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Abstract 

There is a huge requirement for installing EV chargers all over the globe since the depletion of fossil 

fuels which are edging. There is a need to find alternative advanced converter to boost the output from 

PV. The solar energy is the recomended alternative energy to generate electrical enegy without any 

pollution. Also, In the present scenario, we need to go for Scalable & Sustainable Electric Vehicle (EV) 

charging infrastructure for the fast adoption of Evs. EV charging can be a true zero-net emission 

solution only if it is powered by solar or other renewable sources of energy. In this paper the main focus 

is to develop a efficient EV charging system which can contribute for achieving a zero pollution in the 

environment. The main focus of this paper is to develop an effective charging system for EV which 

contributes a crucial role in achieving a pollution free future. A Luo converter is used to enhance the 

PV output voltage thereby lessening the number of PV panels used. The proposed converter exhibits 

the benefits like excellent efficiency, lesser voltage stress and high conversion range.  The operation of 

the proposed converter is regulated with the aid of Lion Grey Wolf Optimized Proportional Integral 

(LGWO-PI) controller which significantly strengthens the converter operation in terms of settling time, 

total harmonic distortion (THD) and peak overshoot. The obtained converter output energizes the 

Brushless Direct Current Motor (BLDC) motor of EV after its conversion to AC form by a Voltage 

Source Inverter (VSI). A conventional PI controller is used for the effective speed control of BLDC 

motor. At times of power unavailability from PV systems, a VSI fed grid is used to energize the BLDC 

motor. On the whole, the complete charging setup provides a constant power supply for EVs. The 

presented work is simulated using MATLAB and the outputs indicate the enhanced functioning of the 

charging system. Comparisons are carried out with existing converters and control approaches in 

which the proposed system delivers a reduced THD of 2.1% and an optimal efficiency of 97.6%. 

 

Keywords - PV system; Luo converter; LGWO-PI controller; BLDC motor; PI controller; single phase 
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INTRODUCTION 

As seen by the continuous need for petroleum, cars are now seen as essential components of daily 

life for both individual transportation and the 

transport of commodities. Such a demand, rising 

fuel prices, rising environmental analysis due to air 

pollution and climate change has raised concerns. 

As a result, many governments have challenged 

automakers to develop low-emission and 

ecofriendly transportation options. Electric vehicles 

(EVs) have been produced and used in this 

environment to reduce reliance on fossil fuels, 

which has reduced emissions of greenhouse gases 

and other pollutants [1-3]. Additionally, in order to 

prevent environmental harm from conventional 

automobiles, automotive emission standards have 
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been implemented. Several nations have also adopted requirements for transportation networks to 

reduce vehicle emissions. In this situation, there has been a dramatic 99% reduction in the gross 

percentage of "atmospheric aerosol particles" generated by vehicle exhaust [4].  

 

Due to this paradigm shift, internal combustion engine vehicles are losing ground to electric vehicles 

in terms of cost. Conscious of an effectiveness of EVs, many number of nations have developed a 

number of resolutions and provided significant funds to promote a widespread use of EVs. In reality, 

improvement of a battery technology and growth of battery charging points effort to meet energy needs 

are the factors that led to a rising popularity and use of EVs. In order to promote EVs, the basic structure 

of the charging system is crucial [5-8]. The biggest drawback of EV charging infrastructures is that they 

exclusively use grid as a power source, considering their use unfavorable to the environment. Since that 

EV charging can be managed and that renewable energy sources are distributable and time-limited, it 

follows both RES and EVs best work combined [9].  

 

The main factors behind emergence of EVs as a possible mode of transportation is anticipated 

shortage of fossil fuels as well as increasing environmental issues. To gain over consumers, an EV 

industry must overcome some obstacles. The charging time of EVs is a major problem for potential 

buyers, as it was stated in [10]. Consequently, research interest in creating quick charging stations has 

increased. Due to its durability and ease of use in generating electricity, PV energy represents one of 

the most efficient alternative energy sources and is receiving a large amount of attention. Moreover, a 

PV power output suffers from intermittent nature which exist over a very short period of time in addition 

to inconsistency across a day of operations [11]. 

