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AMPACIMON IN SHORT

High-End Sensors + High-End Analytics.....
Capacity Optimization & Condition Monitoring
=
& Predictive Asset Health in OHLs, UGCs and other assets

® =
‘ Founded in 2010
- Atlanta, USA
? - Liege, Belgium
Madrid, Spain
S

er® 0 Employees

-
@3 Deployments in 30+ utilities
in 25+ countries

P ~ ANy | }g 130+ Active DLR

°  SHAREHOLDERS ’ 4| - Deployments

R — kor g& | l ISO 9001 certified
Founders and n haQ cesvaL.. Cress L. y ' —

employees




Most Transmission Lines are rated significantly less than their true
capacity because they lack visibility on real time conditions

= Power line current capacity depends technical design of Current carrying capacity depending on weather conditions
& the cables but are drastically affected by weather
conditions (temperature, wind etc.)

Lack of visibility on external elements typically force grid
. operators to design line ratings assuming "worst
Constrained P 9 9 9

. conditions"
Capacity

Current naturally heats up power lines, which, when
overheating, may result in extreme sag which may

result in cable deteriorating faster or even dangerous
situations

WEZ = Cold weather or wind can naturally cool down the

power lines and increase their current capacity without

exceeding maximum sag
Aging Asset

Infrastructure

)

{

(X
\/I\/|

X

2

Summer

Winter

Reliability

B Real capacity considering actual weather cooling
Extreme sag

- Design ratings assuming worst case cooling
Source: IEEE
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Transmission Lines Have a Rated Capacity based on
maximum conductor temperature or sag
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Wind is the key factor to increasing capacity

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%
Wi e
ind 3 ft jsﬂmcrease. +35%
45" angle
3 ft./s increase,
/ . + 44%
90° angle

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

Table 1. Impacts of Changing Operating Conditions on Transmission Line Capacity
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Measurlng Wlnd Speed

Wind < 2m/s Wind > 2m/s
Vortex-induced vibrations and Swing Angle
strouhal equation

overhead line

ey
/_%rlcx

Strouhal number [0,185] St=fD /U  High Accuracy at low speeds (Aeolian

 f:oscillation wind frequency vibrations)

« D:Line diameter * Measured as a “span-value” exactly at
the conductor/line level (not a single-
spot location)

* U : Flow velocity (perpendicular wind)

Confidential — October 2022

Qqy
’\.Jw

= /pwtand,

Pw =

pY

1/2Cppqirdc




Measuring Wind Speed, Continued

4

d speed [m/s]
N L
W w (81}

n

Ive win

effect
o

0.5

Effective Perpendict}xlar Wind Speed

_;_

from Strouhal equation

from swing angle

0
00:00:00

06:00:00

12:00:00
[HH:MM:SS]

18:00:00
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(43) Pub. Date: Jun. 12,2014

(s4)

an

™)

@3)

@n

22)

METHOD AND SYSTEM FOR THE
DETERMINATION OF WIND SPEEDS AND

OVERHEAD POWER LINE
Applicant: UNIVERSITE DE LIEGE. ANGLEUR
(BE)
Inventors: Jean-Louis Lillen, Angleur (BE);
)

Huu-Minh Nguyen, Licge (3
Bertrand Godard, E)
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Wind Speed Measurement Validation

i Line EAT_DWF - Ampacimon 10019
: Feriod; fram 2018-01-29 1o 2016-08-1
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Wind speed Histogram - Line
Period: from 2021-01-01T00:00:00.000Z to 2022-02-08T00:00:00.000Z
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Vibration-Based Sag

pga’

sag ~

8H

Horizontal Component of Tension is Constant, “H”

Ty, =T,cos(a) ¥ H
Tor = Tocos(f) ¥ H

Vertical Component of Tension is proportional to mass and acceleration

d2u

2 Fy = =T, — T,, = —T, sin(B) — T, sin(a) = (pgdx)a, = pgdxﬁ

Combining Vertical and Horizontal Components

pdxd?u Tysin(B) = T,sin(a) Substitutions and Solving

— tﬂﬂ(ﬁ]‘ + tﬂﬂ{ﬂ:l > .fk = E = E ;

H 8t2 Tycos(f) Tycos(a)

Combining with Sag Formula where k=1




Vibration Based Sag

Time
:19:08 00:19:08

Frequency Spoctrum

9 _—11.09m

32 £

Accuracy of +/- 20 cm regardless of conductor height



Mean Conductor Temperature

The length of overhead line’s conductor expands because of thermal and eIastlc expanS|on

et SCE g I tromEt empe i rature - I.ne ELIA 150 16 wSp 22 23 Ampa cimon 29( typ OfSCE THEORETICAL) T
Sag j:,, ..... H o H o s e e . : H i . o H T . . .
(8f2/3L2) - (pL2/8FES) - aT = Cte =
. . . ‘ R e
a - thermal expansion coefficient = M A
E — Young modulus e

