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Abstract— The use of distributed energy resources is 

progressively being pursued as a supplement and an alternate 

to giant standard central power stations. The specification of 

a power-electronic interface is subject to necessities affiliated 

not alone to the renewable energy supply itself but also to its 

result  on the power system grid, particularly wherever the 

intermittent energy supply constitutes a major a part of the 

entire system capacity. During this paper, new technique in 

power electronic system for the integration of wind, solar and 

photo-voltaic power generators are represented. A review of 

the suitable storage-system technology used for the 

combination of intermittent renewable energy sources is 

additionally introduced. Discussions regarding common and 

future trends in renewable energy systems depends on 

reliability and maturity of every technology are bestowed.   
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I. INTRODUCTION 

Power systems, massive power generation plants placed at 

adequate geographical places generate most of the energy, 

that is then transferred toward enormous consumption centers 

over long distance transmission lines. The system 

management canters monitor and regulate the system 

ceaselessly to make sure the standard of the energy produce, 

namely the frequency and therefore the voltage. However, the 

varitation power system is dynamic, a large number of 

distributed generation  units, together with each renewable 

and un renewable sources like wind turbines, wave 

generators, photo-voltaic  generators, little hydro, fuel cells 

and gas/steam power-driven combined heat and power  

stations, are being developed [1,2,3]. a large extend use of 

renewable energy sources in distribution networks and a high 

penetration level are seen within the power systems, massive 

power generation plants placed at adequate geographical 

places generate most of the energy, that is then transferred 

toward enormous consumption canters over long distance 

transmission lines. The system management canters monitor 

and regulate the system ceaselessly to make sure the standard 

of the energy produce, namely the frequency and therefore 

the voltage. However, the varitation power system is dynamic 

, a large number of distributed generation (DG) units, together 

with each renewable and un renewable sources like wind 

turbines, wave generators, photo-voltaic (PV) generators, 

little hydro, fuel cells and gas/steam power-driven combined 

heat and power (CHP) stations, are being developed [1,2,3]. 

A large extends use of renewable energy sources in 

distribution networks and a high penetration level are seen 

within the solar energy. The combined utilization of those 

renewable energy sources are so changing into more and 

more enticing and are being widely used as several of oil-

produced energy. Economic aspects of these renewable 

energy technologies are sufficiently promising to include 

them for rising power generation capability in developing 

countries.  

A. Hybrid system: 

Climatic conditions verify the provision and magnitude of 

wind and solar power at explicit location. Pre-feasibility 

studies are supported weather information [3] (wind speed, 

solar energy insulation) and burden needs for specific 

location. So as to calculate the performance of an existing 

system, or to predict energy consumption or energy generated 

from a system within the style stage, applicable weather 

information is needed. The global either information can be 

obtained from web and different sources like regional 

weather science station. A renewable hybrid energy system 

consists of 2 or a lot of energy sources, an energy acquisition 

apparatus, a controller and an optional energy storage system. 

These hybrid energy systems are becoming common in 

remote location power generation applications because of 

advancements in renewable energy technologies and 

substantial rise in prices of crude oil product. Analysis and 

development efforts in solar, wind, and different renewable 

energy technologies are needed to continue for, up their 

performance, establishing techniques for accurately 

predicting their output and dependably desegregation them 

with other standard generating sources. The aim of this paper 

is to review the present state of the planning, operation and 

management demand of the complete PV solar–wind hybrid 

energy systems with traditional backup supply i.e. diesel or 

grid. This Paper conjointly highlights the long run 

developments that have the potential to extend the economic 

attractiveness of such systems and their acceptance by the 

user. Most ppt trackers various simulation programs are 

obtainable, which permit the optimum categorization of 

hybrid energy systems. The recent state of art hybrid energy 

system technological development is that the results of 

activities during a number of analysis areas, like advances in 

power conversion through the provision of new device of 

power electronic semiconductor devices, have diode to 

improved power system efficiency, system quality and 

reliableness. Development of versatile hybrid energy system 

simulation software; continued advances within the 

producing method and improve power system efficiency of 

photo-voltaic modules. The event of customized, automatic 

controllers, that improve the operation of hybrid energy 

systems and minimise role of maintenance needs. 

