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Abstract 
 
Over the years much importance is given to renewable energy and power 

generation from it as it holds future with respect to dependence on fossil 

fuels for electricity production. Among the renewable sources solar and wind 

have gained much attention owing to its abundance and clean nature. Here a 

hybrid system with photovoltaic and wind energy conversion system is 

proposed together with an amalgamation of battery and superconducting 

magnetic energy storage as energy storage devices. Simulation of the 

proposed system is done in MATLAB Simulink to analyse the stability of the 

system. Results shows the efficacy of the proposed system in contributing 

power balance between demand and generation. Comparative analysis with 

various optimisation algorithms is carried out and crow search algorithm 

gives best results. 

 

Keywords: Microgrids, hybrid source, hybrid storage, superconducting 

magnetic energy storage, Crow search algorithm. 
 

1 Introduction 

 

As the global need for energy is increasing day by day, and dependence 

on fossil fuel is being replaced by renewable sources, diffusion of renewable 

sources of energy into the grid seems to be growing in a fast pace. With the  
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inclusion of these distributed generation the grid is affected unfavourably. Be 

its need to look into protection from a different aspect or assessing the 

quality 

of power supplied to consumers. In order to research in this area and propose 

a feasible system, these characteristics should be well studied. The numerous 

research programs in this area throws light on the importance of refining 

microgrid for the future.  

 Microgrids can be observed as a bunch of distributed generators with 

energy storage policies and loads. The most widely used renewable sources 

are solar, wind, small hydro and fuel cells. Intermittent nature of such 

renewable sources can tamper the system stability and proper storage is to be 

provided in a renewable energy based microgrid. The energy storage systems 

employed with these sources are batteries, super capacitors, superconducting 

magnetic energy storage etc. Microgrids are mainly classified as AC and DC 

microgrids, based on the type of renewable sources and loads. These 

microgrids are associated to the AC main grid over a voltage source inverter. 

Intermittent nature of such renewable sources can tamper the system stability 

and proper storage is to be provided in a renewable energy based microgrid.  

 Various topologies and techniques have been suggested by scholars with 

an aim to achieve consistent improvement in the operation of a microgrid. A 

method for maintenance and regulation of tie line power flow using 

multilevel control of DSTATCOM-SMES was discussed in [1]. A power 

electronic interface based microgrid was conferred in [2] for stabilizing 

microgrid by balancing load demand and power generation. Control of 

microgrid frequency in hybrid AC/DC microgrids using global positioning 

system was deliberated in [3] but the method is cumbersome and analyses 

only three phase fault. Elimination of oscillations in DC link voltage was 

discussed in double stage three phase PV system [4] and injection of reactive 

power to maintain the voltage at PCC [5] in grid tied PV system using 

ANFIS were also found to be promising techniques in ensuring a resilient 

and reliable system. SMES coil with fault current preventive job was used in 

DFIG based wind turbines but the controller parameters were found to be 

unoptimized even though the results were satisfactory [6]. A feasible hybrid 

microgrid system was introduced in [7] by proper power management and 

utilization of sources. [8] stated that independent control of each phase will 

improve the overall quality of power in the grid. In the following sections of 

the paper the proposed system, its control strategy and simulation results will 

be deliberated in detail. 

 

2 System under Study 
 

A three phase AC microgrid comprising of solar photovoltaic, wind 

power, Battery and   SMES is proposed in this paper. During normal 

operation the loads in the microgrid is fed by PV and WECS. In case of a 

fault, overload or reduction in solar irradiance and wind velocity, the deficit 

power is obtained  

10404



                                                                                                                  
 

 

 

 

 

 

Analysis of Power Management Strategy in Hybrid Microgrids Using 

Superconducting Magnetic Energy Storage 

 

from battery and SMES, in a pre-programmed manner. SMES provisions 

energy in the magnetic turf created by the stream of direct current in a 

superconducting coil. The incorporation of SMES is owing to its advantages 

like short delay in charging and discharging and instantaneous power 

availability.  

