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Elektrik talebi arttikga, gii¢ sistemleri de daha karmasik hale gelmektedir. Gerilim istikrarsizligi ve bilyiiyen karmasik sistemlerde cokmelerin
onlenmesi i¢in kullanilan klasik yontemler bazen sistemin ihtiyaglarini karsilamada basarisiz olmustur. Giliniimiizde, esnek alternatif akim iletim
sistemleri (FACTS) ile karmasik ve biiyliyen sistemlerin gii¢ sorunlar1 daha hizli ve etkili bir gekilde cevap vermektedir. Buna ek olarak, FACTS
cihazlar1 uygun bir sekilde kullanildiginda, gii¢ sistemlerinin kararlilik sinirlarini artirmakta ve yiik artig1 ya da yenilenebilir enerji kaynaklariin
sisteme eklenmesi ile olusan gerilim dalgalanmasini minimize ederek, reaktif giic kompanzasyonu saglamakta ve mevcut kaynaklarin miimkin olan
en iyi sekilde kullanilmasini saglamaktadir. En taninmig FACTS cihazlar1 arasinda Static VAR Kompensator (SVC), Static Senkron Kompensator
(STATCOM) bulunmaktadir. Bu ¢alisma MATLAB / SIMULINK'te STATCOM ile Riizgar-PV Hibrit Gretim sisteminin modellenmesi ve analizi
tizerine odaklanmaktadir. STATCOM'un hibrit yenilenebilir enerji sistemi (HRES) tizerindeki etkisi aragtirilmigtir. STATCOM, iletim sistemlerinde
reaktif glic kompanzasyonu sagladigi i¢in, sistem tarafindan arzu edilen reaktif gii¢ absorbe edilmekte veya Uretilmektedir.
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Performance Analysis and Simulation of Solar PV-Wind Hybrid Energy System with
STATCOM using Matlab/Simulink

Abstract

As demand for electricity increases, the power systems become more complex. The classic methods used to prevent voltage instability and collapses
in growing and complicated systems have sometimes failed to meet the needs of the system. Today, with Flexible Alternating Current Transmission
Systems (FACTS), the power problems of complex and growing systems respond more quickly and effectively. In addition, FACTS devices, when
used properly, increase the stability limits of power systems and provide reactive power compensation by minimizing the voltage ripple resulting from
the increase in load or the addition of renewable energy sources to the system, and ensure that the available resources are used in the best possible
manner. Nowadays, among the most well-known FACTS devices are Static VAR Compensator (SVC), Static Synchronous Compensator
(STATCOM). This study focuses on the modeling and analysis of Wind-PV Hybrid generation system with STATCOM in MATLAB/SIMULINK.
The impact of STATCOM on the hybrid renewable energy system (HRES) has been investigated. As STATCOM provides reactive power
compensation in transmission systems, the desired reactive power is absorbed or produced by the system.
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1. Introduction

In parallel with the world population and industrial developments, the energy requirement is increasing, while
the reserves of fossil energy resources are rapidly depleting. Today, despite the use of fossil fuels such as coal, oil, and
natural gas in energy production, the rapid depletion of these resources has increased our tendency towards renewable

energy sources.

In this respect, projects on renewable energy sources have made great strides in recent years to meet the
increasing demand for energy. In recent years, energy has come to the center of researchers and policies. In the global
energy balance, fossil fuels such as coal, oil and natural gas maintain their weight in primary energy sources used in the
world and our country. The fact that these energy sources are becoming less and less, the tendency towards the
sustainable energy resources and the work done on these resources are increasing. A significant advantage of renewable
energy sources is that they can form a hybrid system with other energy sources. Hybrid energy systems are generally
systems in which two or more different energy production systems work together to supply electricity or thermal load.
Hybrid systems that use the wind and solar energy together from renewable energy sources are being investigated

extensively [1].

