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Abstractz This paper presents a systeniPQGenAnalyzer)for  electrical systems, considering the insertion of various
treatment, analysis and management of the main Power Distributed Generators technologies (DG).

Quality (PQ) indices for distribution networks, applied to . . .
Eletrobras Distribuicdo AlagoasBrazil. The PQ indices are In this context, de_splte the joint efforts of Ut'l't'efs an_d
monitored using PQube/PSL devices The PQGenAnalyzer COMBUMETS, currently it can be observed that the distortion
was developed to operate irserver system with data extracted levels, voltage fluctuation and imbalances have increased
from geo-referenced database of distribution networks(GIS).  individually or jointly, often exceeding the admissible or
The PQGenAnalyzer performs the power flow simulation for ~recommended maximum levels [118].

the distribution network , considering its nonlinear loading,

llowi [ i [ i i istributi
ﬁb(t):ilrlg% df?;amcgrlmlwpsﬂlsggéfrzﬁdthseecstlirg#ée\tlli?hnstk\]/gthpgssg or Electric Networksof Future, the distribution system

monitors. The PQGenAnalyzer has tools for critical poins Instrumentation and' the softwaraisage for their
identification, staring at the substation, considering the Performance evaluation and, consequently, the effect
busbar voltage levels, as well as their respective Harmonic qualification and quantification on the connected
Contents Therefore, the PQGenAnalyzer is an extremely €quipment, on the system operatimgtcand on theervice
important tool for monitoring the distribution networks ~ continuity, constitute tools strictly necessary for managing
operation, considering the management of PQarameters and these systems and their main Power Quality indices-[2, 8
the corrective actions that mustbe taken, in order to ensure 11].

continuous improvement in thesePQ indices.

Therefore, in this so calleBmart Gridsnew scenaris,

The computer toolusage to evaluate the typical
Index Term#s PQ Monitoring, PQ Management, PowerFlow distribution system perfo.rm.ance in Fhe context that the
in Distribution Networks, Non-Linear Electric Loads, Smart ~SYyStemoperation is safe within the desired quality standards
Grids. (and/or standardized, meeting the limits set by the actual
legislation), it is still an extremely important tool for the
.  INTRODUCTION technical analysis of requests for new connections, loads

mainly GD, and/oload demandncrease, as well as,

. . . and
_ The electrical systems of generation, transmission afﬁ% installation and adjustment of mitigation and
distribution of electrical energy have evolved greatlyhe cor?pensation equipments
T .

past two decades. However, despite the recent developme
in instrumentation and fulime monitoring has reached the Therefore, the full management of the main power
distribution substations, little or almost nothing can be segnality indices in Electric Power Distribution System is not
in the networks and distribution feeders, considerimnly a current tool warranty for theystem operation within

Brazilian scendos. parameters of excellence, but also it is a vital tool for

The distribution networloperationhas demanded theenergy efficiency and reduction of losses.

engineering requirements evolution and the analytical tool, In this context, this paper presents the tool development
monitoring and management development of them, takifay analysis and management of the main power quality
into account the nonlinear loading exponential evolutiqggarameters for etéric power distribution networks
and the consequerinteractions with the elements for(PQGenAnalyzer), considering a case example applied to
compensation and regulation2l. Eletrobras Distribuicdo Alagodrazil.

In the present scenarion constant evolution of [I.  PROPOSEDSTRUCTURE
regulations and standards that establish minimum criteria of 1 4 distributionnetwork monitoin i
. ; L g for the main power
Quallty for the Electric Power (PQ) {8, an additional _quality parameters is based on PQulesices, from PSL-
factor in the lastlecade has greatly changed the evaluati

- Power Standards Lab, considering the power quality data

form of power flows in distribution networks and Nand events for PQuith remote transfance, in order to



compose a BtaBank located in Eletrobras Distribuigio [iimm—s
Alagoas headquiger in MaceiéAL, Brazil. In this context, ‘ L
these data arehandling by PQGenAnalyzer system AN EEEEES INEEEEET T o ooe—eg

allowing full management andnalysis for thedistribution |« <4+

network, asschematic diagrarshown in Fig. 1. | S ] HERRRREN R
| I | [ . I | 3 et
In Fig. 2 one can observe the maincreen for the |

develped software, PQGenAnalyzer, in which all feeders
that compose certain Distribution Substation (DS) can b
analyzed together

