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Abstract — There are two types of DC-DC buck-boost converters used in solar Maximum Power
Point Tracking (MPPT) PV systems: stand-alone and grid-connected. Stand-alone PV systems
are employed in places where there is no access to the utility grid. The performance of a PV
system in these systems is determined by the operating conditions. Three variables have a
significant impact on the maximum power collected from a PV source: irradiation, load profile,
and temperature. Grid-connected PV systems are employed in places where the utility grid is
readily available. The solar module provides the maximum power at the point on the I-V curve
where the product of voltage and current is greatest. The Maximum Power Point is the name
given to this point (MPP). The voltage level at each bus, as well as transmission line losses, have
been simulated and tabulated. The consequences of integrating wind turbine generators with
the defined grid have been studied. This thesis proposes a DC-DC Buck-Boost converter
with a solar MPPT algorithm for the analysis of solar PV installations. When compared
to the other converters stated in this study, the proposed technique outperforms them.
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Introduction —

MPPT (Maximum Power Point Tracking) ensures that the PV module operates at its maximum
electricity point (MPP), extracting the most power possible. The solar system may generate
maximum electricity successfully if the irradiance situation is good and the system is using an
effective MPPT algorithm. MPPT techniques such as the Differential approach, Perturb and
Observe (P & O), Incremental Conductance (Inc. Con.), Curve fitting, Open- Circuit Voltage PV

generator, Short circuit PV generator method, and others have been created by researchers from
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all over the world. Three elements determine the efficiency of a PV plant: the PV module's
efficiency, the inverter's efficiency, and the MPPT algorithm's effectiveness. MPPT algorithms
are necessary to extract the most power from a solar array because the MPP of a solar panel
fluctuates with irradiance and temperature (Lu et al 2009). The P & O and Incremental
Conductance algorithms are the most widely used of all the algorithms since they are simple to
implement. The P-V curve has only one maximum point in most conditions, hence it is
insignificant. If the PV array is partially shaded, however, these curves have a lot of maxima.
shows a PV system that includes a PV panel, DC-DC converter, and MPPT controller.

1. A favourable performance-to-cost ratio is necessary to encourage the commercialisation

of innovative PV technology.
2. An optimal control that can gather the highest output power from PV arrays under any

operational and weather circumstances.

Designing a PV system that can achieve these technological requirements is a technically
demanding aspect since the PV array has a highly nonlinear feature and its performance changes
with operational variables such as insulation and ambient temperature. The DC-DC converter in
a PV system has a significant impact on the system's efficiency. Various DC-DC converters used
in PV systems have been the subject of many previous research. Converters are classified into a
variety of groups based on their use, switching kinds, current modes, and other variables. In
order to get the most power out of the PV panel, the performance of a solar power system with a
buck converter was investigated. Each converter, according to a prior study, has its own set of
benefits and drawbacks. As a result, it's critical to design a PV system that's high in efficiency,
low in stress, and low in ripple. The maximum power delivered by a PV system is determined by
irradiation and the operational point of the system. The impedance of a PV panel determines its
operating point. MPPT controllers shift a PV panel's operating point from input impedance (Ri)
to optimal resistance (Ro) (RMPP). Various MPPTs have been studied by various researchers in
the past. For a variety of PV-based applications, early researchers explored the performance of a
number of MPPT algorithms. Complex algorithms are clearly necessary to attain maximum
MPPT efficiency, as evidenced by the aforementioned assessments. As a result, an MPPT

controller that is both simple and effective is required for a PV system. As a result, this study
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proposes a unique DC-DC Buck-Boost converter with an MPPT controller for maximum power

extraction from the PV system.
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Figure 1 Block Diagram of PV Panel with Converter and MPPT

Methodology

A step-down converter is another name for a DC-DC buck converter (Bilsalam et al 2011). In
typically, the voltage gain of this converter is less than one. As a result, this design allows high
module voltages to be coupled to low load or battery voltages. It's an SMPS with at least two
semiconductor switches (a diode and a transistor) and at least two energy storage devices (a
capacitor and an inductor).

D =(1)

where,

Vo is the output voltage of the converter

Vi is the input voltage of the converter.