As demand for electricity increases, power systems are becoming more complicated as well. The classic
methods used to prevent voltage instability and collapses in growing and complicated systems have sometimes failed to
meet the needs of the system. Nowadays, due to FACTS, the power problems of the complicated and growing systems
are solved more quickly and effectively. In addition, when FACTS devices are used appropriately, they increase the
stability limits of power systems and ensure that the available resources are used in the best possible way [6].The most
well-known FACTS devices are Static VAR Compensator (SVC) and Static Synchronous Compensator (STATCOM).

Transmission line switching must be fast and efficient to provide reactive power control, desired voltage levels
and system stability to support dynamic disruptive effects such as voltage sags, short circuits, load changes. These
characteristics can be obtained using FACTS controllers. Among these devices, thyristor based devices such as TCR
(Thyristor controlled reactor), TSC (Thyristor switched capacitor) and TCSVC (Thyristor controlled static var
compensator) were used first. Nowadays, controlled switches such as GTO, IGBT, IGCT are applied in base devices.
Among these devices, STATCOM (Static Synchronous Compensator) based on a voltage source converter is one of the

most used devices [8].

2. Material and Method

STATCOM is connected in parallel to the transmission line to extract controlled reactive power from the
transmission line and regulate the line voltage. This is the main task of STATCOM. It can supply reactive power to the
transmission line or can dissipate reactive power from the transmission line to regulate amplitude of the voltage at the
output of the transformer. If the converter output is at the forward phase, it gives active power to the system, while at
the reverse phase it draws active power from the system. Generally, STATCOM supplies reactive power to the system.
The structure of STATCOM is shown in Figure 1 [5].
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Figure 1. Structure of STATCOM

The main task of this paper is to develop a simulation model of a standalone hybrid generation system
including wind and PV subsystems with STATCOM using MATLAB/SIMULINK. Characteristics of modeled wind
turbine and PV panel and STATCOM have been shown for different conditions. This paper includes in detail the
equations that form the wind turbine and PV panel. Accordingly, necessary information is provided to develop wind
turbine models and PV panel and STATCOM that can be used in the simulation for wind/PV generation system and for

further study of such systems. The proposed hybrid system model is shown in Figure 2.
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Figure 2. Proposed hybrid system model

2.1.PV cell modeling

Solar cells consist of p-n semiconductors being combined into a thin layer. The PV cell output I-V
characteristic in the dark is very similar to that of a diode. When exposed to light, due to electron movement driven by
photons, current is supplied. PV cell equivalent circuit is shown in Figure 3. The circuit is expressed by a diode
connected in parallel to the current source, a shunt resistor Rq,, and a resistor R connected in series to resulting
structure.
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The photon generated current shorting together the terminals of the cell will flow out of the cell as a short-
circuit current (ls). Therefore, I,= lsc While there is no connection to the PV cell (open-circuit), the photon generated

current is shunted internally by the intrinsic p-n junction diode [2].
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Figure 3. A solar cell equivalent circuit

Using the theory of semiconductors, the 1-V characteristic equation of PV cell is given by equation 1.
q
I = Iph _ IO * [e(V+I*RS)*m—1] — Iy (1)

Here; Iy, is the photocurrent, | is the total output current, q is the electron charge (1.602 x 10-19 C), K is
Boltzmann's constant (1.381 x 10 J/ K), A is the ideality factor, N, is the number of parallel connected cells, N is the

number of series connected cells, and T represents the absolute temperature in Kelvin.
2.2. Wind energy modeling

The wind turbine is a collection of tools used to convert wind energy into electricity. Generally, there are
models with 1, 2 or 3 wings. There are wind turbines at different lengths and types, but they are generally classified
according to the rotational axes. There are two classes of wind turbines: Horizontal Axis and Vertical Axis. The power

generated by the wind turbine is given by equation 2 [3].

PW=§*Cp*p*A*Vw3 2

Here;

p: the air density =1.225 kg/m®,
C,:power coefficient,

Vn:the wind speed in (m/s),

A: the area swept by the rotor in (m?),

The amount of torque in (N-m) is given by equation 3 [3].

