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ABSTRACT

Photovotaic (PV) other than capable to result power, it also generates harmonics due to the presence of an inverter as a
medium to convert DC to AC voltage so can reduce power quality. PV generator also has intermitten characteristic and generate
power depend on environment condition e.g. temperature and irradiance level. The paper presents performance improvement of
power quality due to the influence of multi PV integration to low voltage distribution line of 380 kV (phase-phase) 50 Hz on point
common coupling (PCC) bus under variable solar temperature and irradiance level. The model consists of three PV generator
groups with 100 kW active power. In addition to connecting on a three phase grid, PV generator is also connected to three groups
of three phase loads with 20 kW active power each. The power quality parameters studied are voltage and current unbalance as
well as voltage and current harmonics in eight scenarios PV generator connected on three phase grid. The single tuned filter is
used to improve power quality using two conditions before and after filter installed. Multi PV models with three phase generators
connected three phase grid, without and with single tuned filters at all irradiance and temperature levels results phase maximum
voltage (phase A, B, and C) in relatively stable of 308 and 310 Volt respectively, and generating unbalanced voltage of 0%. The
maximum phase current value, for system without single tuned filter at all irradiance and temperature levels are different as 12.5,
9.8, and 10 A, respectively, resulting in unbalanced current of 16.0991%. Under the same condition, single tuned filters are
capable to balance maximum phase currents (phase A, B, and C) of 10.45 A respectively, so able to reduce unbalanced current to
0%. The implementation of single tuned filter can reduce unbalanced current values according limit ANSI/IEEE 241-1990. At a
constant temperature and irradiance levels are increasing, voltage and current average harmonics (total harmonics distortion)
are also increasing. The use of single tuned filter is the most effective in suppressing 5™ harmonics so can reduce average value of
voltage and current harmonics significantly within IEEE 519-1992.

Keywords: Power Quality, Total Harmonic Distortion, Multi PV Generator, Temperature, Irradiance

1. INTRODUCTION

Microgrid with distributed generations (DGs) sources in which electricity is supplied to local loads and may operate
separately from conventional grid. DGs have many benefits such as being able to reduce transmission costs, lower investment
costs, reduce distribution line losses and improve grid reliability. DGs using renewable energy to generate power are classified as
disperse energy sources. Solar or PV generator are one of the most potential DGs technologies because they only require sunlight
to generate electricity, where their resources are available in abundance, free, and relatively clean [1]. In order to support 35
thousand MW electricity program, starting in early 2016 Indonesia government will build a number of PV generator in the urban
areas on the top of urban buildings called name roof top PV, as one solution to develop small scale electric power. The
consideration is more on economic aspect because development of conventional PV generator requires relatively wide land,
whereas price of land in urban areas is very expensive. The roof top PV will be deployed on several roofs of government buildings
and airports in eastern Indonesia. It also will be integrated into Indonesia Electric Company (PLN) distribution network, so that if
there is an excess of power, the PV power can be supplied and purchased by PLN [2].

The weakness of PV generator is in addition to supply power to grid, it also generates harmonics due to the presence of
an inverter as a medium to convert DC voltage to AC so can reduce power quality in system. PV generator also has intermitten
characteristic and generate power depend on environment condition e.g. temperature and irradiance level. Research of power
quality problem on grid connected to PV system using LCL filter has been done by Kon Keng Weng et. al. The simulation results
indicate that a number of electrical power quality problems such as over voltage, less voltage, power fluctuations, inrush currents,
low power factor, and current harmonics will appear on microgrid. The disadvantage is that research is conducted only on
conditions of certain solar irradiance and temperature (1000 W/m? and 25°C) as environmental input parameters for PV systems
[1]. Minas Patsalides, et.al has made investigation an effect of solar irradiance on grid connected PV generator to power quality
e.g. voltage harmonics, current harmonics, active power, reactive power, and power factor. The study considers on two different
scenarios of average and low irradiance. The weakness of study is not to consider temperature effect as variable environment input
of PV generator [3]. Renu, et. al. has conducted a research of grid conneted to single phase PV generator inverter using a current
proportional resonant, proportional resonant integral, and genetic algorithm controller using active filter to reduce current
harmonic on inverter output. The shortcoming of research is only performed on a single phase system as well as fixed solar
irradiance and temperature [4].
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Massoud Farhoodnea, et. al. has examined analysis of dynamic power quality due to high penetration effect of grid
connected to PV array on distribution system under different solar irradiance condition. The analysis was performed on a 16 bus
system model and the result showed that high level penetration of grid connected PV would cause a number of power quality
problems e.g. voltage swell, voltage flicker, power factor losses and current harmonics. The weakness of research is the analysis
only held on voltage harmonics and does not consider enviromental temperature condition [5]. The research on power quality
characteristics in a number of three phase PV inverters at roof top PV including harmonics distortion, voltage fluctuations, and
reactive power and power factors have been performed by K.P. Kontogianis, et. al [6]. Almas Hossain Mollah, et.al. has
investigates three phase grid connected to PV generator using MPPT with Perturb and Observe method and a voltage source
inverter controller, as well as its effect on current harmonics injected into grid and grid voltage harmonics . The drawback of
research are only carried out on single level of irradiance and temperature (1000 W/m? and 25°C) and does not consider harmonic
improvement limitation (current and voltage) according to IEEE 519-1992 [7]. Amirullah, et. al. has examined the effect of PV
power integration on power quality on three phase point common coupling (PCC) bus under different solar irradiance conditions
using a double tuned filter. The results showed that at a fixed solar irradiance level, the more number of PV generator connected to
three phase grid, average THD of voltage and current increased. While at the level of solar irradiance increased, average THD grid
voltage and current also increased. Double tuned passive filters can reduce THD value of average voltage and current. The
disadvantage is the research analysis is carried out at a fixed temperature level of 40°C, whereas the fact shows that ambient
temperature is the main input variable for a PV generator other than solar irradiance whose value is always changing with time [8].

The objective of this paper is to improve the performance of power quality due to the influence of multi PV integration
to low voltage distribution line of 380 kV (phase-phase) 50 Hz under variable solar temperature and irradiance level. The model
consist of three PV generator groups with 100 kW active power each were used in this study. In addition to connecting on a three
phase grid, the PV generator is also connected to three groups of three phase loads each having 20 kW active power. The power
quality parameterr studied are the value of three phase voltage and current unbalance as well as voltage and current harmonics in
eight scenarios PV generator connected on three phase grid. The band pass filter model (single tuned) is used to improve power
quality using two conditions before and after filter installed. The simulation parameter results in PCC bus are further validated
against to limit ANSI/IEEE 241-1990 (voltage and current unbalance) and IEEE 519-1992 (THD voltage and current), as the basis
for determining power quality level. Simulation and research analysis use Matlab/Simulink environment. The rest of this paper is
organized as follow. Section 2 shows research methodology which proposed model of single PV generator connected three phase
grid, model of three PV generator connected three phase grid, simulation parameters, equivalent circuit and mathematical of PV
model, harmonics and voltage/current unbalance, and single tuned filter model. Section 3 describes influence of variable solar
irradiance and temperature level of three model PV generator to voltage and current unbalance as well as voltage and current THD
without and with single tuned filter. In this section, example cases studied are presented and the results are verified with those of
Matlab/Simulink. Finally, the paper in concluded in Section 4.

2. METHODOLOGY
2.1. Research Method

A system model of 100 kW single PV generator connected to a three phase grid is shown in Figure 1. The PV generator
produces output voltage and becomes as input for DC/DC boost converter. The MPPT with Pertub and Observe algorithm further
helps single phase PV generator result maximum power. The DC output voltage from PV generator is relatively low and then the
voltage is increased by DC/DC boost converter to produce output voltage by adjusting duty cycle using switching equipment. The
DC voltage is then converted by a three phase of DC/AC inverter to an AC voltage to three phase grid, using a six pulse width
modulation (PWM) voltage source inverter controller based on proportional integral. Figure 2 shows proposed model of three
groups of PV generator to 380 Volt (phase-phase) 50 Hz three phase low voltage on point common coupling (PCC) bus and 100
MVA 20 kV three phase grid through 100 kVA 20 kV/380 V three phase transformer.

The paper presents performance of power quality improvement on three phase grid of PCC bus due to influence of PV
generator integration to 380 kV (phase-phase) 50 Hz low voltage distribution system at different temperature and irradiance
conditions. The study used multi (three) models of PV generator each with an active power of 100 kW. The power quality
parameters studied are voltage and current unbalance, as well as voltage and current harmonics in eight PV generator scenarios
connected to three phase distribution on PCC bus at variable temperature and irradiance levels. The first scenario is before a single
tuned filter installed at the irradiance level: (i) 400 W/m?2, (ii) 600 W/m?, (iii) 800 W/m?, and (iv) 1000 W/m?. The second scenario
is after installing a single tuned filter at the irradiance level: (i) 400 W/m?, (ii) 600 W/m?, (iii) 800 W/m?, and (iv) 1000 W/m?, The
degree of temperature of each condition is 20° C, 25° C, 30° C, 35° C, and 40°C. So the total scenario number are eight different
irradiance levels (without and using a single tuned filter) where each of them are five temperature levels.

