
N}

=
=3
=)

Voltage (p.u.

7.09

1.0415 1.0428 1.0465 1.0419 1.042 1.0427 1.0461 1.0418 1.0419
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Smart Charge Management at NREL Garage o
O NREL is home to more than 100 Level 2 EV e recpraton )

Downward shortwave radiation flux (W/m2)

PowerFlex
Server

. . o ] ) round hear flux (W/m [Session Data]
charging stations by PowerFlex. The innovative L Erenthestnet ux(Wim2) * Driver D

. . * Relative humidity (%) * Session start time Max EVSE power
charging stations feature an . e Departure time (“set_max_power_schedule” API)

Miles needed
Energy delivered

. Temperature (K)
*  Visible beam downward solar flux (W/m2)
. Visible diffuse downward solar flux (W/m2)

capabilities. :
Virtual Weather Data Load Forecast EVSE
Machine VM VM Controller VM
0 Managed charging in accordance with building Server
loads. A workplace demand-charge-management )| e bfe N seoumelorc
system to control EV charging stations based on

PowerTakeOff

aggregated building loads.
SQL DB DB Real-time
Server campus load

\\\\\\\\ 2020 #) for | 1month data

4,763.362 kKW

On Peak
Off Peak

umption
ompare with: | None
B i e
eather: | Off
15,199 274 ki
00 kit Reset graph view




0 Team Members:
C- B I rk J on eS, P h . D- Andrea Mammoli, Matthew Lave, Thad Haines,

Sandia National Laboratories vy : dreq |
email: cbjones@sandia.gov Will Vining

Initial Task: Identify high capacity locations for concentrated EV charging throughout region(s) of studly.

Define Electric grid capabilities to Compare the grid capabilities

B host concentrated Electric Vehicle with the nearby building
W ‘f? ‘ charging stations - Level 2. characteristics.

7

e

I’M \

Define public transportation
electrification energy
consumption and charging
demands.

|dentify the proximity of the high
power charging locations to the
road network. AND compare
locations with existing driving
patterns.

Al}

Sandia National Laboratories is a multimission laboratory managed and operated by
National Technology and Engineering Solutions of Sandia, LLC., a wholly owned subsidiary

of Honeywell International, Inc., for the U.S. Department of Energy’s National Nuclear
Security Administration under contract DE-NA0003525. -
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Transmission Grid: Distribution Grid Models:

Acquired GIS of the transmission grid for the area of Waiting for distribution models from local utility.

interest. The data is only for spatial analysis and

does not include a power flow model. Once we have OpenDSS models, we plan to perform

hosting capacity analysis to identify potential
CONCENTRATED & DISTRIBUTED charging

locations.

Concentrated Distributed

m  Vehicle Load
O Building Load




Vehicle Behaviors to Identify Charging Locations

- ‘VVII"I"IQ(O"
Aloxandrla\
. St Charles
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number of arrivals

Janvilie
M3 p"} esbf‘stam‘en'oi‘s-qn 74
36.5 nStreetMap contributor id"'
Openstreetia

-79.0 -78.5 ~78.0 -77.5 -77.0 -76.5

Heatmap of vehlcle arrivals in Eastern Vlrg;ma ,

by census tract VY S :
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U.S. Department of Energy
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20000

-76.8 -76.7 -76.6 -76.5 -76.4 -76.3 -76.2 -76.1 -76.0

Zoomihg in on the Norfolk area show
~several potentially good options for
centralized charging
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Public Charging Areas — At places of Work

Morning Arrivals:

Census tracts where drivers
arrived before 12 pm

Potentially represent morning
commuters destinations —
places to charge while

working

Morning arrivals concentrated
in commercial areas and near
ports

3 Virg!g'_iiBeach
i

E\'s@
SCG|&{$\\\.

U.S. Department of Energy

Q
£
=
T
2

E
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Public Charging Areas — At Housing Units g‘écs:%.f\.}\\.