 

Due to increase need for clean energy and to go above restrictions of fossil fuels, EVs have attracted 

a lot of attention in several nations. Reducing air pollution, reducing reliance on fossil fuels, and 

enhancing energy safety are the main objectives of EVs. Only if EVs are linked with RESs the above 

requirements are satisfied. Solar PV-based EV charging systems are generally recognized among 

various RESs due to their unlimited availability in nature and lack of carbon emissions.  Since PV's low 

voltage is inadequate to fulfil a demand, large efficiency dc-dc converters are recommended in order to 

maximize output voltage across a larger range [12-15]. 

 
The output voltage of a PV system changes over time depending on a climate, including temperature 

and solar insulation. As a result, a PV system's electricity production is not reliable, therefore a suitable 
control method must be developed in order to improve a converter's efficiency by reducing THD, 
achieving a power factor which is close to unity, reducing steady state error, and resolving peak 
overshoot problems [16].  For managing the operation of converters in PV grid-tied systems, a 
traditional PI controller has generally been the most basic and practical controller. When utilized within 
a designated range, this controller controls a DC link voltage more effectively and with a lesser THD. 
However, determining proper PI controller values is thought to be a challenging task [17]. 
 

In this study, a Luo Converter is created to improve PV's production of unregulated DC voltage. The 
optimized PI controller is used to improve the output of a converter.  Single phase grid and 3-phase 
BLDC motor are the subsequent devices to receive a PV electricity which was produced. A PI controller 
is used to ensure control over a BLDC motor speed. 
 
PROPOSED SYSTEM DESCRIPTION 

Due to depletion of fossil fuels and required to reduce carbon emissions in order to slow an effects 
of global warming, an idea of PV-based EVs that support decarbonized energy generation and 
transportation is receiving a lot of attention nowadays [18]. Due to their beneficial qualities, such as 
their simple design, high efficiency, outstanding speed control capabilities, low losses, and minimal 
maintenance requirements, BLDC motors are the most widely used motor in EVs. In this study, a PV 
supplied BLDC motor drive for an EV is constructed with a PI/GWO-PI/LGWO-PI controller, as shown 
in Figure 1.  
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Due to temperature and solar irradiation variations, PV method electricity production is not constant. 

Using a DC-DC Luo converter based on a PI/GWO-PI/LGWO-PI controller, the unstable solar module 

output voltage is controlled as a stable DC output of a voltage level. The output voltage is delivered to 

a 3 VSI, that transforms into an AC voltage and provide an EV's motor [19-21]. A PI controller is used 

to achieve a main goal of managing the motor speed. The motor's actual speed and its reference speed 

are compared, as well as a resultant error speed is used as an input for a PI controller [22]. A controller 

output is injected into PWM generator that is responsible for creating a required pulse, to regulate the 

switching function of a VSI. Using a 1 VSI, its converter voltage is transformed to AC voltage and 

delivered to a 1 grid. Utilizing a PI controller, a grid voltage synchronization is accomplished. In a lack 

of PV during night, a BLDC motor is powered by grid. 
 

 
Figure 1. Proposed system. 

 

PROPOSED SYSTEM MODELLING 

Luo converter 

By using Luo converter, voltage obtained from solar and wind energy is increased. This converter 

also provides great efficiency while achieving a maximum output voltage with minimal ripples. Luo 

converters circuit is depicted in Figure 2. This circuit contains coupling capacitance (C_1) switch (S), 

diode (D) acts as storage element and inductance (L_1) transfer energy from input to output side, 

inductance (L_2) as well as capacitance (C_2) are acting as low-pass filter [23]. 

 

It works in CCM or DCM that based on a current pass-through inductance. In this method a working 

of DCM is considered [24,25]. Two modes of switching such as closed and open states are need to 

analysis the Luo converters working principle. 

