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SUMMARY

Dynamic line rating is a technique that is becommgre and more important in order to
increase the capacity of existing overhead linethaut upgrading the infrastructure in a
significant way. This paper summarizes the methmgipland the most important results
related to the project DYNELEC. In this project \BEO Distribution has developed this
technology from scratch, not only including thehieical design but also the legal approval
for this kind of operation by government agenci®se of the novelties of this research
project is related to the fact that since Janu@i52the Dynamic Thermal Rating (DTR) is
computed using the new CIGRE TB601 “Guide for Thar®Rating Calculations of Overhead

Lines” that was published in December 2014. Culyerthere has been a successful pilot
project running since 2012. In 2015 this projectaoted the final approval from the

government.

KEYWORDS

thermal rating; ampacity; overhead line temperatuwesather parameters; real-time
monitoring; OHL (Overhead Line), ACSR (Aluminium @atuctors Steel Reinforced),

tantonio.gonzalez@viesgo.com



1. INTRODUCTION

The installation of new wind farm facilities in rete areas that are far away from the
transmission networks is motivating the use ofdkisting distribution networks as elements
for their grid integration. In addition, as the demd for electricity is continuously growing in
some coastal areas the available capacity of tiséirgx infrastructures is becoming more and
more reduced. The construction of new lines isteohiby a humber of constrains, such as
economic, environmental, regulatory and even social

A way to overcome this problem is by improving tapacity of the existing infrastructures.
The most obvious approach is to operate the ligassitng Dynamic Thermal Ratings (DTR).
The optimization of the line thermal limit is a rhetlology that has been widely analysed for
the last two decades. Organizations like CIGRE I&fitE have proposed standards that face
this problem by means of step-by-step methodolodiege basic approach of both CIGRE
TB601 [1] and IEEE 736.2012 [2] is to define thehkalance equation in the conductor. In
[3] it can be found a comparison of the applicabbboth methodologies to a real case.

dT
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where m is the mass per unit length of the condudgr m™'), ¢ is the specific heat
capacity of the conduct(r-kg™" -K~%), P, is the Joule heatin@ is the solar heating,, is

the magnetic heating; is the corona heating, is the convective cooling:. is the radiative
cooling and®,, is the evaporative cooling. All the valuesfolire computed i - m™1),

In steady-state it is assumed a thermal equilibrdnmdition(% = 0) in which the maximum

conductor temperature is established as a constnaiorder to computed the conductor
thermal rating - for a specific maximum conductor temperatiie, ...
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From a general point of view, corona and evapoeativoling can be neglected. As the cable
used in this project is a two-layer LA-280 HAWK etimagnetic heating can be omitted as
well. The computation ofs, P, B. and even the value &, depend on weather conditions
surrounding the cable.

2. AMPACITY PROJECT “DYNELEC”

The dynamic operation of transmission and distrdsunetworks is a non-trivial task that
goes beyond the scientific thermal model proposgdbtith IEEE and CIGRE. It must
consider technical and legal aspects that havesteotved before the move from static to
dynamic limits.

Figure 1 summarizes the protocol followed by VIES@GOproject “DYNELEC”. From a
practical point of view, the DTR was computed usiB¢GRE WG22.12 [4] from the
beginning of this pilot project in August 2012 ted@mber 2014. Since January 2015 the
DTR has been evaluated using CIGRE TB601 [1]. Thethodology can be considered a
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novelty considering other research projects puth test before the approval of CIGRE
TB601.
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Tasks like selecting the optimal location for theather stations have been carefully
analysed. An extensive measurement of weather tonslihas been carried out for the last
three years in several weather stations instatigaldaces considered hot points in a previous
climatological study from the point of view of caldooling.

The climatological study was developed using redhdrom available weather stations and
also weather prediction from forecasting models HKKRLAM. Figure 2 shows the quantile
75% in the area surrounding the line (representesdntall circles). Yellow circles show the
sections of the overhead line where it is expetbtedave the highest ambient temperatures
and solar irradiation and also the worst wind ampkonditions.

In addition, there are several aspects to takeantmunt when the cable is operated at high
temperature: line sag, cable joins, current transéos, breakers, etc. Once the location of
weather stations was obtained, it was necessagnatyse all the aspects related to both
communication and security. In the full paper, pineblems related to the real-time operation
using DTR are explained.

Figure 2. Example of the graphical summary of the climagadal study in the area surrounding the line.

Once the analysis of critical hot spots was peréanseveral weather stations and conductor
surface temperature meters (STM) were installearder to measure the physical parameters
that have to be supplied to the DTR. Figure 3 shoatsires with the installed STM.

Figure 3. Conductor surface temperature meters.



3. RESULTS
There are several sets of results than can bededvising extensive data mining techniques:

» Information about weather conditions.
* Information about dynamic thermal operation of hieéwork.

Figure 4 summarizes the values of the DTR as atifumof the weather conditions. The grid
of panels show how important wind speed, ambiemptrature and solar irradiation is in
order to compute the ampacity.

The results have been obtained from a pilot sthdy has been dynamically operated since
June of 2012. The operation is supported by sewvezather stations that are located at both
ends and also at an intermediate point defined hey ricroclimatic study. During this
preliminary study supported by a research projd®dRACTO and RETOS partially funded
by the Spanish Government. The line current has lbabeve the static rating for more than
880 hours.

Wind Speed o4

Dwnamic Thermal Rating [4]

Ambient Temperature [*C]

Figure 4. Dynamic Thermal Rating vs weather conditionst{Stating = 314 A).

Figure 5 shows the histogram of values of curreming the operation of the line above the
static rating (314 A).
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Figure 5. Density values of current above the static ragirmuped by season.

Figure 6 shows an overhead line that has been dgalynoperated. It is important to

underline that line current was operated at valhaswere up to 79.8% greater than the static
rate.
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4. CONCLUSIONS

The dynamic operation of distribution networks dag considered a suitable solution in

applications like wind farm integration in which emhead lines have to operate near their
operational limits when wind speeds have high \aludowever, the industrial operation

using dynamic thermal rating involves a complex hodblogy that includes not only the

thermal model but also legal and technical aspbetishave to be solved in advance in order
to guarantee that operation is safe and reliable.

This paper summarizes the methodology and the mutstesting results related to a pilot

project that puts this technology to the test. Haper also describes the methodology
followed by the DSO in order to obtain the leggbiqval from the government to operate the
line using DTR.
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