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Agendao

High Level Infroduction

« Why Dynamic Line Ratinge What it is and what are its 10 mins
benefits for Ufilities

* How it works - Three main approaches to Dynamic 10 mins
Line Rating
+ Key Takeaway 1 min

Technical Deeper Dive

« Heimdall Power Use case 5 mins
« Ampacimon Use case 5 mins
* Prisma Photonics Use case 5 mins
 What to think about 15 mins
« Questions and Answers 30 mins
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The

Grid Is under a structural stress

Demand surge meets Decarbonization

Exploding electricity demand from Al and electrification, combined with DER
proliferation and Renewable integration, is saturating the power grid

Highly Congested T&D Grid

The grid is increasingly overloaded both in N and N-k situation, reducing headroom
and amplifying operational risk especially during extreme weather events.

Long Interconnection Queues

Limited hosting and interconnection capacity causes Long delays for Large
Load/generation and operational

Surging Energy Prices

High redispatch volumes and market interventions driving price volatility and
pushing electricity prices to record level

CURRENT
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Dynamic Line Rating (DLR)

Physics-driven innovation to reveal the grid’s true capacity

N\

Q What is Dynamic Line Rating?

DLR is a technology that adjusts thermal
capacity of overhead lines in real-time
based on actual weather conditions
such as wind, temperature and solar
heating.

It allows TSOs/DSOs to optimize grid
operation and Planning by unlocking
additional capacity and reducing
congestions, while maintaining grid
operational security.

h=

Radiative Cooling

____________________________________________________
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DLR vs AAR vs SLR

« SLR (Static Line Rating)

Fixed capacity rating of a fransmission line

Based on conservative, worst-case
environmental/seasonal conditions

Capacity rating adjusted for ambient
temperature

~10-12% typical ampacity increase

* DLR (Dynamic Line Rating)

« Capacity rating adjusted in real-time using
on-site weather conditions including
temperature and wind

« Just 3 m/s of wind can add 30% capacity
« ~25-50% typical ampacity increase
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Comparison of SLR, AAR, and DLR
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DLR Benefits for DSOs




DLR Key Aspects

- Rating systems use heat-balance
thermal model

« Direct vs. Indirect Measurements

« The most critical cooling factor is the
wind

« Overall goalis to determine the
conductor temperature

« Sag (Clearance) is the ultimate limit
to operation of an overhead line

CURRENT
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Sensor-less, weather data based

* Indirect approach to DLR

« This method uses local/regional weather station data and advanced mathematical
models (such as the IEEE 738 or CIGRE standards) to estimate the conductor

temperature and cooling.
Weather station based DLR

REGIONAL GRID
o MULTIPLE STANDALONE CONTROL CENTER

WEATHER STATIONS o it .
//-'

* Pros: Lowest cost; no hardware
installation on energized lines; can

be deployed rapidly across the

) : T OPGW DLR SOFTWARE _
enfire grid. _/ e N o
__WEATHER 7 “ (i& 1) Ah b s = %Q
« Cons: Less oc;curo’re because OO\ SN redow o | ....m. T
weather stations aren't always at = o . COMMUNICATIONS l -
" " . et ATA = oumlmm i
the "hot spot” of the line; lacks = || rotermn aconvet e

direct feedback on actual line

tension or sag.
= | .
CURRENT WEATHER STATION DATA STANDALE STATION CONDUCTOR CURRENT FLOW
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On-conductor sensor-based

Direct approach to DLR as devices clamped directly onto the high-voltage energized wires

Sensors measure key physical parameters such as Sag, current, conductor temperature,
wind ... directly at the conductor level.

Extremely high accuracy; provides N AT —
C@uma  EReET Yooy,

SENSOR )

"ground fruth" for the most critical
spans; monitors both thermal and
mechanical health.

(4G/LTE, mesh network

Deployments typically involve

. . . . . CLAMPING — ENERGGY
installation on energized lines using | MECHANISM ® communicaTion €B

¢ mmdvbmonmm i
I -Stick instalable \

specialized live-line techniques NN ===

{powers the sensor from Ene current)

(e.g., robofts, drones, trucks, i
helicopters...). o
AERODYNAURATION & ey avesre ll HA\ 4 b
@ CURRENT il B
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OPGW as a sensor

* Indirect approach to DLR as the fiber of the OPGW is used as a sensor

« Alaser pulse is sent through the fiber. By analyzing the "backscatter” of light (so-

called Rayleigh scattering), the system can measure the wind at every meter along
the entire length of the cable.