 

Mode 1 

The Luo converters circuit diagram of mode 1 is shown in Figure 3. 

 

When a switch (S) is closed, a diode (D) is biased in an opposite direction. In this mode, the 

inductance (L_1) is charged by input PV voltage, and input PV current (i_PV equal sum of an inductive 

currents (I_L1) and (I_L2). at this time, both inductive currents (I_L1) and (I_L2) rise as inductance 

(L_2) and capacitance (C_2) absorb an energy from input PV. 
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Figure 2. Luo converters circuit. 

 

 
Figure 3. Operation at Mode 1. 

 

Mode 2 

The Luo converters circuit diagram of mode 2 is illustrated in Figure 4. 

 

 
Figure 4. Operation at Mode 2. 

 

In this situation, a switch (S) is opened, and the diode (D) is forward biased. In this mode, aninput 

PV current is equal to 0 while the capacitance (𝐶1) is charged by aninductive current (𝐼𝐿1), which flows 

throughadiode (D). Aninductive currents (𝐼𝐿1) and (𝐼𝐿2) drop as a result ofinductive current (𝐼𝐿2) passing 

through acapacitance (𝐶2) andaresistive load (𝑅𝐿) in aninterval. As a result, both inductive currents (𝐼𝐿1) 

and (i𝐿2) becomes 𝑖𝐿1 ≈ 𝐼𝐿1 and 𝑖𝐿2 ≈ 𝐼𝐿2, respectively. (𝐼𝐿1) and (𝐼𝐿2) are defined as average inductive 

currents whichflowsthrough 𝐿1and 𝐿2respectively. 
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At open condition, a charge on capacitance 𝐶1 rises. It is expressed as,  

𝑄+(1−𝐷)𝐼𝐿1  (1) 

At closed condition, a charge on capacitance 𝐶1 reduces. It is expressed as, 

𝑄−𝐷𝐼𝐿2  (2) 

Wherever the duty cycle of switch (𝑆) is detailed as 𝐷 =
𝑇𝑜𝑛

𝑇
, 

 

In an whole cycle, 𝑄+𝑄−, by using this relation, an inductive current 𝐼𝐿2 is resulting. It is expressed 

as, 

𝐼𝐿2 =
1−𝐷

𝐷
𝐼𝐿1 (3) 

Since the capacitance (𝐶|2) acts as a LPF, a current output (𝐼0) is specified in Equation (4). 

𝐼𝐿2 = 𝐼0 (4) 

At closed condition, an input PV current is specified as 𝑖𝑃𝑉 = 𝐼𝐿1 + 𝐼𝐿2, where during open 

condition𝑖𝑃𝑉 = 0. As a result, an average input PV current 𝐼𝑃𝑉 is expressed as, 

𝐼𝑃𝑉 = 𝐷 ∗ 𝑖𝑃𝑉 = 𝐷(𝐼𝐿1 + 𝐼𝐿2) = 𝐷 (1 +
1−𝐷

𝐷
) 𝐼𝐿1 = 𝐼𝐿1 (5)  

An output current (𝐼0) is expressed as, 

𝐼0 =
1−𝐷

𝐷
𝐼𝑃𝑉 (6) 

An output voltage 𝑉0 is expressed as,  

𝑉0 =
𝐷

1−𝐷
𝑉𝑃𝑉 (7) 

Where the output voltage is specified as 𝑉0, the output current is specified as 𝐼0 

 

 
Figure 5. Waveforms of Luo converter. 
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The current waveforms of Luo converter and voltage for different modes were shown in figure 5. 

The voltage boosted using Luo converter is further made stabilized with the support of optimal 

controller approach. Hence the boosted voltage is supplied to BLDC motor for providing supply to 

electric vehicle. 

 

RESULTS AND DISCUSSIONS 

The simulated result for the proposed system approach using MATLAB Simulink are as follows. 

Table 1 represents the specifications of Luo converter used in this work. 

