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Abstract. This paper consists on monitoring and analysis of
the power quality of a distributed micro-generation connected in
low voltage that use the biogas as primary source of power. The
generation unit studied in this paper is a rural property dedicated
to swine breeding (Colombari Farm). It is located in the city of
Sdo Miguel do Iguagu, on the west region of Parana — Brazil and
has a nominal power installed of 75 kVA that is connected to the
Parana's Electrical Company (COPEL). The aspects of product
quality according to Brazilian and International standards were
considered to develop the analysis of power quality and the
distributed generation performance comparative. As result, it is
expected to acquire the power quality diagnosis and offers of
solutions that could adequate the power quality of the generation
unit. Also, contribute in the planning and programing of electrical
action that compose the generation unit leading to an
improvement of the system
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1. Introduction

This paper consists on monitoring and analysis of the
power quality of a distributed micro-generation connected
in low voltage that use the biogas as primary source of
power.
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The generation unit studied in this paper is a rural
property dedicated to swine breeding (Colombari Farm)
that is located in the city of Sdo Miguel do Iguagu, on the
west region of Parana — Brazil.

The Distributed Micro-generation has a nominal power
installed of 75 kVA that is connected to the Parana's
Electrical Company (COPEL). It adopts a compensation
regime established by the Normative Resolution (REN)
482/12 and modified by REN 687/15, with regulated
access by Copel's Technical Standards 905200.

It is important to highlight that this generation unit was
the first of six prototypes of the “Electrical Energy
Distribution Generation with Environmental Sanitation”
Project to operate in Brazil. This project had funds
resources between the years of 2008 and 2011 provided
by the Project and Studies Funder (FINEP) and the
Applied Technology and Innovation Institute (ITAI), and

had as stakeholders ItaipuBinacional (IB), Itaipu
Technological ~ Park  Foundation  (FPTI), Lar
Agroindustrial Cooperative, Parana's Environmental

Institute (IAP) and COPEL.

To achieve results for this paper, the technical and legal
aspects that guide to power quality and micro-generation
were considered such steady state voltage, power factor,
harmonics, voltage unbalance, voltage fluctuation, short
duration voltage variation and frequency variation, as

RE&PQJ, Vol.1, No.15, April 2017



explained in the Electrical Energy Distribution Procedures
for National Electric Systems (PRODIST) and in the
International Standards IEEE 1159-2009 and IEC 61000-
4-XX.

As start point of this study, the measurement already
obtained in the micro-generation with an energy
monitoring system, corresponding of November's 13 until
November's 19 of 2014, were analyzed, such as steady
state voltage, power factor, voltage unbalance and
frequency variation. These data were acquired through a
multivariate meter of electrical quantities. Due the
equipment limitation, it was only analyzed the four aspects
of power quality cited above that in spite of not attend all
requirements of PRODIST,allowed a pre-diagnostic of
power quality of generation unit that can be used as a kick
start for a deepest study.

Measurement campaigns were realized due to the detection
of disturbances. A quality analyzer was installed at the
point of connection between the distribution company and
the consumer unit.

For purposes of power quality analysis, the Module 8 —
Power Quality of PRODIST and the International
Standards IEEE 1159-2009 were used as reference.

The chosen methodology is the following: identify the
problem; understand the problem’s characteristics; identify
possible solutions; evaluate the solutions viability and
propose the properly solution

2. Power Quality Standards

To accomplish the power quality analysis and the
comparative’s perform of the distributed generation,
calculations methods and established limits were used
from the national standards of PRODIST — Module 8, and
from the international standards of IEC 61000-4-7, IEC
61000-4-15, IEC 61000-4-30 and IEEE1159-2009, that
will be described in the following items.

A. PRODIST — Module 8

In Brazil, ANEEL (National Company of Electrical
Energy) is the regulatory department that fiscals and
regulate the production, transmission, distribution and
commercialization of electrical energy.

The Distribution Procedures (PRODIST) are documents
elaborated by ANEEL, with co-participation of the
distribution agents and others associations of national
electric  sector, that standardize the technical
activitiesrelated to functioning and performance of
electrical energy distribution systems. The procedures
related to power quality standardsare established in
Module 8 of PRODIST, which approaches quality of
products and services. Section 8.1 refers to product’s
quality and characterizes power’s quality phenomenons.

It establishes the samples criteria and reference values in
respect to steady state voltage, power factor, harmonics,
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voltage unbalance, voltage fluctuation, short duration
voltage variation and frequency variation.