= Db @ Fig. 3: Feeder 846case study for installation of remote monitoring
wﬁ PQGenANALVZE% “\ systems for PQ indices, data in Portuguese.
e :> o The basic data for the monitored points of feeder 846
installed at ! emote Users
saripoms | N are as follows:
of interest) | Software .NET installed in
=3 remote server: reading .
g fo F0 ices and semer 9 Substation PCA: Busbar 1247067 PQube
! ile .txt data for the tools of . .
atafor PQ PQGenAnalyzer PQiaB, Indirect Measurements, Current and

voltage probegCurrent Transformer/CT, and
Potential Transfoner/PT),GMS:9 U40609 . 00
and 35U49616. 90W;

Fig. 1: lllustration for the PQ indices monitoring system.

For the proposed system development it edsitted a 1 Condominium: Busbar 1221968Equivalent
DS case study, calied PCA, considering its distinct Transformer of approximately =~ 1500kVA
nonlinear loading characteristics (residential, commercial, Monitor PQubePQiaB, Indirect Measurements,
rural and industrial), presenting their feeders different Current and voltage probes
geographmal characteristics (urbar) and _rural) and 1 Hotel: Busbar2069389 225kVA Transformer
respective PQ eventséahmay result in penalties to the Monitor PQubePQiaB, Indirect Measurements,

utilities, considering Brazilian standards [4]. Current and voltage probes

;?F_:.ram..,..»~ T — 1 Hotel cooling and Heating System Busbar
B - 2069395 225kVA Transformer Monitor
[ ’ MIEESE=] = PQubePQiaB, Indirect Measurements, Current
sy RN NN EER N NN pre § and voltage probes

9 Downstream of Capacitive Bank Busbar
1040196 75kVA Transformer Monitor PQube
PQiaB, Direct (low VoltageLV)/indirect
(current) Measurements, Current and voltage
probes

i Upstream of Voltage Regulator Busbar
1246115, 300kVA Transformer Monitor

Fig. 2: Tool for simulation, management and analysis ofrféligesfor PQubePQiaB, Indirect Measurements, Current
istributi ks (P Anal 1. in P . ' !
distribution networks (PQGenAnalyzer 1.0), data in Portuguese and voltage probes

Considering the budget available foetdevelopment of 1 Downstream of Voltage Regulator Busbar
PQ monitoring system (R&D EletrobridNESP 2055324 112.5kVA Transformer Monitor
117/2013), only one feeder has been considered as a case PQubePQiaB, Direct (LV)/indirect (current)
study for the instrumentation installation with PQ monitors. Measurements, Current and voltage probes

It has been considered different points of interest along Figs. 4 to 6 show some monitdetails installed in the
this feeder, suchsa respective DS output busbar; voltaggionitoring already described poinfsig. 4 corresponds to
regulator busbar, capacitor bank busbar, coupling pointst¢ 2069395 busbar, Fig. 5 to the 1221968 busbar, and Fig.
loads with different nonlinear load profiles (Hotel busbato the 1040196 busbar.
at the feedeend; main busbar of a large condominium with
high load demand; large higher edueat institution . PQGENANALYZER TooLS

busbar; industrial installation busbar). The feeders that form The developed software, PQGenAnalyzer, allows the

the PCA DS are shown in _Fig. 2, a_nd _the feeder Sﬁgwer flow simulation in the feeders that make up the DS
considered for the case study is shown in Fig. 3. case study. This togl nc| udes model ing f



nortlinear loading by direct measurements at some Points Tablel summarizes the classification for maghanges
of Common Coupling (PCC) of loads, which impose tha voltage values, considering-f3.
main networknonlinear loading characteristics, in order to

represent the nonlinear portions of the loads thatilt in TABLE . SOME CLASSIFICATION FORVOLTAGE VARIATIONS [3-4].
the main harmonic contents at these feeders. Identification of the Disturbance Acronym
Short Duration Voltage Variation SDVvV
Fig. 7 shows a simulation example for the feeder 846 Voltage Momentary Interruption VMI
that is part of a DS PCA feedset. One can verify the Voltage Momentary Dip (Sag) VMD
problems associated with the rms voltage levels for this VoltageMomentary Swell VMS
feeder and thevoltage regulatoroperation, as well as th Voltage Temporary Interruption VTl
current in a feeder section with nonlinear loading, as shown V‘i/'tﬁge Temporary Dip (Sﬁ‘g) VID
in Fig. 7(a). oltage Temporary Swe VTS

