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ABSTRACT

The deployment of the Linky Automated Meter Management
system is a promising approach to significantly improve
network investments. The new data obtained opens
interesting possibilities in terms of voltage profile and
copper loss monitoring, and calls for a completely new
method for modelling loads and identifying constraints. For
instance, the true individual load curves and phase
connections will be known. This is important for LV
networks where constraints are often due to unbalanced
loads, whose presence leads to additional losses, voltage
drops and constraints on current ratings.

In this context, ERDF and EDF R&D are examining the
feasibility of a large scale LV networks phase balancing.
This paper presents different aspects of the process,
including the analysis of unbalanced networks, the phase
balancing method using an efficient genetic algorithm
(GA), and finally the implementation of phase swapping on
thefield.

INTRODUCTION

Low voltage networks often operate in an unbalaneay
especially rural networks where there are few cotauk
consumers. Indeed, as the connected phase ofngxisti
consumers is not identified in the Geographic Imfation
System (GIS), it may not be possible to choosebtwt
phase to connect a new customer. Due to this ralypdom
based connecting scheme, important voltage drogs an
additional losses can occur. The AMM infrastructure
currently deployed by ERDF in the LINKY Project Wil
provide the utility knowledge of real phase coniwtand
individual load curves. One ambition of this Srizitl
project is to implement a prototype informationteysable

to detect unbalanced LV feeders before complaiotsio

and propose a correction based on a multiobjective

optimization.

ANALYSIS OF UNBALANCED NETWORKS

In this context, ERDF is developping a data praogss
prototype which will perform daily network calcutats and
analysis during ERDF LINKY npilot project. The figuil
shows a simplified diagram of the system. The dataled
will be provided by the GIS for network descriptiand by
the AMM Information System for daily load curvesn @
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Figure 1 — AMM Data Processing

daily basis, Load Flow -calculations results will be
summarized into “Network Dashboards” containingvaht
figures for network design.

The unbalance will be described with a specific clet
metrics such as an unbalance coefficient, measofes
voltage quality and technical losses. Thus, the tmos
unbalanced LV feeders will be detected and givéority
within a specific phase balancing algorithm.

PHASE BALANCING METHOD USING
GENETIC ALGORITHM

The GA based method has already been tested phtse
balancing problem [1]. It is obviously a powerfuéthod
for a large scale combinatorial optimization probléhe
following section presents the method and the psedo
improvements to ensure good optimization resultguke
limited data storage requirements available whilsueing
moderate simulation times.

Problem formulation

There are several options for the optimization pssc For
example, solving the problem by minimizing the powe
losses on a feeder or the voltage drops could lmpton
but it may lead to a solution that needs many pbasgs,
which is not realistic.

For a more realistic approach, workforce cost lmabet
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included into the equation. The losses and voltiges, variations of the individual loads through the tilead to a
which are the results of an unbalanced power flave to conservative evaluation of losses and voltage drops

be converted into costs. The cost of energy losses
assumed to be the medium price considering therfust

h g Method based on the annual load curve
evolution of electricity futures.

On the other hand. the cost of voltage drops isdrato As the AMM infras.tructure will give access to tlhet_brical
evaluate. As it represents a disturbance in théitguet consumer data, this method uses the annual incividad
Supp'y to the consumers but not a loss of Suppg, w curves. Instead of a fixed demand method, this atkis
suppose thathe cost of voltage drops is the cost of ~ more accurate but it needs a huge amount of dateaan

energy not supplied that would result of a fictivepower demanding simulation time. Indeed, for each iteradtif the
cut of consumers whose voltage drop exceeds 10%. GA and for each chromosome, the power flow haseto b
Itis assumed that when a phase balancing is auecat a executed as many times as the number of time piitthe

LV feeder, the connection scheme will be kept famm load curve.

years. Thus the costs of losses and voltage drops a
accumulated over 10 years.

The objective function used in the optimizationqess is Method based on the load peak of the LV feeder

then the total cost of phase balancing and carabedsas: The consumers’ demand is assumed to be constant and

F = Closes + Cut + Cuorkforce 1) equal to their demand at the peak moment. This adeth

where: needs to identify the load peak and to store drdydads of

Coses . Present value of cost losses upon 10 years. the consumers at this moment. The computationds th

Cu : present value of 10 years of disturbance due to Similar to the method based on nominal demand theut

the voltage drops. loads are synchronized.

