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Dynamic Line Rating
How PPL is lifting congestion costs in the PIM region



Background

$14.5 Million in annual congestion costs projected in 2025
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Solutions Considered
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Dynamic Line Rating

Time to Implement | 2 —3 Years 3 -5 Years Months
Downtime Extended Outages Extended Outages No Outages
Cost $0.5 M per mile S2 - 3 M per mile <S1M

Est Capacity Benefit | + 34% + 106% +10 - 30%
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What is DLR?

System of line sensors installed to measure conductor and real-time environmental data
in order to determine the true capacity and forecasted capacity

] Static Line Ratings J Dynamic Line Ratings
Assumes Measures

*  Wind speed *  Wind Speed

*  Ambient Temp *  Ambient Temp

* Solar Radiation * Conductor Temp

* 2 Seasons (Planning) *  Conductor Sag

No way to measure field conditions, ensure Measures Conductor Health
safe operations, or line health
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Perpendicular wind is the key factor to increasing capacity

DLR sensors must accurately measure the actual wind speed that each critical span is

experiencing

Wind estimates based on weather station data alone have proven to be inaccurate

e U.S. Department of Energy | April 2014

Operating Conditions Change in Conditions Impact on Capacity
Ambient temperature 2 °C decrease + 2%
10 °C decrease +11%
Solar radiation Cloud shadowing +/- a few percent
Total eclipse +18%
Wind 3 ft.fsnlncrease. +35%
45" angle
3 ft./s increase,
/ . + 44%
90° angle

Source: Navigant Consulting, Inc. (Navigant) analysis; dota from (7)

Table 1. Impacts of Changing Operating Conditions on Transmission Line Capacity
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Dynamic Line Ratings Process

Weather

Measurements :
Algorithms

Calculate
Forecasted
Ratings

Algorithms
Calculate Real

Time Ratings

Line
Measurements

Machine Learning Feedback Loop

TMS operates
based on
Dynamic
Ratings




Planning for DLR

Ampacimon DLR Simulations

A |

ADR VIEW IN A NUTSHELL

Input data:
+ Historic weather data covering surveyed area
B Dedicated weather
(PIE:SO-:SD{JE):ErKjHULniiﬁE R Customer weather stations On-line weather service sE:JJ:ttiigg Eorg:ngnrzulir:es)s «  Line design data and existing ratings
n n «  Conductor features
» . : et .
v ea ¥ o’ «  Span design data
Design data Historical weather data Delivr-.'rables:
e, et «  ADR View report containing statistics,
histograms,
Design Data Weather Data «  Time-stamped data in .csv format
* Geospatial model of each line * Wind Speed _ )
span + Wind Direction +  Presentation of results by an Ampacimon
* Conductor diameter, * Ambient Temperature exper‘t {face-tg-face. aor conferance (:3||_}

aluminum section, steel ¢ Solar Radiation
section

* Absorptivity, emissivity Real time ampacity

* Resistance at 20°C 1 hour ampacity
* Temperature resistance 4 hour ampacity
coefficient
* Maximum conductor
temperature

* Number of sub-conductors
* Seasonal ratings

Weather statistics et o i)
1 Y . >

Dynamic rating gains
Critical spans analysis




DLR Simulation Results

Steady-state DLR at emergency rating temperature

SUSQ-HARW Summer Emergency Rating (MVA)
(April-September)
Greater than static 100% of the time

SUSQ-HARW Winter Emergency Rating (MVA)
(October-March)

Greater than static 98.9% of the time

1000 1150
— Gains capped based on limiting equipment at substation 1100
950
1050
900 1000
950
850
900
800 850
800
750
Average Gain Relative to Normal Static Rating 29% 750
Average Gain Relative to Emergency Static Rating 10%
700 700
R B B R O O e A o T o K e TR e A e AR TR O O TR e T O R e A R e O O e TR TR O e O o T o TR O e O TR R o e T e I o O o IO | — 0 1N N
A NN TN ONODNDO A ANMST N ONVDDOANMTETLL ONNVNO AN MS LN OIN WD © d N A
A NN TN ONOODDAT AN NN ONDDOAN NN ONOONDNO AN ONKWOO N — N m <
™Y A A A AN AN AN AN AN AN AN NN OO NN NN S
e D[R MVA Emergency Rating - Local Weather Data (Capped on limiting equipment at substation end) e D
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Target Span Identification

1

%o of occurrences

Critical Span Distribution From DLR Simulation

Critical spans - Line SUSQ-HARW-1
Period: from 2019-01-01T00:00:00.000Z to 2019-12-30T23:59:59.0002
Degraded Mode excl. - #usedSamples: 104832 (= 100.0% of #totalSamples: 104832)
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Spans

Required Span Selection Rules

« Orientation between spans changes more than 15°
« Distance is greater than 10 km

« Conductor or number of sub-conductor change

« Span safety concerns

« Utility span data identifies high risk span(s)

3

Final Span Selection

o
ADR Sense #1
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Sensor Deployment Complete

* One phase per identified span
* Live Line Installation Via Helicopter
* Installed December 2020

* Mounting procedure is 15 minutes per sensor

* Sensor mounted 5 — 10% of the total span length from
either tower




Upcoming Work

* Definition of formal ratings procedure being developed by PPL in partnership with PJM

* [ntegration of ratings into PJM 1-day ahead operations and market to clear congestion violations

e Finalize IT System with NERC-CIP Compliance
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