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Policy Reminders

* Open forum
* Obey antitrust laws and guidelines
* Adhere to your organization’s standards of conduct

* Protect confidential information and intellectual property

Open Distribution
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Logistics for Meeting

* All lines were muted on entry

* Attendees may use chat to ask questions or make
comments

* Questions will be taken as time permits for each presenter
* Presentations will be posted after the event
 www.natf.net
* WWW.epri.com
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Welcome and Introduction
Andy Balascak - NATF

NERC-EPRI-NATF Planning and Modeling Virtual Seminar
November 3, 2021
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Day Two — Emerging Technologies

Topic

Welcome

Integrating Security into the Planning-Design Process
Extreme Climate Events & Transmission Resiliency

Audience Interaction

Break

Session 2 — Resilience Planning

Presenters

NATF — Andy Balascak
EPRI —John Stewart
EPRI — Anish Gaikwad &
Dr. Delavane Diaz

EPRI — Anish Gaikwad &
Mobolaji Bello

EMT Studies for Transmission Planning

Transportation Electrification & System Planning

Day Two Wrap-up and Closing Comments

Open Distribution

Session 3 — Technology Impacting the Utility Industry

Eversource — Goodarz Ghanavati &
Meiyan Li

Electranix — Andrew lIsaacs

EPRI — Jared Green

INL - Tim Pennington

NATF — Andy Balascak



Security Integration

John Stewart
EPRI

NERC-EPRI-NATF Planning and Modeling Virtual Seminar
November 4, 2021
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Security Integration with

System Planning
NATF Planning and Modeling

John Stewart
Principal Technical Leader, Cybersecurity

November 4, 2021
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Session Agenda

Background
Collaborate on technology roadmaps
Incorporate security objectives

Provide context for security operations

Security Vision 2030

The U.S. Saturn C 5 rocket, which on July 16, 1969, sent the Apollo
spacecraft on its journey to the Moon, developed about 2.6 GW
during its 150-second burn.

Open Distribution
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EPRI Cyber Security Research Areas for Power Delivery

DER and Grid-Edge

% Incident and Threat )
Security TF:

Management TF:

Preparation

e Security Architecture

* Integrated Security for DER Integration

_ Operations Center
Detection &
Analysis

* Security Architecture
for Energy Storage

* Cyber Security
Requirements and
Architecture for EV
XFC

* Security for loT and
Connected Devices

 Threat Management
ahd e Security Orchestration,

Containment

Eradication Automation, and
ecovery
Response

* Forensics for OT

Post-Incident

Activity Systems

Cross-Cutting Areas:

Cyber Security I Supply Chain I _
Metrics Security Cloud Security

Open Distribution
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Cybersecurity - Transmission and Distribution Task Force
EPRI Lead: John Stewart

Cybersecurity for Control Centers

* Targeted security strategies for transmission and distribution control
centers

e Optimize NERC CIP program to address compliance risk with minimal
cost and operational impact

Cybersecurity for Substations and Field Systems

e Creative solutions to secure transmission and distribution

> substations

e Coordinated cyber and physical security controls for line-
mounted controls

4
|

Open Distribution
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Support Security Integration

Plan

eSystem-level objectives
eDesign requirements

= Share and collaborate on
technology roadmaps

\ET]]) Design

eLeverage upstream documentation eDevelop and apply standards
to interpret and troubleshoot eLeverage standards to satisfy design

] I n CO r‘ p O ra te S e C u r i ty eSupport operational capabilities requirements
objectives

= Provide context for = »
perate ui
Secu rlty Ope ratlons *System commissioning eConstruct physical systems

eIncorporate into operations eConfigure cyber systems

Open Distribution
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Technology Transition

= Around the same time two unrelated efforts produced new
standards:

- |[ETF IPv6
- |[EC 61850

= In both cases, experts predicted that these new solutions would
rapidly replace existing practices....

What actually hqppened‘?

www.epri.com © 2021 Electric Power Research Institute R — ==dr= | FLECTRIC POWER
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Technology Transition

= Adoption of both solutions suffered
due to similar circumstances

= Transition Costs
— Hybrid operation
= |Pv4 and IPv6 in parallel

= Conventional and 61850 in parallel

= Transition Benefits

400 pr

Monthly IPv6 allocations per RIR
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— Benefits are generally end loaded after

full transition

www.epri.com
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Technology Step Changes

Conventional Process Interface Digital Process Interface
) @
«»| Realtime || $
.g a»-| Realtime || £
S @
- Events -« & =
8 % Y - Events -l 8 S
g wl @ E ‘E’ Interface
] . Il ] . Bl Unit
2 |a»| Settings £ |e»| settings m
E Current| 4 g - current|
S . . Transformer | <| Configuration x Mergin_g Transformer ©
Configuration © 2 Unit] (CT)) =
_(_L =] o @ 3 ]
] . © -
2 «| Fimware jem 8 e R . __ Voltage| f
. 173 o c erging ransiormer c
oy Firmware B Voltage .f_»“.‘ § Unit v -
o o I_I_ Transformer = Hardware Q Z
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O T |- Qo - > -
Hardware __|c g % Remote Misc Inputs
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l . _—1 B Me———
Misc Inputs|
IED P
L ) and Outputs

What are the security implications of this fransition?

Open Distribution
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Digital Testbed

= Current Environment Integrated Security:; ‘
R s | ¥
— 182 devices from over 35 manufacturers Opefat'on'éégsi!‘&ﬁg*(is.?)

~ Configured to support multiple SCADA protocols
—~ DNP3, IEC 61850, Sunspec MODBUS, IEEE C37.118, IEC 104, IEC 101

= Build next-generation digital testbed
— Explore security needs of emerging architectures
— Sampled values enabled designs

Py | (s v e - : —
X ‘gg | I"- I [ %

Cyber Security Research Lab - A Resource for Members

Open Distribution
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Incorporate Security Objectives

(a) Original design (b) Revised design (c) Final design

= |dentify

— Critical systems \

— Compromise vs failure
= Protect

- Segmentation Assembly using One-piece base & Design for push-

common fasteners elimination of and-snap

— Internal separation oeepes ey

= Detect

— Monitoring

-~ Anomalies and events

Respond and Recover

— Black sky conditions

Open Distribution
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Security for T&D Systems

= T&D systems contain a wide range of assets with unique
capabilities.

= Creative solutions are required to evaluate and secure
these assets.

= Enterprise IT systems are more like Legos, and T&D
systems are closer to Play-Doh.

— Enterprise IT systems

= Modular with well defined interfaces based on standard
layers of technology.

= Security can be snapped on the system
— T&D systems

= Proprietary designs delivered as an embedded
hardware/software platform

= Security must be molded in the system

Open Distribution

18 www.epri.com © 2021 Electric Power Research Institute, Inc. All rights reserved.



http://www.epri.com/

Resilience

= NIST 800-53 — Resilience

— The ability to prepare for and adapt to changing conditions and withstand
and recover rapidly from disruptions. Resilience includes the ability to
withstand and recover from deliberate attacks, accidents, or naturally
occurring threats or incidents.

