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Abstract— This paper presents the synchronization of 

microgrid with the medium voltage (MV) grid and a method 

based on achieving secondary level control of microgrid in 

both islanded and grid-connected modes. Small distributed 

generators (DG) act as a source for a low voltage (LV) grid 

or microgrid in order to satisfy the wide-spread power 

demand of consumer. The gate pulses for the Voltage Source 

Converters of each Distributed Generation (DG) unit are 

generated using PWM technique and the secondary level 

voltage control of microgrid is achieved in both grid-

connected and islanded modes. The cascade microgrid 

system comprising of three distributed generators (DG) on 

which the studies are performed is simulated in time-domain 

using PSCAD/EMTDC software. The study results manifest 

appropriateness of synchronization of microgrid with the 

medium voltage (MV) grid and the admissibility of the 

hierarchical secondary level voltage control of a microgrid 

Key words: Microgrid, Distributed Generation, secondary 

level voltage control, Pulse Width Modulation, Phase 

Locked Loop.  

I. INTRODUCTION 

Uplift in market, environmental concerns and increasing 

demands of customers has brought some major changes in 

the pattern of electric power system. Microgrid has come 

into picture due to advancement in technology, isolationism 

of electric utility industry and environmental issues due to 

Central Electric Power Plants (CEPP). Thus there is an 

expectation from the envisaged power system to yield the 

best service possible based on the upgradation in 

technologies e.g. Information and Communication 

Technologies (ICT), control and power management 

strategies, automated equipments and Distributed Energy 

Resources (DER) under the vast concept of smart grid. 

“Microgrids are local grids comprising different 

technologies such as power electronics converters, 

Distributed Generations (DGs), Energy Storage Systems 

(ESSs), and telecommunications that not only can operate 

connected to the traditional centralized grid (macrogrid) but 

also could operate autonomously in islanded mode.” [1].The 

investigation of microgrid presented in this paper is based 

on achieving hierarchical secondary level voltage control in 

both grid-connected and islanded modes. The first step in 

this direction is 1.) to synchronize the microgrid with the 

medium voltage (MV) grid 2.) to serve as the building block 

for the smart grid by using secondary level voltage control 

strategy from the control hierarchy of microgrid [2]. 

In this paper, initially several parts of information 

from each Distributed Generation (DG) unit e.g. voltage, 

current, real and reactive power are conveyed to gate pulse 

generation circuit of Voltage Source Converter (VSC).This 

gate pulse generation circuit uses Phase Locked Loop (PLL) 

for the purpose of grid synchronization in grid-connected 

mode and in islanded mode it uses Voltage Controlled 

Oscillator (VCO) for synchronizing microgrid with the 

medium voltage (MV) grid. This paper presents hierarchical 

secondary level voltage control method for achieving 

islanded and grid-connected control of microgrid. 

Thus this paper elaborates the idea of grid 

synchronization and microgrid secondary level voltage 

control by demonstrating its implementation on cascade 

microgrid system. The research work is simulated using the 

PSCAD/ EMTDC software environment. 

This paper is structured as follows. The next 

portion describes the literature survey done to reach to the 

problem statement. Section III describes the control 

strategies for multiple Distributed Generation (DG) 

microgrids in islanded and grid-connected modes. The 

islanded control is further subdivided into three levels of 

microgrid control hierarchy on the basis of time frame i.e. 

Primary control, Secondary control and Tertiary control 

time zones. Section III describes the two methods used for 

gate pulse generation circuit of Distributed Generation (DG) 

units and grid synchronization. Section IV describes the 

methodology adopted, section V describes the block 

diagram and parameters of cascade microgrid system on 

which the Quassi Square Wave switching scheme and Pulse 

Width Modulation (PWM) scheme are implemented and 

secondary level voltage control of microgrid is achieved. 

Section VI illustrates the simulation results, section VII 

concludes the paper, and finally section VIII represents the 

future scope. 

