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Abstract: 

Microgrids are a new concept for future energy distri-
bution systems which enable renewable energy integra-
tion and improved energy management capability.  They 
can be intended as back-up power or to bolster the main 
power grid during periods of heavy demand. Even micro-
grids entail many energy sources as a way of incorporat-
ing  renewable power. Microgrid consisting of multiple 
Distributed Generator (DG) units connected to the distri-
bution grid is presented in this project. To enhance power 
quality and also to enhance the reliability of power distri-
bution and it need to operate in both grid-connected and 
island modes. The different distributed generator units are 
photovoltaic (PV) array which functions as the primary 
generation unit of the microgrid and a proton-exchange 
membrane fuel cell to supplement the variability in the 
power generated by the PV array.

The key factor of using DGs lies on how to coordinate DGs 
with main grid to stable and reliable running and for this 
an energy-management algorithm is implemented. A stor-
age battery not only helps in reducing peak demands but 
also compensates any shortage of generated power during 
grid connected and islanded operation respectively. The 
control design for the DG inverters employs a new model 
predictive control algorithm which enables faster compu-
tational time for large power systems by optimizing the 
steady-state and the transient control problems separately. 
The performance is verified via simulation results.
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I.INTRODUCTION:

Microgrid is a new concept which plays a very important 
role in the future distribution network system. This proj-
ect gives a centralized control nothing but coordinated 
control and energy management between the distributed 
generation inverters in a micro grid under various oper-
ating conditions like grid connected mode and islanded 
mode. Grid connected mode means the distribution grid 
is coupled with the considered micro grid and the is-
landed mode means the distribution grid is disconnected 
with the micro grid under such condition there is a mu-
tual control between the distributed generation inverters 
in order to meet the particular demand.Renewable energy 
generations such as wind, solar panels, PV systems, fuel 
cells and storage devices may act as distributed genera-
tions where the proposed system consisting of a PV ar-
ray, proton exchange membrane fuel cell (PEMFC), and 
a lithium-ion storage battery (SB) these all connected to 
the distribution grid.    

These three renewable energy generations act as distri-
bution generation units in the micro grid. The DG units 
interfaced with the power electronic inverters called as 
distributed generation inverters.To control these DG in-
verters we employed a new concept called model predic-
tive control (MPC). This MPC control reduces the com-
putational time very greatly by analyzing both the steady 
state as well as transient problems separately.The PV ar-
ray and the PEMFC both are acting as the main DG unit in 
which the PEMFC act as a backup generator unit if there 
is any problem in the PV array because of its intermittent 
nature. The lithium-ion storage battery in the microgrid is 
implemented for both peak shaving and islanded condi-
tion, in the grid connected operation it mitigates
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the peak demands and in the islanded operation it act to 
compensate for any shortage in the generated power. En-
ergy storage elements such as storage batteries and some 
capacitors called ultra capacitors needed to compensate 
for the variations in the renewable generations where 
PV array and the proton exchange membrane fuel cell.In 
the microgrid generally there are problems divided into 
steady state as well as transient problems these are studied 
separately and optimally by the MPC controller to reduce 
the time required for its computation. 

If the controller other than MPC gives more computation-
al time which is not desired in the microgrid conditions, 
like PI, PD, PID controllers they reduce the steady state 
error and improves the damping of the system they need 
more time for analyzing the problems. There is a concept 
of demand side management and demand response man-
agement is also involved in this project there is a energy 
management algorithm is designed for the microgrid to 
coordinate the dispatching of power between different 
distribution generation units.

Fig.2. Operation of the SB during grid connection op-
eration.

