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 The concept of integration of distributed energy resources for formation of 

microgrid will be most significant in near future. It shows a broad overview 

on the worldwide research trend on microgrid which is most significant topic 

at present. This literature survey reveals that integration of distributed energy 

resources, operation, control, power quality issues and stability of microgrid 

system should be explored to implement microgrid successfully in real power 

scenario. In addition, DC micro grids diverted the attention of researchers and 

power electronics industry in recent years to stimulate renewable energy 

technologies (RETs) and distributed energy resources (DERs) deployment and 

encouraging technological innovation to reduce green house gas (GHG) 

emission and achieve energy security and independence to meet the growing 

electricity demand. So, for many studies have been done on successful 

integration of RETs and DERs, operation and control, protection and stability 

issues, simultaneously and satisfactorily implemented during feasible 

operation of microgrid. Studies show that DC transmittable power can increase 

the system efficiency up as compared to AC. But still DC bus voltage 

fluctuation, power quality and flow during the transition between grid 

connected mode to islanded mode or transient load insertion which intend to 

DC microgrid instability are the problems which need to be investigated and 

resolved for the effective use of DC microgrid generation. In this concept DC 

microgrid voltage, power flow, power quality and energy management 

different controls and techniques are reviewed. This concept can be extended 

as induction motor drive power management for DC microgrid application. 
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1. INTRODUCTION  

Nowadays, the issue of vitality emergency has been progressively tense, while low carbon vitality 

should be created. In this specific situation, dispersed sustainable power source has been given careful 

consideration and grew incredibly, particularly wind control and photovoltaic (PV) age, because of their 

inexhaustible accessibility and less effect on the earth. Yet, hypothesis and practice have demonstrated that 

these disseminated sustainable power source have some intrinsic issues, for example, its irregularity, which 

has some negative effect on the security, dependability and power nature of utility framework [1]. On this 

premise, the idea of microgrid exhibited by Robert Lasseter and different researchers is thought to be a doable 

plan to take care of the issue. The microgrid is a nearby vitality organize that incorporates sustainable power 

sources and capacity frameworks. It can be associated with the mains network or works separated when there 

is a power outage at the primary matrix, and keeps on providing their nearby loads in "islanded mode" [2], [3]. 

https://creativecommons.org/licenses/by-sa/4.0/
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A microgrid can be intended to help substituting current (AC) or direct present (DC). Contrasted and AC 

shapes, DC microgrid can stay away from the thought of responsive power and recurrence synchronization [4]. 

In the meantime, some DC sources and DC loads, for example, photovoltaic, supercapacitor, EV and LED, 

give chances to DC microgrid. Additionally, DC microgrid will have the capacity to expand the general 

framework proficiency contrasted with AC system. 

On the other hand, storage systems are usually installed to alleviate system power mismatch between 

generation and consumption in DC microgrid, and they can improve the stability, power quality, reliability of 

supply and overall performance of microgrid. Capacity frameworks can be described in view of energy 

thickness, vitality thickness, incline rate, life cycle et cetera, however none of the capacity frameworks satisfy 

every normal component. The normal vitality stockpiling in reasonable building is lead corrosive batteries, 

which have high vitality thickness however low power thickness, low charge/release rates and life expectancy 

of under 1,000 full cycle. So batteries can't react quickly under regular load vacillations. Contrasted with 

battery, super-capacitor has high power thickness yet low vitality thickness, high charge/release rates and life 

expectancy of around 500,000 cycles. Hence, super-capacitor can be utilized to coordinate the snappy load 

vacillations [5], [6]. The mix of the two sorts is essential for differing vitality stockpiling needs of both quick 

and moderate fluctuating force and it has turned into an exploration hotspot, and the structure of two-sorts 

stockpiling frameworks have been the subject of more research programs, for example, the mix of batteries 

and super-capacitors. 

The researcher [5], [7] demonstrated the hybrid energy storage systems lowers the battery cost and 

improves the overall system efficiency. The framework reconciliation of PV cluster, batteries, and super-

capacitors has been contemplated in a few writings, yet this framework still has a few inadequacies [8]–[10]. 