Development of improved, deep-cycle, lead-acid batteries for 

renewable energy systems. Accessibility of additional more 

power efficient and reliable AC and DC appliances which 

might recover their further price over their extended 
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Fig. 1: hybrid energy systems 

The task for the hybrid energy system controller is 

to regulate the interaction of assorted system elements and 

regulation of power flow within the system to supply a stable 

and reliable supply of energy. With the wide unfold 

introduction of net-metering, the utilization of very slight 

isolated or grid connected hybrid energy systems is predicted 

to grow tremendously within the nearby future. The aim of 

this paper is to review the current state of the planning and 

operation of hybrid energy systems, and to gift future 

developments, which can enable an additional growth of 

markets, each in industrial and developing countries. 

II. THREE LEVEL VOLTAGE SOURCE INVERTER PRIMARLY 

BASED ON SHUNT ACTIVE POWER FILTER 

The configuration of the conventional neutral point-clamped 

3-level voltage source inverter for the SAPF application 

shows basic diagram of shunt active filter illustrating the 

hardware modules needed. It may be enforced mistreatment 

DSP TMS320F28335 as a controller. Size of ripple filter will 

be minimized utilizing 3 level dc to ac converter based mostly 

shunt active power filter. 

 
Fig. 2: Two and three-level VSI Block 

A review of shunt active power filter is mentioned 

to know numerous topologies, reference current prediction 

strategies, current regulation technique and dead time 

compensation technique. All regulation technique for shunt 

active power filters are compared from the analysis papers. 

It’s all over that 3 level dc to ac converter primarily based 

shunt active power filter with FFT formula for reference 

current prediction can offer higher performance. PI primarily 

based current management technique will limit the switch 

frequency however degrade transient performance. SVHCC 

technique is powerful to grid parameter variations and burden 

changes. It’s thought of that this review is going to be helpful 

to scholar and professionals operating during this system. 

III. HIGH-VOLTAGE DC CABLES BETWEEN GRIDS 

The PV modules and also the dc to ac converter, power losses 

because of a centralized MPPT, not matching losses between 

the PV modules, losses within the string diodes, and a 

nonflexible model wherever the advantages of production 

couldn't be reached. The grid-con this technology consists of 

the string inverters and also the ac module. The string dc to 

ac converter, version of the centralized dc to ac converter, 

wherever one string of PV modules is connected to the dc to 

ac converter [7]. The input voltage is also high enough to 

avoid voltage amplification. This needs roughly sixteen PV 

modules nonparallel for European systems. The entire open-

circuit voltage for sixteen PV modules might reach the 

maximum amount as 720 V that concerns 1000-V MOSFET 

/IGBT so as to permit for a seventy fifth voltage de-rating of 

the semiconductors. the traditional operation voltage is, 

however, as low as 450 510 V. the chance of utilising fewer 

PV modules nonparallel conjointly exists, if a dc–dc 

convertor or line-frequency winding transformer is employed 

for voltage amplification. There are not any losses related to 

string diodes and separate MPPTs will be applied to every 

string. This will increase the over-all efficiency compared to 

the centralized dc to ac converter, and reduces the cost, 

because of production. This solutions use self-commutated 

dc–ac inverters, by means that of IGBTs or MOSFETs, 

involving high power quality in compliance with the 

standards. 

 
Fig. 3: Transformerless high-input-voltage PV  inverter with 

single-phase common-mode 

In dc generators may be a grid-connected dc to ac 

converter that is an efficient interface between the renewable 

energy supply and therefore the utility grid. The 

multifunctional dc to ac inverter (MFI) is special variety of 

grid-connected dc to ac converter that has evoked abundant 

attention in recent years. MFIs not solely generate power for 

DGs however conjointly offer enhanced function through 

improved power quality and voltage and reactive power 

support; so, the potential of the auxiliary service for the utility 

grid is improved. This paper presents a comprehensive review 

of the many MFI system configurations for single-phase 

(two-wire) and three-phase (three- or four-wire) systems and 

management technique for the compensation of various 

power quality issues In recent years, the installation of many 

distributed generators (DG) in power distribution networks 

has evoked enhanced attention. No of reasons will justify this 

trend? Such reasons also connect environmental 

considerations, electricity business restructuring, and 

therefore the fast development of small-scale power 
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generation technologies and alternative micro-grid connected 

devices and systems. In observe, dc units will be design with 

numerous renewable energy sources but, the important power 

output from these energy resources is basically unstable. 

