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Abstract- This paper presents a micro grid consisting of 

different distribution generation(DG) units such as PV, 

Wind, Fuel cell, battery that are connected to the 

distribution grid. The proposed micro grid consists of a 

PV array and wind which functions as the Primary 

generation unit of the micro grid.  A proton exchange 

membrane fuel cell is used to supplement the variability 

in the power generated by PV and Wind. A lithium-ion 

battery is also used to store energy from PV, Wind & 

Fuel cell and its energy is given to the load/grid during 

peak energy demand. MPPT is used to extract the 

maximum output voltage from PV and Wind. Here 

Perturb and Observation algorithm is used, because it is 

the simplest MPPT algorithm to get effective output. In 

standard inverter without the PWM technique, the 

output voltage changes according to the power 

consumption of the load. The PWM technology corrects 

the output voltage greater according to the value of the 

load by changing the width of the switching frequency 

in the oscillation section. As a result of this, the AC 

voltage from the inverter changes depending upon the 

width voltage of the switching pulse. The PWM 

controller in the inverter will make correction in the 

pulse width of the switching pulse based on the 

feedback voltage and the inverter will give a steady 

output voltage irrespective of the load characteristics. 

LC filter is used to eliminate harmonics from the 

inverter. SEPIC converter is used for output current 

and voltage regulation. ANN controller is used to 

eliminate error in the output voltage and maintain 

constant output voltage at the load/grid side. 

 

Index Terms- DC/DC converter, DC microgrid, Fuzzy 

logic controller, MPPT, Multiple renewable energy 

sources, PWM inverter, Storage unit. 

 

I. INTRODUCTION 

 

Over the last decade, efficient and reliable 

communication and control technologies, coupled 

with an increase in smarter electrical facilities, such 

as electric vehicles and smart meters, have resulted in 

an increasing number of consumers participating in 

demand response management (DRM). The current 

research is also focused on achieving a smarter grid 

through demand-side management (DSM), increasing 

energy reserves and improving the power quality of 

the distribution system, such as harmonic 

compensation for nonlinear loads [3]. These new 

trends enable higher levels of penetration of 

renewable generation, such as Wind, Solar power and 

Fuel cell into the grid [6][14]. The integration of 

renewable sources can supplement the generation 

from the distribution grid. However, these renewable 

sources are intermittent in their generation and might 

compromise the reliability and stability of the 

distribution network. As a result, energy-storage 

devices, such as batteries and ultra-capacitors, are 

required to compensate for the variability in the 

renewable sources [8][12]. The incorporation of 

energy-storage devices is also critical for managing 

peak demands and variations in the load demand. In 

this paper, a microgrid consisting of a photovoltaic 

(PV) array, Wind ,a Proton-exchange membrane fuel 

cell (PEMFC), and a lithium-ion storage battery (SB) 

is proposed. The PEMFC is used as a backup 

generator unit to compensate for the power generated 

by the intermittent nature of the PV array and Wind. 

The SB is implemented for peak shaving during grid-

connected operation, and to supply power for any 

shortage in generated power during islanded 

operation and to maintain the stability of the 

distribution network. An energy-management which 

optimizes the steady-state and the transient control 

problems separately. In this way, the computation 

time is greatly reduced. In what follows, this paper 

provides a comprehensive solution for the operation 
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of a microgrid which will simultaneously dispatch 

real and reactive power during both grid-connected 

and islanded operations, compensate for harmonics in 

the load currents, and perform peak shaving and load 

shedding under different operating conditions. 

 

II. BOOST-ZETA INTEGRATED CONVERTER 

 

It should be noticed that due to their high series 

equivalent resistance standard single-switch, single-

ended converters (for instance boost and buck-boost 

topologies) cannot be used to implement the DRER 

converter. Since it demands very high duty-cycles to 

handle the voltage difference between a single PV 

module, Wind, Fuel cell and the 240V of the DC-bus. 

This high conversion ratio is achieved with a  

integration of Boost-Zeta DC-DC converter is 

proposed in this paper This DC-DC converter is 

based on the integration of the Boost and the Zeta 

converters. The DRER converter is comprised of a 

single-switch DC/DC converter with an input, middle 

section and output section [6-10][15-16]. Where the 

input section consists of PV source, Wind and Fuel 

cell. The switch and primary of the coupled-inductor 

composed of Lm, N1 and N2. The middle section is 

given by secondary of the coupled-inductor and the 

capacitor Cz. Finally, the output section can be split 

into two parts. The output section of the Boost 

converter is comprised of a diode Dband the 

capacitor Cob, and the output section of Zeta 

converter is given by diode Dz, inductor Lo and the 

capacitorCoz, where their connection is in stacked 

(Vob+Voz). Note that in the output section is the 

inductor Lo, therefore the output current has low 

ripple and the possibility of controlling this current. 