The simulation of circuit model is performed to determine voltage and current curve of three phase distribution line on
PCC bus. To improve power quality performance, a model single passive band pass filter (single tuned) that serves suppress single
5 harmonics. A three phase circuit breaker (CB) is used to connect and disconnect a single tuned filter between PV generator
with a three phase system. The next step is to determine voltage and current unbalance as well as voltage and current harmonics or
total harmonics distortion (THD) of three phase grid on PCC bus in each scenario. The last step is to compare voltage and current
unbalance as well as voltage and current THD of low distribution line on PCC bus referring to ANSI/IEEE 241-1990 and IEEE
519-1992 as the basis for determining power quality in eight irradiance and temperature level scenarios. Simulation and analysis of
research results using Matlab/Simulink.
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Figure 2. Proposed model of three PV generator connected to three phase grid

2.1. Simulation Parameters
Table 1 shows the devices, parameters, and simulation values of proposed model.

Table 1. Simulation Parameters

Devices Parameters Values
PV Generator Active Power 100 kW
1,2,and 3 Temperature 20°, 25°, 30°, 359, and 40° C
Irradiance 400, 600, 800, and 1000 W/m?
Three Phase Grid Short Circuit MVA 100 MVA
Voltage (phase-phase) 380 volt
Frequency 50 Hz
Power Transformer Power 100 kVA
Frequency 50 Hz
Voltage 380 Volt/20 kV
Load 1, 2, and 3 Actve Power 20 kW
Frequency 380 Volt
Voltage 50 Hz
Low Voltage Line 1,2, and 3 | Resistance R =0,1273 Ohm/km
Inductance L = 93,37 mH/km
Capacitance C=1,274 pF/km
Length of Low Voltage Line | Line 1 1km
1,2,and 3 Line 2 1 km
Line 3 1km
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DC Link Capasitor Capacitance 2000 uF

PWM Generator Frequency 4 kHz

on Each PV Generator Sampling time 5 x 108 detik

Single Tuned Filter Reactive Power 50 MVAR
Voltage (phase-phase) 380V
Frequency System 50 Hz
Frequency Tuning f=5x50Hz
Quality Factor (Q) 16

2.2. Photovoltaic Model
Figure 3 shows the equivalent circuit of a solar panel. A solar panel is composed of several PV cells that have series, parallel,
or series-parallel external connections [9].

> ‘\’\/\'—P—QO

lev Rs |

@ e

Figure 3. Equivalent circuit of solar panel

The V-1 characteristic of a solar panel is showed in (1) [10] :
l=|pv—l{exp[vmslj—l}vmsl (1)
av, Re
where lpy is the photovoltaic current, I, is saturated reverse current, ‘a’ is the ideal diode constant, Vi = NsKTq is the thermal
voltage, Ns is the number of series cells, q is the electron charge, K is the Boltzmann constant, T is the temperature of p—n junction,
Rs and Rp are series and parallel equivalent resistance of the solar panels. lpy has a linear relation with light intensity and also

varies with temperature variations. 1, is dependent on temperature variations. The values of I, and I, are calculated as following
(2) and (3):

IPV :(lpv.n"’KlAT)Ggl (2)

_ ISC,n + KIAT (3)
* exp(Voe, + K AT)/av, -1

In which lpy, Iscnand Voc,nare photovoltaic current, short circuit current and open circuit voltage in standard conditions (T, =

25 C and G, = 1000 Wm2) respectively. K; is the coefficient of short circuit current to temperature, AT =T - Ty, is the temperature
deviation from standard temperature, G is the light intensity and Ky is the ratio coefficient of open circuit voltage to temperature.
Open circuit voltage, short circuit current and voltage-current corresponding to the maximum power are three important points of
I-V characteristic of solar panel. These points are changed by variations of atmospheric conditions. By using (4) and (5) which are
derived from PV model equations, short circuit current and open circuit voltage can be calculated in different atmospheric
conditions.

G
Isc :(lsc +K1AT)G7 (4)

n

Voo =Vge + K AT ®)

2.3. Harmonics and Voltage/Current Unbalance

Power quality means quality of voltage and current. Power quality is determined based on the voltage and current value or
the tolerance limit of equipment used. In general, current and voltage wave form of pure sinusoidal waves. One problem that
occurs is non sinusoida or distorted current and voltage waves generated by harmonics in the power system [11]. Harmonic is
distorted periodic steady state wave caused by the interaction between the shape of a sine wave at the fundamental frequency
system with another wave component which is an integer multiples frequency of fundamental frequency. The most common
harmonic index, which relates to the voltage waveform, is THD, which is defined as the root mean square (rms) of the harmonics
expressed as a percentage of the fundamental component as showed in (12). For most applications, it is sufficient to consider the
harmonic range from the 2" to 25", but most standards specify up to the 50™. Second harmonic index is current THD means the
ratio of rms harmonic current value to rms fundamental current which expressed in (7) [11].

N
2V
THD, =27 x100 % ®)

1
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where V;, and I, (the rms voltage and current at harmonic n), V1 and I; (the fundamental rms voltage and current), N (the maximum
harmonic order to be considered). The allowable maximum THD value for each country is different depending on the standard
used. THD standards most often used in electric power system is IEEE 519-1992 standard. There are two criteria used in the
analysis of harmonic distortion that voltage distortion limit and current distortion limit [13].

There are several standards that can be used to determine level of voltage unbalance in three phase systems, e.g. IEC,
NEMA, and IEEE. In this study, value of unbalance voltage use Equation 8 is based ANSI/IEEE 241-1990 Standard [14] as
follows:

THD, =

Navar age _Va,b,c min or max

V(%) = x100% ®)

avarage
By using Equation 8, value of unbalance voltage expressed in percent (%) and is defined as follows; Vavarage iS the average
value of maximum voltage on phase a, b, ¢, (volt), Vapc min IS minimum voltage on phase a, b, ¢, (Volt), Vapc max IS maximum
voltage on phase a, b, ¢ (volt ). By using the same equation, then percentage of unbalance current can be calculated by replacing
voltage magnitude into current magnitude.

2.4. Single Tuned Filter

The shunt passive filters always considered as good solution to solve harmonics current problems. Shunt passive filters
can be classified into three basic catagories as follows (a) Band pass filters (of single or double tuned), (b) High pass filters (of
first, second, third-order or C-type), and (c) Composite filters as shown in Figure 4. A single tuned filter consisting of inductor Ly,
capacitor Cs and small damping resistor R are connected in parallel with non-linear loads to provide low-impedance paths for
specific harmonic frequencies, thus resulting in absorbing the dominant harmonic currents flowing out of the load. Furthermore it
also compensates reactive power at system operating frequency [15]. Single tuned passive filters are used to suppress single
harmonics e.g. 51, 7", 9" 11™ or 13'" harmonics. Whereas double tuned passive filter is used to eliminate double harmonics such
as the 5th and 57th harmonics or the 11th and 13th harmonics. In this paper a single tuned active filter model is used to reduce the
5th harmonics.

|
| c A Inductive
f / Capasitive
L+
Ry VRE———=
R ______
| | .
> (0
— 0 1 2 "
(a) Circuit (b) Impedance characteristic

Figure 4. Single tuned filter circuit and impedance characteristic curve

Figure 4 shows a single tuned filter which is a series RLC circuit tuned to a single harmonics frequency provides a low
harmonic impedance charuracteristic generally. As shown in Figure 4, the filter pass band (PB) is defined as being bounded by the

frequencies at which the filter reactance is equal to its resistance; i.e., the impedance angle is 45°and the magnitude is +/2R .
Relationship between the quality factor and pass band can be expressed as follows [16]:

Q=w,/PB 9)
Where Q is defined as the ratio of the inductance (or capacitance) to resistance at the resonant frequency and @, is the tuned

angular frequency (rad/s).
The impedance versus frequency of this filter is shown [15]:
_1+R,C,S+L,C,S’ (10)

Z,(9) s
f

Where S =j2nf
Generally the filter capasitor is sized for known reactive power compensation Q. required to improve power factor, Cs can be
expressed as:
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Ci _27rf1U2(1 nzj

Where U is the supply voltage, n is the harmonic order and f; is a fundamental frequency.
At the harmonic frequency f, = n f; the filter reactor provides a series resonance.

L 27f —— L+ (12)
C, 2nf,
The inductive value of filter can be obtained from equation 6 as:
Lo L (13)
(@27 t,)’C,

The value of the low-impedance Rt for each single tuned filter is affected by the quality factor of filter Q.
L
R, =27 f,n— (14)
Q

The quality factor Q determines the sharpness of tuning. Usually, a value of Q ranges between 20 and 100. High Q-value filter
give the best reduction in harmonic distortion. The interaction of the filter with the source reactance Ls, creates a parallel
resonance condition addition to the series resonance frequency of the filter.

1
f=—"=
P2z (L, +L,)C,
3. RESULTS

Analysis of the results starts from determination of maximum and minimum grid voltages in each phase, to compute
unbalanced voltage using Equation 8, as well as voltage THD of three phase grid on PCC bus without and with single tuned filter
each. By using the same procedure and equation, then we get unbalance current and current THD of three phase grid. Table 2
shows unbalanced voltage and average voltage harmonics (THDy) in three PV generator integration model to a three phase grid
and four levels of irradiance with five different temperature levels. Table 3 shows the unbalanced current and average harmonic
current (THD;) on the PCC bus under the same condition.