.‘ "Respond

Detect Recover

Harden

Open Distribution
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Beyond Resilience

= What’s the opposite of fragile?

External
— Fragile systems are damaged by stress (Entorprie)
— Resilient systems can survive stress e —
What about systems that are enhanced ~ = »
by stress? sl BRN: B
Supervisory :E:.i- mu—-umﬂm
Peer RN : L
eer iccp-l Utilties/Reliability |ee— ' Communlcatlon
« Antifragility " 8 e Pl
— Antifragile: Things That Gain from -a-
Disorder
. |
= Nassim Taleb ,t
| | |
= Vision 2030 s ey

Cyber systems will continuously adapt to
changing conditions and leverage events
to enhance security

Open Distribution
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Context for Security Events

= An early utility cyber event
— Overnight shift responds to unplanned operation of multiple breakers
- Maintenance personnel verifies no operation occurred
— (Unexplained SCADA system behavior)+(Recent Maroochy Shire event)

Communications/FEP

Open Distribution
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Context for Security Events

= Some additional details

— SCADA circuit includes an
analog bridge

- TG legacy protocol in use

Station A

Poll
oooooooooooooooooo %‘Lﬁom—ﬁ eececcscscscsee l|I

oo -l
...................... Station B

0 o

oooooo
{hj Reflected Pol

LN ]

« What really happened E L smmsssssesnesesssssssonsnss
— SCADA polls were reflected —— &

and interpreted as response

— Master station error disregard
CRC validation

Have we mitigated this risk?
Open Distribution
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Provide Context for Security

T
> & *e. s
. J "« ‘
Planning ‘{ %

Planning

Diagram

Arrangement 3{ Connections  Configuration ;Logical § Functional

i ...,..-- '
N N
. e B .. T
=y . y
Construction & Field Sgpport
5 R
4 P
S I
N
%
\d \d
Arrangement Connections
Open Distribution
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Configuration

: : Configuration
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Provide Context for Security

= Substation Configuration Language (IEC 61850-6)

— Standardized SCL files are created to exchange configurations
between IED engineering tools and between system
engineering tools from different manufacturersin a
compatible way.

= Components of SCL
— Substation functional specification
— |ED capability descriptions, and
— Substation automation system description

= Contains valuable information about
designed system behavior

Open Distribution
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Security Context - First Steps

P2808 - Standard for Function Designations used in Electrical Power Systems for Cyber Services and Cybersecurity

Why

How do we replicate IEEE Std. C37.2 for cyber?
How do we recreate this tried-and-true industry best practice and design process/flow for cyber?

IEEE Std.1686 IED Identify

Cybersecurity Capabilities \ S

IEEE Std.C37.2 Cybersecurity Req. \

LI

for Power System Automation, Cyber Function
Protection, and Control Systems _
Numbers, Acronyms, ) Detect
i i Engineerin [ elec
Other IEEE: DNP3 SA, and Designations gnaanng
o / Drawings,
Virtualization, etc
/ Procurement, R d
/ Commissioning, espon
NIST, IEC, NERC, Others / Maintenance
Recover
'ﬁ“i-:s Original Approach Current Approach
T . < EEE

Nathan Wallace - §7 & S8 Working Group Chair

Open Distribution
www.epri.com 2021 Electric Power Research Institute, Inc. All rights reserved.

=2l

ELECTRIC POWER
RESEARCH INSTITUTE


http://www.epri.com/

Near-term

Long-term

26

Security Vision 2030

0-15 years

~15-30 years

Decarbonization

Accelerate economy-wide, low-
carbon solutions

» Electric sector decarbonization

« Transmission and grid flexibility:
storage, demand, EVs

» Efficient electrification

Net-zero clean energy system

« Ubiquitous clean electricity:
renewables, advanced nucleatr,
CCUSs

* Negative-emission technologies

» Low-carbon resources: hydrogen
and related, low-carbon fuels,
biofuels, and biogas

Clean

www.epri.com

Transformation

Drive affordability of a clean and resilient energy
system through digital transformation

Power system modernization: pervasive
sensors, monitoring, advanced analytics
using Al

Upgraded and expanded communications
infrastructure and control systems

Making Energy More
Affordable

Open Distribution
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Resiliency
Mitigate climate impacts and
cyber/physical risks £ o
« System and asset hardening E S
* Improved response § e
« Faster recovery Z°
Future proof energy system design
basis
* Resilient power system design o
+ Advanced asset design and % §
strategic undergrounding I =
Smart integration of energy § 0
carriers :
Reliable

CPEI ELECTRIC POWER
RESEARCH INSTITUTE
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Leveraging Innovation

For the first 30 years of electrification, there were virtually no
productivity gains.

— Not because electricity wasn’t the right solution

— They stopped at the drive shaft

— System drive vs unit drive
Productivity soars

Are we deploying new solutions and stopping at the drive shaft?

Open Distribution
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Discussion

Open Distribution
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Together...Shaping the Future of Electricity
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Extreme Climate Events &
Transmission Resiliency

Anish Gaikwad & Dr. Delavane Diaz
EPRI

NERC-EPRI-NATF Planning and Modeling Virtual Seminar
November 4, 2021

Open Distribution



Climate Resilience
Assessments of

Transmission Systems -
LADWP Case Study N =PRI | R

Anish Gaikwad, EPRI
Delavane Diaz, EPRI

Eknath Vittal, EPRI
Laura Fischer, EPRI

NATF-NERC-EPRI Modeling & Planning Meeting
November 4, 2021
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Assessing Climate Impacts on Transmission Systems

Long-Term Scenario Level Impacts Acute Event Impacts

» Primary response to mitigate » Climate change is expected to drive
future climate change is to an increase in the severity and
transition the power system to frequency of extreme contingency
include more low-carbon resources events

» Electrification of load » Manifests as weather driven

» Expansion decisions conseguences to transmission

» Climate or weather impacts on system infrastructure

generation or transmission system | » Events that result in the loss or
components unavailability of significant portions

of the transmission system
infrastructure

Open Distribution
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Objective: Assess the resilience of the
2030 LADWP transmission system in
response to extreme contingency
events driven by climate change and
natural disasters

P ¥
B U Voo © i
1 I

Review of the “Resilience Assessment
of the LADWP Transmission System”

2 q" =
=\ \"‘Q% )

3t S

i 2

www.epri.com
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Synthesis Climate Assessment
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Overview of Climate Threats and Vulnerabilities Prioritized by
LADWP and included in the Synthesis Climate Assessment

Climate threat Historical Projection Potential asset vulnerabilities*
trends! (confidence)?
Temperature Warming Warming Increasing CDDs, changing seasonal demand shapes (chronic);
(100+ years) (very high) higher peak demand for cooling/heating during extreme heat/cold,
outage risk (acute); T&D efficiency, sagging lines; reduced thermal
generator efficiency; cooling efficiency
Precipitation No significant Unknown (low) Equipment damage from heavy downpours, local flooding, risk of
trend mudslides, facility access, changes to hydropower resources
Wildfire Increasing Increasing acres Power outages, infrastructure damage
(30+ years) burned (med-high)
Drought No significant Increasing frequency Reduced hydropower resource availability
trend (med-high)
Sea level rise Rising Rising Coastal flood risks include physical damage, inundation, corrosion,
(SLR) (100+ years) (very high) erosion, facility access

1 Adapted from CCCA4 Statewide Summary Report, Table 3. Trend refers to influence of anthropogenic climate change on climate threat above baseline climatology.
* Climate impacts can be direct (infrastructure damage, service interruptions) or indirect (resulting impacts to customers and surrounding community).