Right off the bat, when it is an islanding mode, power deficiencies happen now and again. Furthermore, PV 

excess vitality will be squandered when capacity frameworks have been completely charged. From the above, 

we consider how the DC microgrid in view of PV cluster with a half and half stockpiling framework associated 

with utility network works. We exhibit a novel power administration of DC microgrid to acknowledge 

framework solidness, low voltage direction and equivalent load partaking in every unit. It is affirmed that the 

relentless state and transient state transformation of various operation mode through MATLAB/SIMULINK 

reenactment stage. The paper is sorted out as takes after. In section 2, framework design of this microgrid and 

its displaying are talked about. Section 3 portrays the control technique and operation methods of this 

microgrid. The simulation results of the proposed system are given in section 4. Finally, the conclusions of the 

paper are summarized in section 5. 

 

 

2. SYSTEM CONFIGURATION 

A lattice associated DC microgrid explored in this paper is appeared in Figure 1. It comprises of PV-

board, half and half stockpiling unit, utility matrix, DC/DC converters, DC/AC converter and DC stack. The 

PV board is related with the DC transport through a lift DC/DC converter which expels the most outrageous 

power from PV board using most noteworthy power point following (MPPT) figuring. The cream 

imperativeness amassing unit is made out of lead-destructive batteries and super-capacitors. The batteries and 

the super-capacitors are related with the DC transport through two bi-directional half-interface DC/DC 

converters. The utility structure is related with the DC transport through a three-arrange bi-directional full-

interface AC/DC converter. 

 

 

 
 

Figure 1. DC microgrid with hybrid storage system 
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2.1.  MPPT control of PV module 

The PV cells are connected in series to form a module that gives a standard dc voltage. Modules are 

connected into an array to produce sufficient current and voltage to meet a demand for a grid-connected 

application [11]. Normally, the PV modules are first connected in series into strings and then in parallel into 

an array. The PV model can be portrayed by nitty gritty condition. The power delivered by a PV exhibit is 

reliant on the irradiance and temperature. There is a most extreme power point (MPP) which ought to be 

followed in the power-voltage (P-V) bend. It can be expert through DC/DC converter connecting the PV exhibit 

to the DC transport as appeared in Figure 2. 

Average MPPT control techniques incorporate open-circuit voltage strategy, short-current circuit 

current strategy, irritate and watch strategy (P&Q) and incremental conductance strategy (INC). By and large, 

P&Q technique and INC strategy are the broadly utilized methodologies for MPPT control. Be that as it may, 

those customary MPPT calculations have weaknesses, for example, flimsiness, poor flexibility to outer 

condition. Now and again, they may neglect to track the MPP when the climatic conditions change quickly. 

The progression estimate is naturally tuned by the intrinsic PV cluster qualities. On the off chance that the 

working point is a long way from MPP, it builds the progression measure which empowers an optimizing 

capacity. On the off chance that the working point is close to the MPP, the progression measure turns out to be 

little that the wavering is all around diminished adding to a higher effectiveness. The stream diagram of the 

variable advance size INC MPPT calculation is appeared in Figure 3 and the variable advance size &V is 

naturally tuned. 

 

 

 
 

Figure 2. DC/DC converter of PV module with MPPT function 

 

 

 
 

Figure 3. Flowchart of the variable step size INC MPPT algorithm 

 

 

2.2.  Control of bi-directional DC/DC converter for hybrid energy-storage 

Battery has high vitality thickness though it has moderately moderate charging and releasing velocity. 

Then again, super-capacitor has high power thickness and quick reaction [12]. The super-capacitor as a 

transient vitality stockpiling gadget is used to make up for quick changes in the yield control, while the battery 
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as a long haul vitality stockpiling gadget is connected to take care of the vitality demand [13]. The battery is 

demonstrated utilizing a straightforward controlled voltage source in arrangement with a steady protection. 

The SC is displayed as a consistent capacitor in arrangement with a steady protection. The bi-directional 

buck/help converter is utilized as a part of the paper to interface the SC or battery with the DC transport. The 

structure of the two converters is a parallel association. This converter fills in as a lift converter amid capacity 

unit release mode and a buck converter amid charge mode. The control method is a conventional double loop, 

including an inner current loop and an outer voltage loop, which is shown in Figure 4. 