(15)

Table 2. Voltage Unbalance and Voltage Avarage Harmonics

No Irradiance Level | Temperature | Maximum Voltage (V) | Unbalance THDv Avarage
' (W/m?) (°C) A | B | C | Voltage (%) A ] B | c THDv (%)
Without Single Tuned Passive Filter
1. 400 20 308 308 308 0 2.66 2.51 2.59 2.59
25 308 308 308 0 2.62 2.56 2.56 2.58
30 308 308 308 0 2.69 2.60 2.63 2.64
35 310 310 310 0 2.67 2.53 2.59 2.60
40 310 310 310 0 2.68 2.58 2.62 2.62
2. 600 20 308 308 308 0 3.59 3.60 3.63 3.61
25 308 308 308 0 3.70 3.64 3.61 3.65
30 308 308 308 0 3.61 3.55 3.49 3.55
35 310 310 310 0 3.66 3.56 3.55 3.59
40 310 310 310 0 3.66 3.60 3.54 3.60
3 800 20 310 310 310 0 4.16 4.19 4.06 4.14
25 310 310 310 0 4.21 4.21 4.12 4.18
30 310 310 310 0 4.12 4.14 3.99 411
35 310 310 310 0 4.16 4.14 4.06 4.12
40 310 310 310 0 4.11 4.14 4.03 4.10
4. 1000 20 310 310 310 0 4.12 4.08 4.01 4.07
25 310 310 310 0 4.15 4.07 3.98 4.06
30 310 310 310 0 4.04 3.99 3.93 3.98
35 310 310 310 0 4.03 3.94 3.90 3.96
40 310 310 310 0 4.03 3.90 3.90 3.94
With Single Tuned Passive Filter
1. 400 20 308 308 308 0 0.22 0.23 0.22 0.22
25 308 308 308 0 0.22 0.23 0.23 0.23
30 308 308 308 0 0.23 0.23 0.22 0.23
35 310 310 310 0 0.23 0.23 0.23 0.23
40 310 310 310 0 0.23 0.23 0.23 0.23
2. 600 20 308 308 308 0 0.33 0.33 0.34 0.33
25 308 308 308 0 0.34 0.34 0.34 0.34
30 308 308 308 0 0.34 0.34 0.34 0.34
35 310 310 310 0 0.34 0.33 0.34 0.34
40 310 310 310 0 0.35 0.34 0.35 0.35
3 800 20 308 308 308 0 0.42 0.43 0.43 0.43
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25 308 308 308 0 0.43 0.43 0.43 0.43
30 308 308 308 0 0.43 0.41 0.43 0.42
35 310 310 310 0 0.42 0.42 0.42 0.42
40 310 310 310 0 0.43 0.42 0.43 0.43
4. 1000 20 310 310 310 0 0.43 0.43 0.43 0.43
25 310 310 310 0 0.41 0.42 0.43 0.42
30 310 310 310 0 0.42 0.42 0.42 0.42
35 310 310 310 0 0.41 0.42 0.42 0.42
40 310 310 310 0 0.41 0.42 0.42 0.42

Table 3. Unbalance Current and Current Avarage Harmonics

No Irradiance Level | Temperature Maximum Current (A) Unbalance Current THD Avarage
' (W/m?) (°c) A | B | C (%) A | B | C THD: (%)
Without Single Tuned Passive Filter
1. 400 20 125 9.5 10 17.1875 2.01 1.27 1.69 1.657
25 124 9.8 10 15.5278 2.02 1.26 1.68 1.654
30 125 9.8 10 16.0991 2.01 1.27 1.68 1.653
35 125 9.8 10 16.0991 2.02 1.27 1.70 1.663
40 125 9.8 10 16.0991 2.02 1.27 1.70 1.663
2. 600 20 125 9.8 10 16.0991 2.28 1.47 1.93 1.893
25 125 9.8 10 16.0991 2.23 1.47 1.83 1.843
30 125 9.8 10 16.0991 2.01 1.27 1.68 1.653
35 125 9.8 10 16.0991 2.02 1.27 1.70 1.663
40 125 9.8 10 16.0991 2.02 1.27 1.70 1.663
3 800 20 125 9.8 10 16.0991 2.29 1.57 1.95 1.937
25 125 9.8 10 16.0991 2.30 1.56 1.95 1.936
30 125 9.8 10 16.0991 2.29 1.55 1.95 1.930
35 125 9.8 10 16.0991 2.29 1.55 1.95 1.930
40 125 9.8 10 16.0991 2.29 1.55 1.93 1.923
4. 1000 20 125 9.8 10 16.0991 2.36 1.63 1.88 1.957
25 125 9.8 10 16.0991 2.35 1.64 1.87 1.953
30 125 9.8 10 16.0991 2.34 1.63 1.87 1.947
35 125 9.8 10 16.0991 2,32 1.62 1.86 1.933
40 125 9.8 10 16.0991 2.32 1.61 1.83 1.920
With Single Tuned Passive Filter
1. 400 20 10.45 10.45 10.45 0 0.09 0.09 0.09 0.09
25 10.45 10.45 10.45 0 0.09 0.09 0.09 0.09
30 10.45 10.45 10.45 0 0.09 0.09 0.09 0.09
35 1045 | 1045 | 10.45 0 0.09 0.09 0.09 0.09
40 1045 | 1045 | 10.45 0 0.09 0.09 0.09 0.09
2. 600 20 10.45 10.45 10.45 0 0.13 0.13 0.13 0.13
25 10.45 10.45 10.45 0 0.13 0.13 0.13 0.13
30 10.45 10.45 10.45 0 0.13 0.13 0.13 0.13
35 1045 | 1045 | 10.45 0 0.13 0.13 0.13 0.13
40 1045 | 1045 | 10.45 0 0.13 0.13 0.13 0.13
3 800 20 10.45 10.45 10.45 0 0.17 0.17 0.17 0.17
25 10.45 10.45 10.45 0 0.17 0.17 0.16 0.17
30 10.45 10.45 10.45 0 0.17 0.17 0.17 0.17
35 1045 | 1045 | 10.45 0 0.17 0.17 0.16 0.17
40 10.45 10.45 10.45 0 0.17 0.16 0.16 0.16
4. 1000 20 10.45 10.45 10.45 0 0.17 0.17 0.17 0.17
25 10.45 10.45 10.45 0 0.17 0.17 0.17 0.17
30 1045 | 1045 | 10.45 0 0.16 0.16 0.16 0.16
35 10.45 10.45 10.45 0 0.16 0.16 0.16 0.16
40 1045 | 1045 | 10.45 0 0.16 0.16 0.16 0.16

Figure 5 shows a grid voltage curve of PV generator model connected three phase grid on two levels of solar irradiance
(600 W/m? and 1000 W/m?) in PCC bus without and with single tuned filter.
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Figure 5. Grid Voltage Curve at Two Levels of Solar Irradiance with Temperature of 25° C

Figure 6 shows harmonics spectra of grid voltage of PV generator model connected three phase grid on two levels of solar
irradiance (600 W/m? and 1000 W/m?) in PCC bus without and with single tuned filter.
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Figure 6. Grid Voltage Harmonics Spectra on Phase A at Two Levels of Solar Irradiance with Temperature of 25° C

Figure 7 shows the graph of voltage and current average harmonics values in three PV generator model connected three
phase grids on PCC bus at four levels of irradiance (temperature 25° C), without and with single tuned passive filter.
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Table 2 shows that maximum voltage values (phase A, B, and C), systems without single tuned filter at all irradiance levels
(400 W/m? to 1000 W/m?) and temperatures (20 °C to 40°C) are still stable at 308 and 310 Volt, resulting in an unbalanced voltage
as 0%. The maximum phase voltage value of system using single tuned filter at all irradiance levels and temperatures (20°C, 250C,
and 300C) is equal to 308 volt and at temperatures (350C and 400C) the value increases to 310 Volt respectively, resulting in same
unbalance voltage of 0%. Under conditions without using single tuned filter, the irradiance level is fixed and the temperature
increases (20°C to 40°C), voltage average harmonics (THDy) is relatively same. Otherwise in the conditions without filter and
temperature remain, but in irradiance level increases, then voltage average harmonics increases. The lowest harmonic value is
generated at irradiance level of 400 W/m? and temperature of 25°C is 2.58%, while the highest harmonic occurs at the irradiance
level of 800 W/m? and temperature of 25°C is 4.18%. Under the same conditions using single tuned filter, fixed irradiance level,
and temperature increases (20°C to 40°C), voltage average harmonic is relatively same. In unfiltered condition and fixed
temperature, but irradiance level is increasing, then voltage average harmonic is also increasing. The difference is single tuned
filter can suppress the 5" harmonics so as to lower voltage average harmonics significantly compared to system without using
filters to average below 0.5%. In the system using single tuned filter, the lowest voltage average harmonics is generated at 400
W/m? irradiance level and temperature of 20°C as 0.22%, while the highest voltage average harmonics happens at irradiance level
of 800 W/m? and temperature of 25°C is 0.43%.