U.S. Department of Energy

Afternoon/Evening Arrivals:

Census tracts where drivers
arrived after 1 pm

Potentially represent return
trips after working, shopping,
or other activities — places to
charge at home

=
Ul

=
B

[0
E
=
©
e
=
<

=
w
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Parking Lot Locations & Vehicle Arrivals E‘C?Jg:‘\.}\\\o

U.S. Department of Energy

In Southern Norfolk the census tract with the most arrivals (left)
contains numerous parking lots, shopping centers, gyms, offices,
apartments, houses, residences, and a large park.

This tract has large numbers of arrivals on weekdays and weekends

{ ‘\\

number of arrivals

The port (left) also
has a high number
of arrivals, but
generally only on
weekdays.

(C) OpenStreetMap contributors

~76.255-76.250-76.245-76,240-76.235-76.230-76.225 033 1032 =10:31 =78:30 =76:29 =76:28 =76.27
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Public Transportation Charging Sizes and Locations g‘c?;%f\}

U.S. Department of Energy

Bus routes for Norfolk (left) and other municipalities
could be used to estimate electrical energy
consumption of public fleet.

For example (below), a single bus along shown route
will consume about 22.3 kWh.

0 5 10 15 20
Energy Consumption [kWh]



Stakeholder Feedback
SCM/VGI Development

(10 minutes)

Mingzhi Zhang
Mingzhi.Zhang@nrel.gov

Christian Birk Jones

cbjones@sandia.gov
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Analyzing results and the insights the
results provide

Distribution feeder(s)
Selecting Regions baseline and
EV Integration Scenarios

/




 Deepdivein
distribution network
analysis can be effective
when selected
substations/feeders
are in focus

e lterative process with
Utility’s planning,
operations, data and
designs teams
to determine the
“right” feeders

Primary consideration

Projected EV growth is high

Geographical

diversity

Mix of
customers
(residential,
commercial
& industrial)

Old town
(legacy grid Capacity
design) vs factor
new areas

Circuit/Phase
imbalance

N

Secondary
considerations




Dominion
Energy

—
”
—

=~ ¥ 16 states (Selected
6‘ region: Virginia)
&% 7 milion customers

Headquartered in
Richmond, VA

Strongly invested in vehicle electrification
Has a green fleet goal (2021)

» Transform a fleet of more than 8,600 vehicles
that serves millions of customers across 16
states

« 75% of passenger vehicles, including sedans
and SUVs, will be converted to electric power
by 2030.

EV charger reward program incentivizes residential
customers (Level 2 EV smart chargers) to adjust
their charging behavior during periods of high
demand

Smart Charging Infrastructure Pilot (SCIP) Program
— rebates on qualifying charging stations,
infrastructure and installation
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Feeder Selection 8co|e¢/$\\.

U.S. Department of Energy

e ~150 feeders from green
clusters --> Synergi models
and yearly feeder head data
are ready to be shared once
the 3-way NDA is signed

 NDA process has seen good
progress and nearing its end

e Feeder list can be extended
to include a greater
number/diverse set of
feeders if needed
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L e

Utility feeder model verification and OpenDSS charging impact assessments on the grid

@
1) Convert model to OpenDSS format using f/lji jj/\ #@E
2) Evaluate model for missing elements and PV adoption within OpenDSS %E

3) Conduct initial distribution upgrade analysis for baseline using DlSCQ/ —
4) Evaluate EV hostlng capacity and pIacement (5|m|Iar to RECHARGE " === |

P/)DLLT_V\‘ ﬁ:‘ ‘ J Dlsco

Converts distribution modEI%” 'f'"""‘Models powerflow of Distributi * feeders  Does hosting capauty avnd qp\gr\a‘dgﬁc‘sti
from one format to another XN can handle high adoptlon rates f/’feeders analysis for varying solar adoptions
7 ,;,:7;.,,_, ———— 7~WhEh W\@qud with IﬁyDSS\ [ | N

