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Renewable energy

Electric grid sustainable by providing monitoring and controlling capabilities of the

arm renewable power system. In this study, an application of renewable
Wind power energy is presented. Furthermore, a simulation of wind energy
STATCOM

connected to grid to show the behavior of its components are
performed in MATLAB and observed the impact of the Static
Synchronous Compensator (STATCOM) in the system..

I. Introduction

To meet carbon reduction targets, it is important that the word begin to use sources of
renewable and sustainable energy. The need for environmentally methods of transportation
and stationary power are urgent. Therefore, CO2 emission of fossil based energy sources can
only be reduce by replacing them with renewable energy sources [1, 2]. So that renewable
energies such as wind, solar, hydroelectric, biomass and geothermal can be used as solutions
[3,4]. Algeria is one of the main players in the world energy markets. It is among the payroll
producers and exporters of natural gas and oil because of these stocks in classic energy.
Algeria needs an energy transfer model that integrates other energy alternatives for meet
future needs. Production with renewable energy is a solution to Algeria since it is relatively
large potential, which can reduce its dependence on this type of energy and the exploitation
of renewable energies [5, 6, 7]. Algeria is the one of top five countries producing natural gas
in the world. Therefore, vast majority of the generated energy in Algeria depends on natural
gas. Half of the total produced gas is used for 94% electricity generation recently. Electricity
consumption in Algeria will increase to 83 TWhr in 2020 and up to 150 TWhr in 2030. In
the light of the projection studies, oil and natural gas reserves can cover only some next
year’s [6, 8]. The bad news is that Algeria’s natural gas production has fallen about 15%
over the past decade, while gas demand has increased 65% as it illustrated in Fig. 1.
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Figure 1. Electricity consumption in Algeria [8].

The good news is that Algeria’s proven reserves have stayed very high at 160 trillion cubic
feet, and shale gas potential in the country is huge and globally at third. For the renewable
energy sources, especially solar and wind energy potentials are at very important level. In
the light of this situation, technological advancement in wind electric section is important
challenge for evolution in renewable energy. The fluctuation of wind makes changes in the
electric energy delivered to the electric network. Consequently, the evolution of electric field
to ameliorate the stability of voltage, frequency, and good quality of energy is an important
step of research in the wind power field [8, 9]. In the wind energy, the internalization of
Doubly Fed Induction Generators (DFIGs) have better stability and frequency of the voltage
sustained their separate command of active and reactive power. For that, Flexible AC
Transmission Systems (FACTS) are widely used to promote the connection of wind farms
to the electrical grid. The FACTS such as STATCOM system is one of them. Many
researches have proven that the steady state stability can be demonstrated by controlling the
voltage out from the wind system to the grid [7, 8]. The STATCOM system is capable of
stimulating the voltage stability by regulating the reactive power. Small voltage changes at
the connection points of wind farm can be compensated by sending or receiving the reactive
power to or from grid in STATCOM system. STATCOM system is also a good solution for
compensating voltage dips. The STATCOM system enhances the voltage stability by
controlling reactive power. A lot of strategies have been developed over the past decade to
obtain the best power takeout from wind energy conversion system. Several researchers have
focused on the importance of the use of STATCOM when it is installed in a wind farm in
their studies. Runner et al. [8], Laouera et al. [9], Castaneda et al. [10], Deng et al. [11], Han
etal. [12] and Ammar & Joos [13] used the STATCOM system to achieve active and reactive
power control from wind farm. Meegahapola & Perera [14] explored the capability
constraints to mitigate voltage fluctuations from DFIG wind farms when delivering ancillary
services to the network. Wojciechowski & Strzelecki [15], Okedu [16], Gonzalez et al. [17]
proposed a new strategy for Reactive Power Control in Wind Farms with STATCOM. Qiao
et al. [18] have real time implementation of a STATCOM on a wind farm equipped with
DFIG Generators. Liu et al. [19] present the effect of low-voltageride-through technologies
on the first Taiwan offshore wind farm planning. In this study, a simulation model of wind
turbine with DFIGs and STATCOM developed in MATLAB/Simulink after comparative
study and the analysis of all the system to stabilize an electric power are presented. The
objective of this paper is to show that STATCOM can help the wind energy to stabilize of
voltage especially a voltage dip occurs.
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Il.  Modelling of system:

1. Wind Energy in Algeria.

The 21st zone shown in Fig. 2, offering adequate speed for the establishment of wind farms
has been identified in anticipation of the future farms, which should take place in 2018. The
Fig.2 shows map of the wind speed in Algeria.