OPGW-Based DAS DLR

* Monitors the entire line length (miles

of data); provide highly granular O o condve) B @' immsmi, X
data as every span is covered; no _ i _

equipment on the line (passive
sensing); minimal maintenance.

 Installation in substation; no sensors
are installed on the energized line.

Enabling Network Technology
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High Level Key takeaways

Easy and Fast to Deploy
Grid capacity optimization
Operational Security

High TRL and MRL

True Multiple Level Approach

»* ¥
X CURRENT
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Dynamic Line Rating
Example Use Cases
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Time horizons / High level use cases

1. Long term planning

2. Medium term planning

3. Short term operational planning

4. Real fime operation

CURRENT
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Grid development; Prioritation of investmenst and physical
upgrades. Long term asset management

Connection studies.

Planned outage/ maintenance planning
Long term flexible resource contracting

Optimization of grid configuration and flexible resource
utilization, Congestion management, contingency analysis

Operational Security (Sag/Clearance)
N-1, N-x, N-1-1, Contingency analysis,
Unplanned outages, Transient rating



Grid owner increased capacity by SOMW

Postponing a EUR 30M investment by at least 10 years

romviK

@ A wind developer applied to connect a 270 MVA wind farm to i L
the 132KV regional grid ot

Traditional capacity estimations showed a risk of overload, z
.. . . . entinden
requiring the grid owner to increase capacity - 041

—O- Alternative 1 (traditional solution):
< Upgrade the 132 kV line at a cost of EUR 30M, taking 5-7
years

Alternative 2 (DLR sensor solution):
Install DLR sensor solution to monitor capacity at a cost of
EUR 0.5M, taking only a few weeks

/|j|:| DLR sensor solution was implemented allowing for a more
data-driven decision, unlocking “hidden capacity” through new
load limits

. . . After having applied DLR sensor solution I've

DLR data allowed the grid operator to increase capacity from been declared a genius internally due to the

190MW to 240MW, postponing the EUR 30M investment by cost savings achieved.

at least 10 years

CU RRENT Power Grid Planner, Norwegian DSO
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Increasing grid capacity in days rather than years

Load could be increased by 30MW, meeting industrial demand

An industrial plant needed to increase capacity by 30MW.
A new line would take 3 - 5 years.

Forecasting: How much power can Real-time line temperature monitoring
be accepted in 6,12, 24, 48 hours on the most critical span
A few spans on the line are critical both due to clearance to
ground and temperature limits. A W
"t 296 A 7914 123¢ 10.20m /
2
* T | — g0

—O— Instrumenting with DLR sensors gave the grid operator control
< over conductor temperature, clearance to ground and load

Increasing line temperature from 50°C to 60°C (122°F to
140°F) was enough to meet industrial plant needs

Average Cumrens  — bax Wore Temperatre

|:|/|:|||:| Instrumenting made it possible for the grid operator to A
increase temperature limit

The industrial plant could increase load by 30MW in days . | e S
rather than waiting years for reinforcements

Real-time visualization of
clearance to ground
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DLR saved city from black-out

During a storm, 2 out of 3 lines
T SU plym% a Norwegian city was
N taken ou

« Standard stafic emergency
ratings showed a need for load
shedding to avoid overheating

1500A

125804

J ~+ However, significant cooling of lines
due to the same storm, allowed
TE0A ?Egaézzﬁigé;lﬁ'f;;gi%}pgf;ﬁzm24?252 5B OCTUO' eomergency rOTIngS TO be

T much higher
28 May 0100 0200 03:00 0400 0500 06:00 0700 0800 0500 10:00 100 1200 13:00 1400 1500 1600 17.00 18:00 19500 2000 2100 20 2300 (] A'l | OWi r] g O | | | O O d -I-O b.e C O rrie d b y O
— MarCurent = Max Wiz Temperature — DLR (Neuon) SI n g | e. | | n e O n d effec‘hve |y S OVI n g
the city from black-out.