B. IEEE 1159-2009

The IEEE (Institute of Electrical and Electronic
Engineers) 1159-2009 standard presents general
guidelines for power quality measures, where the
parameters for different phenomenon’s that affect power
quality are standardized. The measurement equipments of
power quality must use this standard as reference to
detect different kinds of disturbances in the system.

C. IEC 61000-4-7, IEC 61000-4-15 and IEC 61000-4-
30.

The IEC (International Electrotechnical Commission)
standard is used for power quality monitoring and is
available in a series of individual standards that specify
requirements for each disturbance related to power
quality. For example, IEC 61000-4-7 provides
recommendations for harmonic distortion monitoring and
IEC 61000-4-30 provides the necessary requirements for
equipment’s  measurement and  precision. The
measurement of flicker is described in the IEC 61000-4-
15 standard [1] .

3. Power Quality Indicators

According to[2] , there are seven aspects that
characterize the power quality. They are: steady state
voltage, power factor, harmonics, voltage unbalance,
voltage fluctuation, short duration voltage variation and
frequency variation. These aspects are explained below.

A. Steady State Voltage

According to [2] , in order to analyze the steady state
voltage, 1008 voltage values must be measured on
consecutive intervals of 10 minutes for 7 days. The
measures must be acquired in the connection point
between the distribution company and the consumer unit.
The voltage between phases and between all phases with
the neutral must be acquired. The measurement
equipment need to reach the following minimum
requirements: 16 samples per cycle of sample rate, A/D
voltage signal converter resolution of 12 bits, minimum
of 1% reading precision.

Table I shows that, for the value of reference equal to
220/127V, there is a range of measured voltage that can
be classified on the service voltage as proper, precarious
and critical, based on the distance between the measured
voltage and the value of reference.

According to [2] , ANEEL is the Department responsible
of supervising the provided voltage from the distribution
companies for the consumers through the individual
indicators DRP (Relative Duration of the Precarious
Voltage Transgression) and DRC (Relative Duration of
the Critical Voltage Transgression), that express the
percent of precarious and critical voltage transgression
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time respectively, based on the total numbers of measures
acquired.

Table I. Voltage Classifications — Steady State < 1kV

(220/127V)[2]
SERVICE VARIATION RANGE OF MEASURED
VOLTAGE (SV) VOLTAGE (VOLTS)
Proper (202<TL=231)/(117<TL<133)
Precarious (191<TL<202 or 231<TL <233)/
(110<TL<117 or 133<TL <135)
Critical (TL<191 or TL>233)/(TL<110 or TL>135

The indicators cited above are calculated through the
following expressions:

nlp
1008

DRC= nle 100 (%
~Toog 100 %)

DRP= 100 (%)

Where: nlp and nlc are variables that express the highest
value between phases allocated on the precarious and
critical regions respectively, and 1008 is the number of
values acquired during 10 minutes.

The DRP indicator is settled to 3% and the DRC value is
settled to 0.5%.

B. Power Factor

Power Factor is defined by PRODIST as the reason
between the active power and the square root of the square
sum of active and reactive power, consumed in the same
period, as showed in the formula below:

P

Where: PF is the power factor, P and Q are the active and
reactive power respectively. The value must be in the
range limits between 0,92 and 1.

PF=

3)

B. Harmonics

The harmonics distortion as associated phenomenon with
deformations on voltage and current wave forms in
relation to the fundamental frequency’s sinusoidal wave.
They are measured through the total harmonic voltage
distortion (DHT). The DHT value is calculated as
following shown:

DHT= *=—.100 @)
Where: V1 is the signal fundamental’s voltage, Vh is the
harmonic voltage of order h and hmax is the harmonic’s
maximum order [2] [17] .

According to [2] , the harmonic spectral to be considered
for the total distortion calculations must fit a range of
frequencies that considers the fundamental component till
the, at least, 40* harmonic order. The distortion cannot be
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over 10% for consumers with nominal voltage below 1
kV. According to [17] , the distortion cited above cannot
be over 5%.

PRODIST must predict the indicators of current
harmonics, considering the total and individual
harmonics indexes. The electrical energy quality of an
electrical system also depend of these values.

D. Voltage Unbalance

According to [2] , the voltage unbalance is the
phenomenon associated to the three-phase pattern’s
change of the distribution systems. This phenomenon is
evaluate through an unbalance factor (UF) that represents
the relation between the negative and positive sequence
voltage magnitude, as showed in following equation:

UF (%)= (:}’ ).100 )

.
Alternatively, the following expression lead to similar
results of the previous formula:

1-/3-6.

