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MEMORANDUM
TO: Council Members
FROM: Joe Walderman and Annika Roberts
SUBJECT: Grid Enhancing Technologies
BACKGROUND:
Presenters:  Joe Walderman & Annika Roberts, Council Staff
Jake P. Gentle, Idaho National Labs
Phil Anderson & Erik Schellenberg, Idaho Power
Summary: In our capacity constrained world, there is interest in and need for grid solutions
that can be implemented quickly and cheaply. Large-scale transmission projects
and upgrades can take many years and can be extremely cost and capital
intensive. Grid enhancing technologies (GETs) and advanced reconductoring can
help the region get more out of the existing system in the near term and delay or
displace the need for larger infrastructure projects and upgrades. Staff has
gathered a few regional experts to discuss their work GETs with the intention of
starting the conversation of how GETs can be considered in the Ninth Power Plan.
Relevance:  Thereisinterestin the upcoming plan to explore the effects of different
transmission trajectories on resource selection. This analysis may identify
constraints that transmission could mitigate. GETs can serve as a piece of the
transmission solution, one that many utilities in the region are exploring.
Workplan:
851 SW Sixth Ave, Suite 1100 Peter Cogswell 503-222-5161

Portland, Oregon 97204-1348 Executive Director nwcouncil.org


https://www.nwcouncil.org/

More info:

B.1.1. Advance ninth power plan development by developing scope, models and
inputs, and other data and assumptions.

ldaho National Lab, “Advanced Conductor Scan Report”:
https://inl.gov/content/uploads/2024/10/23-50856 _R12a -
AdvConductorsScanProjectReportCompressed.pdf

Idaho Power: News Release—*Idaho Power and Pitch Aeronautics Team up to
Improve Transmission Capacity”: https://www.idahopower.com/news/idaho-
power-and-pitch-aeronautics-team-up-to-improve-transmission-capacity/
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https://www.idahopower.com/news/idaho-power-and-pitch-aeronautics-team-up-to-improve-transmission-capacity/
https://www.idahopower.com/news/idaho-power-and-pitch-aeronautics-team-up-to-improve-transmission-capacity/













































https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_LTRA_2023.pdf






https://www.energy.gov/sites/default/files/2023-12/National Transmission Needs Study - Final_2023.12.1.pdf
https://www.energy.gov/sites/default/files/2023-12/National Transmission Needs Study - Final_2023.12.1.pdf
https://www.energy.gov/sites/default/files/2023-12/National Transmission Needs Study - Final_2023.12.1.pdf



https://www.energy.gov/sites/prod/files/2019/08/f66/Congressional_DLR_Report_June2019_final_508_0.pdf
https://www.energy.gov/sites/default/files/2022-04/Grid%20Enhancing%20Technologies%20-%20A%20Case%20Study%20on%20Ratepayer%20Impact%20-%20February%202022%20CLEAN%20as%20of%20032322.pdf
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https://www.energy.gov/sites/default/files/2022-04/Grid%20Enhancing%20Technologies%20-%20A%20Case%20Study%20on%20Ratepayer%20Impact%20-%20February%202022%20CLEAN%20as%20of%20032322.pdf



https://cms.ferc.gov/media/7198


















https://www.ferc.gov/media/e-1-rm20-16-000
https://www.ferc.gov/media/e-1-rm20-16-000
https://doi.org/10.1109/IEEESTD.2023.10382442
https://doi.org/10.1109/IEEESTD.2023.10382442
https://doi.org/10.1109/IEEESTD.2023.10382442
https://www.e-cigre.org/publications/detail/969-forecasting-dynamic-thermal-line-ratings.html



https://www.energy.gov/oe/grid-enhancing-technologies-improve-existing-power-lines
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https://www.youtube.com/watch?v=g102cHadh20
https://inldigitallibrary.inl.gov/sites/sti/sti/6618429.pdf
https://inldigitallibrary.inl.gov/sites/sti/sti/6618429.pdf
https://inldigitallibrary.inl.gov/sites/sti/sti/6618429.pdf
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- High Impact Disseminations
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Dynamic Line Rating Models and Their Potential for a Cost-
Effective Transition to Carbon-Neutral Power Systems

Ana |. Estanqueiro B, Hugo Algarvio, Antonio Couto, Andrea Michiorri, Sergio Salas, Danny Pudjianto,
Per Hagglund, Jan Dobschinski, Roman Bolgaryn, Thomas Kanefendt, |ake Gentle ... See all authors