S — conductor cross section
p — Conductor Welght per meter ;::::::: . 1 O A T el | i T ; g B o Y
L - rulling span lenght | | |

1050

Temperature



Machine learning with wind
measurements allow for 98%
confidence interval capacity forecast

Dyn a m iC Li n e Rati n g S P rocess while retaining significant gains

Weather

Measurements _
Algorithms TMS operates

Algorithms
Calculate based on
Calculate Real Forecasted Dynamic

Time Ratings Ratings Ratings

Line
Measurements

Machine Learning Feedback Loop



Ratings Output Example

Rating [A]

2500
2000 W
e e —— e —————

1500

1000
[ mm— T N W

500

0

12:00 14:00 16:00 18:00 20:00 22:00 04 Aug 02:00 04:00 06:00 08:00 10:00

¢ ]
Ratings are calculated every 5 minutes and are passed onto the utility’s EMS via
REST-API, DNP3 Integration of our Saa$S solution, or On-Premise integration

Line information

Maximum temperature: 180°C
Use Maximum Temperature Limit: Yes
Use Maximal Sag Limit: No

ADROPERATE
ADRTREND®
ADRHORIZON @

Date: 2021/08/04 02:00

— Rating: 2188 A

— Load: 699 A

— Static rating: 1693 A

— Forecast 1h: 1933 A
Forecast 24h: 1887 A



ACC ura Cy An d LT Forecast confidence - Line
(DEGRADED MODE excl.) period : from 2021-03-23T00:00:00.000Z to 2022-02-08T00:00:00.000Z
[ ) [ ) [
System Avalilability 100% -
)]
o
>98% Long Term Forecasting 759 -
Accuracy O
.
=
e All short-term forecasts are Q 509% -
100% reliable (hours ahead) 8
« All long-term forecasts are >98% Y
Accurate (Days Ahead) © 95y -
=)
N o
>97% Data Availability
0%
 DLR sensors are powered by  Typeofforecast | |
line induction O seasonal atng, confidenceOfForecastRelatveThreshokt 005 1) oo
W Confidence level with no threshold © Confidence level with 115% threshold
Confidence level with 130% threshold




DLR Systems Can Also Improve Awareness & Reliability

ADRSENSE 8 ADRSENSE D8

UTILITY

WEATHER STATION

$ MEAN EFFECTIVE SAG + l
VIBRATION CONDUCTOR WIND TENSION CURRENT
AMBIENT SOLAR TEMPERATURE SPEED CONDUCTOR PARAMETERS

TEMPERATURE] RADIATION

ADROPERATEFADRHORIZON &
ADR ADRHEALTH

ADRTREND BBRACRTRANSIENT @ Ampacimon | ADRICE &
CONDITION PREDICTIVE
DYNAMICLINE RATING MONITORING ASSET HEALTH
__, TEMPERATURE/VIBRATION/SAG —> FATIGUE ANALYSIS
—s REAL-TIME CAPACITY GAIN MONITORING

—> STATISTICAL REMAINING LIFE

— GALLOPING
UP TO 72 HOURS CAPACITY DETERMINATIO

FORECAST — ICE DETECTION CONDUCTOR FLEET
BENCHMARKING
— AAR (10 DAYS FORECAST) —s MECHANICAL EVENT _, MAINTENANCE

DETECTION PRIORITIZATION/PLANNING




ADRHEALTH

FILTERS & Index Events Time series
L . EVENTS « EVENTS BY SENSORS
ines
Jan 20
(O | EU_WEST_L1 8
7 . 2019
6
() | EU_EAST_L1 5 @ 2020 L
4 :
3 B 2oz
(0 | EU_NORTH_L1 5
1 40
© moawn o —Oa Apr
20
(| usa_L1 I
o |
Eve ntS @ Jul T81-T82 TI71-T172  TI107-T108 TI163-T164 T151-T152
[ Conductor rotation  x ] ’ High vibration (fi. galloping) x ] ’ Shocks (fi. transient phenomena) x ] ’ ce x H Fallen conductor  x ] ’ Anomalous Sag  x v
Lineld Spanid Ampacimonid EventCode T EventName FromDate ToDate Duration (hh:mm})
INDIA_L1 T81-T82 274 4 Conductor rotation 27-08-2020 29-08-2020 4610
02:20 12:30
INDIA_L1 T81-T82 274 4 Conductor rotation 29-08-2020 03:10 29-08-2020 0:20
03:30
INDIA_LT T81-T82 274 4 Conductor rotation 29-08-2020 29-08-2020 025
04:25 04:50

