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Turning Challenges Into Opportunities For Results
Decarbonization Challenges R&D Concentrations

* Need for Enhanced Models

* Need for Impact Evaluation

* Need for Improved Workforce

* Need for Advanced Components
* Need for Advanced Systems

* Need for Grid Integration

* Increased Renewables

* Beneficial Electrification
* DERs and EVs solved by
* Need for Resilience

Increased Resilience

Improved Reliability

Provides Security

Operational Challenges Technology Solutions Improved Affordability

* Congestion Mitigation ) Enable Sh’ft fr om.... Enhanced Flexibility
« Occurrence of Extreme * Static to Dynamic Line Ratings
Weather Events itigated | © Static Networks to Dynamic Network s i
mitigate g Increased Sustainability
« Variability from through Topology Optimization
Generation * Passive Equipment to Advanced Power
« Aging Infrastructure Electronics Based Equipment
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ELECTRIC GRID

Residential
Power Flow Management: Situational

E - Commercial
n
Awareness, Communication, Control,

Computing, Analysis, & Cybersecurity r Industrial

i
HH

Demand Side
Management

Distributed Generation

Transmission Distribution
System System

G

Grid Storage
Distributed Storage

@ Electric Vehicles
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Exogenous Trends
Load Variability,
Customer Participation,
Demand for Resilience

cause

Future Grid Paradigm
Decarbonization, Electrification, Resilience...

solving yields

=

Grid Challenges
Congestion, Extreme Events, Generation Variability...

mitigate

a

Technology Solutions
Network Optimization, Power Electronics...

solving yields

&)

Technology Challenges
High Cost, Operational Integration, Architecture Considerations...

mitigate

=)

R&D Areas
Enhanced Models, Evaluation of Impacts, Workforce Development

& "

Technology Solutions

()
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Increasing Aging Congestion | Unpredictable | Cybersecurity
Variability Infrastructure Events
Enhanced Control ‘ Q ‘ O Q
Modeling and Analytics ‘ ‘ ‘ O .
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Power Electronics . O Q @ ‘
Advanced Conductors O ‘ . O Q
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‘ = Technology provides significant O = Technology provides some Q = Technology provides minimal
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Static Line Rating

'

future grid
paradigms

Firm, Fixed Grid Topologies
Dynamic Power
Electronics

Passive Grid Hardware
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More Dynamic
A

Dynamic Line
Rating (DLR)

Stage 3: Theoretical maximum
capacity fully unlocked with
modern computation,
communications and control.

Ambient-adjusted
Rating (AAR)

Stage 2: Operations limited by
historic limitations with added
computation and
communications.

Seasonal Line

Rating
Static Line Rating
(SLR)
y .
Less Dynamic
- )

Stage 1: Operations limited
by approximations derived
from historic computational
and communications
limitations.

[
 PHYSICAL AND ELECTRICAL FACTORS

* Line current
i+ Sag/tension

* Insulation

and construction of the conductor

WEATHER FACTORS

* Wind speed

* Wind direction

« Solar radiation

©» Ambient temperature

748
%
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* Physical and electrical properties of the material :
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CAISO:
Uses static seasonal line
ratings and AAR.

SPP:
Primarily uses static
seasonal line ratings.
Began incorporating
real-time ratings in

ERCOT:
March 2019. Uses both AAR and DLR.
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MISO:

/-0

Primarily uses static

and DLR.

seasonal line ratings.
Capable of using AAR

I1SO-NE:

Primarily uses static
seasonal line ratings.
Capable of accepting
AAR.

NYISO:

Primarily uses static
seasonal line ratings.
Capable of accepting DLR
and AAR.