Py = TyW, ?3)

Here;
Tw: The amount of torque,
Py: the power from the wind,

W,,: rotor speed in (rad /s).
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2.3. Modeling of STATCOM

Simply, STATCOM consists of a connection transformer, a converter, and a DC capacitor. Vy is the output
voltage of the STATCOM, V is the AC system voltage. It can be used for reactive shunt compensation like TCSVC. It
can supply reactive power to the transmission line or can dissipate reactive power from the transmission line to regulate
the voltage of the bouquet to which it is connected. The reactive power exchange between the STATCOM and the AC
system is controlled by regulating the magnitude of the converter output voltage. If the STATCOM output voltage
exceeds the magnitude of the AC system voltage (Vo> V), the current flows from the STATCOM to the AC system via
transformer reactance and generates reactive power for the device transmission line. The converter output current is

higher than the transmission line voltage. In this case, the device is operating in capacitive mode [7].

In Figure 4, V-1 graph of STATCOM is given in continuous operation. It can be seen that in the graphical

power system, both inductive and capacitive currents can be provided at certain intervals [7].
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Figure 4. V-1 graph of STATCOM

While 1y is the direct axis component of the current based on the true power imbalance, | is the quadrature
current. Then, the peak value of the inter-line voltage from the integrated system is calculated by comparing with the

reference value, and the difference between these two values gives the desired reactive power in the quadrature current
I [4].

Inverse Park’s transformation (dg0-abc transformation) is represented by equation 4 [4].

cos(wt) cos(wt — 2?”) cos(wt + 23—”)1
a
lago = Tlape = /2/3sin(wt) sin(wt — 2?7:) sin(wt + 2?7:)1

b 4)
V2/2 V2/2 V2/2 Le

Simulink model of STATCOM is shown in Fig.5. The STATCOM, which has a power of +/- 3 MVAR, is
connected to the connection point of the system via a reactor and based on the output voltage of STATCOM and the

voltage of the transmission line, the STATCOM has absorbed the reactive power generated to the system.
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Figure 5. Simulink model of STATCOM

2.4.Modeling of PV-WIND Hybrid System with STATCOM

A theoretical study and a Simulink modeling should be done before the actual implementation of these proposed
systems. The Simulink model is presented in Figure 6. Firstly, in the system, a solar-wind hybrid model connected to
the grid is modeled, and a STATCOM average model of +/-3 MVAR is connected between the load and the grid.
Consequently, permanent magnet synchronous generator based wind turbine and with solar panel, a hybrid system with
STATCOM is modeled.

Figure 6. Model of PV-Wind Hybrid System with STATCOM

3. Results and Discussion

In the proposed model (seen in Fig.6), first of all, performance of the system without STATCOM under
variable load is observed. Then, STATCOM is connected and the changes in the system are explained. Obtained
simulation results are presented below. In Fig.7, we observe that the value of peak of PCC (Point Common coupling)

voltage equals to 450 V at 0.35 sec when the D-STATCOM is not operating; when the D-STATCOM s operating, the
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value of peak of PCC voltage is equal to 500 V at 0.35 sec (see Fig.7-8). The STATCOM's output voltage and

transmission line end voltage are measured in the system and the STATCOM's output voltage is less than the
transmission line voltage so the STATCOM has operated in inductive mode and absorbed reactive power from the

system. This is shown in Figures 9 and 10.

Figure 7. Voltage waveform of HRES without STATCOM under variable load

Figure 8. Voltage waveform of HRES with STATCOM under variable load

In Fig.9 the active power (in yellow) and reactive power (in purple) absorbed by the proposed system are
observed for the case when STATCOM is not operating. In Fig.10, active power and reactive power exchange as

absorbed or generated were observed for the case when STATCOM is operating.

Figure 9. Active and reactive power waveform of HRES without STATCOM under variable load
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Figure 10. Active and reactive power waveform of HRES with STATCOM under variable load

4. Conclusion

As can be seen from the above results, voltage, current and power profiles were obtained in this article and PV-
Wind Hybrid System with STATCOM modeling was done in Matlab Simulink environment. The results suggest that
when STATCOM is connected to the system, the voltage increased and the current decreased. When the STATCOM
comes into play between load and grid, it can be seen that the voltage profile improves and the reactive power is
absorbed or produced at some points in Figure 10. If the converter output is at the forward phase, STATCOM qgives
active power to the system, while at the reverse phase it draws active power from the system.