II. LITERATURE SURVEY 

The study of Pulse Width Modulated D-STATCOM using a 

multifunction controller for achieving control of dc bus 

voltage, ac voltage and correcting power factor was initially 

taken into account in 2002 [3]. Investigation of two events 

namely pre-planned switching events and fault events by 

adopting conventional active and passive islanding detection 

techniques were done in 2005 [4]. In the same year the 

maintenance of stability of the microgrid in the isolated 

mode of operation for varying loads and climate conditions 

was done by adopting conventional grid control through f/P 

and V/Q droop control method [5].  In 2006 the study of 

dynamic behavior of inverter fed microgrid was carried out 

under islanded operation during different load conditions 

using experimental set-ups at NTUA [6]. In 2012 to 

maintain AC bus voltage regulation and to see that the 

fundamental frequency does not vary during transients of 

microgrid which was achieved using Plug and play approach 

was introduced [7]. In 2012 to hold system frequency at or 

very close to 50 Hz and to maintain each unit’s generation at 

the most economic value a centralized secondary control 

algorithm was proposed [8]. In 2012 to achieve primary and 

secondary control for improving the SLB (Sensitive Load 

Bus) voltage quality in microgrid was done using selective 

virtual impedance loop controllers [9]. In 2013 the optimal 
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size of BESS by considering overloading characteristics and 

limitations of the state of charge (SOC) of battery, a control 

scheme of dc/ac converter for the BESS was developed on 

the basis of which overloading capacity of the BESS and its 

permissible duration for participating in primary frequency 

control was determined [10]. 

III. GRID-CONNECTED AND ISLANDED MODES OF MULTIPLE 

DG MICROGRID 

Schematic diagram of multiple Distributed Energy 

Resources (DER) microgrid is shown in fig.1 which can 

have any arbitrary configuration. Number of Distributed 

Energy Resources (DER) units comprising Distributed 

Generation (DG) units and Distributed Sources (DS) units in 

each of them are inter-related to form a microgrid. Point of 

Connection (PC) is the interfacing point of each Distributed 

Energy Resource (DER) unit and microgrid. Again the Point 

of Common Coupling (PCC) is the interfacing point 

between the microgrid and the main grid. A microgrid can 

operate in three modes 1.) Grid-connected mode 2.)Islanded 

mode 3.) Transition mode out of which grid-connected 

mode and islanded mode along with control hierarchy of 

microgrid are described in this section. 

 
Fig. 1: Multiple DER Microgrid 

A. Grid-Connected Mode 

In the grid-connected mode, the voltage at PCC is mainly 

determined by the MV grid, and the main objective of the 

microgrid is to accommodate 1) the real or reactive power 

generated by the DER units and 2) the load demand. 

Reactive power which is injected by a DG unit can be used 

for 1) power factor correction, 2) reactive power supply, or 

3) voltage control at the corresponding PC. To prevent 

voltage control interaction with the MV grid at the PCC, the 

DER units in the nearby (determined by the electrical 

distance and of the grid) of the PCC should not readily 

implement a voltage control scheme. Further, the DG units 

with limited power generation capacity cannot practically 

assist a strong utility network in its voltage and/or frequency 

regulation. The main utility may not allow voltage 

regulation in the grid-connected mode. 

B. Islanded Mode 

When a part of the utility system containing DG units is 

disconnected from the main grid and the independent DG 

units continue to energize the utility lines in the isolated part 

than islanding is said to have occur. There are two types of 

islanding: (1) Intentional islanding (2) Unintentional 

Islanding. Unintentional islanding is a major concern as it 

affects consumers, consumer equipment, maintenance 

personnel and utility. As more number of DG are 

incorporated in the power system it will pose hazard to the 

safety of a personnel as well as there is a threat of power 

system being damaged.    

Despite of grid-connected DGs supplying to the 

distribution system, an appealing concern is the detection 

and prevention of islanding. If the DG fails to trip then it 

may lead to various problems such as power quality, safety 

and operation problems. Hence now-a-days it has become a 

common practice in industries to disconnect all DERs 

immediately after the occurrence of islands. This 

disconnection is normally practiced using islanding 

detection relays pertaining to different techniques. The 

islanding detection condition must be planned according to 

international standards. All islanding detection methods 

have pros and cons. Islanding detection techniques can be 

divided into two techniques remote and local which are 

further subdivided into active, passive and hybrid detection 

techniques. The islanded mode of microgrid is subdivided 

into three sections of microgrid control hierarchy i.e. 1.) 

Primary Control Level 2.) Secondary Control Level 3.) 

Tertiary Control Level which are described further in this 

section. 

 
Fig. 2: Islanding Detection Techniques 

C. Control Hierarchy Of Microgrid 

The control hierarchy of microgrid as follows [2]:  

1) Primary control:  

The primary control is related to the local control of the DG 

units. The response given by it is very fast and it ensures 

that voltage and frequency track their set points. Islanding is 

detected in this control. Linear methods of control which are 

conventional are generally used for achieving primary 

control on the basis of the measured quantities. Step-by-step 

change in the modes of controller and detection of islanding 

condition are inculcated in primary control level of 

microgrid control hierarchy. 