II. SYSTEM DESCRIPTION AND MODEL-
ING:
A. System Description:
   
Fig. 1 shows 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 compris-
es 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 deliver-
ing 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 P_pv , and the 
output voltage of the PV array is permitted to vary within 
an allowable range to ensure proper operation of the DG 
inverter. balance in the microgrid which is given by
 
	 P_DG+ P_b=P_L			   (1)

To maintain the level of the dc-link voltage V_dc at the 
required level, the PEMFC supplements the generation 
of the PV array to deliver the necessary P_fc. 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 dis-
charging operations. During islanded oper- ation, the role 
of the SB is to maintain the power
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coupling(PCC) through a circuit breaker(CB). The role 
of the main DG unit functions to provide local power 
and voltage support  for the loads and, hence, reduces 
the burden of generation and delivery of power directly 
from the distributed grid. With the proliferation of power-
electronics equipment being connected to the microgrid, 
the load currents could be distorted due to the presence of 
harmonic components. When the total load demand  ex-
ceeds the generation capacity of the main DG unit and the 
SB, the EMS detects a drop in the system frequency and 
load shedding for noncritical loads is required to restore 
the system frequency and maintain the stability of the mi-
crogrid.

B. DG Inverter Modeling:
Fig.4. Equivalent single-phase representation of the 

DG inverters for grid connected operation.

 

Fig.5.Equivalent single-phase representation of the 
DG inverters for islanded operation.
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Fig.6 single-phase representation of the jth DG invert-

er for grid-connected and islanded operations.

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 
i_j as shown in Fig. 6, and the following equations are 
obtained:

During islanded operation, the frequency will change due 
to power imbalance in the microgrid. This change in fre-
quency 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 gener-
ate the necessary power to meet the overall load demand 
in the microgrid as shown in the flowchart of Fig. 3, such 
that (1) is satisfied. During islanded operation, it follows 
from (7) and (8) that DG inverter  j can be modeled as

III. CONTROL DESIGN:

With the mathematical model presented in section II-B, 
this paper proposes a novel MPC algorithm for the con-
trol of the DG inverters of the microgrid. The proposed 
algorithm is a newly developed MPC algorithm specifi-
cally designed for fast-sampling systems, to track peri-
odic signals so as to deal with the dual-mode operation of 
the microgrid. The algorithm decomposes the MPC opti-
mization into a steady-state sub-problem and a transient 
sub-problem, which can be solved in parallel in  a reced-
ing horizon fashion. 

Furthermore, the steady-state sub-problem adopts a dy-
namic policy approach in which the computational  com-
plexity is adjustable. The decomposition also al lows the 
steady-state sub-problem to be solved at a lower rate than 
the transient sub-problem if necessary. These features help 
to achieve a lower computational complexity and make it 
suitable for implementation in a fast-sampling system like 
our microgrid applications.
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In the simulation studies in this paper, the sampling inter-
val 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. 
According to [16], 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 island-
ed operation, the state-space model of Section II-B after 
time-discretization will take the form 

where the superscript  +  represents the time-shift op-
erator (with sampling interval T_s), and the exogenous 
signal is periodic. In general, any periodic signal with a 
finite number of harmonics can be written as the output 
of an autonomous finite-dimensional linear time-invariant 
state-space model. For example, if the periodic signal has 
a fundamental frequency and consists of only odd har-
monics, the A-matrix of the corresponding state-space 
model can take a block diagonal

IV. SIMULATION STUDIES

A.Simulink Diagram:
    
The simulation model is designed for the proposed mi-
crogrid system by using MATLAB software is shown in 
fig.7

Fig.7. Simulink model for the proposed microgrid 
system    

The simulink model consisting of the blocks of PV array, 
fuel cell and the storage battery which are the main re-
newable energy resources in the proposed system.the
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microgrid is tested under various conditions to evaluate 
its capabilities when operating connected and islanded 
from the distribution grid.

B.Power quality improvement with load shar-
ing during grid connected operation:
    
Power quality improvement with load sharing during grid 
connected operatio demonstrates the capacity of the mi-
crogrod to improve the power quality of the distribution 
network by compensating the harmonics in the total load 
current due to the nonlinear loads  that are connected to 
the distribution network, such that the harmonics will not 
propogate to the rest of the distribution network during 
grid connected operation. The SB current for 0 ≤  t < 0.4 
are shown in fig.8.1.The SB is operating in the charging 
mode to store energy during off-peak period where the 
cost of generation from the grid is low to meet future sud-
den demands for power.