Generally, STATCOM supplies reactive power to the system. This is the desired state. The advantage of
FACTS controllers such as STATCOM s that it operates faster than conventional mechanical controllers (shunt
capacitors, series capacitors, phase shifters, etc.) because they are power electronic based applications. When these
controllers are set appropriately, they increase the steady operating limits of the transmission systems. These devices
provide control of the power system through appropriate compensation of line parameters such as serial impedance,

current, voltage and active and reactive power of the transmission line.
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Genisletilmis Ozet

Girig

Gli¢ sistemlerinde gilines ve riizgar santrallerinin gili¢ kapasitelerinin hizla artmasi, biiyiik giiclii santrallerinin gii¢
sistemine etkilerinin incelenmesini gerektirmektedir. Enerji iletim sistemlerinin kontroliinde en 6nemli sorunlardan bir
tanesi de reaktif gii¢ kompanzasyonudur. Reaktif giig, iletim sistemlerinde kayiplarin artmasina, iletim hattindan taginan
giic kapasitesinin azaltilmasina ve hat sonundaki gerilimin genliginde degismelere neden olmaktadir. Bundan dolay1
iletilebilir gilicli artirmak, kayiplar1 azaltmak ve gerilimin genliginin kararlihigmi saglamak icin reaktif giic
kompanzasyonu yapmak gerekir. Buna bagli olarak enerji iletim ve dagitim sistemleri i¢in hizli kompanzasyon ihtiyact
giderek onem kazanmaktadir. Giiniimiizde, esnek alternatif akim iletim sistemleri (FACTS) ile karmasik ve biiyliyen
sistemlerin gii¢ sorunlar1 daha hizli ve etkili bir sekilde cevap vermektedir. Buna ek olarak, FACTS cihazlar1 uygun bir
sekilde kullanildiginda, gii¢ sistemlerinin kararlilik sinirlarini artirmakta ve yiik artisi ya da yenilenebilir enerji
kaynaklarmin sisteme eklenmesi ile olusan gerilim dalgalanmasini minimize ederek, reaktif giic kompanzasyonu
saglamakta ve mevcut kaynaklarin miimkiin olan en iyi sekilde kullanilmasimi saglamaktadir. En taninmis FACTS
cihazlar1 arasinda  Static VAR Kompensator (SVC), Static Senkron Kompensator (STATCOM) bulunmaktadir. Bu
calisma MATLAB/Simulink'te STATCOM ile Rizgar-PV Hibrit Gretim sisteminin modellenmesi ve analizi izerine
odaklanmaktadir. STATCOM'un hibrit yenilenebilir enerji sistemi (HRES) lizerindeki etkisi aragtirilmistir. STATCOM,
iletim sistemlerinde reaktif gii¢ kompanzasyonu sagladigi i¢in, sistem tarafindan arzu edilen reaktif gii¢ absorbe
edilmekte veya dretilmektedir.