2) Secondary control:  

The secondary level is designed to restore the DGs output 

voltage, frequency and amplitude deviations which are 

produced by the power droop controllers and output 

impedances. It ensures power quality and mitigates voltage 

and frequency deviation by determining the set points for 

primary control. It gives slower response than primary. Thus 

primary control loop reaches its steady state before the 

secondary controller updates the set points. 

Inorder to control the voltage of Voltage Source 

Converter (VSC) interfaced to the microgrid in dq reference 

frame either it should operate as a voltage source or a nested 
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loop based control should be implemented which is 

illustrated in fig. 2. It should consist of two loops namely 

inner current control loop and outer voltage control loop 

thus forming a nested loop. Converter current of inner loop 

is regulated by the controller C(s) and the converter output 

voltage of the outer loop is regulated by the controller K(s). 

Inorder to improve the dynamic performance of the system, 

a current feedforward term and a voltage decoupling term 

should be used. This entire paper deals with the secondary 

level voltage control of microgrid. 

3) Tertiary control:  

The tertiary control level regulates the power exchange 

between the main grid or MV grid and the micro grid or LV 

grid. It is the highest level of control and it sets the steady 

state set points on the basis of the information received 

about the status of DER units depending on the 

requirements. 

 
Fig. 3: Microgrid Control Hierarchy 

IV. METHODOLOGY 

Two schemes for gate pulse generation of Voltage Source 

Converter (VSC) and grid synchronization are described in 

this section. 

A. Grid Synchronization Quassi Square Wave Scheme 

In this methodology, the Voltage Source Converter (VSC) is 

interfaced with the utility grid at the Point of Common 

Coupling (PCC). The load voltage at Point of Common 

Coupling (PCC) is given as input to the Phase Locked Loop 

(PLL) whose proportional gain (Kp) and integral gain (Ki) 

are adjusted in such a way that the gate pulses are accurately 

generated and the desired Voltage Source Converter (VSC) 

output voltage is achieved in both islanded and grid-

connected modes. 

The output of Phase Locked Loop (PLL) which is 

in the form of theta is used for switching the power 

electronic switches of Voltage Source Converter (VSC) thus 

giving quassi square wave gate pulses. Each gate pulse is 

triggered for 120 degrees.Thus the output voltage of Voltage 

Source Converter (VSC) is controlled but due to the quassi 

square wave scheme it is only possible to get the nearest 

desired converter output voltage. Inorder to overcome this 

issue, another technique for gate pulse generation which is 

the Pulse Width Modulation (PWM) technique which gives 

the sinusoidal converter output and thus the desired 

converter output voltage can be achieved by synchronizing 

the grid. 

B. Grid Synchronization And Pulse Width Modulation 

(PWM) Scheme 

In this methodology also Voltage Source Converter (VSC) 

is interfaced with the utility grid at the Point of Common 

Coupling (PCC). However in this case the system frequency 

is given as input to Voltage Control Oscillator (VCO). The 

output of Voltage Controlled Oscillator (VCO) is again in 

form of theta which is used for switching the power 

electronic switches of Voltage Source Converter (VSC) thus 

generating sine wave or fundamental wave. The triangular 

wave is generated with the help of Voltage Controlled 

Oscillator (VCO) whose switching frequency is 64 times the 

fundamental 60 Hz frequency. 

Thus carrier frequency is superimposed on 

fundamental frequency which is used to generate gate pulses 

of Voltage Source Converter (VSC) which produces the 

sinusoidal output voltage. The desired converter output 

voltage is achieved by adjusting the modulation index in 

both grid-connected and islanded modes. 

These two methods just show open loop control. However 

the closed loop control can be applied by generating the 

reference of modulation index through PI controller. 

V. DESIGN AND PARAMETERS OF CASCADE MICROGRID 

SYSTEM 

The block diagram is part of the North American medium 

voltage CIGRE-IEEE DER benchmark system [3] and 

comprises of three DG units is shown in fig. 4. Two of the 

DG units are dispatchable (DG2 and DG3), which operate as 

voltage-controlled sources, and the third unit (DG1) is non-

dispatchable, which operates as a current-controlled voltage 

source. Each of the DG unit is represented by a DC source 

interfaced to the system through a VSC. Each VSC is 

connected to the corresponding PC through a filter and an 

interface transformer. All transformers are delta to grounded 

wye. The local load of each DG unit is connected to the 

corresponding PC and is represented by a shunt RL system. 

