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ABSTRACT: In This paper presents a small grid consisting of different distributed generation units those are
connected to the distributed grid in this spatially A new energy management control technique implemented to
coordinate the all Distributed generation units in the small grid. For grid connected and isolated operations. In this
paper proposed a small grid consisting of PV and wind power systems FC and a storage battery, the design concept is
verified through various test scenarios to demonstrate the operational capabilities of the proposed micro grid and
verified in Matlab simulation software.
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I INTRODUCTION

In the course of the most recent decade, proficient and solid correspondence what's more, control advancements,
combined with an expansion in more quick witted electrical offices, for example, electric vehicles and brilliant meters,
have brought about an expanding number of shoppers taking an interest demand response management (DRM) [1]-[5].
The ebb and flow look into is additionally centered around accomplishing a more quick witted grid through demand-
side management (DSM), expanding vitality saves and enhancing the power nature of the conveyance system, for
example, symphonies pay for nonlinear burdens [5]-[8]. These new patterns empower larger amounts of entrance of
sustainable era, for example, wind and sun oriented power into the network. The coordination of sustainable sources
can supplement the era from the conveyance system.

In any case, these inexhaustible sources are discontinuous in their era and might trade off the unwavering

quality and soundness of the dissemination arrange. As In this project, a micro grid made up of a photo voltaic or (PV)
range, proton-exchange membrane fuel cell (PEMFC), and a lithium-ion storage space battery (SB) is recommended.
The PEMFC is utilized as a move down maker unit to compensate for the vitality created by the sporadic qualities of
the PV range. The SB is executed for crest shaving amid lattice associated operation, what's more, to supply control for
any lack in created control amid islanded operation and to keep up the strength of the appropriation arrange.
A vitality administration calculation is intended for the microgrid to arrange the sharing of energy among various DG
units. In what takes after, this project gives a far reaching solution for the capacity of a micro grid which will in the
meantime conveyance genuine and sensitive energy amid both network associated and islanded capacities, compensate
for harmonics in the load voltages, and execute ideal cutting and burden losing under distinctive working
circumstances.
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Fig. 1. Overall configuration of the proposed microgrid architecture.

A 40-kw photovoltaic array and a 15-kw prton exchange membrane fuel cell constitutes the the main DG unit
in which the PV array act as the primary generation source and the PEMFC act as a secondary generation or backup
generation but in the case of disconnection of PV array the PEMFC alone act as the main generation in order to given
the required load.

Generally both the Wind PV array and the PEMFC are connected in parallel to the dc side of the DG inverterl
as shown in fig the proposed microgrid system design is such that it can be operated in both the modes that means
either in grid connected or in islanded mode. The DC/DC boost converters regulate the output voltage of PV array and
fuel cell stack and give the proper dc link voltage to the DG inverterl. When there is enough sunlight then the PV array
operated in the MPPT mode to deliver the maximum dc power denoted by P, and the fuel cell generated power is
denoted by Py,

The storage battery where considered is a lithium ion storage battery which is connected to the dc side of the
2" DG inverter as shown in fig.5.1 the storage battery performs the charging and discharging operations according to
the requirements. In the grid connected mode the SB aims for peak shaving and in the islanded mode it supplies some
amount of power because of the absence of the distribution grid. During islanded operation the power delivered by SB
and the main DG unit balances the total load given by the equation

Under the constraint that

By using the state of charge(SOC) the energy constraints are given by
SOCin<SOC < SOCiaxe-cvevvevevnrrarnnnannns 3)

Generally the SOC cannot be obtained directly but by using several estimation methods can easily determined.
When the microgrid is islanded from the main grid the SB may be in the charging mode or discharging mode or idle
mode that is purely depends on the state of charge and the power delivered by the storage battery. The state of charge
must be in the limits of minimum to maximum SOC that means the value of the SOC should be less than or equal the
maximum SOC and must be greater than the minimum SOC.

The power delivered by the SB must be satisfy the constraint that it should be less than or equal to the power
delivered by the battery. The battery gets charging in the grid connected mode normally and discharging in the islanded
mode it is also in the idle mode when there is power balance by the main DG unit and the distribution grid. The loads
that are connected to the proposed system are of linear type and the nonlinear type also in the linear loads the load
current does not contain any harmonics
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but in nonlinear loads the currents get harmonics. In the grid connected mode the SB aims for peak shaving and in the
islanded mode it supplies some amount of power. From the energy management system and its output the operation of
the SB is summarized in the following fig under grid connected mode.

Energy and Power
Information from EMS

SB SB Idle/Load
Charging Shedding

SB Idle/PV
of -MPPT

SB Discharge Power SB Discharge Power/
=(PL - Ppc) Load Shedding

Figure 2 Operation of the SB during grid-connected operation

The output of the energy management system that is the power by main DG is more than the demand that
cheks the SOC if it is maximum then the SB is in idle mode otherwise SB charge by the excess power. If the power by
main DG is not more than the demand under such cases it verifies the off peak and peak periods in the off peak periods
if the SOC is max SOC then the SB is in idle otherwise it is charged by grid. In peak periods if the SOC is equal to min
SOC then the SB is in idle otherwise peak shaving.