Can converfiinggeg mto 2 NN work with EV hosting capacity outputs

| A ‘ K \\ ~ 4 ‘\ A \\\‘ S \ / ';.‘i \ . i) L \ \r | [ 1\ A~k ¥ | A | X
OpenDS5 format N KA TN LSO AN /x\‘ W | From RECHARGE methods
A L‘/':~ --:. —_— ':/:7"— ,, 52 | ‘ S , ¢ f’; ‘
vl i, ', T[l S ———=% <K 1/PA| =i S@élable W|th Jade on hpc
N \‘; o 3 g ';"“;", 4' y / 2 I




Grid Modeling and Analysis g‘c:g%f\.\\.

U.S. Department of Energy

Utility feeder model verification and OpenDSS charging impact assessments on the grid

DISCOs Process:

- upgrade lines and transformers to eliminate thermal overloads

- upgrade voltage regulators, capacitors, and controls to eliminate voltage excursions -

- upgrade lines and transformers again to compensate for any thermal overloads that occurred.after first two steps

Feeder Modifications
Scenario Layers
Timeseries Layers

Initial powerflow
to check for
missing
components

Gridlab-D Gridlab-D
OpenDSS OpenDSS
CYME CYME

Synergi Synergi
DEW ciMm
Ccim ePHASORSIM

la® 2 A Vi
Number of Feeders

0 50 100 150 206 230 ‘ 300 350 400 0 S0 100 150 » 200 250 300 350 400
Maximum Transformer Loading (%) Maximum Line Loading (%)
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Stakeholder Feedback
SCM/VGI Development

(10 minutes)

Shibani Ghosh
Shibani.Ghosh@nrel.gov

Nadia Panossian

Nadia.Panossian@nrel.gov

EVs ©
Scaleg——%" o
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S EVs@
Broad Assessment of Smart Charge Management limitations Scaler T

U.S. Department of Energy

« Smart Charge Management strategies are developed to
improve the impact of EV charging on the grid.

e But they must be based on the conditions-of a partlcular
grid at a particular time. N e

e S

It depends.

Which way the wind blows..

And your reglons Wmd deployment, Solar deployment, Air

| - Conditioning load, Electric Heat, Existing load shape

(residential, commercial, industrial), the current season, the
daily weather, and many other characteristics Z



« Renewable Generation Adoption
« Solar
 Wind
* Inland
« Offshore
« Electrical Demand
« Summer Peaking
« High AC Loads & .
; \évr:n natﬁrCI?;aklng 3> "Grapiie] o= = ““‘“‘m“‘:;\‘“\\m\\“‘“w
* Rural Reglon .
« Large City -
. Transportatlon//""
 Port Qlty with Drayag
- Major Hl@hway
* In'smal \‘Iighﬂyj.é
. Slgmfi“\




El Paso Electric (EPE) Region

T

Broad Assessment Study Regions

National Park/

Lincoln
National
Forest

Mountains-Desert

National
Monument

Las Gruces Fort Biss -

rogor

FortBliss Renge

FUSE Regions —

‘Wilderness
! _study Area

Vancouver
O

Regina i
Seattle \ @ . Ontario
o

Montana \ N d Legend
FUSE_Regions

Minnesota |

Saint (F’aul
(e}

1 Al iy Gades
Sate D 3153053
\ R ot o s
ichi Fi e, USERc
Michigan R o o1
London g
o

Wisconsin

Wyoming — 4**\?
e Chicago
o=

— ‘; New England ISO (ISNE) - Vermont Region

Nebraska Omaha S | \
Lingo o , ‘
| o /// 5 (( (7 Newd 222 }Z/ \ﬁ g_hg‘g,&«

) \Q

|

Indianapolis Pl

° | (o L - 4 \’3 A
N 1a ‘ £

Louisville
/

5 sl Galt

jn»w Kentucky °rg 2 / 2 \%\
W IS Y. 2
o ’JNasgvnle o ® oy <}

i / 3 Plattsburgh }
Albuquerque i - —=R Chazy i
qo a ‘ B Memphis - (// - Highlands L h

i —— = Wild Forest \
/" Phoenix Littie/Rock (,fi/ \ ~ eyt N T Buringion I
Mexicali % 8 \ { | =3 B N\Gonato Gt |
Sm—