Open Distribution
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Moving beyond exposure assessment to explicitly integrate climate
impacts into quantitative assessment of fransmission resilience

Review & Interpret Map Climate Impacts Geographically Translate Climate Impacts into
Climate Projections for to Identify Highly Impacted Electrical Consequence and

Location and Variables of Interest Electrical Equipment Define RSIF Events

CMIP6, NCA, state data and other Assess locationally-specific Generate extreme contingency
existing detailed local cllmate datasets climate vulnerabilities events for RSIF analysis
) ' , i CONTINGENCY ‘2 STATION
Ex: Characte”ze . Capture and Map Source: HIFLD DEfln? NILDFTRE OUTACE’
change in evaluate electrical DISCONNECT BUS FROM BUS 12345
. DISCONNECT BUS FROM BUS 23456
wildfire projected consequence | exp
e o h b d CONTINGENCY ‘3 STATION
probablllty n , A changes across ased on WILDFIRE OUTAGE’
N HH H - DISCONNECT BUS FROM BUS 34567
Los Angeles Utlhty Service ant|C|pated DISCONNECT BUS FROM BUS 45678
- i i DISCONNECT BUS FROM BUS 57890
County ; territory \ f:llmate DI
Example shown for wildfire, but can also : Im pa cts L1

consider other threats such as extreme
heat and sea level rise / storm surge
inundation

Map Source: Cal-Adapt Map Source: Cal-Adapt

Climate Data Informs HILF Event Deflnl’rlon for Transmission Resmence Analysis

36 www.epri.com © 2021 Electric Power Research Institute, Inc. All rights reserved. ' PEI
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Within LA County, the greatest near-term risk from wildfire is to
transmission assets in inland areas along the 500 kV line.

RCP4.5
CanESM2
v '5
!
\

%
H

37

www.epri.com

RCP8.5

CanESM2

A

Plots show change in
decadal wildfire probability
between 2030s and 1990s.

-0.12t0 -0.09
-0.09 to -0.06

Change in
decadal wildfire
probability

B
L
[ ] -0.06t0-0.03
L]
L]
]

-0.03t0 0.00
0.00t0 0.03
0.03t0 0.06
0.06 to 0.09
0.09t00.12

@:so00kv @287kv @ 230kv

Analysis identifies individual

Open Distribution
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circuits experiencing an increase
in wildfire risk — this finding is
robust across climate models
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Transmission Resilience Assessment:
LADWP Case Study
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Resilient System Investment Framework (RSIF)

» PSSE-Python based framework for steady state
analysis of extreme events

» Can generate potential cascading paths

= Each path is assigned a probability based on level of
violation (thermal for lines & transformers, voltage for
generators)

» layer = n indicates the depth of the cascade (n =
1, 2, 3, etc.)

= Each layer can have multiple states, depends
on the number of violations present in the end
state of the previous layer

» Risk is calculated for each end state across the
layer

» End state occurs when there are no more
violations (thermal or voltage)

» Risk calculated when an end state exists

= Accounts for load loss, generation loss and
divergence of the system

Boze Case

HILF Event Applied (N-3)

Corrective Actions Applied
Layer = 0
p, = 0.0034 p, = 0.0073 p, = 0000027
Path #1 Path #2 Path #3
(M-T) (N-1) (H-2)
Layer = 1
po=1.0 p, = 0,168 B, o= 0.B41 p, = 01468 p, o= 0LB41 p,o= 0141 po= 0141
Path #4 Path #5 Path #6 Path #7 Path #8 Path #9 Path #10
(N-2) (N-2) (N-2) (N-3) (N-3) (N-3) (N-4)
p, = 0.0036 B, = 0.00041 p, = 0.00305 p, = 0.00041 p. = 000305 p, = 0.000512 p, = 0.000512
Layer = 2

Scenarios that have significant divergence across the cascading paths imply less resilience

Open Distribution
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Power Flow Scenarios and Events

e Full * 627 MW of e 871 MW of
retirement of additional additional
the once- firm firm
through generation in- generation in-
cooling (OTC) Basin Basin
generation compared to compared to
units in the Scenario 1 Scenario 1
LA Basin e Total Gen: e Total Gen:

e Total Gen: 7952 MW 8196 MW
7325 MW and 1741 and 1760
and 1732 MVAr MVAr
MVAr

» Weighed multiple possible future configuration of
the LADWP system and compared the resilience
of the network in response to a set of defined
events

» Network topology identical in all cases

" One network sensitivity assess (new cable not
completed by 2030)

» Evaluated the impact of 12 contingency events

®= Combination of severe planning contingencies, natural
disasters, and wildfire events

= Used climate projections to identify contingency
events based on the wildfire threat

» Probabilistic resilience assessment completed
using the Resilient System Investment Framework
(RSIF)

Resilience is measured as the level load loss risk present in the system

Open U istribution
2021 Electric Power Research Institute, Inc. All rights reserved.
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Set Il: Saddle Ridge Fire

» First wildfire event studied (N-82)
» Scenario 3 produces the most resilient

response to the Saddle Ridge Fire

contingency

= Additionally, there is no cascading in the
system following the initiating event 200

» Cable sensitivity again critical to

supporting resilience, especially with

increased in-Basin generation

Scenario 3 has the lowest levels of
load loss risk for all studied

scenarios and mitigates further
cascades

www.epri.com
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200
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Load Loss Risk

Scenario 2 Scenario 3
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Set ll: Sayre Fire

Load Loss Risk » Most significant event studied (N-100)

» Scenario 1 cannot survive the
Initiating event

» Scenario 2 and Scenario 3 suffer from
large levels of load loss

. » Network sensitivity results in an
5000 increase in load loss risk for Scenarios
- 2 and 3
3000 Overall, Scenario 3 has the lowest
oo levels of load loss risk for all studied
scenarios.