Table 2 shows that maximum current values in phase A, B, and C, for systems without using single tuned filters at all
irradiance levels (400 W/m? to 1000 W/m?) and temperature (20°C to 40°C) are 12.5, 9.8 and 10 A respectively, so unbalanced
current is achieve 16.0991%. In the same condition the single tuned filter is able to balance maximum phase currents of 10.45 A
each, resulting in an unbalanced current equal to 0%. Under conditions without using single tuned filter, fixed irradiance level, and
temperature increases (20°C to 40°C), current average harmonics (THD)) is relatively same. While at conditions without filter and
temperature remain, but irradiance level is increasing, current average harmonics increases. The lowest current average harmonics
is generated at 400 W/m? irradiance level and temperature of 25°C is 1.654%, while the highest current average harmonics occurs
at irradiance level of 1000 W/m? and temperature of 20°C is 1.957%. Under conditions using single tuned filter, fixed irradiance
level, and increasing temperature (20°C to 40°C), current average harmonics value is relatively same. Under unfiltered conditions
and fixed temperature, but irradiance level is increasing, current average harmonics is also increasing. The use of single tuned
filter can eleminate 5% harmonics so can reduce current average harmonics compared to without using filter to average below
0.2%. The lowest current average harmonic is generated at irradiance level of 400 W/m? and the temperature (200C to 40%) is
0.09%, while the highest current average harmonics at irradiance level of 800 W/m? and temperature of 25 °C as 0.17%.

Figure 7.a. shows that at increasing irradiance level (400 W/m? to 1000 W/m?) and fixed temperature (25° C), voltage
average harmonics is also increasing. The application of single tuned filter capable to suppress 5 harmonics so can reduce
significantly reduce voltage average harmonics. Figure 7a also shows that at increasing irradiance level (400 W/m? to 1000 W/m?)
and fixed temperature (25° C), the current average harmonics is also increasing. Single tuned active filter is also effective enough
to eliminate 5™ harmonics so as to slightly reduce current average harmonics.

4. CONCLUSION

Multi PV models with three phase generators connected three phase grid, without and with single tuned filters at all
irradiance and temperature levels results phase maximum voltage (phase A, B, and C) in relatively stable of 308 and 310 Volt
respectively, and generating unbalanced voltage of 0%. The maximum phase current value, for system without single tuned filter
at all irradiance and temperature levels are different as 12.5, 9.8, and 10 A, respectively, resulting in unbalanced current of
16.0991%. Under the same condition, single tuned filters are capable to balance maximum phase currents (phase A, B, and C) of
10.45 A respectively, so able to reduce unbalanced current to 0%. The implementation of single tuned filter can reduce unbalanced
current values according limit ANSI/IEEE 241-1990. At a constant temperature and irradiance levels are increasing, average
harmonics of voltage and current is also increasing. The use of single tuned filter is the most effective in suppressing 5" harmonics
so can reduce average value of voltage and current harmonics significantly within IEEE 519-1992.
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ABSTRACT

Photovotaic (PV) other than capable to result power, it also generates harmonics due to the presence of an
inverter as a medium to convert DC to AC voltage so can reduce power quality. PV generator also has intermitten
characteristic and generate power depend on environment condition e.g. temperature and irradiance level. The
paper presents performance improvement of power quality due to the influence of multi PV integration to low
voltage distribution line of 380 kV (phase-phase) 50 Hz on point common coupling (PCC) bus under variable solar
temperature and irradiance level. The model consists of three PV generator groups with 100 kW active power. In
addition to connecting on a three phase grid, PV generator is also connected to three groups of three phase loads
with 20 kW active power each. The power quality parameters studied are voltage and current unbalance as well as
voltage and current harmonics in eight scenarios PV generator connected on three phase grid. The single tuned
filter is used to improve power quality using two conditions before and after filter installed. Multi PV models with
three phase generators connected three phase grid, without and with single tuned filters at all irradiance and
temperature levels results phase maximum voltage (phase A, B, and C) in relatively stable of 308 and 310 Volt
respectively, and generating unbalanced voltage of 0%. The maximum phase current value, for system without single
tuned filter at all irradiance and temperature levels are different as 12.5, 9.8, and 10 A, respectively, resulting in
unbalanced current of 16.0991%. Under the same condition, single tuned filters are capable to balance maximum
phase currents (phase A, B, and C) of 10.45 A respectively, so able to reduce unbalanced current to 0%. The
implementation of single tuned filter can reduce unbalanced current values according limit ANSI/IEEE 241-1990. At
a constant temperature and irradiance levels are increasing, voltage and current average harmonics (total
harmonics distortion) are also increasing. The use of single tuned filter is the most effective in suppressing 5"
harmonics so can reduce average value of voltage and current harmonics significantly within IEEE 519-1992.

Keywords: Power Quality, Total Harmonic Distortion, Multi PV Generator, Temperature, Irradiance

1. INTRODUCTION

Microgrid with distributed generations (DGs) sources in which electricity is supplied to local loads and may
operate separately from conventional grid. DGs have many benefits such as being able to reduce transmission costs,
lower investment costs, reduce distribution line losses and improve grid reliability. DGs using renewable energy to
generate power are classified as disperse energy sources. Solar or PV generator are one of the most potential DGs
technologies because they only require sunlight to generate electricity, where their resources are available in
abundance, free, and relatively clean [1]. In order to support 35 thousand MW electricity program, starting in early
2016 Indonesia government will build a number of PV generator in the urban areas on the top of urban buildings
called name roof top PV, as one solution to develop small scale electric power. The consideration is more on
economic aspect because development of conventional PV generator requires relatively wide land, whereas price of
land in urban areas is very expensive. The roof top PV will be deployed on several roofs of government buildings
and airports in eastern Indonesia. It also will be integrated into Indonesia Electric Company (PLN) distribution
network, so that if there is an excess of power, the PV power can be supplied and purchased by PLN [2].

The weakness of PV generator is in addition to supply power to grid, it also generates harmonics due to the
presence of an inverter as a medium to convert DC voltage to AC so can reduce power quality in system. PV
generator also has intermitten characteristic and generate power depend on environment condition e.g. temperature
and irradiance level. Research of power quality problem on grid connected to PV system using LCL filter has been
done by Kon Keng Weng et. al. The simulation results indicate that a number of electrical power quality problems
such as over voltage, less voltage, power fluctuations, inrush currents, low power factor, and current harmonics will
appear on microgrid. The disadvantage is that research is conducted only on conditions of certain solar irradiance and
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temperature (1000 W/m? and 25°C) as environmental input parameters for PV systems [1]. Minas Patsalides, et.al has
made investigation an effect of solar irradiance on grid connected PV generator to power quality e.g. voltage
harmonics, current harmonics, active power, reactive power, and power factor. The study considers on two different
scenarios of average and low irradiance. The weakness of study is not to consider temperature effect as variable
environment input of PV generator [3]. Renu, et. al. has conducted a research of grid conneted to single phase PV
generator inverter using a current proportional resonant, proportional resonant integral, and genetic algorithm
controller using active filter to reduce current harmonic on inverter output. The shortcoming of research is only
performed on a single phase system as well as fixed solar irradiance and temperature [4].

Massoud Farhoodnea, et. al. has examined analysis of dynamic power quality due to high penetration effect
of grid connected to PV array on distribution system under different solar irradiance condition. The analysis was
performed on a 16 bus system model and the result showed that high level penetration of grid connected PV would
cause a number of power quality problems e.g. voltage swell, voltage flicker, power factor losses and current
harmonics. The weakness of research is the analysis only held on voltage harmonics and does not consider
enviromental temperature condition [5]. The research on power quality characteristics in a number of three phase PV
inverters at roof top PV including harmonics distortion, voltage fluctuations, and reactive power and power factors
have been performed by K.P. Kontogianis, et. al [6]. Almas Hossain Mollah, et.al. has investigates three phase grid
connected to PV generator using MPPT with Perturb and Observe method and a voltage source inverter controller, as
well as its effect on current harmonics injected into grid and grid voltage harmonics . The drawback of research are
only carried out on single level of irradiance and temperature (1000 W/m? and 25°C) and does not consider harmonic
improvement limitation (current and voltage) according to IEEE 519-1992 [7]. Amirullah, et. al. has examined the
effect of PV power integration on power quality on three phase point common coupling (PCC) bus under different
solar irradiance conditions using a double tuned filter. The results showed that at a fixed solar irradiance level, the
more number of PV generator connected to three phase grid, average THD of voltage and current increased. While at
the level of solar irradiance increased, average THD grid voltage and current also increased. Double tuned passive
filters can reduce THD value of average voltage and current. The disadvantage is the research analysis is carried out
at a fixed temperature level of 40°C, whereas the fact shows that ambient temperature is the main input variable for a
PV generator other than solar irradiance whose value is always changing with time [8].