Given the increasing no of RESs and dc installations, new 

regulation technique should be developed for the correct 

operation and management of latest power grids embedded 

with dc units to keep up or improve system quality and 

responsibility. Power electronics system and sensible 

technologies play a vital role in dc operations, within which 

the effective integration of RES into power system of the grid 

is that the major objective [1]-[6]. A comprehensive review 

of AC and DC micro-grid systems with RES-based dq units, 

energy storage devices, and burden obtained in recent 

literature was bestowed in [2]. A fuel cell system-based 

power generation system was given in [7]-[9]. Many typical 

PV-based dc systems were designed in [10] and [11], and a 

dc system depends on a wind energy or solar energy generator 

was bestowed in [12]. Utility is of concern due to the high 

penetration level of intermittent RES in distribution systems. 

This case might cause a hazard to the network in terms of 

power quality (PQ), voltage regulation, and stability. The 

electrical PQ tips and normal limits are often found within the 

negative effects of poor PQ were well investigated in and also 

the relation between metric weight unit and PQ is ambiguous. 

Many authors have stressed the positive effects of dc on PQ 

difficulty. Within the sources of PQ issues in dc systems were 

analyzed; this study has contributed considerably to the 

current new analysis field. In, the resonance situation in an 

exceedingly PV plant was mentioned to describe the 

unwanted trip off of grid-tied inverters, a situation that shows 

the importance and necessity significance of PQ 

improvement in dc systems. Within the field of complete PQ 

analysis, bestowed many helpful suggestions to make a 

quantitative thorough indicator, together with numerous PQ 

indicators. complete analysis will give a choice on the present 

PQ, that a brand new kind of construction dc to ac converter 

is introduced that is formed by cascading 2 three-phase three-

level inverters utilised the load association, however needs 

only 1 dc voltage supply. This new dc to ac converter will 

operate as a seven-level dc to ac converter and naturally splits 

the energy conversion into a higher-voltage lower-frequency 

dc to ac converter and a lower-voltage higher-frequency dc to 

ac converter. This kind of system presents specific benefits to 

service ship propulsion systems that based on high power 

quality, survivable drives. New regulation technique is 

represented involving each joint and separate regulation of 

the individual three-level inverters. Simulation results 

demonstrate the effectiveness of each control. A laboratory 

set-up at the water force service Surface Warfare Centre 

power electronics system laboratory was using validates the 

supposed joint-inverter regulation. Because of the result of 

combination levels within the cascaded dc to ac converter, a 

high no of levels are offered applying in a voltage 

IV. MULTI LEVEL INVERTERS 

Power conversion in multiple voltage steps to get improved 

power quality, lower switch losses, higher magnetism 

compatibility, and better voltage capability. Considering 

these benefits, many level converters are gaining significant 

adulation in recent years the advantages are particularly clear 

for medium-voltage drives in industrial applications [7], [9] 

and are being expect for future water way naval ship 

propulsion systems. In fact, many IEEE conferences now a 

day’s hold entire sessions on much level power conversion. 

Many topologies for many level inverters are projected over 

the years; the foremost common being the diode-clamped 

flying condenser and cascaded H-bridge structures. One side 

that sets the cascaded H-bridge apart from alternative many 

level inverters is that the capability of utilizing totally 

different dc voltages on the individual H-bridge cells which 

ends up in dividing the energy conversion amongst higher-

voltage lower-frequency and lower-voltage higher-frequency 

inverters an alternate technique of cascading inverters 

involves series affiliation of 2 three-phase inverters through 

the neutral phase position of the load. Past analysis has shown 

this idea for cascading two-level inverters and many levee; 