DC-DC Boost Converter

A DC-DC boost or step-up converter's output voltage magnitude is always bigger than the input

voltage magnitude (Nejabatkhah et al 2012). As a result, large load/battery voltages can be connected
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to low module voltages using this architecture. It's an SMPS that has at least two semiconductor
switches (a diode and a transistor) and at least one energy storage device, such as a capacitor,
inductor, or a combination of both. DCDC boost converter applications in PV systems have resulted

from a number of research efforts. The duty cycle of the boost converter is

_q_ v
D=1- 22

DC-DC Cuk converter

The Cuk converter (Vaigundamoorthi & Ramesh 2012) is a DC-DC converter that functions
similarly to a buck—boost converter, allowing it to step up or down the input voltage with reverse
polarity via the common terminal. This configuration can be used to connect module voltages to
batteries or loads that are virtually identical. It's an SMPS with at least one semiconductor switch
(diode or transistor) and at least four energy storage devices (two capacitors and two inductors).
The difference between a cuk converter and a buck-boost system is the addition of a capacitor
and an inductor. The inductor Li, which filters the large harmonics in the DC input, is the energy

transfer device. The duty cycle of the cuk converter is,
D Vo

oW (3)
The continuous current at the converter input and output is a significant benefit of this topology.
Many academics have concentrated on it in order to harvest the optimum amount of electricity
from PV panels using various methods. The cuk converter's only flaw is the enormous electrical
stress placed on the switch, diode, and capacitor C1. It demands a reduction in component stress in

order to increase efficiency.The duty cycle of the cuk converter is:

DC-DC Buck- Boost Converter
The circuit diagram for a DC-DC buck-boost converter (Sahin&Okumus 2012). When switch S1 is

turned on, it operates in buck mode, while switch S2 is always turned off. Supply voltage appears

across the load when S1 is closed, and the inductor stores energy. When S1 is opened, the
inductor's stored energy freewheels through the load and diodes D1, D2. Switch S1 is remained in

the ON position while S2 is turned on to function in boost mode.
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Figure 1 Circuit Diagram for DC-DC Buck-Boost Converter

Inductor L stores energy when S2 is closed, and when S2 is opened, the supply voltage appears
across the load, and the energy in the inductor appears as additive energy to the load, resulting in
boost operation.

Because both buck and boost operation are dependent on the energy of the inductor, which is
further dependent on its predicted value, the design of L and C is critical for both software and

hardware implementation. The formulas below can be used to calculate L and C.

L=Vin* & /(P*dI) 4)
C=loy * 8 /(F¥dV) 5)
dI=0.8+I (6)
8=(Vout+Va)(Vou + Vin +Vq) (7

Where, Vout = output voltage
Vd = diode forward drop
Vin = minimum input voltage
| = average inductor current = lout/(1- 5)
lout = average output current
f=switching frequency
dV=output ripple voltage
dl =ripple current

0 = duty cycle
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The performance characteristics of a DC-DC Buck boost converter with MPPT controller are
examined and shown in this research study using the MATLAB/ SIMULINK software platform.
Figure shows the simulation schematic for the proposed DC-DC Buck Boost Converter with

solar MPPT controller, while Figure 2 shows the converter's control circuit.
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Figure 2 Simulation Diagram for DC-DC Buck Boost Converter with Solar MPPT
Controller (MATLAB/SIMULINK Model)
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Figure 3 Simulation Diagram for DC-DC Buck Boost Converter Control Circuit
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The performance characteristics for power output from the solar panel and the MPPT are

illustrated in Figure 3.
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Figure 4 Performance Characteristics of Solar Panel and MPPT Controller

The output voltage from the converter is given in Figure 5

Figure 5 Output Voltage from DC-DC Buck-Boost Converter
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MPPT Algorithms for PV System
It is difficult to improve the efficiency of the PV panel and inverter because it is dependent on

the technology available. It may necessitate higher-quality components, raising the installation
cost significantly. As a result, using new control algorithms to improve the tracking of the
Maximum Power Point (MPP) is easier and less expensive. A simple and effective MPPT
controller is required for an efficient PV system. Traditional MPPT approaches like Perturb &

Observe (P&O) and incremental conductance are compared in this study.