The objective of this paper is to improve the performance of power quality due to the influence of multi
PV integration to low voltage distribution line of 380 kV (phase-phase) 50 Hz under variable solar temperature and
irradiance level. The model consist of three PV generator groups with 100 kW active power each were used in this
study. In addition to connecting on a three phase grid, the PV generator is also connected to three groups of three
phase loads each having 20 kW active power. The power quality parameterr studied are the value of three phase
voltage and current unbalance as well as voltage and current harmonics in eight scenarios PV generator connected on
three phase grid. The band pass filter model (single tuned) is used to improve power quality using two conditions
before and after filter installed. The simulation parameter results in PCC bus are further validated against to limit
ANSI/IEEE 241-1990 (voltage and current unbalance) and IEEE 519-1992 (THD voltage and current), as the basis
for determining power quality level. Simulation and research analysis use Matlab/Simulink environment. The rest of
this paper is organized as follow. Section 2 shows research methodology which proposed model of single PV
generator connected three phase grid, model of three PV generator connected three phase grid, simulation
parameters, equivalent circuit and mathematical of PV model, harmonics and voltage/current unbalance, and single
tuned filter model. Section 3 describes influence of variable solar irradiance and temperature level of three model PV
generator to voltage and current unbalance as well as voltage and current THD without and with single tuned filter.
In this section, example cases studied are presented and the results are verified with those of Matlab/Simulink.
Finally, the paper in concluded in Section 4.

2. METHODOLOGY
2.1. Research Method

A system model of 100 kW single PV generator connected to a three phase grid is shown in Figure 1. The
PV generator produces output voltage and becomes as input for DC/DC boost converter. The MPPT with Pertub and
Observe algorithm further helps single phase PV generator result maximum power. The DC output voltage from PV
generator is relatively low and then the voltage is increased by DC/DC boost converter to produce output voltage by
adjusting duty cycle using switching equipment. The DC voltage is then converted by a three phase of DC/AC
inverter to an AC voltage to three phase grid, using a six pulse width modulation (PWM) voltage source inverter
controller based on proportional integral. Figure 2 shows proposed model of three groups of PV generator to 380
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Volt (phase-phase) 50 Hz three phase low voltage on point common coupling (PCC) bus and 100 MVA 20 kV three
phase grid through 100 kVA 20 kV/380 V three phase transformer.

The paper presents performance of power quality improvement on three phase grid of PCC bus due to
influence of PV generator integration to 380 kV (phase-phase) 50 Hz low voltage distribution system at different
temperature and irradiance conditions. The study used multi (three) models of PV generator each with an active
power of 100 kW. The power quality parameters studied are voltage and current unbalance, as well as voltage and
current harmonics in eight PV generator scenarios connected to three phase distribution on PCC bus at variable
temperature and irradiance levels. The first scenario is before a single tuned filter installed at the irradiance level: (i)
400 W/m?, (ii) 600 W/m?, (iii) 800 W/m?, and (iv) 1000 W/m?. The second scenario is after installing a single tuned
filter at the irradiance level: (i) 400 W/m?, (ii) 600 W/m?, (iii) 800 W/m?, and (iv) 1000 W/m?. The degree of
temperature of each condition is 20° C, 25° C, 30° C, 35° C, and 40°C. So the total scenario number are eight
different irradiance levels (without and using a single tuned filter) where each of them are five temperature levels.

The simulation of circuit model is performed to determine voltage and current curve of three phase
distribution line on PCC bus. To improve power quality performance, a model single passive band pass filter (single
tuned) that serves suppress single 5 harmonics. A three phase circuit breaker (CB) is used to connect and disconnect
a single tuned filter between PV generator with a three phase system. The next step is to determine voltage and
current unbalance as well as voltage and current harmonics or total harmonics distortion (THD) of three phase grid
on PCC bus in each scenario. The last step is to compare voltage and current unbalance as well as voltage and
current THD of low distribution line on PCC bus referring to ANSI/IEEE 241-1990 and IEEE 519-1992 as the basis
for determining power quality in eight irradiance and temperature level scenarios. Simulation and analysis of
research results using Matlab/Simulink.

Array PV DC/DC Boost Converter 3 Phase DC/DC Inverter
Tttt T T L o
i L ™M P it :
| IP\ :I L ! S] Sz SJ |
I I Dboost | g | Vat 3 phase
: :: |: I Lp
s | Waaas @
| 1 'boost || ;
! + I H + | Lu \09\,
| Vry ||C:— Vin e =V :I 5 MmN {00)— al
I _hbsl _ Cy, Il I Le
| PV I H = | v A~V
| h I S4 SS Ss T o0 =
I :I i I ch
: I: :: : Ita [Inp{Irc
| 1 1l | A A
| 1l ] |
| |

LA A I AdAAL CB
To Inverter Yvy \T\T\I

Ipv — Switching Switching | Voltage Single
IvmppT —m») Generation Generation Controller Tuned Filter

Figure 1. Model of single PV generator connected three phase grid
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Figure 2. Proposed model of three PV generator connected to three phase grid

2.1. Simulation Parameters

Table 1 shows the devices, parameters, and simulation values of proposed model.

Table 1. Simulation Parameters

Devices Parameters Values
PV Generator Active Power 100 kW
1,2, and 3 Temperature 200,259 300, 359 and 40° C
Irradiance 400, 600, 800, and 1000 W/m?
Three Phase Grid Short Circuit MVA 100 MVA
Voltage (phase-phase) 380 volt
Frequency 50 Hz
Power Transformer Power 100 kVA
Frequency 50 Hz
Voltage 380 Volt/20 kV
Load 1,2, and 3 Actve Power 20 kW
Frequency 380 Volt
Voltage 50 Hz
Low Voltage Line 1,2, and 3 | Resistance R =0,1273 Ohm/km
Inductance L =93,37 mH/km
Capacitance C=1,274 pF/km
Length of Low Voltage Line | Line 1 1 km
1,2,and 3 Line 2 1 km
Line 3 1 km
DC Link Capasitor Capacitance 2000 pF
PWM Generator Frequency 4 kHz
on Each PV Generator Sampling time 5 x 10 detik
Single Tuned Filter Reactive Power 50 MVAR
Voltage (phase-phase) 380V
Frequency System 50 Hz
Frequency Tuning f=5x50Hz
Quality Factor (Q) 16

2.2. Photovoltaic Model

Figure 3 shows the equivalent circuit of a solar panel. A solar panel is composed of several PV cells that have

series, parallel, or series-parallel external connections [9].
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Figure 3. Equivalent circuit of solar panel

The V-I characteristic of a solar panel is showed in (1) [10] :
]_]PV_I{exp[mzeslj_l}mzesl (1)

a R,

where Ipy is the photovoltaic current, I, is saturated reverse current, ‘a’ is the ideal diode constant, V;, = NsKTq' is the
thermal voltage, Ns is the number of series cells, ¢ is the electron charge, K is the Boltzmann constant, 7 is the
temperature of p—n junction, Ry and Rp are series and parallel equivalent resistance of the solar panels. /py has a
linear relation with light intensity and also varies with temperature variations. /, is dependent on temperature
variations. The values of /,, and /, are calculated as following (2) and (3):

Iy :(IFV.n +K1AT)G£] (2)

n

t

7 = ISC,n +K1AT (3)
*expWyc, +K,AT)/aV, -1

In which Ipy,, Isc, and Voc, are photovoltaic current, short circuit current and open circuit voltage in standard
conditions (7, = 25 C and G,= 1000 Wm?) respectively. K; is the coefficient of short circuit current to temperature,
AT =T - T, is the temperature deviation from standard temperature, G is the light intensity and Ky is the ratio
coefficient of open circuit voltage to temperature. Open circuit voltage, short circuit current and voltage-current
corresponding to the maximum power are three important points of I-V characteristic of solar panel. These points are
changed by variations of atmospheric conditions. By using (4) and (5) which are derived from PV model equations,
short circuit current and open circuit voltage can be calculated in different atmospheric conditions.

4
ISC:(ISC+KIAT)GG ()
Voc =Voc + Ky AT (5)

2.3. Harmonics and Voltage/Current Unbalance

Power quality means quality of voltage and current. Power quality is determined based on the voltage and
current value or the tolerance limit of equipment used. In general, current and voltage wave form of pure sinusoidal
waves. One problem that occurs is non sinusoida or distorted current and voltage waves generated by harmonics in
the power system [11]. Harmonic is distorted periodic steady state wave caused by the interaction between the shape
of a sine wave at the fundamental frequency system with another wave component which is an integer multiples
frequency of fundamental frequency. The most common harmonic index, which relates to the voltage waveform, is
THD, which is defined as the root mean square (rms) of the harmonics expressed as a percentage of the fundamental
component as showed in (12). For most applications, it is sufficient to consider the harmonic range from the 2™ to
25% but most standards specify up to the 50". Second harmonic index is current THD means the ratio of rms
harmonic current value to rms fundamental current which expressed in (7) [11].

