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ABSTRACT

This proposed paper focuses on the criteria that need to
be met to allow DSOs to effectively use Dynamic Line
Ratings in realife operations.Different pilot projects
have prova that DLR technology works in the field,
effectively increasingine capacity of existing overhead
lines in areliable way. Many paperdighlight those
results, but now the focus is shifting to how this
technology can be put to best use: where it makes sense
and how the results should be used to maximize the
benefits while reducing operational risks. iJtpaper
highlights the experience system operators have, had
and the diffeent stages to complete in order to make an
operational use of DLR technology: confidence in the
technology, IT integration, adaptation of operational
processes, and assets investment strategy.

The following specific aspects will be addressed:
Combining Active Network managemenand DLR.
Dynamic management of intermittent generation and
load showed promising solutions regarding balancing.
DLR can fit in to enhance flexibility, and solve
congestion issues, by providing more limacity when
available. A better overall optimization can then be
performed using DLR monitoring. Another benefit lies
in the increase of connection capacity of existing
networks by combining flexible connectigith DLR.

Day-ahead forecasting of DLR.Most decisions
regarding network operation, security calculations, and
market are taken many hours/days in advance;
therefore if DLR is to influence these decisions, a
reliable forecast of the DLR values is requir&tlithin
the EUfunded Twenties project,theWne r si t vy
Belgium, has developed such a capabilityith the
Ampacimon sensor This unlocks value from DLR
forecast, as it increases the flexibility of the network to
solve congestion issues related to the increasing share
of intermittent power fronRenewable Energy Sources
(RES in the energy mix.

In conclusion integrated soltions involving DLR
forecast and ANM, are emergindhey achieve the
objective of increasing the efficiency of the existing
network and help integrate intermittent renewable
energy sources in safe and economical way.
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INTRODUCTION

Wind farms and PV development have continuously
grown over the past years. In Europe omniynd farm
installed capacity was 90GW in 2011 with more than
10% annual growth [1], while a PV growth from 30 GW
in 2010 to 53 GW in 2011 has been reporte@].[This
change in the production portfolio generates very
significant needs for additional tremort & distribution
capacity at all levels of the network. It is more and more
obvious that replacing, uprating and building the
required new electrical power ling®] will become the
main bottleneck to reach the EU-20-20 objectves. In
particular, for the distribution network, sufficient
operational margins have always been ensured through
thefit and forgetapproach [1]. But the preservation of
such conservative margins comes at continuously
increasing network reinforcement t®sTherefore it has
become mandatory to develop new approaches to
increase the efficiency of the existing network assets in
a secure way and deliver the required capacity in a
timely and economically viable way.

One of the solutions to adapt the system to these new
constraints is Dynamic Line Rating (DLR), which
allows TSOs and DSOs to monitor their existing assets
in reattime and significantly ineases the dynamic line
capacity, also known as ampacity, over the traditionally
used static/seasonal ratings of Overhead Lines (OHL).
Underground cables could be operated with DLR as
well, but as their thermal time constants if far greater
than for OHL (loursvs. about 15 min.), they can be
operated at a higher rating on a cyclic basis This
paperthus onlyfocuseson DLR applied to OHL

Moreover, Dynamic Line Rating of overhead lines
combined with Active Network Management (ANM)
haveproven to be very promising in this frame [3], as a
strong positive correlation between wind farm

o fgenkrationth®d.an increase of neafyl. ampacity has

been shown. Regarding wind farms, extra line capacity
is thus available wherequired, and this without waiting
for infrastructure reinforcements/extensionsThe
optimum efficiency is obtained when DLR is combined
with the possibility tocurtail generation and with ¢h
availability of flexible loads (electric heaters, boilers,
electric car batterie® ) When DLR is used, allowing a
small percentage of curtailment significantly increases
the amount of renewable generation that can be
connected to the existj network

However, up to now, few experiments addressed
ampacity forecasting, which is of prime interest for
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TSOs, DSOs and the whole electricity markedeed
most decisions regarding the operation of the network
aredays ahead, such asthapacity nominations for the
day-ahead electricity market [5].

The University of Liege (ULg), Belgium, successfully
developed an algorithm based on si@e DLR
measurements and weather forecasts within the E
Twenties project to provide twday ahead ampacity
forecasts with controllable prediction interval, despite
high sensitivity of dynamic rating w.r.t. low wind
speeds, typically hard to measure and forecast [4].

Hence, in addition t&ANM strateges DLR is definitely

a flexibility tool to be considered in future distribution
networks (DN). Moreover, shoertand mediursterm
ampacity forecasts offer new operational possibilities in
many scenari® For example, exploiting flexible loads
within an ANM schemeis challenging, astheir
modulation range is constrain€this would imply that
after increasing the consumption of the flexible loads
during a certain time period, the DSO would be
constrained to latedecrease their consumption, which
may significantly aggravate congestiof.[Involving
DLR forecastsin that schemecould provwde variable
ampacityover that time horizon Another optimisation
could then be achieved and release the congestion.