Perturb & Observe (P&0O) MPPT
As the name suggests, the Perturb and Observe (P&O) approach is based on inspecting the array

output power and perturbing (adding or removing) the power in response to changes in array
voltage or current. With regard to the preceding power sample, this approach constantly adds or
subtracts the reference current or voltage. Figure 5 depicts the working of the P&0O MPPT. The
computation of the current state k and the prior state k-1 of the parameters V and | is taken into
account. The current and prior states of the power P and voltage V parameters are compared.
Increase or decrease of perturbed voltage V will be applied to the PV module operating voltage
according to the criteria shown in Figure 4.58. Figure 4.58 depicts the power-voltage
characteristic feature of the PV model, which explains the MPP tracking mechanism. There are

four probable scenarios which will affect the direction of the tracking in P&0O MPPT.
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Figure 6 Flowchart of P&O Algorithm
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Figure 7 Principle of MPP Tracking

Case | The situation can be illustrated as path in Figure 6 for Pk> Pk-1 and Vk> Vk-1. When the
operational voltage is raised, the PV power rises along with it. As a result, a modest voltage
change of V must be applied to the current PV operating voltage, followed by PV power
monitoring. This procedure is repeated until the MPP is found.

Case (ii) The Pk> Pk-1 and Vk Vk-1 are referred to in Figure 4.58 as the way. When the working
voltage is reduced, the PV power increases, as can be seen. To identify the MPP operating point,
the current PV operating voltage should be reduced by V, and the parameters Pk and Pk-1 should
be compared. If the criteria Pk> Pk-1 is met, V will continue to decrease until the MPP is
effectively spotted.

Case (iii) In Figure 7, the Pk Pk-1 and Vk> VKk-1 can be shown as a path. In this case, when the
PV operating voltage rises, the PV power decreases. As a result, the current PV operating voltage
should be reduced by V.
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Case (iv) In Figure 4.58, the Pk Pk-1 and Vk Vk-1 are shown as path. The PV power decreases
as the PV operating voltage decreases. As a result, the PV operating voltage should be increased
by a factor of V to match the PV maximum power point.

The PV module operational voltage is disturbed in every cycle, which is the fundamental
disadvantage of the P&O MPPT technique. This algorithm will always increase or decrease the
PV operating voltage by a factor of V. Even after the MPP has been successfully monitored, the
maximum power tracking process will continue. This is due to the fact that the PV module's

output power for the next perturbed cycle is unpredictable.

4.5.6 Incremental Conductance MPPT

The array terminal voltage is always modified according to the MPP voltage in the incremental
conductance approach. It is based on the PV module's incremental and instantaneous
conductance. The PV array power curve has a slope of zero at MPP, increasing on the left side of
MPP and decreasing on the right side of MPP.

The basic equations of this method are as follows:

dl I
v Ty at MPP (8)

dl I

W > — ;Ieft at MPP 9
4L <« —IRight of MPP (10)

dv 4 9

PV array output current and voltage are represented by I and V in the equations above. The
incremental conductance of a PV module is shown on the left side of the equations, while the
instantaneous conductance is represented on the right. The solar array will function at the MPP
when the ratio of change in output conductance equals the negative output conductance. In other
words, the MPPT will track the maximum power of the PV module by measuring the
conductance at each sampling interval. The incremental conductance algorithm's operating flow
chart is shown in Figure 8. It all starts with determining the PV module's current voltage and
current values. The incremental changes (dl and dV) are then calculated using the current and

historical voltage and current values. The major check is conducted out utilizing the Equation 8-
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10 relationships. If the condition does not satisfy Equation 10, the operating point is presumed to
be on the left side of the MPP, and the module voltage must be increased to move into the right.

| Measure ?1; Iy, Vi1, I |

av -“a:a-'fux-n
dl = Iy~ Ige1y

Decrease Duty cycle Decrease Duty cycle

—®| Increase Duty cycle 1 l’ Increase Duty cycle (4

Update
Y17 Vi)
Teny=Im)

Figure 8 Flowchart of Incremental Conductance
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Similarly, if the condition fulfils the inequality Equation 10, the operating point is expected to be
on the right side of the MPP and must be shifted to the left by lowering the module voltage.
When the operating point approaches the MPP, the condition fulfils Equation 8, and the voltage
adjustment is skipped by the algorithm. Finally, at the end of the cycle, it saves the voltage and
current data that will be utilised as prior values in the following cycle, updating the history. The
disadvantage is that noise in the components causes reliability concerns.

The numerical performance of the aforesaid converters with the P&O and Incremental
Conductance methods is shown in Table 1. Table 1 shows that the suggested Buck-Boost

Converter outperforms other converters in terms of efficiency.