N
NS
THD, = 22— %100 % (6)

N
210
THD, = "=2—x100 % )

1

ij

where V, and /, (the rms voltage and current at harmonic »), V; and /; (the fundamental rms voltage and current), N
(the maximum harmonic order to be considered). The allowable maximum THD value for each country is different
depending on the standard used. THD standards most often used in electric power system is IEEE 519-1992
standard. There are two criteria used in the analysis of harmonic distortion that voltage distortion limit and current
distortion limit [13].
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There are several standards that can be used to determine level of voltage unbalance in three phase systems,
e.g. IEC, NEMA, and IEEE. In this study, value of unbalance voltage use Equation 8 is based ANSI/IEEE 241-1990
Standard [14] as follows:

avarage Vu ,b,cminor max

V(%)= x100% (8)

avarage
By using Equation 8, value of unbalance voltage expressed in percent (%) and is defined as follows; Vayarage
is the average value of maximum voltage on phase a, b, ¢, (volt), Vap.c min iS minimum voltage on phase a, b, c, (volt),
Vap,e max 1S maximum voltage on phase a, b, ¢ (volt ). By using the same equation, then percentage of unbalance
current can be calculated by replacing voltage magnitude into current magnitude.

2.4. Single Tuned Filter

The shunt passive filters always considered as good solution to solve harmonics current problems. Shunt
passive filters can be classified into three basic catagories as follows (a) Band pass filters (of single or double tuned),
(b) High pass filters (of first, second, third-order or C-type), and (c) Composite filters as shown in Figure 4. A single
tuned filter consisting of inductor L, capacitor Cr and small damping resistor Ry are connected in parallel with non-
linear loads to provide low-impedance paths for specific harmonic frequencies, thus resulting in absorbing the
dominant harmonic currents flowing out of the load. Furthermore it also compensates reactive power at system
operating frequency [15]. Single tuned passive filters are used to suppress single harmonics e.g. 5%, 7%, 9% 11% or
13" harmonics. Whereas double tuned passive filter is used to eliminate double harmonics such as the 5th and 57th
harmonics or the 11th and 13th harmonics. In this paper a single tuned active filter model is used to reduce the 5th
harmonics.

2
| C A Inductive
f / Capasitive
L¢
2RFF————
R¢ V2
R ______
! Ly
— > (D
— 0 l 2 n
(a) Circuit (b) Impedance characteristic

Figure 4. Single tuned filter circuit and impedance characteristic curve

Figure 4 shows a single tuned filter which is a series RLC circuit tuned to a single harmonics frequency
provides a low harmonic impedance charuracteristic generally. As shown in Figure 4, the filter pass band (PB) is
defined as being bounded by the frequencies at which the filter reactance is equal to its resistance; i.e., the impedance
angle is 45°and the magnitude is \/2R . Relationship between the quality factor and pass band can be expressed as
follows [16]:

QO=w,/PB Q)
Where Q is defined as the ratio of the inductance (or capacitance) to resistance at the resonant frequency and ¢ is
the tuned angular frequency (rad/s).
The impedance versus frequency of this filter is shown [15]:
1+R,C,S+L,C S’ (10)
c,s

Z,(85)=

Where S = j2nf
Generally the filter capasitor is sized for known reactive power compensation Q. required to improve power factor,
Cr can be expressed as:
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c, :1(1_1j (an
T 2n U n’

Where U is the supply voltage, n is the harmonic order and f; is a fundamental frequency.
At the harmonic frequency f, = n f; the filter reactor provides a series resonance.

JF0 Yy —— (12)
C,2xf,
The inductive value of filter can be obtained from equation 6 as:
! (13)

L =——
"oernyc
The value of the low-impedance Ry for each single tuned filter is affected by the quality factor of filter Q.

L.
R =27 finL (14)
y ﬂan

The quality factor Q determines the sharpness of tuning. Usually, a value of Q ranges between 20 and 100. High Q-
value filter give the best reduction in harmonic distortion. The interaction of the filter with the source reactance L,
creates a parallel resonance condition addition to the series resonance frequency of the filter.

/- 1 (15)
2r(L, +L)C,
3. RESULTS

Analysis of the results starts from determination of maximum and minimum grid voltages in each phase, to
compute unbalanced voltage using Equation 8, as well as voltage THD of three phase grid on PCC bus without and
with single tuned filter each. By using the same procedure and equation, then we get unbalance current and current
THD of three phase grid. Table 2 shows unbalanced voltage and average voltage harmonics (THDy) in three PV
generator integration model to a three phase grid and four levels of irradiance with five different temperature levels.
Table 3 shows the unbalanced current and average harmonic current (THD;) on the PCC bus under the same
condition.

Table 2. Voltage Unbalance and Voltage Avarage Harmonics

No Irradiance Level | Temperature | Maximum Voltage (V) | Unbalance THDvy Avarage
: (W/m?) (°C) A | B | C Voltage (%) A | B | ¢ THDy (%)
Without Single Tuned Passive Filter
1. 400 20 308 308 308 0 2.66 2.51 2.59 2.59
25 308 308 308 0 2.62 2.56 2.56 2.58
30 308 308 308 0 2.69 2.60 2.63 2.64
35 310 310 310 0 2.67 2.53 2.59 2.60
40 310 310 310 0 2.68 2.58 2.62 2.62
2. 600 20 308 308 308 0 3.59 3.60 3.63 3.61
25 308 308 308 0 3.70 3.64 3.61 3.65
30 308 308 308 0 3.61 3.55 3.49 3.55
35 310 310 310 0 3.66 3.56 3.55 3.59
40 310 310 310 0 3.66 3.60 3.54 3.60
3 800 20 310 310 310 0 4.16 4.19 4.06 4.14
25 310 310 310 0 4.21 421 4.12 4.18
30 310 310 310 0 4.12 4.14 3.99 4.11
35 310 310 310 0 4.16 4.14 4.06 4.12
40 310 310 310 0 4.11 4.14 4.03 4.10
4. 1000 20 310 310 310 0 4.12 4.08 4.01 4.07
25 310 310 310 0 4.15 4.07 3.98 4.06
30 310 310 310 0 4.04 3.99 3.93 3.98
35 310 310 310 0 4.03 3.94 3.90 3.96
40 310 310 310 0 4.03 3.90 3.90 3.94
With Single Tuned Passive Filter
1. 400 20 308 308 308 0 0.22 0.23 0.22 0.22
25 308 308 308 0 0.22 0.23 0.23 0.23
30 308 308 308 0 0.23 0.23 0.22 0.23
35 310 310 310 0 0.23 0.23 0.23 0.23
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40 310 310 310 0 0.23 0.23 0.23 0.23
2. 600 20 308 308 308 0 0.33 0.33 0.34 0.33
25 308 308 308 0 0.34 0.34 0.34 0.34
30 308 308 308 0 0.34 0.34 0.34 0.34
35 310 310 310 0 0.34 0.33 0.34 0.34
40 310 310 310 0 0.35 0.34 0.35 0.35
3 800 20 308 308 308 0 0.42 0.43 0.43 0.43
25 308 308 308 0 0.43 0.43 0.43 0.43
30 308 308 308 0 0.43 0.41 0.43 0.42
35 310 310 310 0 0.42 0.42 0.42 0.42
40 310 310 310 0 0.43 0.42 0.43 0.43
4. 1000 20 310 310 310 0 0.43 0.43 0.43 0.43
25 310 310 310 0 0.41 0.42 0.43 0.42
30 310 310 310 0 0.42 0.42 0.42 0.42
35 310 310 310 0 0.41 0.42 0.42 0.42
40 310 310 310 0 0.41 0.42 0.42 0.42
Table 3. Unbalance Current and Current Avarage Harmonics
No Irrigifg}ce Tem%erature Maximum ](3: urrent (lé) Unbalan(():e Current A TI_];DI C TAI-;/S?‘(%/Z: )
(W/mZ) ( C) A (A’)
Without Single Tuned Passive Filter
1. 400 20 12.5 9.5 10 17.1875 2.01 1.27 1.69 1.657
25 124 9.8 10 15.5278 2.02 1.26 1.68 1.654
30 12.5 9.8 10 16.0991 2.01 1.27 1.68 1.653
35 12.5 9.8 10 16.0991 2.02 1.27 1.70 1.663
40 12.5 9.8 10 16.0991 2.02 1.27 1.70 1.663
2. 600 20 12.5 9.8 10 16.0991 2.28 1.47 1.93 1.893
25 12.5 9.8 10 16.0991 2.23 1.47 1.83 1.843
30 12.5 9.8 10 16.0991 2.01 1.27 1.68 1.653
35 12.5 9.8 10 16.0991 2.02 1.27 1.70 1.663
40 12.5 9.8 10 16.0991 2.02 1.27 1.70 1.663
3 800 20 12.5 9.8 10 16.0991 2.29 1.57 1.95 1.937
25 12.5 9.8 10 16.0991 2.30 1.56 1.95 1.936
30 12.5 9.8 10 16.0991 2.29 1.55 1.95 1.930
35 12.5 9.8 10 16.0991 2.29 1.55 1.95 1.930
40 12.5 9.8 10 16.0991 2.29 1.55 1.93 1.923
4. 1000 20 12.5 9.8 10 16.0991 2.36 1.63 1.88 1.957
25 12.5 9.8 10 16.0991 2.35 1.64 1.87 1.953
30 12.5 9.8 10 16.0991 2.34 1.63 1.87 1.947
35 12.5 9.8 10 16.0991 2,32 1.62 1.86 1.933
40 12.5 9.8 10 16.0991 2.32 1.61 1.83 1.920
With Single Tuned Passive Filter
1. 400 20 10.45 10.45 10.45 0 0.09 0.09 0.09 0.09
25 10.45 1045 | 1045 0 0.09 0.09 0.09 0.09
30 10.45 1045 | 1045 0 0.09 0.09 0.09 0.09
35 10.45 1045 | 1045 0 0.09 0.09 0.09 0.09
40 10.45 1045 | 1045 0 0.09 0.09 0.09 0.09
2. 600 20 10.45 10.45 | 1045 0 0.13 0.13 0.13 0.13
25 10.45 1045 | 1045 0 0.13 0.13 0.13 0.13
30 10.45 1045 | 1045 0 0.13 0.13 0.13 0.13
35 10.45 1045 | 1045 0 0.13 0.13 0.13 0.13
40 10.45 10.45 10.45 0 0.13 0.13 0.13 0.13
3 800 20 10.45 1045 | 1045 0 0.17 0.17 0.17 0.17
25 10.45 1045 | 1045 0 0.17 0.17 0.16 0.17
30 10.45 1045 | 1045 0 0.17 0.17 0.17 0.17
35 10.45 1045 | 1045 0 0.17 0.17 0.16 0.17
40 10.45 10.45 10.45 0 0.17 0.16 0.16 0.16
4. 1000 20 10.45 1045 | 1045 0 0.17 0.17 0.17 0.17
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25 10.45 10.45 10.45 0 0.17 0.17 0.17 0.17
30 10.45 10.45 10.45 0 0.16 0.16 0.16 0.16
35 10.45 10.45 10.45 0 0.16 0.16 0.16 0.16
40 10.45 10.45 10.45 0 0.16 0.16 0.16 0.16