T T T T
5 0 5 10

Figure 2. Map of the wind speed in Algeria (CDER 2016).

City of Adrar, which is located at the Sahra region of Algeria, has a better potential
for wind energy as shown in Fig.4. The wind speed outstrip is 6.5 m/s [1, 4, 6, 13]. This
makes it possible to supply power energy to isolated region like Foggara, where a link to the
electric grid impossible or costly [13].

The wind farm located in the region of Adrar has [12] wind turbines with a capacity
of 0.85 MW each (Fig.3). It ha}s a total capacity of 10 MW.

Figure 3. Wind power central “10 MW”, Adrar.
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In this study, this wind farm is used in the simulation connected to the electric grid with the
control by STATCOM system [14-20].

In the past, DFIG type is the most used generator for the wind turbine since it can function
at a vast range of speed depending on the wind speed or other specific operational
requirements. So, it permits for a good recapture of wind power [4, 21, 22, 23], and dynamic
slid command and pitch control may give to remake the voltage at the wind power terminals
and maintaining the power system stability after disengagement of an external short-circuit
fault [24, 25]. The DFIG has shown better performance for system stability over short-circuit
faults in comparison to Induction Generator (IG) due to its capability of decoupling the
control of output active and reactive power. The frequency converter is the top dynamic
performance of the DFIG results from, which typically function with sampling and switching
frequencies up 2 kHz [27, 28, 30, 32].

STATCOM can be used for generating reactive power to stabilize of a wind system also.
Flexible power control damping of power system and stabilization of wind generators can
be achieved by a voltage source or current source inverter based on FACTS devices [31, 32,
33, 36]. In this paper STATCOM based on a VSC-PWM technique is suggested in order to
stabilize the IGs in the wind power in comparison with the use of the DFIGs [37-44].

2. Description of Wind Farm

The wind system considered in this study is depicted in Fig. 9. It has (6 x 1.5) MW wind
farm connected to 25 kV distribution line, which transforms electricity into a 120 kV grid.
The total power of the 09 MW wind farms with 06 wind turbines of 1.5 MW are simulated.
An angle of inclination is controlled to limit the production of energy of the alternator for
winds exceeding a rated speed of 9 m/s.
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Figure 4. Model of wind energy controlled with STATCOM.

Measured reactive energy produced by the IGs is partly recompensed by the condenser
attached to every base bus voltage of a wind turbine (400kVar x 6 x 1.5MW). The remainder
of the reactive energy required to preserve the 25 kV voltage is given by a STATCOM.
The mechanical power of wind energy is measured for wind speeds ranging from 4 m/s to
10 m/s for the nominal wind speed of 9 m/s. It gives a nominal mechanical power of 3 MW.
The two models of the wind turbine and STATCOM are in phase, which allow us to have
stability for 15s, proposed for the simulation.
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3. Modelling of Doubly Fed Induction Generators

Mathematical model of an induction generator can be defined by giving its three-phase stator
and rotor voltage equations as in Egs. (1) and (2).

Via] [Rs 0 O I bsa
Vep| =10 Rs 0 ¢sbl o)
Vs 0 0 R, 1 bsc
V]l [Rr0 0 o [Pra
Vrb =10 R 0 Irb:|+a[¢rb (2)
Vel 10 0 R, bre

where subscriptions s and r denote stator and rotor quantities, respectively. The subscripts a,
b and c are used for phases a, b and ¢ quantities, respectively. The symbols v and i are for
voltages and currents and ¢ represents flux linkages.