 

Table 1. Specifications of Luo Converter 

Specifications Values 

Inductances (𝐿1, 𝐿2) 4𝑚𝐻, 6𝑚𝐻 

Capacitances (𝐶1, 𝐶2) 220𝜇𝐹, 100𝜇𝐹 

Switching Frequency (𝑓𝑠) 25𝐾𝐻𝑧 

Resistive Load (𝑅𝐿) 15Ω 

 

 
Figure 6. Solar Irradiation Waveform 

 

The waveform representing solar irradiation is depicted in Figure 6. It is noticed that, the solar 

intensity is maintained at a maximum of 970𝑊 𝑆𝑞⁄ .𝑀 at its initial stage. After 0.1𝑠 the solar intensity 

rises and reaches a maximum of 1000𝑊 𝑆𝑞⁄ .𝑀 and continues to maintain stable. 

 

The waveform illustrating solar output voltage is depicted in Figure 7. It is observed that, with respect 

to solar irradiance a minimum of 90𝑉 is maintained till0.1𝑠. Due to increase in irradiance after 0.1𝑠 the 

voltage level gets rise to100𝑉.  

 

Similar to PV voltage, the output current obtained from PV system is illustrated in Figure 8. Initially 

due to low solar irradiance, the current at initial stage is minimum with 14.5𝐴. And later at 0.1𝑠, due 

to increase irradiacne the current gets boosted to 15𝐴. 
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Figure 7. PV Voltage waveform. 

 

 
Figure 8. PV Current Waveform. 

 

The representation of solar power waveform is shown in Figure 9. Initially, a power of 1300𝑊 is 

maintained and later at 0.1𝑠the intermittent nature of the sun tends to emit more energy therefore the 

power gets rise to a maximum of 1500𝑊 and maintained stable and tends to continue further. 
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Figure 9. PV Output Power Waveform. 

 

 
Figure 10. Luo Converter using PI controller. 

 

Voltage enhancement is required to attain suffient voltage for further applications. In the proposed 

work, Luo converter is utilized for enhancing voltage. Hence, utilization of controller supports in 

attaining effective stabilized voltage. The waveform illustrating luo converter with the aid of PI 

controller is depicted in Figure 10. It is observed that, with fluctuations at the begninging a stabilized 

voltage of 260𝑉 is attained after 0.27𝑠and tends to continue further. 
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Figure 11. Luo Converter using GWO Algorithm. 

 

Likewise, Luo converter with the assistance of GWO algorithm is depicted in Figure 11. It is observed 

that, with distortion at the initial stage a stable voltage of 270V is attained after 0.20s and continue 

further. 

 

 
Figure 12. Luo Converter using GWO-LION Optimization. 
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The representation of waveform using hybrid approach is illustrated in Figure 12. It is noticed that, 

by utilizing hybrid GWO-LION optimization approach the voltage fluctuates slightly at the beginning 

and maintained stable at attain maximum voltage at lower computational time of0.17𝑠. 

 

 
Figure 13. Grid Voltage Waveform. 

 

The waveform illustrating single phase grid voltage is shown in Figure 13. It is analysed that, the 

using proposed Luo converter a stable grid voltage of 230V is maintained stable without any distortions. 

 

 
Figure 14. Grid Current Waveform. 

 

The waveform of single phase grid current is illustrated in Figure 14. It is observed that, a constant 

grid current of 5A is maintained stable throughout the system with minor distortions at the beginning.  

 

 
Figure 15. Real Power Waveform. 
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The waveform representation of real power is depicted in Figure 15. It is analysed that utilizing Luo 

converter a real power of 500𝑊 is obtained after 0.1𝑠 and tends to remain the same further. 

 

 
Figure 16. Reactive Power Waveform. 

 

The waveform illustrating reactive power is depicted in Figure 16. From Figure it is analysed that, 

with initial rise in reactive power at 0.03s, the power starts fluctuating till 0.08s. After 0.1s a minimum 

reactive power is maintained stable and tends to continue further. 