PIM:
Primarily uses AARs.
Capable of accepting DLR.
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Topology Optimization
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Case Study Historical Case With Reconfigurations
SPP Real Time Market Binding constraints: 3 Binding constraints: 1
March 10, 2018, 20:10 CST Shadow prices: $174 - $984/MWh Shadow price: $15/MWh v/
38% Wind Penetration Breached constraints: one Breached constraints: none v/
Wind Curtailments: 285 MW Wwind Curtailments: 0 MW v/

9 SPP Southwest
Power Pool

Power Price Scale
$600/MWh

$300/MWh

Wind
Curtailments ~
$100/MWh 285 MW

—

Three congested ‘a One
$40/MWh elements congested
element
.\
\
$0/MWh
<-$10/MWh
Transmission Breach/Overload
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other decisions criteria
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externalities, unknowns
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Traditional . . . .
Model Predictive Control  Mlodel Driven Solution Data Driven Solution Emerging
Digital Twins Machine Learning
Decision
Space for
Operators
Considerations & Results
Direct Indirect Cumulative Induced
Impacts Impacts Impacts Impacts
Changes in variables Changes in relationships Changes over time, Changes from
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For Dynamic Line Rating
& Topology Optimization

Improves Economic Evaluation from...

* Better Technology Choices Through Data
* Improved Model Size & Accuracy To Make
Decisions

Improves Decisions with...

* Direct Impact on Infrastructure
* Indirect Impact on Infrastructure

Improves Operational Decisions from...

* Data Driven Knowledge
¢ Improved Methods

897

The Defined R&D Areas

Enhanced
Models & Data

Evaluation of
Impacts

Workforce Development
& Technical Assistance
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© HVDC Converter Stations
@  Other HVDC Facilities
{— HVDC Lines
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PFC
Alternative

PFC Cost
Comments

Original Project ‘

New 115-kV line to
remove overload at N-
1 condition

$16.8 M

Range

Installation of $1.5 M- Impedance changes necessary to avoid overload
PFCs on two $5.2 M change over time. PFCs can be installed
parallel lines gradually over time.
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Original
Project PFC PFC Cost
Original Project Cost Alternative Range Comments
2 Reconductoring 115- $7.15M Installation of $2.4M Deferral time greater than 10 years.
kV line and upgrading PFC on 115- PFC solution eliminates overload of two system
230/115 kV substation kV line components caused by the same contingency,
to address overload and can replace the original project.
caused by transformer
outage
3 Rebuilding 26 miles of $14.2M Installation of $2.0 M- Cumulative value of deferral greater than $2.0M
existing 115-kV line PFC on 115- $5.0M after year two and greater than $5.0 M after year
kV line five.

PFC can be a cost-effective solution if project can
be deferred more than two years.

4 Rebuilding 77 miles of $60.2 M Installation of $2.4 M- Cumulative value of deferral greater than $4.0 M

138-kV transmission PFC on 138- $3.7M after first year.

corridor to address KV line PFC can be a cost-effective solution even if

overload due to outage deferral time is very short.

of 345-kV line
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SSPS Power Electronic Building
Block (PEBB)

SSPS Converter
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SSPS Converter Applications
within Substations
Net-Zero Buidings N Integrated Generation
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CONVERTER
CLASSIFICATION

SSPS 1.0

UP TO 34.5KV
25 KVA-10 MVA

SSPS 2.0

UP TO 138 KV
25 KVA-100 MVA

SSPS 3.0
ALL VOLTAGE LEVELS
ALL POWER LEVELS
3
2 [
31
' 3
3-)
718
A@8=A
4@8=4

%
) #

DEFINING FUNCTIONS AND FEATURES

Provides active and reactive power control

Provides voltage, phase, and frequency control including harmonics
Capable of bidirectional power flow with isolation

Allows for hybrid (i.e., AC and DC) and multi-frequency systems
(e.g., 50 Hz, 60 Hz, 120 Hz) with multiple ports

Capable of riding through system faults and disruptions (e.g., HVRT,
LVRT)

Self-aware, secure, and internal fault tolerance with local
intelligence and built-in cyber-physical security

Capable of serving as a communications hub/node with cybersecurity
Enables dynamic coordination of fault current and protection for both AC
and DC distribution systems and networks

Provides bidirectional power flow control between transmission and
distribution systems while buffering interactions between the two
Enables distribution feeder islanding and resynchronization without
perturbation