FD(%)=100. 6

’ 1+/36.p (€)

B Vab*+Vbc*+Vea* @
(Vab2+Vbcz+Vca2)

Where: UF represents the voltage’s unbalance factor in
percentage; V+ is the positive sequence voltage
magnitude (RMS); V- is the negative sequence voltage
magnitude (RMS); B the relation between the positive
and negative sequence voltage; Vab, Vbc and Vca are the
RMS value between ab, bc and ca phases respectively.
UF must be less than 3% [2] .

The source of these voltage unbalances are usually in the
distribution systems, which has single-phase loads
inadequately distributed that results in negative
sequences voltages in the circuits.

E. Voltage Fluctuation

The voltage fluctuation is a random, repetitive or
sporadic variation of the voltage’s RMS value [3] . Thus,
the voltage quality of a distribution system’s bar, in
respect to voltage fluctuation, has the goal of evaluate the
discomfort to the final consumer that has illumination
points powered in low voltage, due the lights scintillation
effect.

According to [2] , the voltage fluctuation measures must
be acquired according to the procedures defined on [4] .

According to [4] , the voltage fluctuation is quantified
using the lights scintillation’s analysis and measures
through algorithms that simulate the humans’ eye
reaction to luminosity's flow variation through Pst (short-
term probability) and Plt (long-therm probability)
indicators.
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The Pst indicator represents the lights scintillations
severity levels associated to the voltage fluctuation
registered in a continuous period time of 10 minutes. The
proper Pst is the one which keeps lower than 1.

The PIt indicator represents the lights scintillations
severity levels associated to the voltage fluctuation
registered in a period time of 2 hours through a
composition of 12 consecutive values of Pst. The
indicators cited above are represented in the following
formulas:

Py=,/0,0314.P,,+0,0525.P,+0,0657.P;+0,28 P ;+0,08.P5,  (8)

Where: P; (i=0,1;1;3;10;50): flickering sensation level that

trespassed for 1% of time. It is obtained through the
complementary accumulated distribution function.

9

Where: Psti: i register of the Pst indicator.

F. Short Duration Voltage Variation

Voltage classification is defined by the amplitude and
duration of the electromagnetic phenomena. Each type of
variation can be defined as instantaneous, momentary, or
temporary, depending on its duration. Faults can cause
either temporary voltage rises (swell) or voltage drop
(sags), or a complete loss of voltage (interruptions),
depending on fault location and system conditions. Tables
II and III present the short duration voltage classification,
according to [2] and [12] respectively.

Table II. Short Duration Voltage Variation - Categories and
typical characteristics of power system [2]

VARIATIONS VOLTAGE
CATEGORIES DURATION | MAGNITUDE

Interruption 3s <0,1 p.u.
Momentary Sag >1 cycle and 2%19 ;nj
Swell s3s >1,1 pu
Interruption >3 <0,1 p.u.
>0,1 and

Temporary Sag and
. <0,9 p.u

<3 min

Swell >1,1 p.u.

Table III. Short Duration Voltage Variation - Categories and
typical characteristics of power system [12] .

TIPICAL
CATEGORIES Ao, | VOLTAGE

MAGNITUDE
Sag 0,5-30 0,1-0,9p.u
Instantaneous Swell cycles ,I—18pu

Interruption | 0,5 cycles —3 s <0,1 p.u
Momentary Sag 0,1-0,9p.u
Swell 30cyeles 3s

Interruption <0,1 p.u.
Temporary Sag 3s—1 min 0,1 -0,9 p.u
Swell 1,L1-1,2p.u
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The international standard IEEE 1159, presents
theoretical aspects only, without detailing the technical
measurement requirements.

F. Frequency

In Brazil, the nominal frequency is established in 60 Hz.
According to [2] , the distribution system and its
generation installations must, in usual operation
conditions and steady state, operate on frequency limits
range between 59,9 and 60,1 Hz. The generation
installations must assure that the system will return to the
limits range between 59,5 and 60,5 Hz in until 30
seconds when out of the previously limits range cited,
allowing the recovery of the load-generation’s balance.

When there is a need of generation or load cut for
system’s recover caused by disturbances on distribution
systems, the frequency: can't exceed 66 Hz or be less
than 56,5 Hz; can work above 62 Hz up to 30 seconds
and above 63,5 Hz up to 10 seconds at maximum; can
work below 58,5 Hz up to 10 seconds and below 57,5 Hz
up to 5 seconds at maximum.