The converter is named Boost-Zeta integrated 

converter. 

 

Fig. 1 Integrated Boost-Zeta converter 

 

III.SYSTEM MODELING 

 

The configuration of the microgrid proposed in this 

paper that is designed to operate either in the grid-

connected or islanded mode. The main DG unit 

comprises a 40-kW PV array and a 15-kW PEMFC, 

which are connected in parallel to the dc side of the 

DG inverter 1 through dc/dc boost converters to 

regulate the dc-link voltage of the DG inverter at the 

desired level by delivering the necessary power. The 

PV array is implemented as the primary generation 

unit and the PEMFC is used to back up the 

intermittent generation of the PV array. When there is 

ample sunlight, the PV array operates in the MPPT 

mode to deliver maximum dc power PPV, which is 

discussed in detail , and the output voltage of the PV 

array is permitted to vary within an allowable range 

to ensure proper operation of the DG inverter. To 

maintain the level of the dc-link voltage VDC  at  the 

required level, the PEMFC supplements the 

generation of the PV array to deliver the necessary 

PFC . When the output voltage of the PV array falls 

below a preset limit, the PV array is disconnected 

from the DG unit and the PEMFC functions as the 

main generation unit to deliver the required power. A 

30-Ah lithium-ion SB is connected to the dc side of 

DG inverter 2 through a bidirectional dc/dc buck-

boost converter to facilitate the charging and 

discharging operations. During islanded operation, 

the role of the SB is to maintain the power balance in 

the micro grid which is given by 

PDG+Pb=PL    1 

where PDG is the power delivered by the main DG 

unit, is the SB power which is subjected to the 

charging and discharging constraints given by  

Pb≤ Pb,max    2 

and is the real power delivered to the loads. The 

energy constraints of the SB are determined based on 

the state-of-charge (SOC) limits which are given as    

SOCmin< SOC<SOCmax                 3 

Although the SOC of the battery cannot be measured 

directly, it can be determined through several 

estimation methods presented. When the micro-grid 

operates is - landed from the distribution grid, the SB 

can operate in the charging, discharging, or idle mode 

depending on its SOC and PB .The EMS controls and 

monitors different aspects of power management, 

such as load forecasting, unit commitment, economic 

dispatch, and optimal power flow through a 
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centralized server. Important information, such as 

field measurements  from smart meters, transformer 

tap positions, and circuit- breaker (CB) status are all 

sent to the centralized server for processing through 

Ethernet. During grid-connected operation, the 

distribution grid is connected to the microgrid at the 

point of common coupling (PCC) through a circuit 

breaker (CB). During off-peak periods when the cost 

of generation from the grid is low and if the SB’s 

SOC is below the maximum SOC limit , the SB can 

be charged by the grid and the loads will be supplied 

by the main DG unit and the grid. During peak 

periods, when the cost of generation from the grid is 

high and if the SB’s SOC is above the minimum SOC 

limit , the SB can deliver power to the grid to achieve 

peak shaving. When a fault occurs on the upstream 

network of the distribution grid, the CB operates to 

disconnect the microgrid from thedistribution grid. 

The main DG unit and the SB are the sole power 

sources left to regulate the loads. In the case when the 

generation capacity of the main DG unit is unable to 

meet the total load demand, the SB is required to 

provide for the shortage in real and reactive power to  

maintain the power balance and stability of the 

microgrid . 

 
Fig. 2 Block Diagram of Proposed System 

 

IV. DG INVERTER MODELING 

 

The equivalent single-phase representation  of the 

DG inverters for grid-connected and is-landed 

operation. The switched voltage across the output of 

the jth DG inverter is represented by UjVdcj, where is 

the control input . The output of the DG inverter is 

interfaced with an LC filter represented by LfjandCfj 

to eliminate the high switching frequency harmonics 

generated by the DG inverter. The resistance models 

the loss of the DG inverter. The total load current iL , 

which is the sum of the currents delivered to the load 

is given by 

    IL =∑           =iL1+iL2+iL3  4 

and can be modeled as two components consisting of 

fundamental iLfand iLhharmonic with their peak 

amplitudes iLf and iLh , respectively, and is 

represented iL 

iL= iL f+ iLh= ILfsin(ωt-ᵠLf) + ∑    
 
      sin(hωt-ᵠLf) 