First published: 09 March 2025 | https://doi.org/10.1002/wene.70002 | Citations: 2
Find It @INL
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EEE/31711/2017). Jake Gentle, S M Shafiul Alam, Zachary M. Priest, and Alexander W. Abboud
acknowledge Battelle Energy Alliance LLC under Contract No. DE-AC07-05ID14517 with the U.S.
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ABSTRACT

Most transmission system operators (TSOs) currently use seasonally steady-state models
considering limiting weather conditions that serve as reference to compute the
transmission capacity of overhead power lines. The use of dynamic line rating (DLR)
models can avoid the construction of new lines, market splitting, false congestions, and
the degradation of lines in a cost-effective way. DLR can also be used in the long run in
grid extension and new power capacity planning. In the short run, it should be used to
help operate power systems with congested lines. The operation of the power systems is
planned to have the market trading into account; thus, it computes transactions hours
ahead of real-time operation, using power flow farecasts affected by large errors. In the
near future, within a “smart grid” environment, in real-time operation conditions, TSOs
should be able to rapidly compute the capacity rating of overhead lines using DLR models
and the most reliable weather information, forecasts, and line measurements, avoiding
the current steady-state approach that, in many circumstances, assumes ampacities
above the thermal limits of the lines. This work presents a review of the line rating
methodologies in several European countries and the United States. Furthermore, it
presents the results of pilot projects and studies considering the application of DLR in

overhead power lines, obtaining significant reductions in the congestion of internal | D A H O N AT I O N A |_ |_ A B O R ATO R Y

networks and cross-border transmission lines.




- Options for Increasing Line Capacity

Change the Methodology
* Adjust Static Rating Parameters
* Apply Other Ratings

- Seasonal

— Ambient Adjusted

— Dynamic Line Ratings

(Real-time and Forecasted)

Change the Physical Rating

* Use Clearance Margin
(if available)

* Allow Higher Temperature

Fix Clearance Limits
* Remove Obstacle

* Adjust Tension

* Modify Insulators

* Modify Structures

* Inset Structures

Reconductor

« TW Conductor

« Larger Conductor
* HTLS conductors

Increase the Voltage

e Structure/insulator
modification

Rebuild the Line
*  New conductor

* More circuits
Larger voltage

IDAHO NATIONAL LABORATORY




Reconductoring with Advanced
Conductors Just replace the old wires

with new ones...

Advantages:

Simple

Inexpensive

Fast

Low environmental impact
More capacity (50-150%)
Better efficiency

Image Source: Pivotal Role: Reconductoring key to strengthening the transmission system - Power Line Magazine

IDAHO NATIONAL LABORATORY


https://powerline.net.in/2021/12/03/pivotal-role/
https://powerline.net.in/2021/12/03/pivotal-role/
https://powerline.net.in/2021/12/03/pivotal-role/

- Traditional & Advanced Conductors

Traditional

Stranded copper (legacy technology) All aluminum alloy conductors Aluminum conductor steel reinforced Twisted pair (used in areas with high wind).
(most used today)

Advanced

ACSS Conductor ACCC Conductor ACCC AZR (left) and ULS-AZR Conductor (right)

TS Conductor C7 Conductor E3X coating on ACSS Cable

IDAHO NATIONAL LABORATORY




ELECTRIC
TRANSMISSION
UTILITIES SURVEYED

Over 709 sha™
== 117,510 MILES =

X OF EXISTING TRANSMISSION
LINES WQULD BENEFIT FROM
RECONDUCTORING WITH
ADVANCED CONDUCTORS

Advanced
Conductor
Scan Report

Devermber 2023

Jlll Advanced Conductor Scan Report

2

Area of the United States covered by study survey.

https://inl.gov/content/uploads/2024/02/23-50856_R8_-AdvConductorszScan-Report.pdf

IDAHO NATIONAL LABORATORY



Bom]eyille Ppwer
Administration
(ACSS, ACCR)

Utility Profile

The Bonneville Power Administration (BPA) delivers [ ]
hydropower produced in the Columbia River Basin to ° exa m I e I n t h e
communities across the Northwest. The BPA servicearea

is illustrated in Figure A-20.

Figure A-20. BPA region.
Conductor Application Successes P N W

BPA has installed ACSS, ACCR (Figures A-21 and A-22) for test and new
construction, recognizing the importance of the application and the
resulting benefits.

wre A-21. ACSS conductor.
Exemplary Projects

2004 feeal Reconductor ACCR 115 kV Unknown Test line

Washington

Figure A-22. ACCR conductor.