/ ] Mountain
7 J Mbuntain'" 7 wild Forest ( National
Wild Forest Forest {
\ ;
Montgomer \ Saihinac / sacover W
% M|55'55‘DP| go / Lakes Wid S

f Fores\
Ne&ﬂamps‘ﬁve 3

Colorado —United- es lllinois \

Springs Kansas City
o

Everg Misso

b ey

Tucson
o Fort Worth
(o]

1 : 6. h P
{ B Jacksonville e, g i Hammond
—— Vo

o Tr~n3 ¥ Sanford

FUSE_Regions

N
A 0 50 100 200 300 400

™ ™ e = e JVY

GIS Analyst: Mindy Gerdes

Date Drawn 9/15/2022

Path: Z:\Projects\INL\FUSE Project\FUSEProject\
File Name: FUSEProject.aprx
https://geospatial.inl.gov

5t
Culiacan
\Qo\ . Durango ,c‘f\w‘

Coahuila :

IS
Apodacal Matamoros

S

Torredén

|
Mex'co Tamaullpas

P
(_Zacatecas

Baton Rouge Florida
o b o el

La Habana
‘\o.“.a

The Bahamas

/

Five Ponds g drondach

Wilderness, g Raky
Sargent

v Ponds \ E S

Indepentiénce Forbs ~

River Wid -  Moose Bver A

Forest Plains Wild~
/ Fures(

v

& ’\
fisiamese
A “Ponds
\ e’ wndemess
Jogsiip BNEC vaIcox Lake
Wild Forest ¥ Wild Forest
* Black River” 7 /o~
\Wid Forestes 5
Ferris Lake
X Wild Forest \-S“a“’
& Mountain Sauaﬂdaqa
Wild Forest Lok

Gloverswlle

Uake George
Wild Fmes(

*K

Saramga ‘Springs

i i Amsterdam
Jicos UtloFals_ | j<mslertan

-Lebanon

Clar\emcr\l

jGreen

Mountain
J( National
{ (_Forest

Greenfield/_

Laconia

Franklin
Concord Portsrmio

/“”

Manchesler

Legend

FUSE_Regions

20 30 40 50
A [ = = m— s—
IS Al Mindy Gordes
Date Dravn 9/15/2¢
Path: 2: \Pm]ecis\!NL\F\lS( Project|FUSEProject|
File Name: FUSEPr
Ripsilgeospatl o a0r”




: o . EVs©@
Regional Characteristics Matrix Sccsjle:‘\.x\\\o

U.S. Department of Energy

El Paso Electric BT ANB E Dominion
Characteristics ERCOT Coast Evergy ISO (ISNE) - Final
(EPE) Energy
Vermont

High Solar ox. x| X
Offshore Wind _____“

Extreme Summer Peaking N ey

Large Metro Area
Large Airport ____-

International TruckTraffic | | x| | | | X
AN ‘ A ’ NP § K: i ' 25
D /) ! /| L . J \ : 1 L) _7(‘)‘ | .

Ye"OW . 7“':/ = v / : | ‘ : a2l 400
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Broad Analysis Results — 2 Regions: 28 simulations 0 oea e

Results

EPE Home Dominant Summer EPE Home Dominant Summer EPE Home Dominant Summer EPE Work Dominant Summer EPE Work Dominant Summer EPE Work Dominant Summer

Two Regions

3000 F====- - T = o pev oermanaor |
— Rencwables(ws)
T b+ tncontolled
0% hna st
0 Tob rand

e — e Netdemand(nD) o === L e - - e NetdemandD) ]| === L s~ — wonpevoemanu ] —=——- L A - e et demana(nD)
1 — ND.+ uncontrolled 1 — Renewables(w+s) —— ND + uncontrolied
S— ND'+ rand start — rand start _— 0+ uncontrolled — ND'+ rand start
—— NDL+ Tou rand —— TOU rand — D+ rand start H