 

 

 

  

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 1 Block Diagram of Proposed system 

 

The illustration of block diagram of the system under study as described 

is shown in figure 1. As shown in figure the output from PV is DC and is 

transformed to AC via an inverter and provided to the grid. The WECS 

generates AC power which is modulated and sent to grid for proper 

synchronization. The storages are in the form of DC and is converted to AC 

through an inverter in case stored energy is mandatory. The modelling of PV, 

WECS and battery have already been demonstrated in various literatures. 

Here a dynamic modelling of SMES is deliberated with traditional droop 

controller. Widely used droop technique is effective and can be implemented 

using cascaded voltage and current control loops. PI controllers employed 

need to be optimised for prime solution. The crow search optimisation 

algorithm is employed and the results are compared with already existing 

particle swarm optimisation and artificial bee colony algorithm. 

 

3 Dynamic Modelling of Microgrid with SMES 
 

The SMES is considered with DC-DC converter as shown in figure 2, 

and consists of two diodes D1, D2 and 2 MOSFETs M1, M2 together with a 

capacitance C. It has three modes of operation viz charge mode, discharge  
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converter 
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mode and standby mode. The SMES works in charge mode when the DC 

bus voltage is superior than reference voltage and in discharge mode when 

DC bus voltage is less than reference voltage. Standby mode is used when 

both voltages are equal and there is no power transfer. 

 

C

M1 D1

D2

Vbus

Ib-SMES

iSMES

 
Figure 2 SMES DC-DC converter 

 

The first step in power management is calculation of active and reactive 

powers by manipulating the grid voltage and current. The P and Q values are 

utilized to find the frequency ( ) and voltage amplitude ( E ) through the 

use of the PI controllers based on the following conditions: The Active 

power (P) mainly depends on converter voltage angle, so which is changing 

by . Reactive power Q is proportional to voltage amplitude E . 

Typically, in droop control )( sS


 and )( sS


 are constant droop 

coefficients. These proportional constants can be calculated by (1) and (2). 

s
P

sS 




max

max
)(




      (1) 

t
Q

E
sS 




max

max
)(


      (2) 

Where, s is the coefficient of real power, t is the coefficient of reactive 

power, 
max

  is the highest allowed voltage amplitude droop, 
max

P  is 

extreme allowed real power, 
max

E  is the extreme permissible voltage 

frequency and 
max

Q is utmost allowed reactive power. Then using these two 

values of frequency and voltage amplitude, the voltage reference is obtained 

and compared with calculated values to find error. The objective of the 

controller is to minimise this error.  By this droop control method, the power 

management is achieved and PQ issues are also reduced in this MG system. 

Figure 3 shows the crow search algorithm-based droop control for power 

flow  
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management. Where difference in grid voltage and reference voltage is 

minimised, which is caused by power mismatch. 

 
Figure 3 CSO based droop control 

 

4 System Simulation 
 

In this section, recital examination of proposed system is analyzed with 

the PV, WT, SMES and battery which are connected to the grid. The 

proposed technique is executed in Intel(R) core (TM) i5 processor, 4GB 

RAM and MATLAB/Simulink 7.10.0 (R2015a) platform and their 

performances are evaluated. Here, the proposed CSA technique is to manage 

the firmness of the power system through the control strategy. The execution 

parameters are shown in the table 1. 
Table 1 Simulation Parameters 

 

Description of parameters System Values 

Rated wind speed  

 

 

 

MG 

parameters 

12  sm /  

Frequency 60  Hz  

Nominal mechanical output 

power 
5000  W  

Stator phase resistance 0.9585    

Armature inductance 0.00525  H  

Flux 0.1827  
s

V  

Nominal voltage 26.4  V  

Rated capacity 6.6  Ah  

Internal resistance 0.04    

Awareness probability (AP)  

CSA 
0.1 

Flight Length (FL) 2 

Iteration 100 
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The anticipated practice is utilized to normalize the dc link voltage and 

droop control according to their control signals. The performance of the 

anticipated controller is analyzed in the source inputs are constant, source 

inputs are varied and load variation in the PV system. The analyzed outputs 

of the planned method are compared with PSO and ABC methods. The 

detailed analysis of the projected method is described in the following 

section. 