Advanced Conductor Scan Report

IDAHO NATIONAL LABORATORY




I Advanced Conductor Deployment in the PNW

Avista ID, WA 2022 Benton — Othello Rebuild Capacity

Ongoing Ninth & Central — Sunset Rebuild Capacity
BPA WA 2004 Reconductor Test line
IPCo
Montana MT 2021 Bismark — Napolean Reconductor Renewable energy
Dakota Utility
North\Western MT 2021 Great Falls — Two Dot Rebuild Capacity and reliability
Energy
PacifiCorp ID, WA, OR 2009 Populus Terminal New construction Capacity

2020 Aeolus Shirley New construction Capacity

Basin

Portland OR 2019 Orenco-Sunset Reconductor Thermal overloads
General
Electric

IDAHO NATIONAL LABORATORY




- Reconductoring Potential in the PNW

« Shorter line segments with
transmission voltage upto 345 kV
are thermally limited. These are
more likely candidates for
reconductoring with advanced
conductors. &

WASHINGTO

OHval

IHINGTON

== Distribution (34.5kV or less)

MONTANA

== Subtransmission (35kV - 138kV)

\‘\ IDAHO IDAHO

= @ﬁ

< REGON

IDAHO NATIONAL LABORATORY

e Transmission (139kV - 345kV)




B INL: Advanced Conductor Testing

Overview and Objectives

» Develop and implement testing protocols Sponsors:
and plans for advanced conductor 5 oxmnuens or
. ENER
technologies e EEERGY
ELECTR'CITY Cybersecunty, Energy Security,

and Emergency Resaonse

» Assess and demonstrate physical
performance under varying operational

conditions Partners:
— Emphasize wildfire exposure performance & =PRI NEETRAC
fire tests T
— Testing to drive installation improvements for
minimizing defects/damage Wli]il@‘

IDAHO NATIONAL LABORATORY




B Conductors Under Test
il R

T o=y, |

ENERGY « WATER « COMMUNITY SERVICES

‘ ' ' Western
Area Power
Administration

Utility 3

'I'VA TENNESSEE
VALLEY
AUTHORITY

Utility 5

Southwire 995 kcmil
ACSS/TW/C7-TP

3M 824 kcmil Drake
ACCR

Prysmian 1431 kcmil
Plover ACSS/TW/MAS3/E3X

TS 1098 kemil
Jackson (Ruddy)

CTC 1026 kcmil Drake
ACCC/TW

1.108 5,344 ’.

1.108 700

1.128 2,500

1.131 3,000

1.465 100 ft, +
another
2,000

{

IDAHO NATIONAL LABORATORY



Roles & Responsibilities

Material Tests Wildfire Tests Other Tests

© Room Temperature Stress Strain . Conductor Fire . Qualification Testing (500 cycles)
@ Room Temp Ultimate @ Conductor Oven @ |ce Loading Performance Testing (several tests)
Tensile Strength (UTS)
@ Control Strand UTS . Conductor Fire Under Tension . Long-term Thermal Mechanical Aging
@ Control Core UTS @ Conductor Oven Under Tension Current Cycle Testing on Multiple Series Connector
Loops
@ Creep Testing Transmission and Distribution Expanded performance testing of insulation piercing
Covered Conductor Fire connectors under operational environment conditions
I Self-Dampening Thermal model development for de- Klondike 600" Installation Test
Vibration Laboratory Testing rating fire damaged underground and
pole risers
I Fatigue Testing . Full Scale Installation Test
@ Radial Crush Test EIA/TIA 455-41
[ | Existingtest [l Innovative test
@ Standard Bend Testing ® INL ® NEETRAC
[ M EPRI A Georgia Power

IDAHO NATIONAL LABORATORY



INL: Wildfire Conductor Testing Table

Capacity for 5’ or 6’

Test Table samples

Mounting frame allows
for samples to be
raise/lowered to control
exposure temperature

2' x 4' burn section

Thermocouples
mounted along frame
will collect/monitor
temperature that
samples are exposed to

Propane gas delivery
system

IDAHO NATIONAL LABORATORY



Opportunity for future/expanded work
Missoula Fire Sciences Lab

o

Thermocouple wiring
beneath burn table

Grain bin chamber interior
“Pyro Silo” — Grain Bin

“Big Sandy” - large Ventilation Controlled
tilting burn table Combustion Facility

IDAHO NATIONAL LABORATORY




I Cable run in middle section

4AEEEEETTR

IDAHO NATIONAL LABORATORY




SR B

NN

60-80 feet from power pole

VGrooe PuIIe, Iocaed oximtel

g of the day setup Receiving End

Equipment on Ground grounded
within 10 feet (Green Cable)