1000

Network upgrades also play a

Scenario 1 Scenario 2 Scenario 3 Crifical ro’e in imprOVing reSi'ience

B Base Scenario M Sensitivity Scenario

8000

7000
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Future Work and Next Steps

» Expand transmission asset exposure » Use those interactions to define scenario

level impacts for transmission analysis

assessment to mc!udg climate-related (e.g. derating transmission lines or other
threats beyond wildfires (e.g., SLR). assets)

» Explore methods to model wildfire » Explore methods to assess dynamic

spread under different climate futures impacts of extreme eventsand
incorporate complex corrective actions

and protection interaction

» Characterize more complex interactions
between climate threats and the » ldentify optimal transmission
transmission svstem investments based on risk mitigation and
Y cost-benefit

Open Distribution
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Eversource ata Glance

= Largest Energy Company in New England
= 9,100 employees in three states

=  Approximately 4.3 million customers
— Electric
— Gas
— Water

Safety First and Always




Overview

EVERSSURCE
ENERGY

Study Objective

Project Description

Analyses Performed and Study Results

= Computational Considerations
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= Ensure the proposed ~240 MW distributed energy resources (DERS) do not in aggregate cause a significant
adverse impact on the reliability and operating characteristics of the Eversource transmission system, the
transmission facilities of another Transmission Owner, or the system of a Market Participant, and if they do, to
recommend system improvements that would eliminate the adverse impacts.

Study Objective

= For this purpose, an electromagnetic (EMT) study was performed to:

— Verify acceptable control stability and interactions between inverter-based technologies connected to
Distribution and Transmission

— Verify acceptable DER ride-through capabilities

— Corroborate transient stability results and capture issues not identified due to the limitations of transient
stability analysis
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Geographic Location of the Study Area ENERGY

= The study area covers a significant part of the transmission system in Southeast Massachusetts (SEMA).
= SEMAand Cape Cod has become an offshore wind hub with a couple of large-scale projects approved
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Electromagnetic Transient Analysis Modeling

EVERSSURCE
ENERGY

= Around 240 MW inverter based distributed energy resources (DERs) were studied.
= Around 400 MW existing inverter-based DERs were modeled in the study area.

= The most representative types of inverters were selected (up to 4) at each distribution substation to represent the
DERs.

= Modeling includes 64 inverter based DERs, two offshore wind projects, two transmission connected battery
energy storage projects, and FACTS devices in the study area.

= All models are vendor specific models.

= Each inverter-based resource/power electronics device was modeled in a separate PSCAD case. The cases are
solved in parallel and communication among cases is through designated port numbers.

= Used the ETRAN+ PSCAD library to distribute the computation among several processors.

Safety First and Aways
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Analysis Performed

= |nverter Model Validation
= N-1 and N-1-1 Fault Testing
= Balanced and unbalanced faults tested

= Contingencies selected based on the result of prior interconnection studies and considerations of
potential weak grid conditions

= Transmission circuit, shunt device, double circuit tower, stuck breaker contingencies tested
= Recloser operation was modeled

= PSSE and PSCAD Benchmarking
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Inverter PSCAD Model Validation

PV inverter went into momentary cessation for a 3-phase fault far from the POI:
Inverter enters
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Electromagnetic Transient Analysis Results

= A 250 MW BESS tripped at reclosing for an N-1-1 contingency in both pre and post project casesdue
to transient overvoltage caused by the BESS plant capacitor banks

= A4.9 MW DER project at a station nearby tripped due to overvoltage as well
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PSSE PSCAD Benchmarking ENERGY

EVERSSURCE

= Comparing the results for a three-phase fault with nonsimultaneous recloser operation
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Electromagnetic Transient Analysis Results

= The proposed DER additions did not cause an adverse stability impact. System response was acceptable for
contingencies tested per applicable criteria.

= PSCAD and PSSE simulation comparisons show dynamic responses of the models benchmarked well.

= EMT studies are necessary to integrate future inverter-based resources (IBRs) into the system and address
any stability and control interaction issues due to large increase of IBRs in certain areas and retirement of
synchronous generators.

= |mprovement of EMT study efficiency under consideration.

— Automation of simulation and post-processing
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Computational Considerations

= Simulations were tested on two server machines with 112 cores, 512 GB memory.

= Each 35-second simulation of in cases with about 70 power electronics PSCAD models took about 4 hours to
run.

= Study scope was carefully established to ensure adequate modeling detail and study accuracy and consider
computational resources, e.g., the number of cases and contingencies to be tested, the size of the study area,
and relevant projects to be modeled.

= Asignificant part of the study involves tasks other than running the simulation including model validation, case
building, fault automation, post processing the results

= Better computational tools will facilitate performing and scaling up resource-intensive EMT studies
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QUESTIONS?
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Leveraging Advanced Hardware and
Computing Techniques for EMT studies
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Who is Electranix

Established in 2000, We offer power system consulting services for ISOs, TOs, GOs, and larger
consultants, mainly in studies and simulation. We develop E-Tran, E-Tran Plus software, and primarily
use PSCAD/EMTDC, PSS/E, PSLF and E-Tran. We are located in Winnipeg, Manitoba, Canada

Kasun Samarawickrama M.Sc. — Study Engineer
Alex Poersch — Study Specialist

Hang Li — Research Engineer

Vianey Mateo — Study Specialist

Anuradha Kariyawasam — Study Engineer
Gabriel Molin — Engineering Intern

Ting Lin — Engineering Intern/MITACS Scholar

Leadership Team

* Dennis Woodford — President, Engineer, Founder
® @Garth Irwin — VP, Engineer, Founder

* Andrew lIsaacs — VP, Engineer

Modelling and Studies Team

* Anuradha Dissanayaka M.Sc. =Study Engineer Software Team o
* Francisco Gomez Ph.D. —Study Engineer * Joel Dyck M.Sc. — Computer Scientist
o Chaminda Amarasinghe Ph.D. — Modeling Specialist Engineer Nathan Kroeker = Computer Scientist
) ! Ing T Ing >peciall 8! e Suren Dadallage M.Sc. — Electrical Engineer
° Xiuyu Chen Ph.D. - Study Engineer *  Pokyee Tsu — Computer Science Intern
* Amit Jindal Ph.D. — Study Engineer
* Jeremy Sneath M.Sc. — Study Engineer Admin Team
* Lukas Unruh — Study Engineer ° Janet Woodford
e Kumara Mudunkotuwa Ph.D. — Study Engineer *  Crystal Isaacs M.Sc.

® Gagandeep Saini MBA
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What’s going on in EMT studies?

 We know we need them, they’re not going away, and they’re getting
more common. So here’s what we are doing these days in:
* Software
* IBR Plant Models
Hardware
Studies
Building Industry Capability!
* Gaps

* Note: Other people are doing good work, and other tools are
available... this is just our own experience.
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e
Software Advances

. PSCQD version 5 was released this year. Lots of good improvements, but version 4.6.3 is still widely
used.

e E-Tran Version 5.2 is currently used in all studies, Version 6.0 is planned for release this month.

. E-Traln is used for translation from PSS/E to PSCAD, study model building, parallelization, and hybrid/co-
simulation.

e E-Tran development focus is currently study building and automation.
* |Improvements to:

* API for building E-Tran runs into automated processes

* Updated generic solar and load models

* 64 bit support

* Improved parallelization support (automatic parallelization)

* Substitution library template generator

* Improved logging, help and tooltips

* UFLS model support

* Updated generic models and standard library support

* Software is key!! Custom scriﬁting and automation is advancing to handle the masses of data input

and plotting requirements. These may find their way into future E-Tran releases.