Winding resistances of stator and rotor are Rs and Rr. Three phase stator resistances are
assumed equal to each other for power balance. In similar, rotor resistances are also assumed
as equal to each other.

Three phase flux linkages can be given in matrix form in terms of stator and rotor currents.
As in Egs. (3) and (4):

Psa [Lsa Lyq
[¢sb] [ ] IS sr] [Irb] (3)
bsc Isc
¢T(l I
[¢rb]:[Lr] I + [Mrs I l (4)
¢TC
The inductance matrices are defined by Egs. (5), (6) and (7):
-lS MS MS
[Ls] =M L Msl 5)
(M, M I
-lT' MT MT
[Lr] =M, L Mrl (6)
M, M, I
cos(6,) cos(6, + 2m/3) cos(8, — 2m/3)
[M,,][M,s] =| cos(8, — 2m/3) cos(6,) cos(6, + 2m/3) @)
cos(6, + 2m/3) cos(6, — 2m/3) cos(6,)

Dynamic equation of induction generator in terms of inertia, mechanical and electrical
torques can be written as in Eq. (8):

S =TT, ®)
where J is the inertia of the machine, Tm is the mechanical torque and Te is the
electromagnetic torque.

I1l. Simulation Results

The model of the wind turbine and STATCOM used to see turbine's change against a
variation in the wind rate. SimPower systems starts observing the sign on the wind farm by
looking the following elements: generator speed, wind speed, active power, reactive power,
and pitch angle for each turbine. Firstly, the impact of STATCOM on the system is observed
and then, the simulation is performed. The model uses the specialized technology of
SimPower systems at Simulink to accelerate the simulation speed.
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Figure 8. Generated reactive power of wind farm.
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Figure 12. Power of distribution line Vabc.
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The Fig. 9 depicts that speed angular varies exactly among [1 and 1.005] pu at full load.
Every wind power has a security system overseeing voltage, current and generator speed.
For that, wind speed is set at 8 m/s, then starting at t=2s for wind one, wind speed is forced
to 11 m/s in 3 seconds. The same gust of winds two and three, respectively with 2s and 4s
delays as shown in Fig. 10. After that, a casual error is put in for at the base voltage terminals
(575 V) at t=15 s of wind tow, as shown in Fig. 11.

As observed in Fig. 7, for each wind, the produce active energy debut growing slowly to
reach its estimated value of 3 MW in about 8s. Above this time frame, the wind speed will
have augmented from 1.0028 pu to 1.0047 pu as shown in Fig. 9. At the start, the pitch angle
of the turbine blades is 0 degree. When the outing power overtakes 3 MW of Fig. 7, the pitch
angle is augmented from 0 deg to 8 deg in order to bring output power back to its nominal
value as given in Fig. 11.

For wind speed 11m/s, the global measured power is 9 MW and the STATCOM keep the
voltage at 0.984 pu by producing 1.62 MVAR as shown successively in Figs. 5 and 6. We
observe in Fig. 8 that the generated active and reactive power increasing in the same times.
At nominal power, every pair of wind turbine takes up 1.47 MVAR.

IV. Conclusion

Wind energy sources in Algeria were discussed in this article. After that, the essential
foundation of intelligent grids was presented. The DFIG have proved best performance
comparing to PMSG generator about system stability for brief-circuit error in comparison to
IG, because of its capability of separately control of active and reactive energy. The chosen
model contains wind system energy (6 x 1.5 MW) is attached to a voltage distribution that
transforms electricity into an electric grid. This electricity has a total energy of 9 MW
simulated by the model of 06 pairs of 1.5 MW wind turbines and the model of STATCOM
that allow studies of transient stability type with long simulation times. Simulation results
show the efficiency of STATCOM to control wind farm and how the system do the
management of renewable energy sources. Finally, this paper investigated the effects of wind
farm in combination with a STATCOM. The selection of this model was justified by
simulation in MATLAB. The results showed that the STATCOM could control the quick-
change voltage at the connection point between the wind power and the grid in normal
condition. In addition, it can furnish the active energy over the brief condition. Therefore,
this good opportunity offers the chance of attaching the wind power to the electric grid.