Table 1 Comparison of Efficiency for Converters with MPPT

MPPT P&O INC. CON
Pin Pout Efficiency Pin Pout Efficiency
Converter | \atts) | (watts) (%) (watts) | (watts) (%)
BUCK 400 322.4 80.6 400 331.3 82.83
BOOST 400 321.7 80.43 400 330.5 82.63
CUK 400 323.9 80.98 400 332.6 83.15
BUCKTBOOS 400 325.2 81.3 400 336.4 84.1
Conclusion

We looked at PV systems with various converters like as buck, boost, cuk, and Buck-Boost
converters. P&O and incremental conductance MPPT techniques are used to examine each
converter. The MATLAB/SIMULINK software platform is used to model the entire system. The
suggested Buck-Boost converter with incremental conductance method provides a significant

boost in solar PV system efficiency, according to simulation data.

References

1. A review of Drivers, Challenges and Opportunities‘, Electric Power System
Research, vol. 77, pp. 1187-1203.

2. Aien, M, Fotuhi-Firuzabad, M & Rashidinejad, M 2014, _Probabilistic Optimal
Power Flow in Correlated Hybrid Wind-Photovoltaic Power Systems. IEEE
Transactions on Smart Grid*‘, vol. 5, no. 1, pp. 130 - 138.

3. Akhmatov, V, Knudsen H, Nielsen, AH, Pedersen, JK & Poulsen, NK 2000, _A
dynamic stability limit of grid-connected induction generators, Proceedings of
International IASTED Conference on Power and Energy Systems, Marbella, Spain.

1753




Turkish Journal of Computer and Mathematics Education Vol.11 No.03 (2020), 1741-1758

10.

11.

12.

13.

14.

15.

16.

17.

Research Article

Billinton, R & Bagen, 2006, _Reliability Consideration in Utilization of Wind
Energy, Solar Energy and Energy Storage in Electric Power Systems‘, 9th
International Conference on Probabilistic Methods Applied to Power Systems, KTH,
Stockholm, Sweeden, pp. 1-6.

Billinton, R & Gao, Y, 2008, _Multi State Energy Conversion System Models for
Adequacy Assessment of Generating Systems Incorporating Wind Energy‘, IEEE
Transaction on Energy Conversion, vol. 23, pp. 163-170.

Bilsalam, A. Haema, J, Boonyaroonate, I, & Chunkag, V 2011,_Simulation and Study
of Photovoltaic Cell Power Output Characteristics with Buck Converter Load‘,
Proceedings of International Conference of Power Electronics and ECCA Asia,
pp.3033-3036.

Biswas, S, Chatterjee, R & Pramanik, R 2014, _Optimization of electrical power
networks with wind generator integration‘, 1stInternational Conference on Non
Conventional Energy (ICONCE), pp.148 - 153.

Bolik, SM 2003, _Grid Requirements Challenges for Wind Turbines‘, Fourth
International Workshop on Large-Scale Integration of Wind Power and Transmission
networks for Offshore Wind Farms.

Can Wan Zhao Xu Pinson, P & Zhao Yang Dong Kit Po Wong, 2014, Optimal
Prediction Intervals of Wind Power Generation‘, IEEE Transactions on Power
Systems, vol. 29, no. 3, pp. 1166 - 1174.

Chuang, S & Schwaegerl, C, 2009, _Ancillary services for renewable Integration of
Wide-Scale Renewable Resources into the Power Delivery System‘, CIGRE/IEEE
PES Joint Symposium.

Colson, CM, Nehrir, MH, Sharma, RK & Asghari, B 2014, _Improving Sustainability
of Hybrid Energy Systems Part I: Incorporating Battery Round-Trip Efficiency and
Operational Cost Factors®, IEEE Transactions on Sustainable Energy, vol. 5, no.1, pp.
37 - 45.

Current Controller‘, IEEE Transactions on Industrial Electronics, vol. 61, no. 6, pp.
2784-2794.

Dragomir, D, Golovanov, N & Postolache, P, 2008, _Overview on the Grid Code
Requirements Related to the Connection of Wind Power Plants‘, 2nd International
Conference on Modern Power System MPS,CLUJ-NAPOCA, Romania.

Ekanayake, J & Jenkins, N 2004, _Comparison of the response of doubly fed and
fixed-speed induction generator wind turbines to changes in network frequency®,
IEEE Transactions on Energy Conversion, vol. 19, no. 4, pp. 800-802.