* Eg. Electranix now has 4 in house computer scientists, and a number of python specialists in the engineering
group
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IBR Plant Modelling:

* Model requirements: We continue to maintain ours here:
http://www.electranix.com/wp-content/uploads/2021/02/Requirements-
Rev.-10-Feb-3-2021.pdf

* Other industry guidance is coming quickly:
e Regional standards have become quite advanced.
e 2017, 2019 NERC IBR interconnection guidance
e |EEE 2800 draft standard, IEEE 2800.2 forthcoming

* With a few exceptions, we are seeing good quality models coming out.
Parameterization and control tuning are the main trouble points now.

 Utilities and ISOs are adopting recommendations from NERC and others to
request EMT models for all IBR projects.

ELECTRANIX mass s Slide 67
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http://www.electranix.com/wp-content/uploads/2021/02/Requirements-Rev.-10-Feb-3-2021.pdf

-
IEEE/Cigre WG to develop a DLL standard for

controller models — “Real Code”

* “Real code” is desirable for maximum accuracy. These models wrap the actual inverter
source code into a .dll which can be called from any software tool.

* >100 OEMs, tool developers, and end users participating. Most major simulation tool
suppliers are contributing.

e V1.0 of the DLL interface has been reviewed by the team, and has been used by
approximately 10 OEMs of converter controllers.

* V1.1 has been reviewed by a small team, and is nearly ready for release to the entire
WG. V1.1 includes:

o Ability to use other input, output or parameter types (ie use of C structures vs Double vectors)

o Removal of program specific information (leftover from the earlier IEC starting point)

o Removal of features that are not used in real firmware controllers (ie iterations, derivative based
central solvers etc.)

* Electranix has a new DLL import tool based on the standard for both PSCAD and PSS/E
which includes features to support snapshots and multiple instances even if the code
doesn’t group state variables.

 Documentation, user-guide, examples are in development.
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Hardware Advances

* We are currently captive to chip supply issues... our simulation computers in
house are either:

e Largest models: AMD Ryzen Threadripper 3990x based: 64 core, 128 thread
e Standard models: AMD Ryzen Threadripper 3970x based: 32 core, 64 thread

* Some utility customers are using Intel Xeon based solutions to satisfy IT
departments who don’t want AMD solutions:

* Much more expensive
* Slower per-core performance
* Coming:
. Threa)dripper 5000 series (Zen 3) arriving this month, but won’t be much different (still 64
cores

* Threadripper Zen-4 based chips will have 128 cores, 256 threads. Rumored for Q2 2022,
rumored 40% speed increase over Zen 3 in addition to core count.

* Some utilities (ISONE) experimenting with cloud based computing. Currently not suitable for
our application, but we are watching it.
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Type 1 — Basic Workstation: Intel Core i9-10900 or similar (10 cores, 20 threads, but very high speed
per core) (approx. 3000 CAD for full machine)
e« We use these as basic workstations which will be running PSCAD, but not massively parallelized
cases. Good for design, troubleshooting, case creation, etc.
e 32 GB RAM (4 channel DDR), liquid cooled, 2 TB NVM.e SSD drive, 750 Watt PSU, onboard Intel

[ ]
E I e Ct ra n I X video (no external video card required if you get a workstation motherboard with multiple

screen outputs available).

[ ]
‘ O m p u t e r B u I | d Type 2 — Study Workstation: AMD Ryzen 3970X (32 cores, 64 threads, approx. 6000 CAD for full
machine)

e We use these as workstations for engineers routinely running large parallelized cases.

° e 064 GB RAM (4 channel DDR), large liquid cooler for CPU, 2 TB NVM.e SSD drive, min. 750 Watt
e e re n C e o PSU, discrete video card will be required (just enough to support your monitors, usually around

100 dollars).

Type 3 — Advanced Study Workstation: AMD Ryzen 3990X (64 cores, 128 threads, approx. 10000 CAD
for full machine)
o We use these for very large parallelized cases. Individual core speeds are excellent as well as
large parallelization capability.
e 128 GB RAM (4 channel DDR), large liquid cooler for CPU, 2 TB NVM.e SSD drive, min. 850 Watt
PSU, discrete video card will be Hpquired (just enough to support your monitors, usually around
100 dollars).
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Electranix Computer Build Reference 2021:

General Computer Assembly tips:

« Get a large case to make your assembly easier, and make sure that the CPU cooler fits inside the
case before purchasing it.

e Although the power supplies may be more wattage than you need to supply the CPU, the larger
power supplies tend to have more available outputs which you often need for the high
performance motherboards.

» Use only high quality power supplies.

» The biggest failure point so far has been CPU coolers. Expect that it may fail in 2 years if the
computer is used heavily.

e If the person assembling the computer has no experience, get some help from the computer
store to mount the CPU to the motherboard and research cooling paste application before
mounting the cooler. Some computer stores offer assembly services which may be good if the
engineer is uncomfortable.

* You can override the stock CPU clock settings to allow higher speed when all the cores are
utilized together. Just keep an eye on temperatures and clock speeds, and back it off if you're
having instability issues.
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s
Studies

 Study covering large areas are more frequent than ever:
e 20-200 IBR models, 500-1000 busses.
* DER cluster studies (ISONE)
* High penetration regional studies (Texas, Australian states, ATC, ISONE, others)
* Island systems (HECO, Australia)

* More than just PSCAD and E-Tran models now, they sometimes require additional
customized layers of scripting and automation software to setup and run.

* This makes challenges for model portability, on top of IP constraints.

* Some utilities are starting to take these on with minimal support from consultants
* ERCOT, HECO, Eversource

* Many utilities are gearing up for increased in house capability, working with
smaller systems and updating their model intake capability
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EMT is great... but also really hard!!

A utility or entity that wishes to begin doing EMT studies must do the
following:
e Develop knowledge of what is required (What don’t you know?)
e Regulatory framework is required to get models and perform studies
» Software acquisition (what tools/modules do you need?)
* Hardware acquisition
* Model acquisition (you need to get the models)
* Model quality control (you need to check the models against your criteria)
* Develop knowledge of specific tools and techniques (Training)
* Perform EMT studies within your existing regulatory framework and schedules.

4 o

* Each of these has its own challenges, and the only one that’s “easy” is the
actual software purchase.
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Training: Plan to do this yourself eventually

 EMT is challenging, and it requires years to develop a utility’s
capability to the point that they are self-sufficient. But it is possible!!

 Start with a pre-made standard, and prepare to adjust it to meet your own
needs.

* Begin immediately taking in models for new IBRs
* |If needed immediately, hire consultants to get you through “crunch time”

* Hire or dedicate your own specific staff to learn this skillset. This isn’t a casual
enterprise, and any casual approach will fail.

* Get basic training in software tools, and expert training in study applications.