1000A
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Maximize solar generation in the French Islands

~

High energy demand in summer period
triggering need for higher solar generation

Clearance and conductor temperature
limiting PV production

J

DLR sensors installed to measure real-time line
capacity

Implementation in SCADA to allow capacity
beyond staftic rating

J

]

—

—
[ ]

Avg. 20% Increased capacity compared to
seasonal rating

Reduced Curtailment needs
Constant monitoring of clearance &

conductor temperature J
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Increase wind generation penetration in Western Europe

Maijor European TSO was struggling with wind
farms proliferation on a specific region, causing
significant congestions

High redispatch costs, wind curtailment and
limited hosting capacity

~

J

DLR sensors installed on 63 KV and 20KV lines to
reduce curtailment and redispatch costs

Integration to SCADA and to automatic
curtailment mechanism

J

—
L]

50% wind-power hosting capacity unlocked in
one year with only 2 lines equipped

15% less curtailment compared to Static Line
Rating

First installation paid for itself within few months
of avoided redispatch costs

~

J
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Annucal wind production, infeed and curtailment

[GWHh]

1,200 ‘
1,000 to SLR, curtailment is
800 ‘
(3 with DLR,
hosting capacity
increase by 50%
600 without any
curtailment.
400
200
0 100

\
(2) Wind infeed accepted
considering DLR. Compared

reduced by up to 15%.
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fe” \ Wind infeed

accepted
considering
SLR

(D Conventional hosting
capacity. No need for
curtailment. Annual
production 500 GWh

200 300

Installed wind capacity [MW]
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Keep operational security in Southern Europe

2019 Summer Heat wave on 40°C maximum

@ * High temperatures and low wind in Summer \ conductor temperature
heatwaves may imply high conductor " "
temperature above safety threshold
* Risk on people and infrastructures -
. ) . \/M\,/\\//\\/
(2)- + Dynamic Line Rating fo measure conductor ; W o » e
= mean temperature 1 / §
« Implement alerts based on defined thresholds Conductor exceeds 40°C maximum temperature

DLR is ZERO for 1h-ahead forecast and real-time

4] «  Alerts friggered by clearance or conductor o
temperature thresholds z o
« Overload risk avoided £
§
== Rating: 0 A
- L0ad: 106 A
CURRENT - Static rating: 339 A

Enabling Network Technology - Forecast 1n:0 A 23
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Validation with anemometers

Optical Fiber Based Monitoring
Weather Stations

* Thisisa 115kV line (47 mi/ 75 km) at - o | WTROS |
a fier-1 U.S. utility is monitored with B WIRQC & BNl i | ” iﬂ, ‘ " | |
multiple reference anemometers AW (T MR AWWWMMWM
(WTRO1-WTROQS) & @ S |

: : 1 57 | [ WTR04 |
The wind models are frained and — . wikes g @ ) M %m |
validated using commercial , - )/ " M\M *
anemometers. e WTRI]°4,5’ / MM ”’“ "M‘M
These sensors provide ground-truth © wmq’g* WTR03

sore o aratonardoccueey T[S W tabusgdiio Vg o
/. \ “} W bl W bt
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Fiber Sensing Wind tested — Speed and Angle

e Effective wind measurement in a PrismaPower in the U.S.

» Fiber based wind measurement on every span — 1 hour
snapshot

%'I;_J( L\/\/J!wjﬂ\fm’\_\f\_/

CURRENT
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Fiber Sensing Wind tested — Speed and Angle

« Effective wind measurement in ‘xj
a PrismaPower in the U.S. B
* Fiber based wind measurement (
on every span — 1 hour snapshot Ay
S
« The spans are color coded by 1
the wind speed rL
« The variance over short “"-3 i
distances is impressive L
Sfrong Weak Eial . /
J

¢ CURRENT ek

oooooooooooooooooooo
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Fiber Sensing Wind tested — Speed and Angle

« Effective wind measurement in N -+ Adding wind o
a PrismaPower in the U.S. i ' angle
» Fiber based wind measurement ( « A bendinthe |
on every span — 1 hour snapshot s line shows two
5 . speeds
- The spans are color coded by A
the wind speed |L " -+ Same wind
« The varia nce over s.hor’r \J e ﬁg;giikfvige
distances is impressive ~ angles

Strong Weak . /
)
___W
CURRENT S

oooooooooooooooooooo
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Land Cover & Impacts [

1. Open land with minimal free {.,,_JL_“A
coverage allows for strong wind —  Same Location
Speedg ‘ Looking North& South

2. Openland on one side of the line
and frees on the other — allows for
irregular winds

3. Trees on either side of line plusin a
valley — allows partial blocking of the
wind

Same Location
Looking North& South

Enabling Network Technology
throughout Europe




o W

Weather Service Data@¢

 Af the same time and location, a

weather service ignores the trees and
land cover

« The same line is marked with strong

winds

« This could result in operational risk, as

increasing the power flow may lead
to line overheating and potential
damage

Enabling Network Technology
throughout Europe

— Same Location
Looking North& South

Same Location
Looking North& South




Dynamic Line Rating
What to think about
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What constraint are you trying to solve?