in-verters. a most significant role of this approach is that 

isolated sources aren't needed for every section. It ought to be 

noted that cascaded dc to ac converter systems will be 

thought-about from a no of various viewpoints. Considering 

the cascaded dc to ac converter to be one unit, it will be seen 

that a maximum no of voltage levels are obtainable for a 

given no of semiconductor devices. Considering the system 

as separate inverters, the cascaded model may be considered 

a mixture of a bulk power (higher-voltage) dc to ac inverter 

and a acquisition (lower-power) dc to ac converter. an 

alternate viewpoint is to contemplate the acquisition dc to ac 

converter as a vigorous filter and also the bulk dc to ac 

converter because the drive dc to ac converter. In any case, 

the cascaded many level dc to ac converter has many benefits 

for water force naval ship propulsion systems. One advantage 

is that cascaded inverters offer a combination of voltage 

levels exceed very low harmonics. Another advantage is that 

the majority dc to ac inverter is also commercial-off-the-

shelf; requiring that solely the lower-power condition dc to ac 

inverter to be custom created. One more advantage is that the 

cascaded style avoids an oversized no of isolated voltage 

sources which might be cumbersome in water naval 

shipboard power systems. a further advantage is that the twin 

dc to ac converter structure could also be helpful for 

redundancy providing remedial operation for survivability. 

Moreover, in service applications, the propulsion motor are 

usually custom designed and may be speedily created to own 

access to each ends of every winding. This paper reports the 

design of recent regulation strategies for cascaded many level 

inverters. Especially, condenser voltage regulation strategies 

are introduced leading to a cascaded dc to ac converter that 

solely needs one dc supply. The new management techniques 

are applied to a topology wherever 2 three-level inverters are 

cascaded. Simulation and laboratory measurements are 

presented that demonstrate the imp activeness of the planned 

regulation the passive elements can modify their effect on the 

system harmonics because the drive in operation position is 

varied. Another side of eliminating the voltage supply for the 

acquisition dc to ac converter is that it's not obtainable for 

driving the motor in things wherever there's a fault within the 

bulk dc to ac converter. In those cases, a dc supply would 

require to be switched in to the acquisition dc to ac converter. 

One sensible feature regarding fault operation of ship 

propulsion burden is that a comparatively low quantity of 

power is required to control during a survivable scenario. 

Propulsion load power usually varies because the speed 

cubed, only  
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Choice will be created with respect to the ability 

flow within the lower dc to ac converter [14] in order that the 

dc voltage remains at common fraction of. As will be seen 

type, a substantial quantity of overlap happens for vectors 

toward the within of the vector plot and also the full dc 

voltage could also be used whereas control the lower dc to ac 

converter condenser voltage. Toward the surface of the vector 

plot, the overlap isn't found in several vectors and during this 

case, the ability flow can't be accustomed maintain [35]. a 

limitation of in operation region inside the higher dc to ac 

converter ve considering the quantity of lower dc to ac 

converter vectors intermediate the higher dc to ac converter 

vectors, it will be seen that this limitation can lead to seven-

level operation. However, just one dc supply is needed which 

dc voltage will be absolutely utilised. 

 
Fig. 4: Cascade-3/3 multilevel inverter 

V. CONCLUSIONS  

In this paper has studied a unconventional energy resource of 

distinct level dc to ac converter (inverter) which comprises of 

two 3- Ø, 3-level dc to ac converters are connected in series 

through the burden connection. 

Here two types of inverters are using one is separate 

control and other one is regulating by 2-level regulator. 

All are two inverters control condenser voltage 

balancing so that a direct current (dc) supply used for only 

one 3-level converter new design of the many level converter 

was used there in, the vectors made by the higher dc to ac 

converter are denoted as being slightly larger than the 

opposite vectors. The little three-level vector plots created by 

the lower dc to ac converter are indicated by the dotted 

hexagons. One in every of the many options of the controls 

developed herein is that the ability to manage the dc voltage 

in order that just one dc supply is needed. This may be 

accomplished through redundant choice of dc to ac converter 

switch states. Overlap amongst the smaller hexagons and 

wherever this overlap happens there's a choice on the 

conclusion of the voltage vectors. This 

The recommended configuration was obtained from 

reduced no of power electronic elements. Therefore, the 

projected topology leads to reduction of installation location 

and price. The basic frequency steps modulation technique 

was well utilized and showed high flexibility and ease to 

regulate. Moreover, the projected configuration was extended 

to N-level with totally different technique. Moreover, the 

technique used to see the magnitudes of the dc voltage source 

was well implemented. So as to verify the performance of the 

projected many level dc to ac converter, the proposed 

configuration was simulated and its model was produce. The 

obtained simulation and hardware results met the specified 

output. Hence, consequent service the future could embrace 

an extension to higher level with different recommend 

method may be additionally enforced. 