Figure 5 shows a grid voltage curve of PV generator model connected three phase grid on two levels of
solar irradiance (600 W/m? and 1000 W/m?) in PCC bus without and with single tuned filter.
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Figure 5. Grid Voltage Curve at Two Levels of Solar Irradiance with Temperature of 25° C

Figure 6 shows harmonics spectra of grid voltage of PV generator model connected three phase grid on two
levels of solar irradiance (600 W/m? and 1000 W/m?) in PCC bus without and with single tuned filter.

Fundamental (50Hz) = 3077, THD= 3.70% Fundamental (50Hz) = 307.8 , THD= 0.34%
T T T T T T T T

Mag (% of Fundamental)

Harmonic order

(a)  Without single tuned filter (irradiance 600 W/m?)

Fundamental (50Hz) = 3078, THD=4.15% Fundamental (50Hz) = 3078, THD= 0.41%
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Mag (% of Fundamental)
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(d) With single tuned filter (irradiance 1000 W/m?)

(c)  Without single tuned filter (irradiance 1000 W/m?)

Figure 6. Grid Voltage Harmonics Spectra on Phase A at Two Levels of Solar Irradiance with Temperature of 25° C
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Figure 7 shows the graph of voltage and current average harmonics values in three PV generator model
connected three phase grids on PCC bus at four levels of irradiance (temperature 25° C), without and with single
tuned passive filter.
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Figure 7. Average Harmonic of Voltage and Current at Four Irradiance Levels (Temperature 25°C)

Table 2 shows that maximum voltage values (phase A, B, and C), systems without single tuned filter at all
irradiance levels (400 W/m? to 1000 W/m?) and temperatures (20 °C to 40°C) are still stable at 308 and 310 Volt,
resulting in an unbalanced voltage as 0%. The maximum phase voltage value of system using single tuned filter at all
irradiance levels and temperatures (20°C, 250C, and 300C) is equal to 308 volt and at temperatures (350C and 400C)
the value increases to 310 Volt respectively, resulting in same unbalance voltage of 0%. Under conditions without
using single tuned filter, the irradiance level is fixed and the temperature increases (20°C to 40°C), voltage average
harmonics (THDy) is relatively same. Otherwise in the conditions without filter and temperature remain, but in
irradiance level increases, then voltage average harmonics increases. The lowest harmonic value is generated at
irradiance level of 400 W/m? and temperature of 25°C is 2.58%, while the highest harmonic occurs at the irradiance
level of 800 W/m? and temperature of 25°C is 4.18%. Under the same conditions using single tuned filter, fixed
irradiance level, and temperature increases (20°C to 40°C), voltage average harmonic is relatively same. In unfiltered
condition and fixed temperature, but irradiance level is increasing, then voltage average harmonic is also increasing.
The difference is single tuned filter can suppress the 5% harmonics so as to lower voltage average harmonics
significantly compared to system without using filters to average below 0.5%. In the system using single tuned filter,
the lowest voltage average harmonics is generated at 400 W/m? irradiance level and temperature of 20°C as 0.22%,
while the highest voltage average harmonics happens at irradiance level of 800 W/m? and temperature of 25°C is
0.43%.

Table 2 shows that maximum current values in phase A, B, and C, for systems without using single tuned
filters at all irradiance levels (400 W/m? to 1000 W/m?) and temperature (20°C to 40°C) are 12.5, 9.8 and 10 A
respectively, so unbalanced current is achieve 16.0991%. In the same condition the single tuned filter is able to
balance maximum phase currents of 10.45 A each, resulting in an unbalanced current equal to 0%. Under conditions
without using single tuned filter, fixed irradiance level, and temperature increases (20°C to 40°C), current average
harmonics (THDy) is relatively same. While at conditions without filter and temperature remain, but irradiance level
is increasing, current average harmonics increases. The lowest current average harmonics is generated at 400 W/m?
irradiance level and temperature of 25°C is 1.654%, while the highest current average harmonics occurs at irradiance
level of 1000 W/m? and temperature of 20°C is 1.957%. Under conditions using single tuned filter, fixed irradiance
level, and increasing temperature (20°C to 40°C), current average harmonics value is relatively same. Under
unfiltered conditions and fixed temperature, but irradiance level is increasing, current average harmonics is also
increasing. The use of single tuned filter can eleminate 5" harmonics so can reduce current average harmonics
compared to without using filter to average below 0.2%. The lowest current average harmonic is generated at
irradiance level of 400 W/m? and the temperature (200C to 40%) is 0.09%, while the highest current average
harmonics at irradiance level of 800 W/m? and temperature of 25 °C as 0.17%.

Figure 7.a. shows that at increasing irradiance level (400 W/m? to 1000 W/m?) and fixed temperature (25° C),
voltage average harmonics is also increasing. The application of single tuned filter capable to suppress 5™ harmonics
so can reduce significantly reduce voltage average harmonics. Figure 7a also shows that at increasing irradiance
level (400 W/m? to 1000 W/m?) and fixed temperature (25° C), the current average harmonics is also increasing.
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Single tuned active filter is also effective enough to eliminate 5™ harmonics so as to slightly reduce current average
harmonics.

4. CONCLUSION

Multi PV models with three phase generators connected three phase grid, without and with single tuned filters
at all irradiance and temperature levels results phase maximum voltage (phase A, B, and C) in relatively stable of
308 and 310 Volt respectively, and generating unbalanced voltage of 0%. The maximum phase current value, for
system without single tuned filter at all irradiance and temperature levels are different as 12.5, 9.8, and 10 A,
respectively, resulting in unbalanced current of 16.0991%. Under the same condition, single tuned filters are capable
to balance maximum phase currents (phase A, B, and C) of 10.45 A respectively, so able to reduce unbalanced
current to 0%. The implementation of single tuned filter can reduce unbalanced current values according limit
ANSI/IEEE 241-1990. At a constant temperature and irradiance levels are increasing, average harmonics of voltage
and current is also increasing. The use of single tuned filter is the most effective in suppressing 5" harmonics so can
reduce average value of voltage and current harmonics significantly within IEEE 519-1992.
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RUNDOWN ICTA
JULY 29, 2017

Time Program Remarks
07.00 — 08.00 Registration
08.00 — 08.30 Opening Ceremony
08.00 — 08.05 Sparkling Surabaya Dance
08.05 - 08.10 Indonesia Raya Anthem
08.10 — 08.20 Opening Speech by the Chief of
Commitee
08.20 — 08.30 Opening Speech by the Rector of
UBHARA
08.30 — 09.00 MoU Signing
08.30 — 08.40 UBHARA and JNU
08.40 — 08.50 UBHARA and UPHSD
08.50-08.55 Photo Session (Presenters and VIP
Guests)
08.50 — 09.00 | Security Session by Best Western Papilio
09.00 — 09.30 Coffe Break
09.30—12.30 Main Session
09.30 — 10.10 | Presentation by Prof Taufik Moderator -
10.10 — 10.25 | Q and A Session .
10.25 — 10.30 | Summary of Presentation Ahmad Faza Azmi, ST, MT
10.30 — 11.10 | Presentation by Dr. Gautam Kumar Jha
11.10 —11.50 | Presentation by Dr. Boonyang Plangkang .
11.50 - 12.15 | Q and A Session Rifki Fahrial Zainal. ST, M.Kom
12.15 - 12.20 | Summary of Presentation B
12.20 — 12.30 | Token Givings
12.30 -13.30 Lunch Break
13.30 - 15.30 Paralel Session
Participant separated into four groups
15.30 — 16.00 Coffe Break
16.00 — 16.30 Closing Ceremony

