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Why Dynhamic Line Ratings?

Increased Capacity SN |nterconnection Backlog
100% growth in grid capacity = & 1,400+ GW of interconnection projects
required by 2035 = /48 stuck in the queue

Forest Fires il Blackouts / Brownouts
Exceeding clearance limits $90B+ in economic losses from Texas’
can ignite vegetation SRR g 20217 storm
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The Heat Equation

What are Line Ratings?

radiative

L‘(mlillg solar .
Functional Dependencies / heating convective

cooling
Resistive Heating Radiative Cooling
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O, - Solar Irradiance
T, - Conductor Temperature
T, - Air Temperature
o. - Conductor Absorptivity
v, - Air Speed
&. - Conductor Emissivity

0, - Air Direction

Rate of Change of
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The Hot-Wire Approach - CIGRE TB-498

\X/hat are DyﬂamIC 498 Guide for Application of Direct
Line Ratings?

Real-Time Monitoring Systems

Transient Heat Equation

Local (present conditions) : e ) s "
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Monte Carlo Simulations

Uncertainty Propagation

Simulate the “true” conditions
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Calculate all possible DLR

Add measurement error
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A Distribution of all possible
DLRs observed.




Temperature Input Distributions — DLR Distribution — CSS Distribution

Uncertainty Propagation

> High-temperature rise leads to low DLR uncertainty, and
well behaved evolved conductor temperatures.

Air = True Rating
mmm Conductor = Static Rating
mmm Monte Carlo Rating

—— P-1,P-50, P-99

- MOT
mmm Monte Carlo CSS

sStatistics. |
U - 116 A(9 %)
P-1=1139A
P-50 = 1327 A
P-99 = 1694 A
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Pp.r Evolved Temperature [*C|

> Low-temperature rise explodes the DLR uncertainty, and
results in unpredictable evolved conductor temperatures.




Defining the Metrics

Uncertainty, Benefit, & Risk

= True Rating - MOT

== Static Rating mmm Monte Carlo CSS
mmm Monte Carlo Rating

—— P-1, P-50, P-99

LI T L
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Line Rating [A]

1 T T
3500 40 80 100 120
Pp.r Evolved Temperature [°C]

DLR — SLR
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> The Uncertainty in DLR increases as
the temperature rise decreases.

> The Benefit of the DLR decreases as
the temperature rise decreases.

> The Risk of the DLR increases as the
temperature rise decreases.

UBR Figures

Uncertainty, Benefit, & Risk

« P-250f DLR

True Rating

Static Rating

« P-99of CSS[°C]
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Sampe: 9 Sites

Statistics from the Field

Location — by — Location All Locations

TT

1]

Location1 4 ‘ { Temperature Rise to safely use P—50 HWDLR - | Temperature Rise to safely use P— 50 HWDLR
—_— 0ra=1°C, orc=1°C — 0a=1C, orc=1°C
Location2 4 T i — 0ra=1°C, 0c=2°C — 0ra=1°C, orc=2°C

Location 3 1

Location 4 {

Location 5

Location 6 1

Location 7

Percent of all datetimes [%]

Location 8 1

Location 9 -

10 15 10 15 20
Temperature Rise[°C] Temperature Rise[°C]




Sample: 9 Sites

Statistics from the Fleld

13.2 7%

29.0 %

100 %

Percentage of time the DLR p-value is a safe choice:
Pcss-99 < MOT + 10°C
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Thank You

"Any measurement that you make, without any
rRnowledge of the uncertainty, is meaningless.”

- Walter Lewin



https://www.youtube.com/watch?v=6htJHmPq0Os&list=PPSV

Appendices




Outline

|. Dynamic Line Ratings

> How are Line Ratings defined?
> The Hot-Wire DLR Approach [CIGRE TB-498]

Il. Uncertainty Propagation

> Monte Carlo Simulations
> Measurement Error — DLR Uncertainty

lll. Uncertainty, Benefit, & Risk

> UBR as Insightful Metrics
> The Impact of Temperature Rise
> How frequently is the HW-DLR safe?




The Heat Equation

Dynamic Line Ratings

The Transient Heat Equation: Conductor Thermalization at Line Rating

1 Max Operating Temperature

Rate of Change of
Tc

Temperature [°C]

The Steady-State Heat Equation:

Begin Load at Rating

0 =I°R + g, + g5 + 4, I I

Time [min.]