Using a shunt capacitor, the power factor of each load is 

adjusted at 0.95 lagging. The overhead lines between PCs 

are represented by a series RL branch per phase. 

The microgrid is connected to the MV grid at the 

PCC. The main grid is represented by an ideal three phase 

voltage source behind a series RL branch in each phase. The 

grid is strong and has a short circuit MVA of 12000 MVA 

and an R/X ratio of 0.1. Table I shows the parameters used 

in block diagram. 
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Fig. 4: Block Diagram of Cascade Microgrid System 

A. Parameters of Cascade Microgrid System 

Fundamental 

frequency 
f = 60 Hz 

 

Grid voltage Vs = 230 KV 
 

Grid resistance Rs = 0.439Ω 
 

Grid inductance Ls = 11.635mH 
 

Transformer G 

230/12.47 
12000 MVA 

0.001+j0.120 

pu 

Transformer 1 

12.47/480 
500 KVA 

0.005+j0.080 

pu 

Transformer 2 

12.47/480 
300 KVA 

0.005+j0.080 

pu 

Transformer 3 

12.47/480 
350 KVA 

0.005+j0.080 

pu 

DC bus voltage Vdc = 816 V 
 

Filter impedance 
 

0.025+j0.040 

pu 

Line 1 
 

0.846+j2.112 

Ω 

Line 2 
 

0.517+j1.292 

Ω 

Load 1 (240 KVA) 
R=810Ω L=2.86H 

C=1.38µf  

Load 2 (435 KVA) 
R=420Ω L=1.80H 

C=1.83µf  

Load 3 (270 KVA) 
R=640Ω L=3.50H 

C=0.64µf  

Table 1.Aparameters of cascade microgrid system 

VI. SIMULATION RESULTS 

Below given figures shows the simulation results of quassi 

square wave technique. The inverter output voltages (kV) 

before and after the filter is shown in fig. 5. Epq, Eqr, Erp 

are inverter output voltages before filter (kV) and Eab, Ebc, 

Eca are inverter output voltages after filter (kV). Grid 

voltage Ea (kV) is shown in fig. 6 and fig. 7 shows the grid 

current Ia (amp). Phase voltages at load end (kV) are shown 

in fig. 8, fig. 9 shows theta and fig. 10 shows the gate pulses 

generated through PLL. 

 

 
Fig. 1: Inverter output voltages before and after filter                  

 
Fig. 2 Grid voltage “Ea (kv)” 

 
Fig. 3 Grid current “Ia (amp)”                                    

 
Fig. 4 “Voltage (kV)” at load end 

 
Fig. 5: Output of PLL 

 
Fig. 6: Gate pulses through PLL 

Below given figure shows the simulation results of PWM 

technique. The DG 1 output voltage (Volts) are shown in 

fig. 11. Phase voltages at load end (kV) are shown in fig. 12, 

fig. 13 shows load current (Amp), fig. 14 shows theta and 

fig. 15 shows gate pulses generated through PWM and 

VCO. 
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Fig. 7: DG1 Output “Voltage (V)” 

 
Fig. 8: “Phase Voltage (kV)” at load end 

 
Fig. 9: DG “Load Current (mA)” 

 
Fig. 10: Output of VCO 

 
Fig. 11: Gate pulses using PWM 

VII. CONCLUSION 

Secondary control of microgrid is necessary in islanded and 

grid-connected modes. When microgrid is synchronised 

with the MV grid; power quality is maintained, voltage is 

regulated and frequency variation is minimized. 

 Converters based on Quassi Square Wave switching 

scheme and PWM (Pulse Width Modulation) scheme have 

been implemented for all the distributed generators (DGs) 

and output of PWM technique have been found more 

appropriate for controlling real and reactive power of DGs. 

Therefore DGs based on PWM technique are more 

appropriate for further research work. 

VIII. FUTURE WORK 

Closed loop control technique for achieving secondary level 

voltage and current control of micro-grid connected to a 

strong grid in islanded mode can be tried for 

implementation. According to the IEEE standard the voltage 

and frequency deviation should be within ± 5 V and ± 0.5 

Hz respectively. 
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