 

2.3.  The control of three phase bi-directional AC/DC converter 

The utility grid is connected to the DC bus through a three-phase bi-directional full-bridge AC/DC 

converter. The control strategy is a direct quadrature (DQ) current controller together with an outer voltage 

control loop as illustrated in Figure 5. When utility grid works normally, the DC bus will be connected to utility 

grid through the bi-directional converter and the power will be transmitted mutually; otherwise, it will be 

disconnected with utility grid to avoid faults. 

 

 

  
  

Figure 4. Control strategy of the bi-directional 

DC/DC converter 

Figure 5. Control strategy of the bi-directional 

DC/AC converter 

 

 

3. CONTROL STRATEGY 

A novel power administration system of DC microgrid is proposed in this paper. The key purpose of 

energy administration conspire in DC microgrid is to keep the power adjust among PV module, stockpiling 

frameworks, utility network and loads constantly, which is showed by DC transport voltage [14]–[16]. The 

super-capacitor is the optional power supply as assistant energy of PV power and it works when there are 

surges or vitality rushes in the framework. The utility framework is the following spot of the power supply 

needs when there is mass vitality befuddle over a more drawn-out day and age. The structure can bring down 

the loss of lifetime of the battery in the contingent microgrid. At long last, when the primary matrix blames, 

the accessorial batteries will charge or release to keep the DC transport voltage enduring.  

At the same time, the system also has several abnormal cases drawn by blue arrow lines, as shown in 

Figure 6. These abnormal cases will happen when certain source or certain converter is in trouble. For example, 

the case 15 and case 16 between mode I and mode Ⅳ will happen in the situation that the utility grid or  

grid-connected converter breaks down and super-capacitor is full. Actually, it has twenty abnormal cases in 

unexpected situations. In Table 1, we have summarized each mode and its characteristic. In general, the 

switching between different modes and the changes of control methods for converters can be achieved through 

bus voltage changes without communication links. These modes are analyzed in the following paragraphs. 
 

 

 
 

Figure 6. Mode transition mechanism 
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Mode-I: Ulow1<Udc<Uhigh1. In this mode, the DC bus voltage is regulated only by the PV generation, 

which means the generated PV power just matches the demands. The bus voltage fluctuates at the reference 

value in a small range. At the same time, the other converters are in the standby state. The power flow is shown 

in Figure 7. 

 

 

Table 1. Summary of each mode and its characteristics 

 
 

 

 
 

Figure 7. Power flow of mode-I 

 

 

4. SIMULATION RESULTS 

MATLAB/Simulink model of DC microgrid in this research is shown in Figure 8. Transition process 

between mode-I and mode-II, transition process between mode-I and mode-III, transition process between 

mode-II and mode-IV are shown in Figures 9, 10 and 11, respectively.  

 

 
 

Figure 8. MATLAB/Simulink model of DC microgrid 
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Figure 9. Transition process between  

mode-I and mode-II 

Figure 10. Transition process between  

mode-I and mode-III 

 

 

 
 

Figure 11. Transition process between mode-II and mode-IV 

 

 

5. CONCLUSION 

In the paper, a DC microgrid with hybrid storage system is investigated. A power management 

strategy for this DC microgrid is proposed, in which the bus voltage is employed as a carrier to represent 

different operation modes. The hybrid energy storage system in this microgrid that contains two 

complementary type storage elements-battery and super-capacitor, can enhance the reliability and flexibility 

of the system based on their special supply logical. Different from the previous studies, the ac grid has a new 

supply status in the system. The practical feasibility and the effectiveness of the proposed control strategies 

have been validated by the induction motor drive application simulation of MATLAB model. 

 

 

REFERENCES  
[1] R. H. Lasseter, “MicroGrids,” in 2002 IEEE Power Engineering Society Winter Meeting. Conference Proceedings (Cat. 

No.02CH37309), 2002, vol. 1, pp. 305–308. doi: 10.1109/PESW.2002.985003. 

[2] E. Planas, J. Andreu, J. I. Gárate, I. Martínez de Alegría, and E. Ibarra, “AC and DC technology in microgrids: A review,” Renewable 

and Sustainable Energy Reviews, vol. 43, pp. 726–749, Mar. 2015, doi: 10.1016/j.rser.2014.11.067. 