 = iLfsinωtcosᵠLf- iLfcosωtsinᵠLf+ ∑    
 
       sin(hωt-

ᵠlh) 

 = iLf,p+ iLf,q+ iLh     5 

where ᵠLfand ᵠLh are the respective phase angles of the 

fundamental and harmonic components of iL,iLf,p 

andiLf,qand the instantaneous fundamental phase and 

quadrature components ofiL. To achieve unity power 

factor at the grid side, compensate for the harmonics 

in the load currents and concurrently achieve load 

sharing, the inverter of the DG unit supplies a current 

that is given by 

iDGj=(iLf,p-ig)+iLf,q+iLh   6 

where ig is the grid current.The distribution grid is 

supplied by a utility substation represented by a 

voltage source vg during grid-connected operation, 

and is connected to the microgrid and the loads via a 

distribution line with resistanceRland inductance Ll . 

In the grid-connected mode, the grid voltage is 

known and the microgrid shares the load demand 

with the grid. Hence to control the power delivered to 

the loads, the output current of the DG inverter is 

controlled using the current control mode (CCM). 

During islanded operation, the microgrid will supply 

the overall load demand and it is required that the 

output voltage be regulated to a pure sine wave with 

a fixed magnitude. This can be achieved through the 

voltage-control mode (VCM).  

To derive a state-space model for the DG inverter 

during both grid-connected and islanded operations, 

Kirchhoff’s voltage and current laws are applied to 

the current loop and the following equations are 

obtained: 
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where ijis the current passing through Lfj. Hence the 

grid connected DG inverter model can be written a 

 ẋgj=Agjxgj+Bgj1ύj+Bgj2uj   9 

ygj=Cgjxgj+Dgj1ύj+Dgj2uj   10 

where the subscripts g and j and represent the model 

of DG inverter during grid-connected operation. 
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    is the state exogenous input,    is the control 

input and         is the output, which will be 

regulated to track the desired periodic reference 

waveform. During islanded operation, the frequency 

will change due to power imbalance in the microgrid. 

This change in frequency is detected by the EMS of 

the microgrid, which is used to manage and monitor 

the power dispatch by each DG unit. Based on the 

frequency change information, the EMS will require 

the main DG unit and the SB to generate the 

necessary power to meet the overall load demand in 

the microgrid . During islanded operation, DG 

inverter can be modeled as 

 ̇ ij=Aijxij+Bij1i
’
j+Bij2uj   11 

where the subscript denotes the model of the DG 

inverter during islanded operation and  
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T
  is the state vector. 

 

V. CONTROL DESIGN 

 

This paper proposes a novel MPC algorithm for the 

control of the DG inverters of the microgrid. The 

proposed algorithm is a newly developed MPC 

algorithm specifically designed for fast-sampling 

systems, to track periodic signals so as to deal with 

the dual-mode operation of the microgrid. The 

algorithm decomposes the MPC optimization into a 

steady-state sub-problem and a transient sub-

problem, which can be solved in parallel in a 

receding horizon fashion. Furthermore, the steady-

state sub problem adopts a dynamic policy approach 

in which the computational complexity is adjustable. 

The decomposition also allows the steady-state sub-

problem to be solved at a lower rate than the transient 

sub-problem if necessary. These featureshelp to 

achieve a lower computational complexity and make 

it suitable for implementation in a fast-sampling 

system like our microgrid applications. In the 

simulation studies in this paper, the sampling interval 

is chosen as 0.2ms, which is considered pretty small 

in conventional MPC applications, but necessary for 

the high order of harmonics being tackled for our 

problem.  

Sampling in the range of tens of kHz is possible with 

state-of-the-art code generation techniques. It is noted 

that in either the grid-connected or the islanded 

operation, the state-space model after time-

discretization will take the form 

                       12 

                          13 

where the superscript + represents the time-shift 

operator (with sampling interval ), and the exogenous 

signal ω is periodic.  

 

VI. CONCLUSION 

 

This paper concludes that energy is harvested from 

multiple energy resources and its is supplied to both 

grid/load side and to the battery. When insufficient 

energy occurs at grid side, battery supplies energy to 

the load.  ANN controller is used to maintain the 

constant output voltage at the load side. 
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Fuel Cell Output 

 

Battery output 
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