> Many parameters impact the
calculation of DLR.

Uncertainty in these inputs,
propagate to the DLR
uncertainty.

The calculations each term

can be found in IEEE-738 2012.

dT.

= + 4s + 4r + 4
t qr * 4 q q

Measurement Error

Uncertainty Propagation

Heat Density Term
[J/ml

Resistive Heating
qr(T.)> 0

Dependencies

T. - Conductor Temperature

Solar Heating
qs (QS’ af) >0

O, - Solar Irradiance
a. - Conductor Absorptivity

Radiative Cooling
4r(To Toe.) <0

T, - Air Temperature
T. - Conductor Temperature
&. - Conductor Emissivity

Convective Cooling
g (T, T.,ve, 6,) <0

T, - Air Temperature

T. - Conductor Temperature
v, - Air Speed

0, - Air Direction




Input Parameter Range

Uncertainty Propagation

Parameter Value Uncertainty ( o )
Air Speed 1.5 m/s (0.61 m/s) —
Air Temperature 25.0°C (40.0 °C) 1.0°C
Cond. Name / Type Drake / ACSR —_
Cond. Absorptivity / Emissivity 08/08 0.02/0.02
Cond. Loading 200 A 50A

Cond. Temperature —_ 1.0°C
Solar Irradiance (Noon) 1027 W/m? (1025 W/m?) 50 W/ m?

Table 1: All of the results involved in this work, unless otherwise stated, were derived
from the assumed conditions and measurement uncertainties tabulated here. The
parenthetical values are the conditions used to generate the static line rating.




Monte Carlo Reiteration

Uncertainty, Benefit, & Risk

IV VYV S

Conductor . Solar Conductor Conductor Conductor Solar
Air Speed

Temperature Loading Irradiance Temperature Temperature Loading Temperature Irradiance Air Speed

C

4 D ‘ P-99
Air

Air Speed Solar Air . P Solar Conductor

Air Speed

Temperature Irradiance Temperature Irradiance Temperature

E :
Arhe kA Kes

[ ] o f, y
-k - ° Unsafe ,
‘+ + I +1 ‘i MOT +10 R input value calculated value value + value +
AL+ |+A- A P-99 Conductor o measurement uncertainty ,& MC propagated uncertainty
. Temperature
Aoheloh-k

A+ 1+A-k DLR P-value

> Choose a Py value, rerun the Monte Carlo to determine if the P-ss-99 exceeds the MOT + 10 °C.




Defining the Metrics

Uncertainty, Benefit, & Risk

) (

Uncertainty Benefit Risk

. : , > How much capacity does
What is th d
> What s thelcomlieEiES the choice in DLR p-value > How mucniavoveldel

the derived DLR relative to add to the SLR relative to could the line temperature

the “true” DLR? the "true” DLR? reach using this DLR?

P — SILIY
) = DL B = AL IR = Pcgs — MOT

DLR DLR — SLR

Confidential and Proprietary




DLR P-Value Thresholds

Uncertainty, Benefit, & Risk

> Reiterate the process on the
High Risk Ora: O1c = (1.0, 2.0) °C

previous slide: 5 st
o Choose a hew DLR p-value 1 — Pcss - 99

o  Find the temperature rise for
which Pcss-99 < MOT + 10°C

The threshold for safe Pp g is shown as
a function of temperature rise; the
green region indicates safe Pp; .

As the uncertainty in ambient and R P S e |
conductor temperatures increases, 8 10 . 12 14

: Temperature Rise [°C]
the safe Pp,  region gets smaller.




Sample: 9 Sites

Frequency of High Risk Scenarios

Variable Range Included within Study

Range of conditions for the 9 Latitude

locations studied. Loading Cond. Type ACSS, ACSR, ACAR, various sizes
e AR Al | Cond. Avsorpivity / Emissivty

conductor pasis. Average / Maximum Loading | 34 — 557 A / 366 — 1,388 A
Time Period Observed 122 — 348 days
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LINEVISION

Accelerating the
Net Zero Grid

@ LineVisionlnc.com
m LinkedIn.com/company/LineVision
Y @lineVisionCo

6 info@LineVisionlnc.com