The configuration of electrical networks, forms of
consumption and loads coupling, usually impose some
operational asymmetries that result in some kind of
unbalanceamongst thre@hase voltages and/or currents.
This unbalanc@ature maynclude inequalitis amongst the
voltage magnitudes, amongst the phase angles or both of
them. A threephase system is asymmetrical or unbalanced
if it presents simultaneously two naero sequential
components. In this context, voltages unbalances are also
monitored via the PQube as well as therent unbalance in
sections, which are derived from the monitored busbars.

The harmonicvoltage distortion at the busbars and
currents in the monitored sections are also parameters that
make up the developed management system, as well as the
harmonic catent (harmonic spectra), which allows the
waveform reconstruction in timgomain for the voltages at
the busbars, and for the currents in the monitored sections,
allowing also the comparisons among the results from
simulation through the PQGenAnalyaesagye

Interharmonics are characterized by theespnce of
voltage waveformser currents with frequencies that are not
integer multiplesof the fundamental frequency. These
frequencies may appear discreetly or with a wide spectral
range, in different voltagelasses. Although they are little
known and studied disturbances, it is known that they may
: affect the signal carrier signals in industrial systems, and
. | it they also affect the signal visualization on cathode ray

.- S | . video monitors, and in incandescent lighting@vites,
Fig. 6: External/Network monitoring point, usi@y, 1040196busbar. inducing the well knowing Flicker effect. Studies on PQ

In addition, as observed in Fig. 7(f)ebusbarvoltages ghqy that interharmonics are produced by arc equipment,
at the feederand the currents through the sections, o@n ;4 ction motors, inverters and static converters, among
analyzed both in time and frequency domains, allowing t ny others.

critical areas identificationni relation to limits forTotal _ _

Harmonic Distortion (THD) of voltages and currents, as Table Il summarizes the maiwoltage PQ parameters

shown in Fig. 7(c). monitored fo busbarsof feeder 846. It should be noticed
that the complete list for the monitored parameters is shown

A. MONITOREDPQPARAMETERS in Fig. 8(a).

It is defined asvoltage variations the increase or

decrease of its RMS value or of @gmplitude value.The TABLE II. MAIN VOLTAGE PQMONITORED PARAMETERS.

variations and consequences causes of these are differentId D't_SfFU”t’_ Data (time of transference)

according to the type of these variations. The variations gre—-2€nutication . _

classified according to type, as well as considering (its SDVV Events RMSValuesTime (at 0:00h)

. . ) ; -~ "“RMS Voltage Profile Mean values of 10 minutes (at 0:00h)
duration. Regarding its duration voltage variations T€V/oltage unbalance | _Percerile 95%; 97%; 99% daily (at 0:00h)

classified asshort duration orlong duration, while with Voltage THD Percenite 95%: 97%; 99% daily (at 0:00h)
respect to its amplitude they are classified as Swell, Dipvoitage Sag/Swell Events RMSvalues/Time (at 0:00h)
(Sag) and Interruption. Variations in voltage are monitored  Flicker PST Percerite 95%; 97%; 99% daily (at 0:00h)

for the busbar related to the feeder case study. FlickerPLT Percerite 95%; 97%; 99% weekly (at 0:00h
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(a) Timedomain " (b) Frequencydomain
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(c) Identificationof Total Harmonic Distortion (THD) of voltages (busbars) and currents through the feeder
Fig. 7: Poweiflow simulation example and analy$s the harmonic propagation in distribution feeder 846, data in Portuguese.