Cuorkiorce : total cost of the phase swapping operationsen th

LV feeder. The three methods were tested on 10-, 24- andrigflesi
phase consumer LV feeders with randomly based phase

GA method connection schemes. Once the algorithms proposed an

optimal connection scheme, the annual load curizeach

In this paragraph, we describe the basic prinailéne consumer were used to calculate the real valuesafy

application of GA to the balancing problem. Theoaihm

is expected to give the connection scheme of sipltese losses, voltage drops, and thus the real totalafoshase
consumers along the processed LV feeder which is Palancing including the cost of phase swappingatpmnrs.
minimizing the objective function. A connection saie The Table 1 presents the detailed results of thiaauds for
will be called a chromosome. For example, for a 10- a50-consumer unbalanced feeder. The computati@nisi
consumer feeder, a possible chromosome willb& 2 3 1 given for a desktop computer.
2 3 1 3. The electric description of the feedesgobon the
GIS, does not vary through the algorithm but i€esal for Method
the power flow calculation. based | Method Method
In the initialization phase, several chromosomear the based
initial distribution of consumers per phase aaadomly Before | on based on
generated Indeed, as we already explained, it is preferred balance| annual | onload | _ .
that only a few consumers will have their connettio load peak demand
swapped. We fix a maximum of 25% of consumers whose curve
phase is randomly modified. Following this, an uahaed Energy loss
power flow is run and the objective function is lenaded. on the year | 6221 4766 5025 5010
While the weakest chromosomes are eliminated, &s¢ b (kW h)
ones are selected and then used to generate ne M It
chromosomes following mutation and crossover ojmarsit ax. VOO a%e 106 7.8 8.7 8.7
The algorithm is stopped after a predefined nundfer drop (%)
iterations. 10’ points
exceeding 157 0 0 0

Comparison of 3 optimization methods voltage limits
According to the data taken into account, the cdatmn Phase swapg / 4 9 11
of the costs can be carried out using methodsfterdnt
levels of precision. The following three methodsénbeen Total cost (€)| 10657 | 2519 3373 3667
tested.

_ Computation / 300’ 5 5
Method based on the consumers nominal demand time
The consumers’ demand is assumed to be constant an

equal to their nominal demand. This method neetison ~ Table 1 — results of the methods for a 50-consumer
limited amount of data but is less precise. Indebé, unbalanced LV feeder
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The tests show that the method based on annuatioad

is the most accurate and should be adopted asputation
reference, as the same data were used to optimiz¢oa
calculate the costs afterwards. This method, howeve
suffers from an overly demanding simulation time¢ aeeds
considerable access to data, which makes it lasgie for

a large scale application. As the method baseé®ioad
peak does not suffer these drawbacks, we presetiieon
next section an improvement for this method in orde
make it more accurate.

Improvements of the method based on load peak

Improving the accuracy of the evaluation of losses
First, the fact that the losses are calculatechatpeak
moment leads to a conservative evaluation of lossas

at the peak moment and be supplied well througheutst
of the year.

Thus, we propose the introduction of a threshgld
corresponding to the maximum real time of the \gdta
disturbance.

Zni

ths = feeder D—sep (6)
bs
where:
Tstep : time step used by the Linky metering system.
n . for the consumer, number of moments in the
year when the voltage drop exceeded the limits.
Nps : number of consumers who experienced at least

once in the year a voltage drop that exceededrtfits.|
Parameters; andNys are expected to be recorded by the
Linky metering system.

thus requires too many phase swaps. We propose to From now on, at each step of the algorithm, eadsaoer

introduce the relationship between load and los®fao
better evaluate the total losses of the feeder [2].

Load factor [F) is the ratio between the average power
(Paverage) @and the maximum powelP ), in a period of time

T.