 

 
Figure 17. Motor Current Waveform. 

 

The representation of BLDC motor current waveform is illustrated in Figure 17. It is noticed that, the 

motor current fluctuates at the initial stage and decreases to a minimum level with minor fluctuation 

and later after 0.23s a stable current of 4A is maintained and tends to continue further. 

 

 
Figure 18. Back EMF Waveform. 
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The waveform demonstrating back EMF of BLDC motor is shown in Figure 18. Back emf is often a 

measurement of the voltage produced by a BLDC motor's rotor. This motor ignores the applied voltage 

and instead produces sinusoidal AC voltage, which is sustained at a constant 80V after 0.03s. 

 

 
Figure 19. Speed Waveform of BLDC Motor. 

 

The rotational velocity for determining speed of BLDC motor is illustrated in Figure 19. It is seen 

that the speed progressively rises and then maintains itself at 2000 rpm after 0.05s, giving the axis 

rotation speed for the number of full rotations. 

 

 
Figure 20. Torque Waveform of BLDC Motor. 

 

The waveform demonstrating Torque of BLDC motor is illustrated in Figure 20. It is evident that 

torque increases gradually, peaks at 20 Nm at 0.02 seconds, then starts to decline. A minimal torque is 

maintained at 0.05 s with only slight distortion, and after 0.24 s, it tends to rise to 3 Nm. 

 

 
Figure 21. THD Waveform. 
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The total harmonic distortion attained from the proposed work is depicted in Figure 21. It has been 

noted that using a boost converter results in a reduced THD value that complies with IEEE standards at 

3%. 

 

Hardware Analysis 

The hardware prototype is developed for the proposed Luo converter with grid tied solar EV charging 

system and the controller is implemented in the real time scenario with the help of Spartan 6E controller 

and obtained the results which are analysed and noted subsequently. The hardware prototype is 

designed, which is portrayed in Figure 22 in an optimal manner. 

 

 
Figure 22. Hardware Prototype implementation design. 

 

CONCLUSION 

This paper encloses the complete operation of proposed work with the utilization of Luo converter. 

The results simulated for PV, BLDC motor, converter and grid are demonstrated using waveform. 

Nevertheless, the voltage boosted using Luo converter with appropriate control approach is sufficient.  

Using MATLAB simulation, the performance of the suggested PV-based BLDC motor using TZSBLC 

and LGWO-PI controller is evaluated, and the results are clearly analyzed.  A comparative analysis is 

performed in terms of voltage gain, efficiency, THD and settling time for converters along with control 

approaches. By utilizing TZSBLC achieves an efficiency of 97.6%, voltage gain value of 1:16 and THD 

of 2.1% resulting in reduced harmonics with high system performance. Similarly, with the utilization 

of TZSBLC along with LGWO-PI controller provides remarkable performance in stabilizing voltage at 

a minimized settling time of 0.15s is achieved by which the voltage settles earlier in contrast to state of 

art method. The findings of this research conclude that the proposed system has advantageous like 

enhanced system performance, improved stability, reduced harmonics and high converter efficiency. 

 

Funding Statement 

The authors received no specific funding for this study. 



 

 

Luo Converter with Optimized PI Controller                                                                                       Aran Glenn J 

 

 

© JournalsPub 2025. All Rights Reserved 36  
 

Conflicts of Interest 

The authors declare that they have no conflicts of interest to report regarding the present study.  

 

REFERENCES 

1. Fahd, Alturki, A, Omotoso, HO,  Al-Shamma’a, AA, Farh, HMH &  Alsharabi, K 2020, ‘Novel 

manta rays foraging optimization algorithm based optimal control for grid-connected PV energy 

system," inIEEE Access, vol. 8, pp. 187276–187290. 

2. Forouzesh, M, Shen,Y, Yari, K, Siwakoti, YP &  Blaabjerg, F, 2018, ‘High-Efficiency High Step-

Up DC–DC Converter With Dual Coupled Inductors for Grid-Connected Photovoltaic Systems’, 

inIEEE Transactions on Power Electronics, vol. 33, no. 7, pp. 5967-5982. 