V. References

[1] Harrouz, M. Abbes, I. Colak, K. Kayisli, “Smart grid and renewable energy in Algeria”, IEEE Xplore
of Conference (ICRERA), Electronic ISSN: 2572-6013 , 2017, San Diego, CA, USA.

[2] Tahiri, F., Harrouz, A., Belatrache, D., Bekraoui, F., Omar, O., & Boussaid, 1. (2020). Technique of
Control Pmsm Powered by Pv Panel Using Predictive Controller of Dtc-Svm. Facta Universitatis.
Series: Electronics and Energetics, 33(3), 429-444.

[3] Belatrache, D., Bentouba, S., & Bourouis, M. (2017). Numerical analysis of earth air heat exchangers
at operating conditions in arid climates. International journal of hydrogen energy, 42(13), 8898-8904.

[4] Harrouz, A. Dahbi, O. Harrouz, A. Benatiallah, “Control of Wind Turbine based of PMSG Connected
to Water Pumping System in South of Algeria”, Journal "IEEE Xplore" of The 3rd International
Symposium on Environmental Friendly Energies and Applications (EFEA), E-ISBN: 978-1-4673-
2910-1, 19-21 Nov. 2014, Paris, France, pp. 48-52.

91



Algerian Journal of Renewable Energy and Sustainable Development 4(1) 2022: 84-93, doi: 10.46657/ajresd.2022.4.1.8

[5] M. Mahmud, Tushar Kanti Roy, Shama Naz Islam, Sajeeb Saha & Md Enamul Haque, “Nonlinear
Decentralized Feedback Linearizing Controller Design for Islanded DC Microgrids,” Electric Power
Components and Systems Journal, VVol. 45, N 16, 2017, Pages: 1747-1761.

[6] Harrouz, A. Benatiallah, O. Harrouz, "Modeling of small wind energy based of PMSG in south of
Algeria", Journal "IEEE Explore" of 2nd International Symposium (EFEA2012), 2012, pp.191 — 195.

[7] R. Puente, S. Marzal, R. Gonzélez-Medina, Emilio Figueres & Gabriel Garcera, “An Algorithm for
the Efficient Management of the Power Converters Connected to the DC Bus of a Hybrid Microgrid
Operating in Grid-connection Mode,” Electric Power Components and Systems Journal, Vol. 46 , N
9, 2018, Pages: 1027-1041

[8] Ronner, P. Maibach, and T. Thurnherr. “Operational experiences of statcoms for wind parks”, IET
Renewable Power Generation 3 (2008), 349-357.

[9] M. Laouera, A. Mekkaouia and M. Younesb, “STATCOM and Capacitor Banks in a Fixed-speed
Wind Farm”, Energy Procedia, Volume 50, 2014, pp. 882-892.

[10]J. Castaneda, J. Enslin, D. Elizondo, N. Abed, S. Teleke, “Application of STATCOM with energy
storage for wind farm integration”, Transmission and Distribution Conference and Exposition, IEEE
PES, 2010, pp. 125-131.

[11]Y. Deng, Venayagamoorthy G.K., Harley G.K., Optimal utilization of STATCOM devices in a power
system with high penetration of wind generation, Proc. of Power Systems Conference PSC2014,
Clemson University, March 2014, pp. 120-135.

[12]H. Chong, A.Q. Huang, M.E. Baran, S. Bhattacharya, W. Litzenberger, L. Anderson, A.L. Johnson,
A.A. Edris, “STATCOM Impact Study on the Integration of a Large Wind Farm into a Weak Loop
Power System,” IEEE Trans. on Energy Conversion, 23, 2008, pp. 226-233.

[13]H. Glaoui, A. Harrouz, I. Messaoudi, H. Saab, “Modelling of Wind Energy on Isolated Area”,
International Journal of Power Electronics and Drive System (IJPEDS), ISSN: 2088-8694, Vol. (4)
No.2, JUIN 2014, pp. 274-280.