This paper deals with the neetts be metfor large
depl oyment of DLR in
and how DSOs can benefit froifSOsd experience to
include DLR in future operational planning.

CONDITIONS TO BE MET FOR LARGE
DEPLOYMENT OF DLR TE CHNOLOGY

Today, DLR has become a mmi and reliable
technology However, needs must Halfilled for large
deployment of the technologylhey are investigated
below.

First, System OperatorsSQO) need to believe in the
technol ogy. That 6s t he

Third, new processes & to be defined to adapt system
operation to DLRBut highly regulated entities like SOs
follow very strict operating rules and processes. A
largescale deployment of DLR brings a lot of
information, which has to be gathered, processed, and
managed t@ome up with decision rules to apply on the
field in due time.However, those processaray vary,
depending on theavailability of control tools the
particular topology and regulation ruld3SOs have to
define the most efficient way to deal with this new piece
of informati on and bring
procedures: how to manage/implement reiine
measurements ?how to deal with TSO amd
conaumers?, how to deal with alerts

Fourth,DLR investment anaperational costs must be

balanced with other available smart grids or

conventional  solutions, taking into  account
implementation lead time, return of investment (ROI),
reliability, added flexibility, available manpower,

investment prioritisation, as well as the regulatory
framework. Some uncertainties, and the lack of
preceding experience may push utilities to unfortelyat

opt for unsuited and expensive, but more familiar
options. On top of that clear methodology ha® be

t o d agevelwpedo assesstingi ROIs ar avaidechcestswpeovided

by DLR, as investors need a clear visibility on their
investments.

PROPOSED SOLUTIONS AND
FIELD RESULTS

Confidence in thelevelopedechnology has been built
over the lastsix years with collaboratgp TSOs.
Remarkable reliability of theeakltime measurements
(x20cm) and significant gain on monitored lines,
resulted fromclose cooperation betweehe product
developmenteamand TSO9Fig. 1 and 2)Today, the
tested DLR system can be installed on confluctors
a

IN-THE-
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installations have been driven with successful outcomes gma|lerversion of thesenso is being developed

these last years. This point can besidered overcome
today with collaborating TSOs.

Second, TSOs have to ensusesmooth and global
integration of this technology in their IT system
including DLR data in network security analyses (e.g.
N-1 situations), andeeping the information ufp-date
continuously. DSO%i0t having such constraints as the
TSOs, could rely orday-ahead ampacity forecasts for
operational planning, with limited central monitoring in
reattime, coupled with use of alerts andautomatic
protection relays. In this regard, it should be noted that
communication systems has become a major conceri
for smart gids technologiegeliability. In the case of
communication failures, safe fallback modes have to be
well thought up beforehand, to be able to maintain the
sy st e md antic@nplate restomation.
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Fig. 1: StudiedDLR6 sag measurement vs. independent
sag topography measurement showed very good
agreement (x20cm).
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RegardingT SO&6 s | Tintegratisntaduth stand available €.g. generation curtailment and flexible
alone data processing and communication softwiase loads), a shoriterm ampacity forecasis requied to
been developedatais sent in reatime to theEnergy optimise the shortterm decisiormaking process.A

Management SystenfEMS), through their SCADA forecastalgorithm using DLR measurement history has
(TASE.2 protocaol), so that it may be used dynamically been developed fof SOs,and can be reusedor DN

for network security calculation®AS software)A full applicationgFig. 3).

front-end web-baseddisplay has been implemented as

well. Safe fallback modes have been implemented, from:10-Mar-2013 to:11-Mar-2013

yielding a conservative value for ampacity in case of 150f [-~_gecasonalrating | . A
data inconsistency or communication failure ——Real-time capacity| - 1 1

IT operational implementation and igte at i on i 140 |—1hForecast

EMS is today up and running, ailused in operation

(reattime and 1k4h forecast)for the 150kV Bruges >0l

Slijkens line experimenin Belgium Less congestion g

alerts on the equipped line have been reported §ipce g : : :

ELIA, the Belgian TSO. The overall benefit spared ¢ '°(

actions, redispatching co3s 1ssess
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Today, hose two requiredstagesexperience different 1 1 1 1 1
degrees of completiodepending on the DLR system L e ettty Sttt witebetebtetel inlelestebtol

involved. 18:00 21:00 00:00 03:00 06:00
time [hh:mm]

For DSOs, DLR measurement principle remaths Fig. 3: Actual DLR andthe correspondingone hour
same, therefore the same accuracy and reliability can be ahead forecastover 12 hoursDLR shortterm forecast
achieved for DN.RegardingIT implementation day can be used in the decisiomaking process for

ahead forecast can be readily manageable, while optimising line usage.
possibly decentralisedeakttime monitoring maybe

coupled with protection relays featuring DLR However, @en if intraday market is developingt
protection. Incidentally, some relays dedicated to DLR suffers low liquidity [5], andt is today still confined to
are already available on the mark&ut they only adjusting dayahead nominations In fact, DLR
feature basic weatherbasel ampacity Clearance essentially gets its added value when it cafely
monitoring provided byin-line sensorsguaranteg forecast line ratingsne day ahead, because most of the
safety and securitySmooth integration of DLRcould market transactions are performed at this time horizon,
be achieved through those dedicated relays before gate closureAnticipation is the key, as it

provides more lead time in trwverall decisionmaking
Regarding processes, even though some line elmeck  process, which gives access to safer and more optimal
proceduresprior to DLR installation have begun to  solutions, thus preventing inciderdad congestionsat

appear [9],fully adapted operatioml processesneed a minimal cost

more experiencein-thefield, in particular through the A forecastalgorithm has been successfully developed
use of forecasts for the Netflex Demo within the BJ TWENTIES