3. Hadi Givi, Ebrahim Farjah & Teymoor Ghanbari 2019,’A Comprehensive Monitoring System for 

Online Fault Diagnosis and Aging Detection of Non-Isolated DC–DC Converters Components’, 

inIEEE Transactions on Power Electronics, vol. 34, no. 7, pp. 6858-6875. 

4. Hong, SW, Park, SH, Kong, TH & Cho, GH 2015, ‘Inverting Buck-Boost DC-DC Converter for 

Mobile AMOLED Display Using Real-Time Self-Tuned Minimum Power-Loss Tracking (MPLT) 

Scheme with Lossless Soft-Switching for Discontinuous Conduction Mode’, inIEEE Journal of 

Solid-State Circuits, vol. 50, no. 10, pp. 2380-2393. 

5. Hongjun Su, Qian Du, Genshe Chen & Peijun Du 2014, ‘Optimized Hyperspectral Band Selection 

Using Particle Swarm Optimization’, inIEEE Journal of Selected Topics in Applied Earth 

Observations and Remote Sensing, vol. 7, no. 6, pp. 2659-2670. 

6. Houqing Wang, Weimin Wu, Yunwei Li & Frede Blaabjerg 2019, ‘A Coupled-Inductor-Based 

Buck–Boost AC–DC Converter With Balanced DC Output Voltages’, inIEEE Transactions on 

Power Electronics, vol. 34, no. 1, pp. 151-159. 

7. Huang, AQ 2017, ‘Power Semiconductor Devices for Smart Grid and Renewable Energy Systems’, 

inProceedings of the IEEE, vol. 105, no. 11, pp. 2019-2047. 

8. Jia-Jia Jiang, Wen-Xue Wei, Wan-Lu Shao, Yu-Feng Liang & Yuan-Yuan Qu 2021, ‘Research on 

Large-Scale Bi-Level Particle Swarm Optimization Algorithm’, inIEEE Access, vol. 9, pp. 56364-

56375. 

9. Jian Gao, Litao Dai & Wenjuan Zhang 2018, ‘Improved genetic optimization algorithm with 

subdomain model for multi-objective optimal design of SPMSM’, inCES Transactions on 

Electrical Machines and Systems, vol. 2, no. 1, pp. 160-165. 

10. Jin Hwan Lee, Jong-Wook Kim, Jun-Young Song, Yong-Jae Kim & Sang-Yong Jung 2016, ‘A 

Novel Memetic Algorithm Using Modified Particle Swarm Optimization and Mesh Adaptive Direct 

Search for PMSM Design’, inIEEE Transactions on Magnetics, vol. 52, no. 3, pp. 1-4. 

11. Jin, C, Sheng, X & Ghosh, P 2014, ‘Optimized Electric Vehicle Charging With Intermittent 

Renewable Energy Sources’, in IEEE Journal of Selected Topics in Signal Processing, vol. 8, no. 

6, pp. 1063-1072.  

12. Julio Cezar dos Santos de Morais, JL, de Morais, ds & Gules, R 2019, ‘Photovoltaic AC module 

based on a cuk converter with a switched-inductor structure," in IEEE Transactions on Industrial 

Electronics, vol. 66, no. 5, pp. 3881–3890. 

13. Jun Sun, Vasile Palade, Xiaojun Wu & Wei Fang 2014, ‘Multiple Sequence Alignment with Hidden 

Markov Models Learned by Random Drift Particle Swarm Optimization’, inIEEE/ACM 

Transactions on Computational Biology and Bioinformatics, vol. 11, no. 1, pp. 243-257. 

14. Jwu-Sheng Hu, Jau-Nan Lin & Hung-Chi Chen 2017, ‘A Discontinuous Space Vector PWM 

Algorithm in abc Reference Frame for Multilevel Three-Phase Cascaded H-Bridge Voltage Source 

Inverters’,  inIEEE Transactions on Industrial Electronics, vol. 64, no. 11, pp. 8406-8414. 