El-Amin, Bakhashwain, J & Abido, M 2006, _Power System Stability in the
Deregulated Environment‘, 15th GCC-CIGRE Symposium, Abu- Dhabi, UAE, pp.
147-152.

El-Sayed, MA 2010, _Integrating Wind Energy into Weak Power Grid Using Fuzzy
Controlled TSC Compensator*, International Conference on Renewable Energies and
Power Quality (ICREPQ, 2010), Granada,Spain.

Gao, Y & Billinton, R 2009, _Adequacy Assessment of Generating Systems
Containing Wind Power Considering Wind Speed Correlation®, IET Renewable
Power Generation, vol. 3, pp. 217-226.

1754



Turkish Journal of Computer and Mathematics Education Vol.11 No.03 (2020), 1741-1758

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Research Article

Georgilakis, PS 2008, _Technical Challenges Associated with the Integration of Wind
Power into Power Systems‘, Renewable and Sustainable Energy Reviews, vol. 12, pp.
852-863.

Ghiani, E, Pilo, F, Soma, GG & Celli, G 2007, _Power Quality Measurements
Performed on a Large Wind Park at Low and Medium Voltage Level‘, International
Conference on Power Systems Transient,Lyon, France.

Gipe, P 2009, _Grid integration of wind energy‘, http//www.windworks.
org/articles/GridIntergrationofWind Energy.html.

Hammons, TJ 2008, _Integrating Renewable Energy Sources into European Grids®,
Electric Power and Energy Systems, vol. 30, pp. 462-475.

Herbert, GMJ, Iniyan, S, Sreevalsan, E & Rajapandian, S 2007, _A Review of Wind
Energy Technologies‘, Renewable and Sustainable Energy Reviews, vol. 11, pp.
1117-1145.

Holdsworth, L, Jenkins, N & Strbac, G 2001, _Electrical stability of large, offshore
wind farms‘, IEE Seventh International Conference on AC-DC Power Transmission,
pp. 156-161.

Holdsworth, L, Wu X.G, Ekanayake, JB & Jenkins N, 2003, _Comparison of fixed-
speed and doubly-fed induction generator wind turbines during power system
disturbances‘, IEE Proceedings of Generation, Transmission and Distribution, vol.
150, no. 3,pp. 343-352.

Ingole, AS & Rakhonde, BS 2015, _Hybrid Power Generation System Using Wind
Energy and Solar Energy‘, International Journal of Scientific and Research
Publications, vol. 5, no. 3, pp. 1 - 4.

Igbal, MA & Sharma, S 2014, _Analysis and comparison of various control strategy
of hybrid power generation - A Review‘, Ist International Conference on, Non
Conventional Energy (ICONCE), pp.184 - 189.

Jacobson, R & Gregory, B 1999, _Wind Power Quality Test for Comparison of
Power Quality Standards‘, Wind power 99, Burlington, Vermont, pp. 1-11.

Jayadev, TS 1976, _Windmills stage a comeback®, International Journal of Emerging
Electric Power Systems, vol. 3, no. 2, pp. 45-49

Jinwei He Yun & Wei Li Blaabjerg, F 2014, _Flexible Microgrid Power Quality
Enhancement Using Adaptive Hybrid voltage and

Julia Tholath Jose, 2013,‘Comparison Of Economic Load Dispatch Of Wind
Hydrothermal Systems‘, International Journal of Engineering Research &
Technology, vol. 2, no. 4, pp. 2315 -2319.

Kennedy, BW 2004, _Integrating wind power: Transmission and operational
impacts‘, Refocus, vol. 5, pp. 36-37.

Kocatepe, C, Inan, A, Arikan, O, Yumurtaci, R, Kekezoglu, B, Baysal, M, Bozkurt, A
& Akkaya, Y 2009, _Power Quality Assessment of Grid-Connected Wind Farms
Considering Regulation in Turkey‘, Renewable and Sustainable Energy Reviews, vol.
13, pp. 2553-2561.

Kollimalla, SK, Mishra, MK & Lakshmi Narasamma, N 2014, _A new control
strategy for interfacing battery supercapacitor storage systems for PV system‘, IEEE
Students' Conference on Electrical, Electronics and Computer Science (SCEECS),
pp.1- 6.