Think of DLR as a
targeted
capacity unlocker

CURRENT

Enabling Network Technology
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Long-term grid
planning

Faster customer connections (industrial load, RES)
Avoided or deferred CAPEX

Asset management — prioritizing of upgrades
Security of supply

Medium term
planning

Maintenance planning
Long term flexible resource allocation

Short-term and

operational

Congestion relief

Operational flexibility, operational security
Handle unplanned outages

Improved operational awareness

32



ldentify the right lines and corridors

Not all lines benefit equally from DLR. DSOs should assess:
o Lines where the line thermal limits (including sag) are the binding constraint
- Assess frequency and consequences

o Lines with weather diversity (wind cooling, ambient temperature variation)

o Lines with high coincidence between load/generation and cooling
conditions

Only a few spans may be considered critical in the first place, however it may not be
the same spans at all fimes, which affects sensor density and distribution.

CURRENT
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How Weather Conditions Atfect Line Ratings

Ambient Temperature:
2°C fluctuation +/-2% capacity
10°C drop in ambient + 11% capacity... 874 amps

Wind increase 1m/sec:
45° angle + 35% capacity... 1,060 amps
90° angle + 44% capacity

20-mile transmission line (795 ACSR) with a static thermal rating of 787 amps at 40°C
ambient, zero wind, and mid-day summer sun

CURRENT
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Local wind conditions have a major impact on the
load limif

900

90.0°
60.0°
45.0°
800
+16% _ _ (L.2m/s,90°)DLR=757 30.0°
z 10 T 15.0°
o _ _ SLR=650
)
()
600 0.0°

500

0.5 1 1.5 2 2.5
Wind speed (m/s)

CURRENT
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Wind is Not Constant

Under normal conditions and terrain, wind varies substantially...

WARM AIR
—>

Jan 5,2010 - max dt = 846.08 °C 5 e S T s er /‘\ (
4

INVERSION ) ¢ \( )( \(

w_ " - w_ o =
7/
7/

CURRENT

Enabling Network Technology
throughout Europe

36



DLR increases ampacity
but only if the rest of the system can follow

DSOs should check the rating chain and various situations:

o Switchgear, transformers, and protection settings

along the corridor o o
. . . 173 MVA Or 31MVA... //?// P
o How N-1 sifuations and confingency o 12 = S e
reconfigurations impacts w B s N
: : o Il eliREE ool 16SWVA
o Whether fallback ratings are defined and ik | 1 - B ot ol
accepted e

o Do you have flexible resources or fransient ratings
that can be utilized in a critical situation?

Common pitfall: Assuming that conductor capacity gains automatically translate into usable system capacity.

CURRENT
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When Conductor Capacity Gains Don't
Equal Realized Gains

Realized gains on the pilot line DLR sensor / ¥ !t;‘t-
were capped at
173 MVAor31MVA...
| 173 MVA “Greut T : -4 {:‘. E
- s e By
i | i | despite DLR-identified
\ / | / ...despite DLR-identifie

m 1 1 potential of +69 MVA
m | Votage on the conductor.
Realized

transmission

oo ik ndall Fower capacity is limited
by the lowest-
rated element or
facilityinthe
{ system.
CURRENT
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Constraint Event July 2024 - Rating Comparison

4,_1‘——_#'_/— DLR
” Most Limiting Element

111111

000000 Seasonal Circuit Rating

25 Jul 03:00 06:00 09:00 12:00 15:00 18:00 21:00 26 Jul 03:00 06:00 09:00 12:00 15:00 18:00 21:00 27 Jul

oooooooooooooooooooo
oooooooooooooooo 39



Decide how DLR will be implemented
(tfechnology choice)

DLR is not one technology but a family of approaches, each with trade-offs:

o Direct sensing (conductor temperature, wind, sag, tension) & X "
o Indirect / weather-based methods Kk R
o Hybrid or virtual sensor approaches using Al models f b, A

« Sensor-based DLR gives high confidence locally

« Hybrid or virtual sensor approaches scale better for DSOs with large networks — but gives less
capacity gains

‘ Enabling Network Technology
throughout Europe
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Example, German DSO