REFERENCES 

[1] J. Rodriguez et al., “Multilevel inverters: A survey of 

topologies, controls,and applications,” IEEE Trans. Ind. 

Electron., vol. 49, no. 4, pp. 724–738, Aug. 2002. 

[2] L. G. Franquelo et al., “The age of multilevel converters 

arrives,” IEEE Ind. Electron. Mag., vol. 2, no. 2, pp. 28–

39, Jun. 2008. 

[3] I. Colak et al., “Review of multilevel voltage source 

inverter topologies and control schemes,” Energy 

Convers. Manage., vol. 52, pp. 1114–1128, 2011. 

[4] J. Rodriguez et al., “Multilevel converters: An enabling 

technology for high-power applications,” Proc. IEEE, 

vol. 97, no. 11, pp. 1786–1817, Nov. 2009.  

[5] J. Rodriguez et al., “A survey on neutral-point-clamped 

inverters,” IEEE Trans. Ind. Electron., vol. 57, no. 7, pp. 

2219–2230, Jul. 2010. 

[6] S. Gui-Jia, “Multilevel DC-link inverter,” IEEE Trans. 

Ind. Appl., vol. 41, no. 3, pp. 848–854, May/Jun. 2005.  

[7] P. Fang Zheng, “A generalized multilevel inverter 

topology with self voltage balancing,” IEEE Trans. Ind. 

Appl., vol. 37, no. 2, pp. 611–618, Mar./Apr. 2001.  

[8] J. A. Ferreira, “The multilevelmodular DC converter,” 

IEEE Trans. Power Electron., vol. 28, no. 10, pp. 4460–

4465, Oct. 2013.  

[9] K. Ilves et al., “A new modulation method for the 

modular multilevel converter allowing fundamental 

switching frequency,” IEEE Trans. Power Electron., vol. 

27, no. 8, pp. 3482–3494, Aug. 2012.  

[10] W. Yong andW. Fei, “Novel three-phase three-level-

stacked neutral point clamped grid-tied solar inverter 

with a split phase controller,” IEEE Trans. Power 

Electron., vol. 28, no. 6, pp. 2856–2866, Jun. 2013. 

[11] Y. Yuanmao and K. W. E. Cheng, “A family of single-

stage switchedcapacitor- inductor PWM converters,” 

IEEE Trans. Power Electron., vol. 28, no. 11, pp. 5196–

5205, Nov. 2013.  

[12] P. Roshankumar et al., “A five-level inverter topology 

with singleDC supply by cascading a flying capacitor 

inverter and an H-bridge,” IEEE Trans. Power Electron., 

vol. 27, no. 8, pp. 3505–3512, Aug.2012.  

[13] N. A. Rahim et al., “Transistor-clamped H-bridge based 

cascaded multilevel inverter with new method of 



A Survey on Distributed Power Generation Distinct Level Inverter for Unconventional Energy Resources System 

 (IJSRD/Vol. 5/Issue 02/2017/056) 

 

 All rights reserved by www.ijsrd.com 211 

capacitor voltage balancing,” IEEE Trans. Ind. Electron., 

vol. 60, no. 8, pp. 2943–2956, Aug. 2013.  

[14] I. Abdalla et al., “Multilevel DC-link inverter and control 

algorithm to overcome the PV partial shading,” IEEE 

Trans. Power Electron., vol. 28, no. 1, pp. 14–18, Jan. 

2013. 

[15] Z. Li et al., “A family of neutral point clamped full-

bridge topologie for transformerless photovoltaic grid-

tied inverters,” IEEE Trans. Power Electron., vol. 28, no. 

2, pp. 730–739, Feb. 2013. 

[16] L. Jun et al., “A new nine-level active NPC (ANPC) 

converter for grid connection of large wind turbines for 

distributed generation,” IEEE Trans. Power Electron., 

vol. 26, no. 3, pp. 961–972, Mar. 2011.  

[17] L. Zixin et al., “A novel single-phase five-level inverter 

with coupled inductors,” IEEE Trans. Power Electron., 

vol. 27, no. 6, pp. 2716–2725,Jun. 2012.  

[18] S. Mariethoz, “Systematic design of high-performance 

hybrid cascadedmultilevel inverters with active voltage 

balance and minimum switchinglosses,” IEEE Trans. 