1755



Turkish Journal of Computer and Mathematics Education Vol.11 No.03 (2020), 1741-1758

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Research Article

Lopes, JAP, Hatziargyrious, N, Mutale, J, Djapic, P & Jenkins, N 2007, _Integrating
Distributed Generation into Electric Power Systems:

Lu, D.D.C, Chu, R.H, Sathiakumar, S & Agelidis, V.G.A 2007, _A Buck Converter
with Simple Maximum Power Point Tracking for Power Electronics Education on
Solar Energy Systems‘, Proceedings of Australasian Universities Power Engineering
Conference, pp. 1-5.

Marshal, TPJ & Deepa, K 2014, _Hybrid renewable energy system: Optimum design,
control and maximum utilization with SIBB converter using DSP controller, Power
and Energy Systems Conference: Towards Sustainable Energy, pp.1 - 4.

Mendis, N, Muttaqi, KM & Perera, S 2014, _Management of Low- and High-
Frequency Power Components in Demand-Generation Fluctuations of a DFIG-Based
Wind-Dominated RAPS System Using Hybrid Energy Storage‘, IEEE Transactions
on, Industry Applications, vol. 50, no.3, pp. 2258- 2268.

Mishra, S, Gupta, M, Garg, A, Goel, R & Mishra, VK 2014, _Modeling and
simulation of solar photovoltaic and PMSG based wind hybrid system‘, _IEEE
Students' Conference on Electrical, Electronics and Computer Science (SCEECS),
pp.1- 6. Mullane, A & O‘Malley, M 2005, _The inertial response of
inductionmachine based wind turbines‘, IEEE Transactions on Power Systems, vol.
20, no. 3, pp. 1496-1503.

Narender Reddy, M, Bhagawan Reddy, J & Mohd Mustafa, 2013,Economic Load
Dispatch of Thermal and PV system with battery storage‘, International Journal of
Engineering Sci. Invention, vol. 2, no. 9, pp. 54-59.

Nejabatkhah, F, Danyali, S, Hosseini, S.H, Sabahi, M & Niapour, S.M 2011,
_Modeling and Control of a New Three-input DC-DC Boost Converter for Hybrid
PV/FC/Battery Power System‘, IEEE Transactions on Power Electronics, vol. 27, no.
5, pp. 2309-2324.

Pacudan, R 2004, _The Challenge of Renewable Energies Integration in Energy
Distribution Systems*‘, Science Forum of the Renewable, pp. 51-54.
Pirhaghshenasvali, M & Asaei, B 2014, _Optimal modeling and sizing of a practical
hybrid wind/PV/diesel generation system‘, Power Electronics, Drive Systems and
Technologies Conference (PEDSTC), pp.506 - 511.

Prema, V & Rao, KU 2014, _Predictive models for power management of a hybrid
microgrid - A review‘, International Conference onAdvances in Energy Conversion
Technologies (ICAECT), pp. 7-12.

Rai, GD 2000, _Non conventional energy sources‘, Khanna Publishers, 4th Edition,
New Delhi (India).

Rao, SPL, Kurian, CP, Singh, BK, Abhinav, K & Nandy G, 2014, _Design and
simulation of grid connected hybrid solar-WECS using SIMULINK/MATLAB®,
International Conference on Advances in Energy Conversion Technologies
(ICAECT), pp. 241-247.

Sahin, M.E & Okumus, H.I 2012, _A Fuzzy Logic Controlled PV Powered Buck-
Boost DC-DC Converter for Battery-Load System‘, International Symposium on
Innovations in Intelligent Systems and Applications, pp. 1-5.

Satpathy, AS, Kishore, NK, Kastha, D & Sahoo, NC 2014, _Control Scheme for a
Stand-Alone Wind Energy Conversion System‘, IEEE Transactions on Energy
Conversion, vol. 29, no. 2, pp. 418-425.

1756



Turkish Journal of Computer and Mathematics Education Vol.11 No.03 (2020), 1741-1758

48.

49.

50.

ol.

52.

53.

54,

55.

56.

S7.

58.

59.

60.

61.

Research Article

Shuben Zhang, Jian Yang Xiaomin Wu & Ruiyi Zhu 2014, _Dynamic power
provisioning for cost minimization in islanding micro-grid with renewable energy*,
IEEE PES Innovative Smart Grid Technologie Conference (ISGT), pp.1-5.

Smith, JC, DeMeo, EA, Parsons, B & Milligan, A 2004, _Wind Power Impacts on
Electric Power System Operating Costs: Summary and Perspective on Work to Date*,
American Wind Energy Association Global Wind Power Conference Chicago,
[linois.