4. Case Study

In the following items, the measures analysis of
Colombari Farm’s generation unit will be presented.

The measurements started on 30/10/2016 at 4:30 p.m.
and finished on 06/11/2016 at 4:30 p.m.A number of
1008 values were recorded in consecutive 10 minutes
intervals.An analyzer of RMS brand, model MARH VI,
was installed at the connection point between the
distribution company and the consumer unit.

A. Steady State Voltage Analysis

Fig. 1, shows the weekly graph of the 1008 values of
voltage measures corresponding to the phases A, B and
C. The values were acquired on consecutive 10 minutes
interval each, from 30/10/2016 until 06/11/2016.

Tarmlo da tase &

Fig. 1.Phases Voltage A, B and C

As can be seen on Table IV, the DRP and DRC indicators
that were calculated resulted on 3,87% and 1,39%
respectively,exceeding the maximum limit of 3% for
DRP and 0,5% for DRC. Therefore, according to this
analysis, the voltage level measured at the point of
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connection between the distribution company and the
consumer unit was classified as critical.

Table IV. Voltage Analysis

NUMBER OF VOLTAGE MEASURES
4 ALOCATED ON RANGE LIMITS INDICATORS
é DRP DRC
A~ PROPER PRECARIOUS | CRITICAL (%) (%)
A 960 34 14
B | 965 39 4 3,87 | 1,39
cl o 29 7

B. Unbalance Factor Analysis

For the unbalance factor calculation, it was considered
1008 values of phase-phase voltage, resulting a maximum
value of 1,623%, that is lower than the recommended
maximum limit of 3%. Fig. 2 shows the obtained result.

Desnguibrio de fensdo
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C. Harmonics distortion

IEEE standard 519-1992 and PRODIST were used to
classify the harmonics distortion, of which the first
standard is more stringent.

Distong o Harminica de tensde (Fase A

100 20 00 0o 500 L o0 00 900 1000

Distert do Harmiraca de temsd (Fase )

10 20 0 00 500 €00 oo 0 90 1000

Fig. 3 shows the DHT values corresponding to phases A,
B and C with the analyzer connected at the point of
connection between the distribution company and the
consumer unit.

https://doi.org/10.24084/repqj15.420

656

Distong o Harminica de tensde (Fase A

100 20 00 0o 500 L o0 00 900 1000

Dtstarg o Hamdraca o0 tonsd (s B)

Dester; 30 Harmérca de temesda (Fase C)

0 T e AL o
— i i
20 0 00 500 €00

3. DHT (%) in the phases A, B and

1 0 L] I-'.:.‘}

Fig. C.
The maximum THD value is found in the phase A, equal
to 5,3%. It is observed in Fig. 3 that all 1008 calculated
DHT values remained lower than the maximum limit of
10% defined by PRODIST, however, higher than the
maximum limit of 5% defined by IEEE standard.

Eestoey e Harmiraca de Comente (Fase A)
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" Fig. 4. DHI (%) in the phases A, B and C.

In Fig. 4 is observed that there are high levels of current
harmonics

PRODIST must provide individual and total harmonic
distortion rating because the quality of electricity in
electrical systems also depends on these values. If the
results were analyzed considering only PRODIST
without taking into account the IEEE 1159 standard, it
would not be possible to detect problems of harmonic
currents.

Different topologies of passive filters can be used to
reduce system’s harmonic content [13] .

The use of parallel passive filters is the classic method to
minimize the harmonic present in the electrical system.
This type of filter is composed of passive components
tuned to eliminate a specific harmonic index. These
filters are used in the connections between capacitors,
inductors and resistors, to form several topologies, called
series configurations and derivation (shunt) [14] [15] [16]

5. Conclusion

This work presented the monitoring and analysis of the
power quality of a distributed micro-generation
connected in low voltage. The aspects of product quality
according to Brazilian and International standards were
considered to develop the analysis of power quality and
the distributed generation performance comparative.
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Power quality characterizing aspects were analyzed such
as Steady State Voltage, Unbalance Factor and Harmonics
Distortion. Were detected critical voltage level and high
levels of current harmonics at the point of connection
between the distribution company and the consumer unit.
Due to the detection of current harmonics it is suggested
the use of passive filters to mitigate the harmonic
presented in the electrical system.

Through the comparative analysis between the PRODIST
and IEEE 1159 standard, it is evidenced that PRODIST
must provide individual and total harmonic distortion
rating because the quality of electricity in electrical
systems also depends on these values.
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