Power Electron., vol. 28, no. 7, pp. 3100–3113, Jul.2013.  

[19] E. Babaei, “A cascade multilevel converter topology 

with reduced number of switches,” IEEE Trans. Power 

Electron., vol. 23, no. 6, pp. 2657–2664, Nov. 2008. 

[20] H. Belkamel, S. Mekhilef, A. Masaoud, and M. Abdel 

Naiem, “Novelthree phase asymmetrical cascaded 

multilevel voltage source inverter,”IET Power Electron., 

vol. 6, pp. 1696–1706, 2013. 

[21] S. Mekhilef and M. N. Abdul Kadir, “Voltage control of 

threestage hybridmultilevel inverter using vector 

transformation,” IEEE Trans. Power Electron., vol. 25, 

no. 10, pp. 2599–2606, Oct. 2010.  

[22] J. Mei et al., “Modular multilevel inverter with new 

modulation method and its application to photovoltaic 

grid-connected generator,” IEEE Trans.Power Electron., 

vol. 28, no. 11, pp. 5063–5073, Nov.2013.  

[23] A. Nami et al., “A hybrid cascade converter topology 

with seriesconnectedsymmetrical and asymmetrical 

diode-clamped H-bridge cells,” IEEE Trans. Power 

Electron., vol. 26, no. 1, pp. 51–65, Jan.2011.  

[24] S. Mekhilef et al., “Digital control of three phase three-

stage hybrid multilevel inverter,” IEEE Trans. Ind. 

Electron., vol. 9, no. 2, pp. 719–727,May 2013.  

[25] J. Mathew et al., “A hybrid multilevel inverter system 

based on dodecagonalspace vectors for medium voltage 

IM drives,” IEEE Trans. PowerElectron., vol. 28, no. 8, 

pp. 3723–3732, Aug. 2013. 

[26] M. Saeedifard et al., “Operation and control of a hybrid 

sevenlevel converter,” IEEE Trans. Power Electron., vol. 

27, no. 2, pp. 652–660, Feb. 2012. 

[27] P. Sung-Jun et al., “A new single-phase five-level PWM 

inverter employing a deadbeat control scheme,” IEEE 

Trans. Power Electron., vol. 18, no. 3, pp. 831–843, May 

2003.  

[28] S. Mekhilef andA.Masaoud, “Xilinx FPGA 

basedmultilevel PWMsingle phase inverter,” in Proc. 

IEEE Int. Conf. Ind. Technol., 2006, pp. 259–264. 

[29] C. Klumpner and F. Blaabjerg, “Using reverse-blocking 

IGBTs in powerconverters for adjustable-speed drives,” 

IEEE Trans. Ind. Appl., vol. 42,no. 3, pp. 807–816, 

May/Jun. 2006.  

[30] E. A. Mahrous et al., “Three-phase three-level voltage 

source inverter with low switching frequency based on 

the two-level inverter topology,” Electr. Power Appl., 

vol. 1, pp. 637–641, 2007.  

[31] E. A. Mahrous and S. Mekhilef, “Design and 

implementation of a multi level three-phase inverter with 

less switches and low output voltage distortion,” J. 

Power Electron., vol. 9, pp. 593–603, 2009.  

[32] H. W. Ping, N. A. Rahim, and J. Jamaludin, “New three-

phase multilevel inverter with shared power switches,” J. 

Power Electron., vol. 13, pp. 787– 797, 2013.  

[33] S. Suroso and T. Noguchi, “Multilevel current waveform 

generation using inductor cells and H-bridge current-

source inverter,” IEEE Trans. Power Electron., vol. 27, 

no. 3, pp. 1090–1098, Mar.2012.  

[34] M. F. Kangarlu and E. Babaei, “A generalized cascaded 

multilevel inverter using series connection of 

submultilevel inverters,” IEEE Trans. Power Electron., 

vol. 28, no. 2, pp. 625–636, Feb. 2013. 

[35] C. Govindaraju and K. Baskaran, “Efficient sequential 

switching hybridmodulation techniques for cascaded 

multilevel inverters,” IEEE Trans. Power Electron., vol. 

26, no. 6, pp. 1639–1648, Jun. 2011 

 