Distributed control and coordination of multiple SSPS for global
optimization

Autonomous control for plug-and-play features across the system (i.e.,
automatic reconfiguration with integration/removal of an asset/resource
from the grid)

Enables automated recovery and restoration in blackout conditions
Enables fully decoupled, asynchronous, fractal systems
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PE Components m Grid Integration

e Reliable high voltage (10+ kV)
and high current (100+ A) wide-
bandgap (WBG) semiconductor
devices and modules

¢ DC breakers (>1kV), faster
acting protection devices, and
higher power over current
protection schemes

¢ High-voltage auxiliary power
supplies controllers, and
sensors

¢ High frequency, high
temperature, and high voltage
operation: research in
packaging, passives and thermal
management systems

* Develop reliable power stages
with advance features: Al
platforms for health monitoring,
lifetime prediction, cyber

security
771" 82
7?1 897
1 6 l)
!
/,GO '83'.1
897
/,HO
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&81'Q18
/E)0 6@72 !
72
7?1

* Integration of standardized
power stages

* Advanced sensors and
protection equipment
development

¢ Integrated computational
platforms, interfaces
requirements required smart
power flow devices

¢ Event logging and
communication protocols for
equipment controllers for
integration into bulk grid
systems

¢ Cost reduction and reliability
improvement are critical for the

* Grid architectures: HVDC, FACTS
and MTDC technologies for grid
impact & load impact studies

* Advance DC grid topologies and
control techniques for resiliency
for bulk grid infrastructure

¢ Economic analysis of HVDC and
MTDC technologies

* Develop case studies in
partnerships with utilities and
vendors

¢ Select sites for demonstrations
and validate use cases

FACTS based devices
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Operational Challenges

Congestion Mitigation
Occurrence of Extreme
Weather Events
Variability from
Generation

Aging Infrastructure

897

897

mitigated
through

Technology Solutions

Enable shift from...
* Static to Dynamic Line Ratings
» Static Networks to Dynamic Network

Topology Optimization

* Passive Equipment to Advanced Power
Electronics Based Equipment

Froviues decurivy
Improved Affordability
Enhanced Flexibility

Increased Sustainability
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31
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Appendix A: Grid Views
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Extended Grid State
V32
0
[}
0
0
©
0
Note: assets also include work Ambient E
force and field crews, control room g
systems, servers, databases, and 3
software applications °
Geospatil Information Type/Config
Note that examples (purple
[Cwind ] m airhome boxes) are indicative of
[precp | particulates class elements but are not
_— i intended to be exhaustive
Terrain [gen] lsts

Note: see discussion about
outage in the presence of DG/
DS andlor microgrids (service
outage vs. grid outage).

M Electrical Thermal Communications

topologies parametrics m

procured resources [ hot spots | [_profiles | [ performance |

[
[model params| [ capacities || LMPs [ contract prices| [essential reliab svcs ] energy ][ capacity] \

[[latenies | packet losses] [port state] | [ port reachabil
conducting || DER hosting NERC || T NWA| DNWA
defined

conduction

comms | adnitance || component generation [_consumpion | \’s/(orage | [system perf |
matrices | impedances ~
as-built

reserves ‘bquIDG mifo‘fH Al ‘ ‘ demand‘ \DR(ﬂexihiIity)\ Unaccounted ‘reliahility‘ power quality
flexibiy foreter Texbity
[grossload | netload || ramping | capaity]| [actual (invoked)| [grid outage | [ op effectiveness | [distortion] | [ violations]

@ planned || unplanned I@l

J

Y
‘ Estimators, Modelers, Analytics, Forecasters ‘

v < . v

Solar Flux, Wind, and Constraints, Utiization, Component, Circuit, and
Storm Forecasts Locational Net Value System Models

, 6 : )
@ . ) #0 L $%&(

Demand and DER forecasts
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Appendix B: Trends and Challenges Driving Transformation
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Appendix C: Dynamic Line Rating
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