— uncontrolled

2500

PE

2000
ISNE-Vermo 1500
1000
500

Two Season 0

-500

Summer

Winter 3000 F=———-- C————- I o e Dermanor | | T T = o e oermanor |
i L e ot s s I e ot ot i
2500 === bt = S e T oo ] = = e ] < - 1
2000
Two energy allocation scenarios 1500
1000
Home dominant (HD) 500
0
Home 75%, Work 25% s 500
Work dominant (WD) g .
o
* 3000 fFo==== e Tt oo} = —emmae]  o=——— e ot oo}

= ND + uncontrolled
== ND + rand start
D + TOU rand

= uncontrolled H H
— rand start = D + uncontrolled
~— TOU rand H | = D+ randstart

= Renewables(W-+S) == ND + uncontrolled

=== ND + rand start

= uncontrolled
— rand start

Home 25%, Work 75% 2500 4 —mec I L= 5 eoones

H | = D+ randstart

2000
1500

Seven charging behavior

1000

500

HD Uncontrolled

—500

HD Random start home work

HD Random start home

3000 1 === non v Demancio) § T 1 = = — wergemanao) {
— Renewables(W+S) — uncontrolied
— rand start

HD TOU random homie ‘ 2500 ; = g
2000 T

WD Uncontrolled 1500

1000
WD Random start home work 500

[N ey {Sp— e v I npp——— Y p—— | . ———
T Renewablestw=+s) 1 — ND+ uncontrolled
— ND'+ rand start

WD Random start work ~500

Simulation time (hrs)
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Broad Analysis Results (Continued) ch%(s\\o

O
U.S. Department of Energy

EPE 2040 Winter

e EPE Winter _ omepomian

—— Non PEV Demand(D)
—— Renewables(W+S)

— Less variation in daily native demand ot umcomtoled

—— D + rand start
~—— D+ TOU rand

— Very high solar w.r.t winter native demand, excess solar
needs storage or curtailment

— In this case, it is most desirable for EVs to charge at time of

high solar /|
. . . . ! =
— In home dominant scenario, most charging occurs in night &
2 . g E Work Dominant
* not useful to the grid, or for renewable integration " on PEV Demand(D)
_ : : , S S S — D incomolied.
— In work dominant scenario, most.charging occur during the — D+ randstant
day ’ N

* Uncontrolled peak occurs before 'solar"peak

 Random start did a decent job of puIIing the charging
towards the solar period buta purpose built strategy
could do better.

Simulation time (hrs)
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Broad Analysis Results (Continued) SR
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EPE 2040 Summer

e EPE Summer

Home Dominant

—— Non PEV Demand(D)
— Lots of daily variation due to air conditioning loads |

—— Renewables(W+S)
—— D + uncontrolled
—— D + rand start

E A —— D+ TOU rand
* Large afternoon peak in native load | ;

— On high solar days, shift charging to solar

e Work dominant charging with control is the best for
solar alignment. &

— On low solar days, it may be best to shift some chargiﬁg to
off peak period.

=
=
]
2
S
e

Work Dominant

— Non PEV Demand(D)
—— Renewables(W+S)

: ; —— D + uncontrolled
e Home dominant with time of use random ' |

—— D + rand start

Simulation time (hrs)
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Vermont 2040 Summer

e Vermont Summer

Home Dominant

—— Non PEV Demand(D) .

— Controlled charging is much better than uncontrolled — o uncomotes

—— D + uncontrolled
—— D + rand start

— Predicted solar outproduces native daytime demand L

* Aligning solar will certainly avoid the need for storage
or curtailment

e Work dominant charging with random start control best
at solar objective |

=
=
@
2
o
2

Work Dominant
— Even without solar the work dominant random start — Non PEV Demand(D)

—— Renewables(W+S)

control has the lowest total peak power largely due to — ;I?£:§2E2°!!e"
Vermont's particularly. low daytime-load

Simulation time (hrs)
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Vermont 2040 Winter

e Ve rmont Winter . Home Dlominant

—— Non PEV Demand(D)
—— Renewables(W+S) .