Photo Session
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PARALLEL SESSION

ROOM “A”
. Paralel
Speaker Paper Title ROOMS

RELATIONSHIP BETWEEN DATA REDUCTION AND

Eko Prasetyo PERFORMANCE IMPROVEMENT OF CLASSICATION A
WITH K-SUPPORT VECTOR NEAREST NEIGHBOR

Fenny Iwantono APPLYING USABILITY TESTING ANALYSIS OF

Davi?j/ Bo Tona’ra INDONESIAN ONLINE TRAVEL AGENT WEBSITE A

y FOR FLIGHT TICKET SALES

Hasti Afianti INTERLINKING CONVERTER IN HYBRID AC/DC A
MICROGRID

Mohamad F.N Aulady, | RISK ANALYSIS ON PILE FOUNDATION OF HIGH RISE A

Felicia T. Nuciferani BUILDING IN SURABAYA

Muhamad Svafik ANALYSIS OF SERVICE QUALITY INFLUENCE ON

Rinabi Tana?/nal : E-COMMERCE CUSTOMER SATISFACTION (CASE A
STUDY TRAVELOKA)

332' g/rIZri“Sdaéilh EFFECT OF MIXTURE COMPOSITION OF BAGASSE

EIvigKustiah g CANE, COCONUT SHELL CHARCOAL, AND A

" TAPIOCA ADHESIVE TO BIOEPELET QUALITY

Hesty Rudiyanti

Taufik, BI-DIRECTIONAL FLYBACK DC-DC CONVERTER A

Austin Luan FOR THE DC HOUSE PROJECT

Taufik, A SINGLE BOARD BUCK AND BOOST

Zack Eldredge, BIDIRECTIONAL DC-DC CONVERTER FOR DC A

Zoe Hay HOUSE ENERGY MANAGEMENT SYSTEM

Tisara Sita ROAD MAINTENANCE MANAGEMENT USING A
PAVEMENT CONDITION INDEX (PCI) SURVEY
TECHNOLOGY MANAGEMENT OF SUNFLOWER

Vieqi Rakhma Wulan SEED PROCESSING INDUSTRIAL AS A A

SUSTAINABLE HEALTH PRODUCT




PARALLEL SESSION

ROOM «“B”
: Paralel
Speaker Paper Title ROOMS
Bima Satrva Latoatama. | SINGLE EXPONENTIAL SMOOTHING METHOD
Rtk )Iéahria?Z ' | IN FORECASTING NUMBER OF RAINY DAYS 5
M. Mahabutra Hidavat | PER YEAR BY DISTRICT OF OBSERVATION
- vianap y STATIONS LAMONGAN
. . | FORECASTING SYSTEM OF LIBRARY BOOKS
Dec’g;’hﬁgf‘gizf'fk' USING SINGLE SMOOTHING EXPONENTIAL 5
M. Mahaouis Hidavar | (CASE STUDY BHAYANGKARA SURABAYA
- viahap Y UNIVERSITY LIBRARY)
Dian Putri Ambarwanti. | CLASSIFICATION OF ACTIVE SELLING
e | DETERMINATION FOR BOOK PRODUCTS 5
Svaiful Al USING C4.5 ALGORITHM (CASE STUDY:
y PT.KOMPAS GRAMEDIA NON GAM DIVISION)
Hiknah Maharani LH FORECASTING GOLD PRICES USING SINGLE
M. Mahaouti Hidavss, | EXPONENTIAL SMOOTHING METHOD (SES) 5
it Ferl)hrial Zaingl ' | AND DOUBLE EXPONENTIAL SMOOTHING
METHOD (DES)
Mohamad Faisal. Rifii | APPLICATION OF K-MEANS METHOD IN
Earial 7 MONITORING SYSTEM OF BASED ON 5
M. Mahaoutra Hidavar | ANDROID STUDENTS (CASE STUDY: SMK YPM
: P y 4 TAMAN)
Nurvidi Ratna Sari. Rifki | CLASTERING TYPE OF BEST GRAMEDIA
Fahrial Zainal, Rani PUBLISHER SELLER PAPER USING SHRINKING B
Purbaningtyas SHARED NEAREST NEIGHBORS METHOD
IMPLEMENTATION OF BARCODE AND QR-
R. Dimas Adityo, Aldita | CODE SCANNER ON ANDROID APPS RETAIL
Budi Susanto, SHOP APPLICATION BASED ON CLOUD B
M, Mahaputra Hidayat | COMPUTING BASED ON LAPLACIAN
SHARPENING METHOD
R. Dimas Adityo, CLASSIFICATON OF COMPUTER NETWORK
Mustofa Syawaluddin, | ATTACTS BY USING IDS SNORT BASED ON B
Arif Arizal THE FUZZY C MEAN METHOD
Rizky Yudha Pramudhika, | ~ Ass)FICATION OF SCOUT SKILL USING
Rifki Fahrial Zainal, B

Rani Purbaningtyas

NAIVE BAYES CLASSIFIER ALGORITHM




PARALLEL SESSION

ROOM «C”
: Paralel
Speaker Paper Title ROOMS
Adiananda POWER QUALITY PERFORMANCE OF MULTI
s RSt PHOTOVOLTAIC CONNECTED TO GRID UNDER c
A?niru”ah ’ VARIABLE SOLAR TEMPERATURE AND
IRRADIANCE LEVEL
Ahmadi, CONTROL SYSTEM AND MONITORING OF SOLAR
Kuspijani, CELL LIGHTING BASED ON ANDROID USING C
Prihastono ARDUINO UNO
. . FUZZY LOGIC BASED FAULT CLASIFICATION OF
[B’Zvragai”d;imfﬁkjg?o’ INDUCTION MOTOR BEARING USED IN HOME C
9 y WATER PUMP SYSTEM
o . DC MOTOR CONTROLLER DESIGN FOR
Herti Miawarni,
Eko Setijadi TRACKING ANTENNA SYSTEM BASED ON CVBS C
ANALOG SIGNAL PROCESSING
Jaffarudin S.W, DESIGN ANALYSIS OF SOLAR POWERED SYSTEM c
Agus Kiswantono FULL FLEXIBLE 10 WP CAPACITY
gﬁf’;’&‘;ﬁagh VIBRATION DATA CLASSIFICATION WITH FAST c
( ’ FOURIER TRANSFORM AND NEUTRAL NETWORK
Prihastono
Richa Watiasih,
Kuspijani, MAZE SOLVING RETURN TRIP FOR MOBILE c
Prihastono, ROBOT USING DEEP FIRST SEARCH METHOD
Ramdani
POWER FACTOR CORRECTION OF THREE PHASE
Saidah AC-DC CONVERTER VIA CURRENT CONTROLLER A
AND PWM TECHNIQUE
Son Hayi, BOSST CONVERTER DESIGN DC-DC THROUGH
Kuspijani, C

Prihastono

INVERTER PROCESS AND VOLTAGE MULTIPLIER




PARALLEL SESSION

ROOM “D”
. Paralel
Speaker Paper Title ROOMS
THE APPLICATION OF COST-SIGNIFICANT
Ahmad Faza Azmi, MODEL ON THE ESTIMATED COST OF D
Miftahul Huda RESIDENTIAL PROJECT IN SURABAYA, GRESIK,
AND SIDOARJO
DOUBLE FUZZY-PI CONTROLLER BASED SPEED
Bambang Purwahyudi CONTROL OF PERMANENT MAGNET D
SYNCHRONOUS MOTOR
SELECTING PRIORITY ON INFORMATION
Fardanto Setvatama TECHNOLOGY WORK PLANS USING AHP : A D
y CASE STUDY IN CLINICAL LABORATORY
POPULER
INTELLIGENT EDUCATION MONITORING
M. Mahaputra Hidayat SYSTEM USING ARTIFICIAL NEURAL NETWORK D
BASED ON DATA MINING APPROACHES
Miftahul Huda, THE IMPLEMENTATION OF COMPETENCY
Agus Purwito, CERTIFICATION EXPERTISE AND SKILLS OF D
Ahmad Faza Azmi CONSTRUCTION LABORS IN SURABAYA CITY
ANIMATION CONTROL FOR DIGITAL
Rahmawati Febrifyaning | STORYTELLING USING HAND MOTION D
CAPTURE BASED FINITE STATE MACHINE
Rani Purbaningtyas, ANALYSIS AND DESIGN SIDOARJO ON HANDS
Arif Arizal, (SOH) SYSTEM FOR SUPPORTING SIDOARJO D
Tri Wardoyo POTENTIAL PROMOTION
Rarasmaya Indraswari, MELANOMA CLASSIFICATION USING
Wiwiet Herulambang, AUTOMATIC REGION GROWING FOR IMAGE D
Rika Rohkana SEGMENTATION
Rifki Eahrial Zainal NOISE MINING USING MODIFIED SHARED D
NEAREST NEIGHBORS ALGORITHM
SIMSOYA3D: A DATA-DRIVEN'S SIMULATOR OF
- SOYBEAN'S GROWTH MODELING USING
Wiwiet Herulambang D

TRAINABLE PARAMETRIC L-SYSTEM AND
ANFIS ALGORITHM
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