IDAHO NATIONAL LABORATORY




Industry Driven Literature on GETs Integration and

- Control

The Basics

INL/RPT-24 78290

The Control

S — N
. Implementation
Grid ; and Operation of
Enhancing Power Flow Control
Technologi ; Solutions for
: Ecnpologles . Transmission Systems

November 2024

any

dabo Mot Lobotory . ?
Jake Gentle

SMshatil Aam

Mucun Som

Lach Prest

Alberto De Rossa
Dan Schweer
Swarcop Gugglam

=Pl

INL/RPT-24-80

-

R
€hirover

Cybersecurity

A
Consid: :

IDAHO NATIONAL LABOR


https://inl.gov/content/uploads/2024/03/Cybersecurity-Considerations-for-Dynamic-Line-Rating-Deployment.pdf
https://inl.gov/content/uploads/2024/03/POWER_Variable-Ratings.pdf
https://inl.gov/content/uploads/2024/03/Implementation-of-PFC-solutions.pdf
https://inl.gov/content/uploads/2024/03/Shunt-Connected-FACTS-and-Synchronous-Condensers.pdf
https://inl.gov/content/uploads/2024/03/Voltage-Optimization.pdf
https://inl.gov/content/uploads/2024/03/POWER_Grid-Enhancing-Technologies.pdf

- Endless amounts of resources and expertise at INL

-2 /
\m oo Neticdl sbavaieey ‘ (
L)

Reports

A GUIDE TO CASE
STUDIES OF GRID
ENHANCING
TECHNOLOGIES

HOME

Real-time and Forecasted DLR

REAL-TIME AND
FORECASTED DLR USE
CASES

ABOUT v

RESEARCH v PARTNERSHIPS v

DLR Calculation Engine
ntaraperability Profle

DLR CALCULATION
ENGINE
INTEROPERABILITY
PROFILE

NEWS v CAREERS v EVENTS

Grid-Enhancing
Technologies:

A Case Study on Ratepaver Inipact

e R et T
e

A CASE STUDY ON
RATEPAYER IMPACT INL/RPT-23-75874

Advanced

Conductor
Use Case Studies
December 2023

m ol aond ity

FACTS and
Synchronous
Condensers

November 2024
naim

rEe—
Joke Gertle

M Shafd lam
MucenSen

ZachPress

POWER ENGXEERS

IDAHO NATIONAL

LABORATORY


https://inl.gov/national-security/grid-enhancing-technologies/
https://inl.gov/national-security/dynamic-line-rating/

Email us with your questions!
Jake Gentle; jake.gentle@inl.gov
S M Shafiul Alam: smshafiul.alam@inl.gov

daho National Loborory
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Erik Schellenberg Engineering Leader, System Planning

Phil Anderson Engineering Contractor, System Planning



Our Service Area

‘ ' DAH 0 + HYDROELECTRIC FACILITIES

0 R EGO N @ NATURAL GAS FACILITIES

A THERMAL FACILITIES
W DIESEL FACILITIES
. BATTERY STORAGE

More than ¢ VA
650}000 t B LANGLEY GULCH
customers

i EENNETT MOUNTAIN

B DANSKIN
HEMINGWAY +s AN FALLS
x C.J. STRIKE
JIM BRIDGER A
UPPER MALAD
ftlss <4 AMERICAN FALLS
LOWER MALAD
BLACK MESA W UPPER SALMon ¢ MILNER

x ﬁ' +TWIN FALLS
SHOSHOMNE FALLS
CLEAR LAKE

LOWER SALMON THOUSAND SPRINGS



Dedicated to Safety ;s'm i




Focused on Reliability ;@mm&

WE KEEP THE LIGHTS ON

(- 99.9%

OF THE TIME




Committed to Affordability ;ﬂlm i

We are COMMITTED TO AFFORDABILITY
and working hard to keep our prices

20% BELOW

the national average.




2024 Energy Mix

« Energy we generate from company-owned resources, and
« Energy we buy through Market Purchases and long-term
contracts with renewables and small-scale hydro generators.

Market Purchases
12.4%

Coal

12.3%

Natural Gas
19.2%

Geothermal,
Biomass & Other
2.20/0 Data Source: U.S. Energy Information

Administration.
Totals may not equal 100% due to rounding.