Yontem

Giines 1smimu ve riizgarin dogal kesikli 6zelliklerinden dolayr sebekeden bagimsiz riizgar/FV gibi yenilenebilir enerji
sistemleri, her an degisen yiik talebini karsilamada tamamen giivenli olmadigindan, gii¢ kararsizliklar1 yagsanmaktadir ve
reaktif giic kompanzasyonu yapilarak hibrit bir sistem olusturmak mantikli bir ¢6ziim haline gelmistir. Gerilim
kararsizligimin temel sebebi yiikteki artistir. Gii¢ sistemlerindeki kararsizlik, FACTS cihazlarinin kullanimiyla giderilir
veya en azindan minimize edilir. Bu ¢alismada sistemin ve yenilenebilir enerji kaynaklarindan dolay: olugan gerilim
dalgalanmas1 azaltmak ve reaktif giic kompanzasyonu icin sisteme sont olarak baglanan bir FACTS cihaz1 olan
STATCOM eklenerek sistemin kararli ¢alisma limitinin artirilmasi planlanmaktadir. STATCOM ¢ikisinda sebeke
frekansinda, kontrol edilebilir genlikte ve faz agisinda, dengeli ii¢ faz gerilimleri elde edilir. Bu diizenlemede AC sistem
ile aygit arasindaki siirekli durum gii¢ aligverisi genel olarak reaktiftir. STATCOM ve AC sistem arasindaki reaktif gii¢
alis verisi konverter ¢ikig geriliminin biiyiikligiinii diizenleyerek kontrol edilir. Eger STATCOM ¢ikis geriliminin
biiyiikliigii AC sistem geriliminin biyiikliigiini gegerse ( VO>V ) I akimi transformatdr reaktans: yolu ile
STATCOM’dan AC sisteme akar ve cihaz iletim hatt1 igin reaktif gii¢ lretir. Konverter ¢ikis akimi iletim hatti
geriliminden ileridedir. Bu durumda cihaz kapasitif modda ¢alismis olur. STATCOM sistemin kendinden kaynakli ya
da hibrit sistemlerden kaynakli yiik artisina bagli olusan gerilim dalgalanmalarini azaltmada etkilidir. Dalgalanmanin
olustugu noktalarda reaktif giic liretme veya tiikketme ile reaktif giic kompanzasyonu ile bara sonundaki gerilim
dalgalanmasin1 kaldirir ve enerjinin en kiigiik aliciya sorunsuz bir sekilde iletilmesini saglar. Hibrit sistemlerin
modellemesi ve STTACOM kontrol devresi ve modellemesi iizerine ¢aligmalar yapilmistir ve sonuglar Matlab/Simulink
ortaminda gosterilmistir.

Sonuclar ve Tartisma

Matlab Simulink ortaminda STATCOM ve PV-Rizgar Hibrit Sistemi {iizerine g¢aligma yapilmig ve sonuglar
STATCOM sisteme baglandiginda voltajin arttigini ve akimin diistiigiini goéstermektedir. STATCOM, yiik ve sebeke
arasinda devreye girdiginde, voltaj profilinin iyilestirildigi ve reaktif giiciin, Sekil 10'daki bazi noktalarda tiiketildigi
veya iretildigi goriilmektedir. Donistiiriicii ¢ikist ileri fazdaysa, STATCOM aktif gii¢ verir. Sistem ters fazdayken
sistemden aktif giic ceker. Genel olarak, STATCOM sisteme reaktif gii¢ saglar. Bu istenen durumdur. STATCOM gibi
FACTS kontrol cihazlarinin avantaji, geleneksel mekanik kontrol cihazlarindan (s6nt kapasitorler, seri kapasitorler, faz
kaydiricilar vb.) Daha hizli ¢aligmasidir ¢linkii gii¢ elektronigi uygulamalaridir. Bu ¢alismada 5 kW’lik bir siirekli
miknatish senkron jenerator tabanl bir riizgar iiretim sisteminin sebekeye etkisi incelenmis ve daha sonrasinda 1kW’lik
giines iiretim sistemin sebekeye etkisi incelenmis, tiim sistem hibrit bir yap1 haline getirilerek glines ve riizgar gibi
yenilenebilir enerji kaynaklarinin voltaj profilinde dalgalanmalara sebep oldugu ve reaktif giic kompanzasyonunun
STATCOM ile saglanabilecegi tizerine ¢alisilmistir. Giines-RUlzgar bir hibrit sistem tasarlanarak ¢ikistaki gii¢ profilleri
incelenmis ve STATCOM ilave edilerek kapasitif ve reaktif calisma durumlarina gore sistemdeki gii¢ profilleri
incelenmistir. Bu kontroldrler uygun sekilde ayarlandiginda, iletim sistemlerinin sabit ¢aligma siirlarini arttirirlar.
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