Som, T & Chakraborty, N 2014, _Studies on Economic Feasibility of an Autonomous
Power Delivery System Utilizing Alternative Hybrid Distributed Energy Resources®,
IEEE Transactions on Power Systems, vol. 29, no. 1, pp. 172 -181.

Sorensen, P, Cutululis, NA, Lund, T, Hansen, AD, Sorensen, T, Hjerrild, T, Donovan,
MH, Christensen, L & Nielsen, HK 2007,'Power Quality Issues on Wind Power
Installations in Denmark‘, IEE Power Engineering Society General Meeting, pp.1-6.
Subramanian, R & Thanushkodi, K 2013, _Solving Economic Load Dispatch
Problems by Novel TANAN‘s Algorithm (NTA)‘, International Review on Modelling
and Simulations, vol. 6, no.3,pp.814-818.

Tan Ma Serrano, B & Mohammed, O 2014, _Distributed control of hybrid AC-DC
microgrid with solar energy, energy storage and critical load‘, Power Systems
Conference (PSC), Clemson University, pp.1-6.

Terciyanli, E, Demirci, T, Kucuk, D, Sarac, M, Cadirci, I & Ermis, M 2014,
_Enhanced Nationwide Wind-Electric Power Monitoring and Forecast System‘, IEEE
Transactions on Industrial Informatics, vol. 10, no. 2, pp.1171-1184.

Thushar, A & Surya, PR 2014, _Autonomous wind—Hydro hybrid system using cage
generators and battery storage‘, Power and Energy Systems Conference: Towards
Sustainable Energy, pp.1- 6.

Tianpei Zhou & Wei Sun, 2014, _Optimization of Battery Supercapacitor Hybrid
Energy Storage Station in Wind/Solar Generation System Energy‘, IEEE
Transactions on Sustainable Energy, vol. 5, no. 2, pp. 408-415.

Tlili, N, Neily, B & Ben Salem, F 2014, _Modeling and simulation of hybrid system
coupling a photo voltaic generator, a PEM fuel cell and an electrolyzer (Part I1), 11th
International Multi-Conference on Systems, Signals & Devices (SSD), pp. 1 -7.
Twaha, S, Al-Hamouz, Z & Mukhtiar, MU 2014, _Optimal hybrid renewable-based
distributed generation system with feed-in tariffs and ranking technique‘, 8th
International IEEE Power Engineering and Optimization Conference (PEOCO),
pp.115-120.

Vaigundamoorthi, M, & Ramesh, R 2012, _Experimental Investigation of Chaos in
Input Regulated Powered Cuk Converter, International Journal of Computer
Applications., vol. 43, no.10, pp. 11-16.

Veganzones, C, Martinez, S & Blazquez, F 2005, _Large Scale Integration of Wind
Energy into Power System‘, Electrical Power Quality and Utilization, Magazine
Spain, vol. 1, pp. 15-22.

Venkatesan, P & Senthilkumar, S 2014, _Wind and Solar Energy Conversion System
Using MPPT Based Power Electronics International Journal of Engineering, vol.6,
no.5, pp.235 — 241.

1757



Turkish Journal of Computer and Mathematics Education Vol.11 No.03 (2020), 1741-1758

62.

63.

64.

65.

Research Article

Wu, XG, Arulampalam, A, Zhan, C & Jenkins, N 2014, _Application of a Static
Reactive Power Compensator (STATCOM) and a Dynamic Braking Resistor (DBR)
for the stability*,

Xiaoyu Wang Meng, Yue Muljadi, E & Wenzhong Gao, 2014, _Probabilistic
Approach for Power Capacity Specification of Wind Energy Storage Systems‘, IEEE
Transactions on Industry Applications, vol. 50, no. 2, pp. 1215-1224.

Zahboune, H, Kadda, FZ, Zouggar, S, Ziani, E, Klemes, JJ, Varbanov, PS &
Zarhloule, Y 2014, _The new electricity system cascade analysis method for optimal
sizing of an autonomous hybrid PV/wind energy system with battery storage‘, 5th
International Renewable Energy Congress (IREC), pp.1 - 6.

Zhang, X & Wang, W 2009, _Wind farm and wake effect modeling for simulation of
a studied power system‘, Proceedings of IEEE/PES Power Systems Conference and
Expo, Seattle, WA-USA, pp. 1-6.

1758



	DC–DC Cuk converter