* Training isn’t a “one-and-done”. You should plan on continued training, or
ongoing support for a while. This will only work if you have dedicated staff
working on EMT.
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Key Gaps

* IBR OEMs have largely kept up with model requirements (Thanks!)

* Gaps in model testing, parameterization, and matching requirements
against controller capabilities

* Gaps in modeling and simulation standards
e Gaps in planning group knowledge and human resource capabilities
* Gaps in timeline possibilities vs expectations

* Gaps in E-Tran capabilities... we have work to do to help planners
automate their studies and quickly build models.

* Gaps in protective relay EMT models!!! Help us help you!!! “Relay OEMS
need to get out of the EMT dark ages” - Garth Irwin
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Thank you! Questions?

Andrew lsaacs

ai@electranix.com
204-953-1833
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Transition from Centralized to Distributed Energy Supply

Locations for Transportation

. Operable refinery locations and capacity volumes iy
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Fleet Assessment Using Remote Imagery + Analytics

= EV Fleet Conversion Data Required
— Location of facility
— Number of vehicles
— Type/size of vehicles
— Daily route distance

= Other Detectable Characteristics
— Bays (type and number)
— Square footage: warehouse / parking lot / lot
— Roof usable area, pitch, and orientation
— Examples: Google Earth and Bing Maps

= Other supporting datasets

Open Distribution
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Challenges

= Most optical imagery taken midday. = Road striping and concrete pads may
appear to be fleet vehicles.

= Some fleet vehicles are inside the facility.

= Seasonal and daily variations of fleet ops.
= Different ops characteristics per location.

|
!.'
i
1
l
|

Image.©.2020 DigitalGlobe, Inc, a Maxar company ‘
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Comparison of Imagery

Panchromatic Sharpened Image
(30 cm — highest resolution available for satellites)

=

: —
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How can stereo satellite imagery be used?

e

Imagé © 2020 DigitalGlobe, Inc, a Maxar comp

Open Distribution
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How About SAR(Synthetic-aperiure radar) Imagery?
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Identification is ALL about the Pixels

Analytical Method
Used: Contour

detection

gl e e U

Image © 2020 DigitalGlobe, Inc, a Maxar co

mpan

Vehicle Size (m) |Google (135m)| Bing (Ivi=19) | WorldView3 | WorldView2
Pix/m 15.5 3.3 2
W L W L W L W L W L
USPS (LLV) 1.88 | 277 | 29.1 | 428 | 79 | 116 | 63 | 92 | 38 | 55
Delivery (Van) 204 | 495 | 315 | 765 | 86 | 208 | 68 | 165 | 41 | 9.9
Step (Van) 244 | 61 | 37.7 | 943 | 10.2 | 256 | 81 | 203 | 49 | 122
Highway Trailer 259 | 6.7 | 40.1 | 1036 | 109 | 281 | 86 | 223 | 52 | 134
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Resulis

Without Element of Height With Height Included in Analysis

Image © 2020 DigitalGlobe, Inc, a Maxar company
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Intelligence Embedded in Fleet Orders of EVs

Vendor and Model

Arrival

Chanje V8100
Ford eTransit

GM/BrightDrop EV600

Mercedes eSprinter

Oshkosh NGDV

Rivian

Workhorse

www.epri.com

Range
km

180
240
290

340
240

200

100
400

115
150

240

160

Cargo Payload Battery

m? kg KWh
14 1975 67
1875 89
1736 111
1615 133
19 2730 100
13.8 1730 67
17 1000 20
200
11 1040 44
900 25

14.2, 19.8,

25.5

18.4, 28.3 70
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Charging
kW
120

115
120

Major Orders

UPS 10,000

FedEx 1,000

FedEx

Amazon 1,200

USPS 50,000
to 165,000

Amazon
100,000

UPS 950

EPI2 | wetarcy wsmirore
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Example - Demonstration Site Forecast

50 fleet vehicles

10 bays (Another good indicator)
Fleet vehicles/infrastructure assumptions: GM/BrightDrop EV600 with 120 kW DC fast charger
Must consider other factors for full evaluation (other loads, operational characteristics, etc.)

Example shows largest impacts to grid per scenario.

5 vehicles 10 vehicles

Ave. Duration Load using 120 10% Errorin 20% Error in Likel
Number of DC - : kW DC Fast Total Energy Vehicle Vehicle v
for Charging S S transformer
Fast Chargers Charger Identification | Identification St
50 1 6000 6000 600 1200 5000 kVA
25 2 3000 6000 600 1200 5000 kVA
l 10 5 1200 6000 600 1200 1500 KVA
5 10 600 6000 600 1200 750 KVA

Is forecasting the future size of a fleet like a game of horseshoes?

Open Distribution
88 www.epri.com © 2021 ElectricPower Research Institute, Inc. All rights reserved. l—PEI
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A Potential Path Forward
Build a Model with Readily Available Data

= Available datasets:

— Imagery
= Square footage of building/parking lot
= Count number of cars in the parking lot and fleet vehicles within facility
= Count number of bays

— Fleet Datasets
= Total number and maybe type of vehicles in fleet

— Misc. datasets
= Census data for population growth
= DOT for miles of roadway in counties
= Size of distribution transformer (rule of thumb barometer)
= Others

— Obtain ground truthing for fine-tuning of the model

Number of fleet vehicles = #. ## * employee cars + #. ## x sqft of building + #. ## * miles in county

Open Distribution
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Jl Energy Storage and Advanced Transportation
Department

Molecular Material Studies Advanced Battery Characterization

Batiery Test Center Non-deéfrllative Electric Vehicle
(BTC) Battery Evaluation Lab Infrastructure Laboratory
(NOBEL) (EVIL)

IDAHO NATIONAL LABORATORY
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INL’s Integrated Energy Systems Laboratory
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Jl \Why Caldera?

Caldera is the “Missing Link” to high-fidelity modeling of EV impacts on the
Transportation System and the Grid Grid Models

o 4

=ik || Nglgip-— o

Caldera

EV Modeling Platform 8 .'

Hoting Capatity

Simulating Linking Transportation Simulating distribution and
mobility and Grid Tools traditional loads

Existing tools lack understanding of:
when and where EVs will charge,
detailed load profiles, effects of control
strategies

IDAHO NATIONAL LABORATORY

Existing tools lack understanding Demonstrates EV charging effects
of: grid topology, power availability, and illustrates system optimization by
charging cost information, detailed co-simulating both grid and driving

charge profiles conditions

Open Distribution



Caldera
Electric Vehicle & Infrastructure Decision Management Simulation Platform

(4]
o)
Transportation o Electric Grid
Network s ~N Distribution Network
Simulation Caldera Operate ., © Caldera Charge , © Simulation
O—

Fleet charging management Charging Control

FleetAl
Automated vehicle dispatching AC Level 2 smart charging strategies
Extreme fast charging

station control strategies

VehicleAl
Travel demand forecaster
Charging decision agent = Charging Model Library
High-fidelity models for AC Level 1/2,
InfrastructureAl DC fast, and extreme fast charging
E.g. EV|-PI’O, Charginig demand fofecaster and stationary energy storage E g Open DSS
Infrastructure decision agent ! o !
POLARIS, BEAM GridLAB-D

\ S

Caldera is an agent-based modeling platform for predicting
detailed system impacts and demonstrating intelligent management strategies

IDAHO NATIONAL LABORATORY
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- High Fidelity EV / EVSE Charglng I\/Iodel library

using high-fidelity models. Aggregate or composite
models are not used.