[14]L. Meegahapola, S. Perera, “Capability Constraints to Mitigate Voltage Fluctuations from DFIG Wind
Farms when Delivering Ancillary Services to the Network”, Electrical Power and Energy Systems,
62 (2014), 152-162.

[15]Wojciechowski, R. Strzelecki, “Predictive Control of Active Filter System with LCL Coupling
Circuit”, Proc. of International”, IEEE Power Electronics Conference IPEC2010, Sapporo, 21-24 June
2010, pp. 152-162.

[16]K.E. Okedu, “A Study of Wind Farm Stabilization Using DFIGor STATCOM Considering Grid
Requirements”, Journal of Engineering Science and Technology Review, 3 (2010), pp. 200-209.
[17]F.D. Gonzalez, M.M. Rojas, A. Sumper, O.G. Bellmunt, L. Trilla, “Strategies for Reactive Power
Control in Wind Farms with STATCOM,” Proc of EPE Wind Energy Chapter Symposium, EPE-

WECS 2010, Stafford, UK, 15-16 April 2010, pp. 1-10.

[18]S.M. Muyeen, M.A. Mannan, M.H. Ali, R. Takahashi, T. Murata, J. Tamura. “Stabilization of Grid
Connected Wind Generator by STATCOM,” Proc. of IEEE PEDS, 2005, pp. 1208 — 1213.

[19]W. Qiao, G.K. Venayagamoorthy, R.G. Harley. ‘“RealTime Implementation of a STATCOM on a
Wind Farm Equipped With Doubly Fed Induction Generators”, IEEE Trans. on Industry Applications,
No. 145, 2009, pp. 108 — 114.

[20]W.T. Liu, Y.K. Wu, C.Y. Lee, C.R. Chen, “Effect of Low-VoltageRide-Through Technologies on the
First Taiwan Offshore Wind Farm Planning,” IEEE Transactions on Sustainable Energy, No. 12,
2011, pp. 111 - 121.

[21]S. Bakr, “Design, Simulation, and emulation o f'a Residential Load Management Algorithm Utilizing
a Proposed Smart Grid Environment for the MENA Region”, March 2012, pp. 95-101.

[22]M. Osmani , F. Loucif “Renewable Energies and Shale Gas in Algeria, 2012, pp. 12-20.

[23]0. Okinda, N. A. Odero, ‘Modeling, Simulation and Optimal Sizing of a Hybrid Wind, Solar PV
Power System in Northern Kenya’, International Journal of Renewable Energy Research-lIJRER, Vol
6, No 4, 2016, pp. 1199-1211.

[24]B. Stambouli, Z. Khiat, S. Flazi, Y. Kitamura, “A review on the renewable energy development in
Algeria: Current perspective, energy scenario and sustainability issues”, Renewable and Sustainable
Energy Reviews, vol. 16, , 2012, pp. 4445-4460.

[25] Boufarrouk, “Renewable en ergy development in Algeria”, 2013, p.6.

[26]N. Kasbadji, “Wind energy assessment in Algeria. Proceeding of International Workshop on Physics
and Renewable Energies. pp. 28-32, 2010.

[27]Harrouz, A., Belatrache, D., Boulal, K., Colak, I., & Kayisli, K. (2020, September). Social acceptance
of renewable energy dedicated to electric production. In 2020 9th International Conference on
Renewable Energy Research and Application (ICRERA) (pp. 283-288). IEEE..

92



Algerian Journal of Renewable Energy and Sustainable Development 4(1) 2022: 84-93, doi: 10.46657/ajresd.2022.4.1.8

[28] https://cleantechnica.com (last accessed on 29.07.2017)

[29] Mebarki, B., Allaoua, B., Draoui, B., & Belatrache, D. (2017). Study of the energy performance of a
PEM fuel cell vehicle. International Journal of Renewable Energy Research (IJRER), 7(3), 1395-
1402.

[30]Buluc, H. Ibrahim Bulbul, “Increasing Social Awareness of Consumer Behaviors On Smart Grids
Energy Systems”, International Journal of Renewable Energy Research-1JRER, Vol 6, No 4, 2016,
pp. 1464-1475.

