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Dynamic Line Rating

Solar heating

Internal heating due =
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Dynamic Thermal Rating covers line rating and also ratings of other equipment, e.g.
power transformers, etc.

Dynamic Line Rating is usually the most difficult to implement.



Dynamic Line Rating

Dynamic vs. Static line rating
A field test example
1400 ......................
1300
1200
< 1100
g |
% 1000
% )
5 900 Static
800 L rating
(645 A)
700 —
A e e e e e e e e
7.1.2013 0:00 8.1.2013 0:00 9.1.2013 0:00 10.1.2013 0:00
= @Location 1 ~——@Llocation2 =——Whole Line




Operator's point of view

Increasing the transmission capacity of the overhead lines from the operator's
point of view is related to:
* Thermal limits - ampacities (dynamic raitings)

* Permissible operating time in case of overcurrent
* Taking into the account also N-1 situation

» Alerts on extreme weather conditions along the line (strong wind, high/low
temperatures, lightning, icing,...)
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Meteorological models — an example
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Enhancing observability of the weather

conditions

> enhancing the model results
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Basic structure of the DLR system
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DLR results:
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A reference testing site for DLR uncertainty
evaluation




Scheme of the test site
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Implementation at the Slovenian TSO ELES
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As of December 2013 the system had been trial running with 4 power lines. In December
2015 additional 17 power lines and one phase shift transformer were added. Since 2017
the system has been in full operational mode. Currently the dynamic thermal limits are
calculated for 29 OHL, one phase-shift and two power transformers.



System architecture @ Slovenian TSSO ELES

SUMO - INTERNAL |

ODIN client

S Univerza v Liubijant
Fakultcta za elektrotehiniko
SCADA/
L)

IT infrastructure
g ; monitoring system
Nagios

ODIN NagVIS
server

ODIN-VIS 4

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
=}
SUMO BUS |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

sumo
| | ONAP LODF OIAP DTRIi
|
| DAMOS subsystem I I
|
| Y. || Exceptional weath
Load flow for N-1 gtate xceptional weather
: SMD-MAP gl-,ll-kl):{systems : | NOV notification
| (present |I Weather Low flow calculations
: w flow calculati
| Monitoring of weather tlme) | l assesment and —
i I forecast Anti-icing
I conditions I L DTR (forecast)
module
| | | Nodal forecast of loads — L
SUMO - EXTERNAL |
- - e e o



4 quadrants visualization (DLR)

Il lightning on
[ »the line” N-1 line

[ N-1 line

\ '
dynamic —— . -~ = strong wind and
R R DV 22 KV BeriCevo-Podlog e hebavyh ain on
. W , - t i
IO\ 400 kV Beri¢evo-Podlog I X &> othfines
| t

[A]

C ][

future N load ]

actual line load
[%)]

ppology

past line load

[
[ actual line load
[
|

:fL future N-1 J
300 A load

v

past ) future

green color yeIIow color
, OK“ ,PAY ATTENTION*
| past N-1 load




Visualisation application ODIN-VIS
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Alerts on extreme weather conditions

DV 220 KV pericevo-Podlog

DV 400 kV Bericevo-Podlog

Symbol

Meaning

Thunderstorm — lightning activity on the
route.

High wind speed on the route (gale or
storm)

DV 400 kV Berifevo-Podlog

High air temperatures on the route. DV 400 kV Maribor-Krsko
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Low temperatures or frost on the route.

Heavy rain on the route.

Danger of glaze ice.




SCADA integration
ABB Network Manager‘s HMI

Notranji DV

BER4DIV 1920 2017,8 | 1920,0 1824 1728 AID1DIV1 | 1200 1381,7 | 1200,0 1100
BER4POD 1920 2055,9 | 1920,0 1824 1728 AID1DIV2 | 1200 1381,7 | 1200,0 1100
DIV4PST 1732 27099 | 1732,0 1645 1559 AJD1IDR 645 745,2 645,0 600
AVC1GOR1 645 658,1 645,0 600

= AVC1GOR2 645 658,1 645,0 600

: BER1DOM 645 621,5 645,0 600
BER2KLE 960 1032,3 960,0 912 864 CER1IDR 645 1162,0 645,0 600
BER2POD 960 1027,9 960,0 912 864 DIV1PIV 340 465,5 450,0 419
KLE2DIV 960 11356 | 11356 1079 1022 GOR1AID 1200 1128,3 | 1200,0 1100
S0S2POD 960 1040,4 960,0 912 864 GOR1PLA 645 743,0 645,0 600
HED1SLG 645 746,0 645,0 600

PIV1iILB 340 365,8 365,8 340

Figure 3: The results: operational thermal rating and limit values
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Figure 5: Control of the devices




Experience from RT operation — an example

» Outage of a 400/1 10 kV power transformer in Divaca substation
—> increased loadings in south Primorska region

» Countermeasures:
Usage of the DLR system

Adaptation of protection systems

Conductor temperature measurement device installation (OTLM)

» Result:increased transmission capacity = prevention of seven
overloadings (up to |13 %)
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