Optimisation through Innovation — Evolution of Dynamic Line Rating

Innovation ()
Indirect DLR I — Direct DLR =

N
* Calculation of line capacity based on measured * (Calculation of line capacity based on real-time
environmental conditions (central weather stations) measurement of conductor temperature and
* No direct measurement of conductor temperature location-specific enviranmental conditiona
(theoretical calculation only) * Integration of machine learning features
* High safety margins for calculated line capacities * No safety margins needed
Suitable for areas where wind power is Unlocks additional potential for solar
predominant power driven regions
CURRENT

Enabling Network Technology
throughout Europe
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Example, German DSO

Innovation Pays Off — Direct DLR as Game Changer

Circuit No. 136 Circuit No. 145
With high solar e
Average & power ?eed-in Radiation >500 W/m?* +43% +51%
additional
potential
compared to
static
operation’ .
7 Al high operating >50% of static rating +46% +50%
currents
Prevention of Redispatch prevented/
Added value' Ei@ Redispatch reduced/ delayed? >100 cases >35 cases

1 Cbsorvation period: June 10 September 2025 | 2 Hourly analysis

CURRENT
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Understand operational integration early

A recurring barrier to real DLR value is not technical—it's operational

You should clarify: B o
@ | ——
o How DLR values enter < | eaameandoreet

operational planning

Data from SCADA
Real time data

(24-48h forecasts)
o Whether DLR feeds

<o il <0

S CA DA, EMS ’ D MS , O r Data from the grid i Topology and metering E

planning tools

o Who is accountable for
. . Local flexibility market
acting on DLR in real "

Flexibility offers

time B ‘

L NextGrid data exchange

Operational deciscion
support tools

Simulation
Prioritation
combinations

Recommended

measures

Automated or manual

«p Do nothing — Utilise dynamic rating limits
*» Grid re-configuration

*p Purchase of flexibility

*» Utilise Non-firm agreements

*» Flexible tariffs

«p Or combination of the above

CURRENT In active grid management DLR is a requirement to make the best-informed decision

Enabling Network Technology
throughout Europe
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User interface— Depends on fime horizon

Time horizon

Data and models

GUI

Long term planning

Historical data — large time series

Web GUI + exported data and
local analysis tools

Maintenance planning

Historical data + Forecasts

Web GUI

Short term operational planning
with active measures

DLR forecast + Scenario analysis,
Load flow with DLR, grid
reconfiguring, flexibility resources

Integrated decision support
system (common user Ul)

Real time operation

Real fime data

DLR into SCADA /EMS

44



Bulld a credible cost—benefit analysis

CBAs underestimate DLR value if they only compare against new lines

More robust CBAS include:

o Time value (Earlier connections, Deferred CAPEX, Greater Social Economic Welfare )
o Avoided curtailment and congestion costs

o Scalability and redeployment

o System resilience and N-1 value

o Avoiding stranded assets

CURRENT
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Treat pilots as learning systems, not demaos

Successful grid operators treat early DLR deployments as:
o A way to learn more about own grid and the real constraints

o A way to learn how DLR affects their existing operational processes and
how to change to realize value from it

o A way to learn how to use DLR as input to grid planning models
o A way to learn how 1o best infegrate DLR into own IT architecture

Think of DLR pilots not as a technological PoC, but as a chance to
reduce local uncertainty and build operational confidence.

CURRENT
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8o

t - decade t—1year t—1 week t—1day t—1 hour t (real-tir )
Long-term planning Mid-term operational Short-term 3 -
planning operational planning v -
( Initiation of ) _
planning process E
:
- A
Establish —_—
. 1: Establish planning
G > scope and premises
olicies
P Planned and ¢ [DLR] [kW]
unplanned outages 2: Forecast of load
demand, generation [r—
and grid capacity
. v
Long-term grid Procurement of : :
development > flexibili » 3 ESt?bI'Sh arvillialile Expected Planned Cost
planning exibility resources operational measures grid state  action  estimate
Do Grid Activate
nothing reconfig. flexibility T-0 Nominal -
— T+1 Nominal Toggle S
4: Optimize SW1 anc
schedule SwW2
T+2 No hinal Employ
D'R
v
Operational plan \ | T+3 Nominal - :ZZLSJL?
(schedule) / ] _
t + MAt
(real-time)

CURRENT
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Raymundo E. Torres-Olguin, m.fl.: Rethinking Distribution Network Operational Planning with Flexibility Resources,
CIGRE Session proceedings 2024
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Any Questions?

»* ¥
W CURRENT
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