[31]M. Mellouli, M. Hamouda, J. B. Slama, “A comparative Study And Evaluation of Improved MAF-
PLL Algorithms”, International Journal of Renewable Energy Research-lIJRER, Vol 7, No 1, 2017,
pp. 88-95.

[32]N.A. Hidayatullah “Impacts of Distributed Generation on Smart Grid” Master of Engineering
(Electrical Engineering), Victoria University February 2011, pp. 12-25.

[33]S.A. Khan, R.K. Rajkumar, Y.W. Wong, C.A. Vaithilingam, “Feasibility Study of a Novel 6V
Supercapacitor based Energy Harvesting Circuit Integrated with Vertical Axis Wind Turbine for Low
Wind Areas”, International Journal of Renewable Energy Research-1JRER, Vol 6, No 3, 2016, pp.
1167-1177.

[34]Belatrache, D., Harrouz, A., Abderrahmane, A., & Manaa, S. (2019). Numerical Simulation of a
Pseudo Plastic Fluid Through Sudden Enlargement. Algerian Journal of Renewable Energy and
Sustainable Development, 1(1), 92-98.

[35]J. Momoh. “Smart grid design for efficient and flexible power networksoperation and control”, Power
Systems Conference and Exposition, PES '09, IEEE/PES, 2009, p.203.

[36]H.S. Das, A. Dey, C.W. Tan, A.H.M. Yatim, “Feasibility Analysis of Standalone PV/Wind/Battery
Hybrid Energy System for Rural Bangladesh,” International Journal of Renewable Energy Research-
JRER, Vol 6, No 2, 2016, pp. 402-412.

[37]ABBAS, R., HARROUZ, A., & DUMBRAVA, V. (2021). Simulation and Optimization of a Wind
Energy System in the Adrar Region. Algerian Journal of Renewable Energy and Sustainable
Development, 3(02), 198-215.

[38] M.N. Hassanzadeh, M.F. Firuzabad, A. Safdarian, “Wind Energy Penetration with Load Shifting from
the System Well-being Viewpoint”, International Journal of Renewable Energy Research-1JRER, Vol
7, No 2, 2017, pp. 977-987.

[39]N.U. Chowdhury, S.E. Reza, T.A. Nitol, A.A.F.I. Mahabub, “Present Scenario of Renewable Energy
in Bangladesh and a Proposed Hybrid System to Minimize Power Crisis in Remote Areas”,
International Journal of Renewable Energy Research-1JRER, Vol 2, No 2, 2012, pp. 280-288.

[40]S. Kanti Bala, “Study of Smart Grid Technology and Its Development in Indian Scenario”, Bachelor
of Technology in Electrical Engineering , Institute of Technology Rourkela, Odisha, India, 2013, pp.
15- 25.

[41]Mohamed E. El-hawary, “The Smart Grid—State-of-the-art and Future Trends”, Electric Power
Components and Systems, ISSN: 1532-5008, Vol. 42, 2014, pp. 3-4.

[42]Elgammal, A. David, “Self-Regulating Active Power Filter Compensation Scheme for Hybrid
Photovoltaic-Fuel Cell Renewable Energy System for Smart Grid Applications,” International Journal
of Renewable Energy Research-1JRER, Vol 7, No 2, 2017, pp. 513-524.

[43]S. Konda, L. Panwar, B K Panigrahi, R. Kumar, S. Goutham, “A Dynamic Penalty Cost Allocation
Based Uncertain Wind Energy Scheduling in Smart Grid,” International Journal of Renewable Energy
Research-1JRER, Vol 7, No 1, 2017, pp. 344-352.

[44]T. Harighi, R. Bayindir and E. Hossain, "Overview of Quality of Service Evaluation of a Charging
Station for Electric Vehicle," 2017 IEEE 6th International Conference on Renewable Energy Research
and Applications (ICRERA), no. EV, 2017, pp. 1180-1185.

93