[3] G. Chicco and P. Mancarella, “Distributed multi-generation: A comprehensive view,” Renewable and Sustainable Energy Reviews, 
vol. 13, no. 3, pp. 535–551, Apr. 2009, doi: 10.1016/j.rser.2007.11.014. 

[4] N. Yang, D. Paire, F. Gao, A. Miraoui, and W. Liu, “Compensation of droop control using common load condition in DC microgrids 

to improve voltage regulation and load sharing,” International Journal of Electrical Power & Energy Systems, vol. 64, pp. 752–
760, Jan. 2015, doi: 10.1016/j.ijepes.2014.07.079. 

[5] R. Sathishkumar, S. K. Kollimalla, and M. K. Mishra, “Dynamic energy management of micro grids using battery super capacitor 

combined storage,” in 2012 Annual IEEE India Conference (INDICON), Dec. 2012, pp. 1078–1083. doi: 
10.1109/INDCON.2012.6420777. 

[6] G. Zhang, X. Tang, and Z. Qi, “Research on battery supercapacitor hybrid storage and its application in MicroGrid,” in 2010 Asia-

Pacific Power and Energy Engineering Conference, 2010, pp. 1–4. doi: 10.1109/APPEEC.2010.5448231. 
[7] G. M. Masters, Renewable and efficient electric power systems. Wiley, 2004. doi: 10.1002/0471668826. 

[8] X. Hu, K. J. Tseng, and M. Srinivasan, “Optimization of battery energy storage system with super-capacitor for renewable energy 

applications,” in 8th International Conference on Power Electronics - ECCE Asia, May 2011, pp. 1552–1557. doi: 
10.1109/ICPE.2011.5944515. 

[9] Z. Zheng, X. Wang, and Y. Li, “A control method for grid-friendly photovoltaic systems with hybrid energy storage units,” in 2011 

4th International Conference on Electric Utility Deregulation and Restructuring and Power Technologies (DRPT), Jul. 2011, pp. 

1437–1440. doi: 10.1109/DRPT.2011.5994121. 

[10] S. K. Kollimalla, M. K. Mishra, and N. Lakshmi Narasamma, “A new control strategy for interfacing battery supercapacitor storage 



                ISSN: 2963-6272 

Intelektual J Energy Harvesting Storage, Vol. 2, No. 2, pp. 88-94 

94 

systems for PV system,” in 2014 IEEE Students’ Conference on Electrical, Electronics and Computer Science, Mar. 2014, pp. 1–

6. doi: 10.1109/SCEECS.2014.6804478. 
[11] H. Fakham, D. Lu, and B. Francois, “Power control design of a battery charger in a Hybrid active PV generator for load-following 

applications,” IEEE Transactions on Industrial Electronics, vol. 58, no. 1, pp. 85–94, Jan. 2011, doi: 10.1109/TIE.2010.2062475. 

[12] T. Yao, Y. Tang, and R. Ayyanar, “High resolution output power estimation of large-scale distributed PV systems,” in 2014 IEEE 
Energy Conversion Congress and Exposition (ECCE), Sep. 2014, pp. 4620–4627. doi: 10.1109/ECCE.2014.6954033. 

[13] Jiyong Li and Honghua Wang, “A novel stand-alone PV generation system based on variable step size INC MPPT and SVPWM 

control,” in 2009 IEEE 6th International Power Electronics and Motion Control Conference, May 2009, pp. 2155–2160. doi: 
10.1109/IPEMC.2009.5157758. 

[14] J. Xiao, P. Wang, and L. Setyawan, “Hierarchical control of hybrid energy storage system in DC microgrids,” IEEE Transactions 

on Industrial Electronics, vol. 62, no. 8, pp. 4915–4924, Aug. 2015, doi: 10.1109/TIE.2015.2400419. 
[15] J. Liu, X. Han, L. Wang, P. Zhang, and J. Wang, “Operation and control strategy of DC microgrid,” Dianwang Jishu/Power System 

Technology, vol. 38, no. 9, pp. 2356–2362, 2014, doi: 10.13335/j.1000-3673.pst.2014.09.007. 

[16] D. Shen and A. Izadian, “Sliding mode control of a DC distributed solar microgrid,” in 2015 IEEE Power and Energy Conference 
at Illinois (PECI), Feb. 2015, pp. 1–6. doi: 10.1109/PECI.2015.7064929. 

 

 