« These high-fidelity models are based on results from
testing real EVs, EVSE, and batteries in the laboratory.

Voltage Scan

40

30 T
20

10

0

40 80

Current (Amps)

Labs Test - Irm
=== | ab Test - Po

Efficiency

Power Factor

100.0%

0.95 95.0%

« The testing is done in INL's BTC and EVIL labs.

Charge R 90.0%

U sme N Lab Test
*

Start Charging

Efficiency

« Each of these graphs compares lab test results to
B = outputs from one of INL's high fidelity EV

" / charging models.
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Sample Results: Predicting Charging Demand
Jlll from 1.1M Personal-Use EVs (2040 Vehigle Fleet — 40%)
* Results g Caldera

rom week-lon

Aggregate Power Load Profile (All Charging) simulation of personal-use vehicles

1400000 -~ Home charging

shows capability to predict charging

peaksinevening  XFC peaks coincide ~ Workplace xfc_kW! demand that is easily extended to fleets
1200000 “x with morning and charging peaks
< 1000000 evening rush hour inmorning 2 HomekW - Results also produced (not shown) for
= —CLz—WW"—"W individual vehicle travel itineraries,
o XFC usage more ; : : :
3 800000 consistent through including routing to and dwelling at
S 600000 weekend travel charging stations for least
2 cost/time/distance
a 400000
Total Power breakdown:
200000
« /8% L2 Home
O ° H ekar. Tay!-@z
0 24 48 72 96 120 144 168 17% XFC Public EX River G? e
simulation time (hrs) 506 L2 Work IR Foresillats
. . . ffalo 17 Coon Rapids 55w) 52
Power Profile of Single XFC Station 2 9 B o
Maple Grove Z . stillwater
Qh Ql’glng AQQQSS ,_ : @ @Wneap:l =
i - é 1200 4ln|—|2elonka T2 W0 .‘_5'. Waodbury ;
A mption S oo -0 Y o 3@ ®
» 70% have Home Charging 2 5 o ™ agan
] 2 - Burnsville e @
» 25% have Work Charging 5

» 22% have only XFC Public

Lakeville

72 96

simulation time (hrs)
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ll Grid Impact Demonstration Platform

* Transportation simulation determines when and where

vehicles are connected to the grid

« Charging model library accurately simulates loads which are
applied to the grid model and can be viewed as an aggregate

impact

Power and Voltage with Uncontrolled Charging

4000
3500 A s

'
te =«
3000 'u' % | =3

* Uncontrolled charging is demonstrated and resulting

impacts on the grid such as peak feeder power and node

voltage are assessed for improvement

1500
500

Feeder Power (kW)

- = = = noEVs
- = = = uncontrolled

r
2500 ,* K Ry ]
2000 K R i
-~ x\ “\-' "

IEEE 34 Node Feeder

Head of
Feeder

800

802 806 808 812 814 824 826

o .

828 830 854

848

846

844

842
860 836 840

Results from Caldera in RECHARGE DOE Project

Open Distribution

pu Voltage

-—810.2 —8221
—848.1 =—8482 —848.1 —848.3 =—840.2
—8403 -—8382 —8403 890.1 890.3

826.2 =—810.2 ~-—864.1
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Jlll Control Strategy Demonstration Platform

compared in Caldera

4000
g 9 » Energy shifting control strategies shown here
X 3000 include:
s o - Centralized aggregator
o 2000 . .
& e — Distributed random start
T
8 50 - Time-of-Use rates (TofU)

0 —

» 1.05
g o « Benefits increase with increasing EV Adoption, filling
& in trough can consume otherwise curtailed
g ¥ renewables
G
> - Voltage may continue to be a problem
% 0.85
N
&’ 0.80

/\,L.'QO?N\ 69()?\1\ '\'LVQQ P‘\I\ 6.90 P&l\ \,LQQ?w 6.90?\h '\'L'QQ P‘N\ 690 P&I\ /\'ZDQ?N\

= Time of Use = = = Uncontrolled == Centralized Control

=== Random over Park Random over ~ = = m Current Feeder (no EVs)

Time of Use

Open Distribution
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lll Voltage support using Reactive Power

« Just as Smart Inverters are currently proliferating in the
solar industry and allow solar generation to provide better

o support to the grid, we envision improved power
3 zzzz electronics in EV battery charging hardware could
5 e provide reactive power and substantially lessen EV
5 o impacts on the grid; and Caldera can prove that.
3 190 i, (TSR
g x| . EVs (with smart invertors)
’ charging at less than 100% power,
g . T orconnected and not charging are
g s able to provide reactive power to
% 0.95 s the grld
S ow » The results show that with the energy shifting
£ om decentralized strategy of random starts over the Time of
E o™ G P (0P o o™ oM P e Use rate period, the peak power is not increased, but the
o reomioled i Votage Sumpert e R v T of Use voltage would fall to unacceptable levels; until the
e — Reactive Power strategy is added and it then stays
above 0.95 puVA

Open Distribution

IDAHO NATIONAL LABORATORY

Results from Caldera in RECHARGE DOE Project



Challenges of an XFC Station

XFC Charge Profiles for Hypothetical Vehicles

XFC Site Power

2000
300 —— SUV/Sportscar EV i 1500 _CgmpCtEV
- E 250 = Current Midsize EV g 1000
‘ = 200 g
n— . - 4 == CuUrrent Compact EV S Peak 320kW
Caldera Simulation of XFC g 150 — g o
. O 100 H_MWMW
. Z 0
Station: o ool
* 6 X 350 KW chargers collocated 0 N~ 2 1o0 e
* Vehicles are detailed agents R e Time (Miny : Pe:  900KW
representing classes in SCM x
. Max Ch o
» Vehicle use based on actual EVQO ||rategw) |30 150 50 o
station data, bounded by busy gas reneleRanEe | o e o S — suvisporscarey | Peak 1730kW
. 0 1: : Miles X
station data (46% utilization) Vehicle S = 1500 q
° Note abrupt ramplng and hlgh Resembles Taycan Tesla Model 3 | Nissan Leaf Dog- 1000
peaks for high charge power S 500
vehicles . &
. « Demand charge might be 0 |
« Demand charges impact the >$25K per mo?\th 9 0 2 4 6 ?nm?;f;:l‘zhlri)zozz 24
station operator. Electrify America P 4

has said “up to 80% of a station * While energy charge is <$2k
electricity bill can be demand