In fact shortterm ampacity forecast(>15min) is Project (201€2013) providing an average capacity
required to know the forthcoming dynamic ratirgp improvement of more than 10% over static rating with

that appropriateresourcesbe allocated in case of 98% confidence, ontwo 150kV lines (Fig4).
contingency Similarly, if the DSO has ANM tools
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Fig. 2. Left: typical histogram of power line loadindctual load (under normal operating catitions) and ampacity
Right: correspondingcumulative histogram, with winter/summer loddore than 130% of the seasonal rating
available 85% of the time.
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This is a major goal achievement, dkisprovide a

significant added value to DLRyhich can now be used
as a marketool, and in dayahead security calculations
In addition to reatime monitoring and shoterm

forecast operationalexperienceof that mediurterm

ampacity forecasts being builtby ELIA, which has

confirmed its interest inthe technology by the

forthcoming installation ofthat DLR systemon 6 new

lines in its network.

Real-time capacity Line capacity forecast (NETFLEX)
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Fig. 4: (i) real-time capacity (=ampacity)and (ii)

Twenties two-day ahead forecastdeveloped at the
University of Liége, Belgium,guarantes a safe
ampacity forecast

The goal of NETFLEX was to demonstrate that network
flexibility enables getting mordransmissioncapacity
where and when it is needed without compromising
operational security and safeguarding security of
supply Only a few percent increase on critical lines
already bring significant gain for the market.
Distribution networks could directly benefit from day
ahead ampacity forecastesults as the forecasting
process iactuallythe same.

Moreover, prediction interval can be controled with
that mediumterm forecastalgorithm. If the DSO is to
control its network in redaime, as it is the case for the
TSO today, then several optimisation soarios
combining ANM and DLR can be performed in day
ahead, with variousprediction intervals for DLR
forecass. Forecast uncertainty could explicitly be taken
into account in the optimisation probleimdeed higher
gain withlower predictioninterval on ampacityforecast
could beproposedprovided control mearere available
in reattime, to make up foanincorrect forecast

Onthe planning sidefuture interaction models between
all stakeholders(DSOs, TSO, producers, providers,
aggregators, investos , € ) a r estudigdtoday b
as evidenced by the GREDOR Projdcmded by the
Walloon Region (201-2017) Belgium Present
penetration ofrenewable energy sources (RES) and
distributed generation (DG} likely to continue RES
growth leads to congestion issues when, within the
distribution network, high generation and low
consumption arise simultaneoushDSOs may be
offered public or privateincentives possibly by wind
farm investors, to accommodate additional RES
connetions, or even be compelled to it, otherwise
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suffering financial penaltiesin this frame, massive
investment for preserving conservative margicen
only be done at a prohibitive coRLR can then be a
valuable investrant, as it could dramatically reduce
congestion management costs, by only using monitoring
of existing assets. Hence, DLR also allows delay of
capital expenditure.

Another interesting combinadn with DLR is worth
mentioning Indeed, a strong positive coelation
between wind farm generation and an increase of nearby
OHL ampacity ha been shown(Fig. 5). It can be
physically explained by the fact that wind blowing on a
wind farm also blows on OHL located in the vicinity.
As the line is better cooled down, its thermal rating is
increased That correlation between wind farm
generation and increase in line ratirvgsuld allow less
curtailment of existing wind farms and/or more wind
power connectiomising existing assets.

Fig. 5: Ampacityfor one sparof the power lineausing
the bottleneck versus wind farm generatidor the
BruggeSlijkens ling located aboulOkm away from the
wind farm. Mean (yellow) + 1 standard deviation
(black), and prcentile 50 dotted orange are given
percentile 98 green of this sample is provided for
information purpose.

Connectionof DG in a short time as possible is no
longer planned well in advance, and lines connected to
it may be below the ideal capacity. Pressure applied to
engineers to increase the allowable rating of lines often
results in rapid decisions without-depthanalysis[8].
DLR can then fit into provide more flexibility.
Moreover, DLR systems allow to relocate monitoring,
at low cost and rapidly;- it can be fully operational in
é rﬂt r of months--, in contrast with other methods.
or that matter, DLReems indeed to be the best option
for a network that is subject to power tradismgd high
volatility of power flows as it allows large dynamic
capacity incrases for short periods of time [8].

TSOs we have worked with are already carrying out a
deeger reflection to encompass DLR in operational and
planning processe®LR installation criteria based on
line overload level as well as weather statistics are being
studied by ELIA. Discusens are also ongoing with
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