At first, waveform of wind speed and wind power are analyzed in the 

constant condition and charted in figure 4 (a) and (b). Although the 

anticipated technique, the governable region of pitch angle is between rated 

wind speed (12 m/s) and wind power (4800 W). If the wind speed is lower 

than the rated speed, then the probable control practise is employed. While if 

the wind speed is bigger than the rated speed, then the output power of the 

PMSG is flattened by controlling the pitch angle.  

 
Figure 4 Performance Analysis of (a) Wind Speed and (b) Wind Power 
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Figure 5 Performance Analysis of (a) Irradiance and (b) PV power 

 

 
 

 

 
Figure 6 Performance Analysis of (a) Grid Current and (b) Grid Voltage 

 

The PV output of 1500W is obtained for a constant irradiation of 

1000W/m
2 

as shown in figure 5(a) and (b). During this condition when 

adequate power is generated from PV and WT the grid voltage and grid 

current is observed to be at rated values as shown in figure 6 (a) and (b). 

Now load is varied as shown in table 2 and the continuity of supply to 

load is verified. From figure 7(a) and (b) we can see that SMES and battery 

shares  
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the additional load on the microgrid and up to 0.5s no power is fed by both 

battery and SMES. When demand is increased the energy storage systems 

efficiently supplies the surplus load and seems to quickly switch its states 

according to the load demand. 
 

Table 2 Load Variation with Time 

 

 

 

 

 

 

 
 

 
 

Figure 7 Performance of (a) SMES and (b) battery 

 

 The proposed power management methodology aims in balancing 

generation and load in order to attain system stability and reliability. It can be 

seen from table3 that the objectives are gained. The power generated from 

PV is maintained constant at 1500W and from WT at 4800W. When load 

increases to 10000W, the additional 4000W is shared by energy storage 

devices appropriately as shown in table 3.  
 

 

Time Load demand 

0-0.5s 6000W 

0.5-1s 10000W 

1-1.5s 8000W 
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Table 3 Generation and Demand 

 
Time 

(s) 

Demand 

(Watts) 

PV 

power 

(Watts) 

Wind 

power 

(Watts) 

SMES 

power 

(Watts) 

Battery 

power 

(watts) 

Total 

generation 

(Watts) 

0-0.5 6000 1500 4800 0 0 6300 

0.5-1 10000 1500 4800 1900 2000 10200 

1-1.5 8000 1500 4800 1900 1300 9500 

 

 

 
Figure 8 Comparison Analysis of (a) DC link Voltage (b)Generated Power 

 

The performance of the anticipated crow search algorithm is verified by 

analyzing the DC link voltage and power generation, with the traditional 

optimization algorithms like particle swarm optimization algorithm and 

artificial bee colony algorithm. The analysis is plotted in fig 8(a) and (b) 

respectively. From table 4 it can be seen that CSO takes only 0.3sec to settle 

to nearest value of DC link voltage while the other two methods consume 

comparatively more settling time. 
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Table 4 Comparative Analysis of DC link Voltage with other Optimization 

Algorithms 

 

 
 

 

 

 
5 Conclusion 
 

The active behavior of the system is examined to authenticate the success 

of power management scheme during anomalous or varying load conditions, 

which is regular in power systems. This also demonstrates that the DG can 

handle system turbulences that occur in the distribution line without trailing 

its voltage stability and remain connected to grid. Results attained using CSA 

method was compared with existing methods PSO &ABC, and has lower 

values of rise time and settling time. Result proves the benefits of the 

proposed method over conventional methods.   
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