15. Koroku Nishizawa, Jun-ichi Itoh, Akihiro Odaka, Akio Toba & Hidetoshi Umida, 2019, ‘Current 

Harmonic Reduction Based on Space Vector PWM for DC-Link Capacitors in Three-Phase VSIs 

Operating Over a Wide Range of Power Factor’, inIEEE Transactions on Power Electronics, vol. 

34, no. 5, pp. 4853-4867.  

16. Kuo-Chun Wu, Hung-Hsien Wu & Chia-Ling Wei 2015, ‘Analysis and Design of Mixed-Mode 

Operation for Noninverting Buck–Boost DC–DC Converters’, inIEEE Transactions on Circuits 



 

International Journal Analog Integrated Circuits 

Volume 11, Issue 1 

ISSN: 2582-3620 

 

© JournalsPub 2025. All Rights Reserved 37  
 

and Systems II: Express Briefs, vol. 62, no. 12, pp. 1194-1198. 

17. Mehnaz Akhter Khan, Adeeb Ahmed, Iqbal Husain, Yilmaz Sozer & Mohamed Badawy, 2015, 

‘Performance Analysis of Bidirectional DC–DC Converters for Electric Vehicles’, inIEEE 

Transactions on Industry Applications, vol. 51, no. 4, pp. 3442-3452. 

18. Mohamad Reza Banaei & Sajad Ghabeli Sani 2018, ‘Analysis and Implementation of a New 

SEPIC-Based Single-Switch Buck–Boost DC–DC Converter With Continuous Input Current’, 

inIEEE Transactions on Power Electronics, vol. 33, no. 12, pp. 10317-10325. 

19. Mohammad Reza Banaei & Hossein Ajdar Faeghi Bonab, 2017, ‘A Novel Structure for Single-

Switch Nonisolated Transformerless Buck–Boost DC–DC Converter’, inIEEE Transactions on 

Industrial Electronics, vol. 64, no. 1, pp. 198-205. 

20. Mohan, V, Singh, JG & Ongsakul, W 2016, ‘Sortino ratio based portfolio optimization considering 

EVs and renewable energy in microgrid power market’,in IEEE Transactions on Sustainable 

Energy,vol. 8, no. 1, pp. 219-229. 

21. Mosaad, MI, Ramadan, HSM, Aljohani, M, El-Naggar, MF & Ghoneim, SSM 2021, ‘Near-optimal 

PI controllers of STATCOM for efficient hybrid renewable power system," inIEEE Access, vol. 9, 

pp. 34119–34130. 

22. Mosaddek Hossain Kamal Tushar, Adel W, Zeineddine & Chadi Assi, 2018, ‘Demand-Side 

Management by Regulating Charging and Discharging of the EV, ESS, and Utilizing Renewable 

Energy’, inIEEE Transactions on Industrial Informatics, vol. 14, no. 1, pp. 117-126  

23. Niraj Rana & Banerjee, S 2020, ‘Development of an improved input-parallel output-series buck-

boost converter and its closed-loop control’, in IEEE Transactions on Industrial Electronics, vol. 

67, no. 8, pp. 6428–6438. 

24. Oier Onederra, nigo Kortabarria,  nigo Martınez de Alegrıa, Jon Andreu & Jose Ignacio Garate 

2017, ‘Three-Phase VSI Optimal Switching Loss Reduction Using Variable Switching Frequency’, 

inIEEE Transactions on Power Electronics, vol. 32, no. 8, pp. 6570-6576. 

25. Peng Hou, Guangya Yang, Junjie Hu & Philip, Douglass, J 2020, ‘A Network-Constrained Rolling 

Transactive Energy Model for EV Aggregators Participating in Balancing Market’, inIEEE Access, 

vol. 8, pp. 47720-47729. 

 