Line-by-Line & Sensor-by-Sensor Historical Event Analysis

T

Actions

[ SHOW
SHOW
[ SHOW



ADRHEALTH®

Time series

FILTERS &« Index Ewvents
Lines

EU_WEST_L1

EU_EAST U1

RATING
EU_NORTH_L1

@ O O O

INDIA_L1

O | usa_n

2k

=

Rating [A]

Nov 20 Jan'21 Mar "21 May 21 Jul'21 Sep '21 Mov 21 Jan 2

Ampacity -+ Seasonal Limit -8 Line Current

Selected sensor

270 (T107-T108) hd 100
a
5
B
From 5 gy 50
15-09-2020 EE] TEMPERATURE &
'_
0
To Mov "20 Jan'21 Mar '21 May 21 Jul'21 Sep 21 Nov '21 Ja
04/10/2022 [
-8 Smoothed Temperature Measure - Mean Temperature Module - Initial Ambient Temperatt
Selected time series
[ Temperature x ” Wind x ] w 10
E
—_— @ 8
| REFRESH | SAG b
6
Nov 20 Jan'21 Mar "21 May 21 Jul'21 Sep ‘21 Mov 21 Jan 2
-8 SAG
6
R=]
B 4
o v
5 E
= —_
WIND == 2
=
]

Nov 20 Jan "21 Mar 21 May 21 Jul'21 Sep 21 Nowv 21 Jan "2

Line-by-Line Analysis
and Benchmarking of
Conductor Ampacity,
Temperature, Sag,
Wind



ADRHEALTH®

FILTERS « Index  Events  Time series
Lines 2
O | BuwesT.Ls £
2 . " :
O R ICE g ‘I ‘ Hm‘ | -Hllll”‘ ’ {lIA“.IHJ" | | ‘ ‘ HI" | | I_I
© EU_NORTH.LI Now 20 Jan'21 Mar ‘21 May ‘21 Jul'21 Sep 21 Nov '21 Jan '22
(O | INDIA_1 @ Ice Risk Value -+ Ice Alarm
O | usau
8 ; ‘
Selected sensor & b oot - | bt
9020 (T168-T169) v T 6w mad .,.rn...-. N T ‘. ] - .L#’J' ,.«{-\ oo Mophm owmd Mo
o : ‘ g b !
From SAG % 4 i . . J I
15-09-2020 [ 2
Now 20 Jan 21 Mar 21 May 21 Jul 21 Sep 21 Nov 21 Jan'22
To -#- SAG
04/10/2022 ]

Selected time series

z .
[ Rotation angle  x l l Tension x v
.é 40K 2t '--"'-'t“"“'t;-LA,-,»i,v M ‘.-;"'\f\nf““\f tdd *ﬁ._uﬁt,*p., __,,L...ll"ﬁ-.—.-J.. ~ .r‘l.a.'
TENSION '0_!3 o N gy 7 i g ¢ g 900”1 e = A o
‘. REFRESH ‘ 20k
. " Nov 20 Jan 21 Mar 21 May 21 Jul'21 Sep 21 Nov '21 Jan 22
-8 Tension
100
5? ' i 1 ‘ | | | | :Il-
ROTATION ~ E2 % 1y / 5 H—1i
1S \ Jn‘ i " L' | 1
ANGLE IO PESTS S LR LS L T RS v e e 6, TR PR
0

Mar 21 May 21 Jul'21 Sep 21 Now "21 Jan'22

-8~ Rotation angle

Line-by-Line Analysis
and Benchmarking of
Conductor Ice, Sag,
Tension, Rotation Angle



ADRHEALTH® &

FILTERS
Lines
EU_WEST_L1
EU_EAST_L1
EU_NORTH_L1
INDIA_L1
USA_LI

& Index Events Time series

- TEMPERATURE LOAD (D 1/2 - MECHANICAL TENSION (D

1/1

inDia_L1_T81-182 —
INDIA_L1_T107-T108 R
INDIA_L1_T163-T164 —I———
INDIA_L1_T171-T172 | R — EU_NORTH_L1_T168-T169
INDIA_L1_T151-T152 |—
EU_WEST L1 4-5 — |l
EU_WEST_L1. 678 llE——
EU_NORTH L1_T168-T169 |l
EU WEST L1 13-14 |
EU_EAST L1_12-13 |§
USA_L1_Z119869-Z119867
EU_WEST_L1_10N-12 |} EU_EAST_L1_12-13
USA_L1_2873081-2673082 |H
USA_L1_Z119869-7119871 |-
USA_L1_Z873070-Z873069 |

0 5 10 15 20 25 0 5 10 15 20

25

30

35

40

45

Fleet Overview and Benchmarking to Plan and Prioritize Maintenance Planning
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