B. MANAGEMENTSYSTEM of common coupling)of loads due to inadequate power
Fig. 8 shows an example of management tofMP rate duringonnectiordisconnectiorof this DG.

application for the Power Quality parameters, considering Finally, it should pointed out that, considering the
its warnings for rms and THRoltagevalues at busbar with monijtored results for the feeder 846, some engineers
remote measurements, in order to attend the limits imposgdions were implementedn ithis feeder in order to

by Electrical Energy Brazilian Agency (AREL) [4]. solve/minimize the analyzed PQ problems.

A These vlé/grnig(gs) are regrestented_ tiytrollimffekr)ent colors, as IV. CONCLUSIONS

shown in Fig. 8(a), in order to pain sharregion .
above the establishdithits for normal, peccary and critical _ 1he developed PQGenAnalyzailows the electrical
operation. Furthermore, there is a tool to generate repdifdver flow simulationfor the DS case study feeders,
with all measured data, and the warrsgpointed by the considering thenonlinear loadsnodeling that imposéhe
PQGenAnalyzer. The measured parameters can be analy2&i! distortios and asymmetesin these feeders.

considering its minimum, maximum and average &alu  The various monitors of Power Quality indices installed
The statistical data are composed farcentilesof 95%, on the case study feed#B46, allowing the distribution
97% and 99%, daily registered, in order to compose thetwork management through PQGenAnalyzer.

Power QualityDataBank with day, week, month, and year i o

data, as shown in Fig. 8(b). It should be informed that ajl The main PQ parametersanagement, considering the
real measurement throughe smart meters (PQube) can bdeveloped toolsassociated with PQGenAnalyzer, enables
compared with the simulation results for the modeldf€ instantanea@network section and busbgisualization

distribution feeder, in order to predict abnormal operatidhat are in critical and/or precarious limits, considering the
and/or to implement some engineering actions féfandards established for Brazilian distribution networks.

compensation or mitigation the PQ parameter effects jth the full management possibilitgf distribution
consideing its limits imposed by Brazilian standards. network operation, predictive and preventive engineering

Fig. 9 shows some specific results for the monitoréftions are possible, aiming the continuous improvement of
busbar2069389 near to the end of the feeder #846, wheRoWer quality indices, established in steady and transient
Fig. 9(a) shows the voltage analysis for several Sagjstes. These actions allow the pgnetduction (and fines)
registered and Swell registered Fig. 9(b) shows active, for noncompliance with these indices in its standard limits,
reactive and aparent power flows, and PF for the monitordg Well as the logs reduction, adjustments for the
busbar. Fig. 9(c) shows Fliker PST/PLT parameters, af@mpensation and regulation equipment, among other

THD values for voltages (maximum and minimum values)mportant contributions to the safe operation with quality
o for electrical energy distributionetworks.
As one can see in Figs. 8(a) and 9(a), there are red alerts

for voltage kvels, considering the limits standardized in Therefore, considering its simulation tools for the
Brazil. In addition, through Fig. 9(b), was identified th&lectricalpower flow and its daily PQ |nd|c_es monitoring,
systematic operation of a Distributed Generator (Dies®@kes the PQGenAnalyzer an effective tool for the
Generator), during the hours of feedpeak demand, Previous analysis of newoad connections, increases for
resulting in problems of Sag and Swell fbis PCC (point !0ad demands, and otheperational actions.



Furthermore, in a future version, the DG (Photovoltai{f;] IEEE Institute of Electrical and Electronics Engineers, "IEEE Std 519,
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for the PQGenAnalyzeplanned evolution, allowing a f“”.gg IEC 610003-2, Electromagnetic compatibility (EMC) Part 32:
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(a) Monitored Power Quality Parameters|or code for allerts (THD and rms values for busbar voltages), considering Brazilian standards
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(b) Parameters are monitored considering dayly, weekly, monthly registered data
Fig. 8. System PQGenAnalyzer for analysis and monitoring eleatlistabutionfeeder, considering Power Flow and PQ parameters.




_ Warnings

Limits/ Colors

(a) Monitored busba2069389(voltage profile, Sag and Swell events)

(b) MonitoredPCCof loads busha2069389, considering Power Flow (active, reactive and apparent powers) and Power Factor.

(c) Fliker (PLT, PST), and Voltage Total Harmonic Distortion (bugf9389)
Fig. 9. Example for monitoring a PG$ loadsandits respective busts, considering some PQ parameters and Power Flow.