Charges_” Open Distribution
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I Stationary Energy Storage —
Charging Station Site Management

en Distribution

Local station controls and the presence of stationary energy
storage (SES) can smooth and reduce peaks

With lower peak loads more XFC stations can be placed on weak
grid, increasing convenience for EV owners

Stationary energy storage can mitigate demand charges,
increase profits for charge station operators

Caldera incorporates an
accurate Stationary
Energy Storage Electro-
Chemical Model and site
management system in
the Infrastructure Al

This is a tool for utilities
and CNPs to study the
benefits and aging S
effects of specific battery

energy storage systems
IDAHO NATIONAL LABORATORY

on their network




Jll Simulating XFC with SES and station control

XFC Station Power with SES and Station Control ga'd_era Simulation of XFC
tation:

XFC Station - 500kWh SES - 600kW Control Threshold « 500kWh battery costs ~$500k
izzz VT W\ o S * Reduces 1730kW peak to
1000 (80 o 725kW on this day
2 50 A N 60 § * If demand charge were $15/kW
Z o w0 SES saves $15,000/month
. 0 | ‘g « SES payback period=33months
500 A o & « 50kW vehicle population with
- Uncontrolled Station Power == Controlled Station Power - Charg/Discharge Power -——— Battery State of Charge SOkWh SES reduced 320kW
_ peak to 230kW
XFC Station — 500kWh SES — 800kW Control Threshold . 150kW vehicle population with
T~ ® E 250kWh SES reduced 900kW
v 80 o peak to 500kwW
_. 1000 70 S
§, 500 ¥ VM 60 §
: O i % - All seem to be financially viable
=500 © 2 with ~3year pay back
o 0 § | « BUT THAT IS NOT ENOUGH
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 0
Time of Day
Open Distribution IDAHO NATIONAL LABORATORY
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How do you predict and set the threshold?

What happens when it is broken?

XFC Station Power with SES and Station Control

XFC Station — 1IMWh SES — 600kw Control Threshold

2000 100

90
1500

80
1000 A 70
h f 60

S
()]
D
S 500 | r 8
= | ©
= 50 ©
2 o
¢ 0 g
o 40 O
)
5
B 30
500 s

20

-1000
10
-1500 0
6 8 10 12 14 16 20 22 24

Time of Day (hrs)

—— Uncontrolled Station Power —— Controlled Station Power —— Charg/Discharge Power —— Battery State of Charge
Open Distribution

A few extracharges

costs a lot:

« Machine Learning prediction =
very accurate

« But just a few unexpected
customers or increases in
frequency - deplete the SES
and incur substantial costs.

« Example:

« IMWh SES ($1M)

* Threshold set to 600kW

» 4 or 5 EVs bring peak >1000kW
 Costs > $6000

« SCM MUST DO MORE

IDAHO NATIONAL LABORATORY
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(] Stationary @ Stationarye-e Stationary Stationary energy storage

© communicd€ cCommunicd® Communid@ Communication for price/availability

¢ Reservatio] ¢ Reservatior|@® Reservatid@ Reservations

X Occasional|[* Smooth and Incentivize]c= Reduce cost; EVs, XFC operator, grid upgrades

=3 Higher avgl= Mitigate def}<> Higher usal[* Smooth, reduce, and shift load profile

§ Possible n % Grid service x Less wait, E Less wait, no station ‘hunting’, find low cost

Communications and Reservations as SCM
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- Individual Station Functionality (preliminary results)
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-Simulated Station Management with SES

« System wide impacts of Station Management with SES

— Evaluated each station’s mean power and 15min
peak power (demand charge)

— Targeted a 75% reduction of the peak above mean
to identify Grid Power Threshold (kW) and then
found minimum SES size (kWH) capable of that.

— Applied to all 350 XFC stations across the 2040
Simulation

Small XFC Station with High Usage — Consistent Peaks
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-Simulated Station Management with SES

Aggregate Power Effects of Station Management with SES

160000
140000
120000
100000

80000

Power (kW)

60000

——

40000

U U

0 20 40 60 80 100 120 140 160
Simulation Time (hrs)

—— Uncontrolled Total Power ——SES Controlled Total Power

* Peak Reduction 18% (142MW to 117/MW)

during Friday afternoon rush hour
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Tim, these are the numbers for energy and power in aggregated load profile: Total Energy(controlled): 14869571.64kWh; Total Energy(uncontrolled): 15657709.33kWh Maximum Power(Wed-Sun)(controlled): 162902.

Price (Dis)Incentive Control
Aggregated Effect — Preliminary Result

200000/

—— Controlled
—— Uncontrolled

175000

150000

125000

100000

75000

XFC Charge Power(kW)

50000

25000/

j [}
/ '
01 - \ -

0 25 50 75 100 125 150 175
Simulation Time(hour)

All stations use base price up to desired “threshold grid power”, additional chargers are offered with price multiplier.
Vehicles chose alternate station or charge time through cost optimization algorithm.

Not an economics project.
IDAHO NATIONAL LABORATORY

Peak Reduction 16% (193MW to 163MW)
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Jlll Assessing Specific Distribution Networks

We have simulated transportation and distribution networks in several metro areas
working with major utilities.

DETROIT

ATLANTA SAN FRANCISCO MINNEAPQLIS

[4‘]' TR | g

Pacific Gas and
Electric Company @ Xcel Ener gy-

 DTE FY LT

We look forward to working with different regions and
utilities to assess and improve their unique future with
electrified transportation. In addition, we are working on
non-proprietary generalized solutions for public distribution.

Open Distribution
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Il Other Applications for Caldera

» Distributed Energy Resource (DER) modeling on the grid
- Caldera is well suited to study stationary energy storage, and PEVs with L2 and XFC s
- An augment to OpenDSS’s capabilities for other DERS
- V2X

« EV fleets conducting SCM have added opportunities which need modeling
— Enforced directing is acceptable

* Precise forecast schedules
— Company Owned, On Premises EVSE — Distro Center
— Can integrate EV loads with facility loads
*Each application may have unigue management but a
combination of storage, control, and communication needed

* Long haul

* Hub and spoke
« Last mile

* Municipal

« Utility

* Taxis

* Transit...

IDAHO NATIONAL LABORATORY



B Smart Charge Management for Long Haul Trucks

» Guide truckers toward optimal charging decisions that minimize cost, grid impact, and maximize miles driven

« Advance communication and scheduling of 1+MW charging and onsite energy storage is necessary
— Onsite generation may happen, and predictable/managed schedules will help
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« Use of lower-power, cheaper
infrastructure when possible

— Coordinate lower power
chargers with “Hours Of
Service” stops
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What are you working on?
How can you use Caldera?
Where can we collaborate?

IDAHO NATIONAL LABORATORY
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ational Laboratory

Timothy.Pennington@inl.qov
==\ CET.inl.gov

(i}
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mailto:Timothy.Pennington@inl.gov
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Wrap Up
Thank you!

Meeting Materials will be posted at:
www.natf.net
www.epri.com
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