Fig.8.1. Waveform of the SB current during charging

The waveform of the total load current for 0 ≤  t < 0.4  is 
shown in fig.8.2.

 

Fig.8.2. Waveform of three phase load current
There is no unsteady measurements in the waveform of 
the three phase load current but in the waveforms of three 
phase DG current and three phase grid current the un-
steady measurements are present for 0 ≤  t < 0.06    The 
total real power and reactive power delivered to the loads 
is about 58kW and 35kVAr. The  real power delivered to 
the load is shown in fig.8.3

Fig.8.3. Real power consumed by loads

The real power is nothing but the useful power consumed 
by the loads but the reactive power consumed by the load 
is also considered to get the apparent power. The reactive 
power consumed by the loads is shown in fig.8.4.

 
Fig.8.4. Reactive power consumed by loads

The real power dispathed by the main DG unit is 20% of 
the real power consumed by the loads. The real power 
delivered by the main DG unit is shown in fig.8.5

Fig.8.5. Real power delivered by the main DG unit

C. Peak shaving of loads during peak peri-
ods:
    
Peak shaving of loads during peak periods demonstates 
the operation of the microgrid to achieve peak shaving in 
order to reduce the cost of generation from  the distribu-
tion grid.
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Fig.9. Houry demand response curve

The fig.9 shows a typical hourly demand response curve 
in which the demand is varying.  The real power delivered 
by the grid is 60% of the load demand with peak shaving.
to achieve peak shaving at 11:00 h the SB is operating in 
the discharge mode to provide 20% of the load demand.

D. Load shedding during islanded operation:
    
During islanded operation the total generation of the mi-
crogrid not be able to sustain its generation to meet the 
power demand of the loads.

Fig.10.1. Real power delivered by the grid

The real power delivered by the grid is shown in fig.10.1
The microgrid is initially in the grid connected mode for  
0 ≤  t < 0.2 s. the SB is initially operating in the idle mode. 
A fault occurs on the upstream network of the distribution 
grid and the CB operates to disconnect the microgrid from 
the distribution grid at t=0.2 s.Up to t=0.2 s the SB is in 
idle mode after that the real power delivered by the SB is 
shown in fig.10.2.

Fig.10.2. Real power delivered by the SB

The real power delivered to the loads for 0 ≤  t < 0.6 s is 
shown in fig.10.3 Generally when load 3 is shed at t=0.4 
s. the toal real and reactive power delivered to the loads 
gradually decreases.

 
Fig.10.3. Real power consumed by the loads

The reactive power delivered to the loads for 0 ≤  t < 0.6 
s is shown in fig.10.4

 
Fig.10.4. Reactive power consumed by the loads

when load 3 is shed the toal real and reactive power de-
livered to the loads gradually decreases settle and operate 
stably at about 40kW and 22.7 kVAr respectively.

V. CONCLUSION:

This project proposed a control and management strategy 
for optimal and reliable operation of a microgrid for grid 
connected and islanded operations. The strategy uses Pho-
tovoltaic array (PV) as main power supply and DGs, stor-
age battery as slave power supply. Coordination between 
multiple DGs in a microgrid system can be realized by us-
ing control system. MPC algorithm is implemented in the 
proposed controller which decomposes the control prob-
lem into steady-state and transient sub problems in order 
to reduce the overall computation time.The results have 
validated that the microgrid is able to handle different op-
erating conditions effectively during grid-connected and 
islanded operations, thus increasing the overall reliability 
and stability of the microgrid.
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Fig.10.4. Reactive power consumed by the loads
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multiple DGs in a microgrid system can be realized by us-
ing control system. MPC algorithm is implemented in the 
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to reduce the overall computation time.The results have 
validated that the microgrid is able to handle different op-
erating conditions effectively during grid-connected and 
islanded operations, thus increasing the overall reliability 
and stability of the microgrid.
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