— Native load is higher as a Winter Peaking region with bt uncontroled

—— D + rand start

electric heat loads ~ prourns

— On high solar days it is again useful to maximize daytime
charging aligned with noon peak |

— However, on low solar days, similar to EPE Summer, it may

be best to use home dominant charging for nighttime | 2
Cha rg' ng % Work Dominant
E ; —_— Non PEV Demand(D)
- - 5 . i : —— Renewables(W+S L
 In this scenario home dominant with random start | | T s uneontrolled.

—— D + rand start

produces the most steady demand

* Note that Time of Use random concentrates charging
causing a new undesirable system peak .

Simulation time (hrs)



e Key takeaways

.———..—.—.

— A control that works in a particular scenario doesn't mean it'll work for all scenario

* E.g, TOU random control that worked for EPE summer did not worlilfn/Ve:rmont »




Complete uncontrolled and existing SCM simulations for other regions
Evaluate the unique implications of wind heavy generation

Add public fast charging /;:_71 e

Tway-img %cts on demand

| | P
Work directly with each utility to reflrx be‘ Latlon and demamd predlctlons
|

Modify eX|st|ng, and develop new control rategies to opt|m|2e each rEglen%‘
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Lagoon

Uncontr{Independer

Stationary ¢
Communicz

Occasional
Higher avg

(%
(%
Q Reservatior
z
%

Possibgmhs

ka

Stationary ¢
€ Communicz
€) Reservatior

Communications and Reservations as SCM

Directing
6 Stationary Q

@ communid® Communication for price/availability
@ Reservatig @ Reservations

Directing & Site Control

Stationary energy storage

@ -> 8:00AM to 8:30 AM

@ ->5:00PM to 5:10PM

->6:00PM to 6:30PM

[ Smooth ang

=

-1 Mitigate de

% Grid serviceq

Incentivize] =1 Reduce cost: EVs, XFC operator, grid upgrades

&> Higher usg[» Smooth, reduce, and shift load profile
X Less wait, x Less wait, no station ‘hunting’, find low cost
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SCCI|Q{$\

U.S. Department of Energy




SCM Approaches for Mitigating EV XFC Charging Load g‘c:g%.:’;?\\.

U.S. Department of Energy

— Uncontrolled Charging 15,500 MWh  200MW -
— Energy Storage Control 15,600 MWh  185MW %
— Price and Reservation 14,750 MWh  149MW 25%
— Combined Control 14,850 MWh  148MW 26%

Combined control achieves most aggregate peak reduction, while
using 14% less battery and also assisting most individual feeder
loads and station demand charges.

M WL




Stakeholder Feedback
Broad Assessment of SCM

(10 minutes)

Tim Pennington
Timothy.Pennington@inl.gov

Manoj Sundarrajan
ManojKumar.CebolSundarrajan@inl.gov
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Addressing Bi-Annual Meeting Feedback Scales—"e

U.S. Department of Energy

* Explore more VGI options, in addition to SCM

— Sandia has shared some of their progress and plans for a concentrated charging VGI approach

* Broaden the scope of what will be managed

— Concentrated charging VGI analysis will shift charging spatially, as opposed to the temporal shifting from SCM controls

— Energy analysis in FY23 will include M/HDV charging needs

* Review current industry offerings and expand SCM analysis to include new capabilities
— SCM market review was conducted to determine demonstration options for measurement and verification (Day 2 Discussion)
— Expanded SCM SCM controls will be pursued to accommodate LDV and M/HDV needs for EVs@Scale



Open-mic Feedback

e Open discussion for all attendees to share
feedback with the FUSE Team on progress and
next steps

E\'s@
SCCI|Q{$\\.

U.S. Department of Energy




Thank you!
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