.
j P(t )t
_ Paverage _ 1 0

LF =
P  Pra T

)

Loss factor (SF) is the ratio between the average power
losses I(aerage) @nd the losses at the peak load moment

Lorm)-

.
!L(t)dt

_ Laverage _ 1

LSF =
Lmex Lmex T

®)

Thus, the energy losseE ) Of the feeder during the
period of timeT can be stated as:

T
Brosses = .[ L(t)dt = LSF O [ max (4)

0
The relationship broadly used between the loadlassl
factors is:
LSF =allF +(1-a)LF?
wherea is a constant coefficient that can be determinayed
studying the load-duration curve of the most appede
equipment. For LV networks, ERDF usually fixes thdue
0.05 for the coefficien.
Finally, the energy losses in a year can be apprabed by:

2
Eiosces = 87601 max[ﬁa dv_;mge +(1-a) Eé—P;mgej } (5)

This new value of energy losses modifies the cbistsses
in the original objective function.

Improving the accuracy of the evaluation of moments
when voltage drops exceed the limits

Secondly, as the voltage drop is calculated atpibek
moment, the cost of energy not supplied along da ys
also conservative, which contributes to requirediess
phase swaps. Indeed, a consumer may see an uridgevol
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for whom the voltage drop exceeds the limits atpghak
moment will generate a cost of energy not suppdigting
the periodys instead of the whole year.

Results

In a similar manner to preceeding studies, the @seg
method was tested on the same set of LV feedertheks
was no constraint with time simulation, the initial
population of chromosomes and the number of it@nati
was increased.

Method | Improved
based on| method
Before
annual based on
balance
load peak
curve moment
Energy loss on
the year (KWh) 6 616 5125 4 833
Max. voltage
drop (%) 12.2 8.7 9.6
10’ points
exceeding 231 0 0
voltage limits
Phase swaps / 6 2
Total cost (€) 14 939 2963 2 245
Computauon / 300’ 5’
time

Table 2 — Results of the methods for a 50-consumer

unbalanced LV feeder.

The Table 2 presents the detailed results for eadB@Gumer
unbalanced feeder. The Table 3 shows tivatproposed
improvements increase the effectiveness of the meith
based on the peak momentThese results shall be taken
with care: the method based on the annual loadedarstill
considered to be the reference method, but thelsiimn
time limit does not allow it to reach the best optin.
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Method Improved
method
Before based on
based on
balance | annual load
peak
curve
moment
Test 1 14 939 2 96: 2 24¢
Test 2 3481 2 73¢ 2 34¢
Test 3 4 883 2 45¢ 2 20z
Test 4 4119 2 37¢ 2 35:
Test5 6 968 2 64: 2 41¢
Test 6 395 299 3 43¢ 2 86¢
Test 7 3858 2 341 2 08¢
Test 8 2 843 2 11( 2 84:
Test 9 14 425 2 33( 2 29(
Test 10 2111 1 99¢ 2 02¢

Table 3 — Total costs (in €) for 10 tests executea 50-
consumer randomly based unbalanced LV feeders.

AN IMPLEMENTATION OF
SWAPPING ON THE FIELD

The previous sections have described the matheahpict
of the process. Once balancing opportunities haenb
identified, they will be transferred to the Opeoati
Department. This section presents two possiblengtior
field application.

The first one entirely relies on the AMM systemhape
connexion of a given meter is determined in reaétby its
concentrator and updated into the meter if needée.
operational team will use the results of the optation
process described previously in order to make phsi
changes to the connexions.

PHASE
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They will receive a message like “Change phaseexion

of Customer X from N°1 to N°2”. After changing thkase
connexion, the operational team will then reachembeter
and check if the new phase is indeed N°2. The a@dgarof
this solution is that no additional equipment ieaed.
However, an appointment with the customer may be
necessary to access the meter. During the LINK¥t pil
project this solution will be tested in priority order to
evaluate how easy phase balancing can be performed.
The second solution relies on traditional phasarizhg
equipments such as phase transceiver. In this tase
operational team will receive a message like “Cleaitase
connexion of Customer X into the same of Customer Y
Emitting a signal in Customer Y connexion phase cifew

will be able to receive this signal at CustomeroXimexion
point and choose the right phase. This solution is
transparent for customers but could be time consgimi
while installing equipments.

CONCLUSION

AMM deployments are opening a new opportunity for
ERDF to identify unbalanced LV networks and to ¢des
the possibility of large scale balancing plans.

In this paper, a method for the balancing of L \Aiexs was
presented. The study showed that a stochastic ohetiah

as a genetic algorithm could be adapted to addhéss
issue.
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