Hydroelectric

5.7% :
Nuclear ’ Wind

Hydroelectric
38.2%

Geothermal,

Biomass & Other
2.3%

NATIONAL =

AVERAGE

Coal
16.2%

Wind
9.7%

Natural Gas
43.1%



Serving Customers

Coal ”
// / ' _ Transmis?ion Transmission Lines Distrihu‘liionx‘ . ™. Distribution to Farms
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Energy Storage FE ol 1
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Natural Gas

Hydroelectric Dam Distribution to Homes
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Serving Customers

Coal

' Transmission
' Substation

s 17 Hydro Facilities

4 Natural Gas Plants

2 Coal Plants

5 Energy Storage Facilities
1 Diesel Facility

Hydroelectric Dam

Over 3,900 MW
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Serving Customers

Transmission Lines

Over 4,500 Miles of High-Voltage Transmission Lines
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Serving Customers

Distribution N\ Distribution to Farms
Substation

More than 650,000 Customers ostibutionto Homes

Approx. 30,000 Miles of Distribution Lines
More than 260 Substations
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Overview \

 Definition of Grid Enhancing Technologies (GETs)
* |daho Power’s experience with Dynamic Line Rating (DLR)

* |daho Power’s present GET DOE grant project

— Goal is to implement a working DLR system that can be utilized
by Operations and Planning
* Relieve congestion
 Offer contingency relief
e Grow and change as needed




Grid Enhancing Technologies SSIDAHO POWER.

 Grid Enhancing Technologies (GETs) maximize the
electricity transmission across the existing system through
a family of technologies that includes sensors, power flow
control devices, and analytical tools.

— Dynamic Line Rating (DLR)

— Power-Flow Control Devices

— Analytical Tools
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Past Projects ;

 Partnered with Idaho National Laboratory (INL) on
weather augmented Dynamic Line Rating
— Installed 47 weather stations
— INL generated a Computational Fluid Dynamics (CFD) model

— Translated the real time weather station data to all spans of
selected transmission lines and calculated real-time line ratings

— Utilized DLR calculating and visualization software developed by
INL
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Present Project ;

e DOE’s Office of Electricity invests in GETs research at
national labs and with U.S. industry and academia.
— Pitch Aeronautics Inc., Boise, ID — for Demonstration of Rapid

Deployment of Overhead Monitoring Sensors in Combination
with Weather-Based DLR System
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Present Project ;

e Demonstration of Rapid Deployment of Overhead
Monitoring Sensors in Combination with Weather-
Based Dynamic Line Ratings System

Y A E R ONAUT I C S

Idaho National Laboratory

Prime Contractor Infrastructure
Owner



Project Objective ;s'm i

* Implement and test a weather-based DLR system

1. Implement, test, and integrate a DLR system to evaluate the transmission capacity, grid reliability, and
transmission dispatch impacts.

2. Assess the influence of DLR on the integration of renewable energy and congestion reduction.
3. Develop a Cost-Benefit Analysis (CBA) framework for evaluating the economic benefits of the DLR system.

4. Demonstrate repeatable drone installation, and operation performance of an integrated low-cost dynamic line
rating sensor system. Compare this sensor solution to existing systems in at-scale field trials.

5. Demonstrate secure integration of sensors, software, and transmission dispatch into a cohesive dynamic line
rating system.

6. Demonstrate transmission line dynamic line rating operation by weather-based measurements, modeling, and
forecasting in a diverse western geography.



Project R&D Tasks ;ﬂlm i

e Existing Weather Station Inspections and Refurbishment




Project R&D Tasks

e Small Scale Site Selectior

Maan Hourly Wind Speed

Tends to be
wmdlu in afternoon i
pe =

W *

Small-Scale site selected:

+— Sensor 1 (0006) [~
e Sarvsor 3 (%054}
Sansor 3(5939):
—s— Sensor 4 {D077)
Sensor 5 (BE16)

Mean wind speed [mi's]
K
)
\ :
' z

e 2x 138 transmission

.............

o1 2 3 45 6 7 8 31011 1213141516 Jmls nnazzs
Local howr (MDT, UTC-6)

lines in series totaling
10.5 miles (17km)

e Terrain includes canyon
and plateau which
influences localized
winds. Bluf i 200m |

e Line experiences e
contingency congestion
causing periodic
curtailment of wind
generators.

i Wind-speed Duration Curve

—— Sensor 1 (D036}
———— Senzor 2 [09%4)

Sensor 3 (9939)
——— Sensor 4 (0077}
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Project Demonstration Phase ;

 Additional Sensor Installations (30 sensors)

e Communications and Network

 Sensor to DLR Software Verification

» Assessment of Risks and Operating Limitations
 Use of Data for Transmission Operations
 Project Costs and Benefits
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