During grid connected mode the main grid that is distributed grid is coupled with the micro grid at the point of
common coupling(PCC). When a fault takes place in the main grid side then it is necessary to disconnect and it is
performed by the CB and then the operation known as islanded operation. Then the main dg unit and the SB are the
only main sources to meet the load under such conditions from the energy management system the operation of the SB
are summarized. From the energy management system and its output the operation of the SB is summarized in the

following fig under islanded mode.
Energy and Power

SB SB Idle/Load
Charging Shedding

SB Idle/PV
of-MPPT

SB Discharge Power SB Discharge Power/
=(PL - PpG) Load Shedding

Figure 3 Operation of the SB during islanded operation

The output of the energy management system that is the power by main DG is more than the demand that
cheks the SOC if it is maximum then the SB is in idle mode otherwise SB charge by the excess power. If the power by
main DG is not more than the demand under such cases it verifies the SOC is min SOC then the SB is in idle otherwise
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it cheks the condition that the maximum power delivered by the battery is more than the difference between the total
load power to the main DG unit if it is yes then the SB discharges the power otherwise load shedding.

A CONTROL DESIGN FOR THE AC/DC CONVERTER
Va-

l
l
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dq
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Fig 4 Configuration of the proposed controller for the ac/dc converter

Fig. above shows the configuration of the proposed controller for each ac/dc voltage source converter which is
employed to maintain the dc output voltage Vdc of each converter and compensate for any variation in Vdc due to any
power imbalance in the dc grid. The power imbalance will induce a voltage error (V «dc — Vdc) at the dc grid, which is
then fed into a proportional integral controller to generate a current reference i- d for id to track. To eliminate the
presence of high frequency switching ripples at the dc grid, Vdc is first passed through a first-order LPF. The current iq
is controlled to be zero so that the PMSG only delivers real power. The current errors Aid and Aiq are then converted
into the abc frame and fed into a proportional resonant (PR) controller to generate the required control signals using
pulse-width modulation.

B. DG INVERTER MODELING
The DG inverter modeling is a mathematical model. For the grid connected condition the equivalent single phase

representation is shown in fig.4 For the islanded condition the equivalent single phase representation of the DG inverter
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Figure 5 Equivalent single-phase representation of the DG inverters for grid connected operation

The output voltage across the inverter 1 is u;Vy.; and across inverter 2 is u,Vy; where the ul and u2 are the
control inputs there are filters known as L, C filters which are represented by L and L, and the C filters are given by
Cs and Cy,. These are the filters plays a important role to eliminate the harmonics from the voltage that is the output
voltage of the inverter. The resistances R1 and R2 represent the loss of DG inverters. i represents the load current
which is given by the equation

i|_=i|_1+i|_2+i|_3 ......................................... (4)
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where the total load current is the sum of the indidual load currents, the first load in the proposed microgrid system is
the non linear load and the second load is the linear load and the third load is also a nonlinear load the second load is a
three phase RL load and the third load is a dimmer load.

The total load current can be written as two components consisting of two currents namely fundamental and harmonic

currents represented by

I, = iy + ipy = Iy sin(ot — ¢ ;) + ZN_z5. Iy sin(hot — @, )..(5)

= Ijssinot cosg  — Iicosot sing , + X35 I sin(hot — ¢, ).......(6)
= iLf,p + iLf,q + iLh ...................... (7)
The phase angles of fundamental current and harmonic current are involved in the load current equation
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Figure 6 Equivalent single-phase representation of the DG inverters for islanded operation

It is required to get the unity power factor at the grid side by compensating the harmonics in the load currents

for this purpose the DG unit deliveres a current which is denoted by ipg; and is given by the equation

iDGj = (iLf,p - lg) + iLf,q = iLh ............. (8)
Rj Lﬁ i l.DQ,‘
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Figure 7 Single phase representation of the jth DG inverter for grid connected and islanded operations

The grid current is ig, from the fig.6 the vy is the distribution grid voltage that acts as voltage source of the
distribution grid, and from the fig.6 the R, L, are resistance and inductance of the distribution line which acts as a link
between the distribution grid voltage source and microgrid, loads.

The power dispatched to the load is controlled by controlling the output current of the DG inverter. In the grid
connected operation it is done by current control mode(CCM) and in islanded operation entire microgrid is responsible
therefore it is done by voltage control mode(VCM).

The state variable model under both conditions is obtained through the Kirchhoff’s laws for the loop presented
in the fig 6 that is for i; loop then the equations are

dij R, 1 Vi
T Ty TR Ty
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The grid connected DG inverter state variable model is

Ag] Xg] + Bg]:lV]f + ngzuj ............................ (11)
Vg = CgXgj + Dgj1V; + Dgjaljeeevvviiiiiiinnnni (12)
Where
R; 1 Viei
—__J . _ 'dqg | — — . —
Agi L BgJZ [ L. 0]'Bg12 T L. 'ng - 1Dgil - [0 _Cfi]'ngZ =0
fj fj fj

T
X, = 1; IS the state : v; = [VDG]- dvpg; /dt] is the exogenous input; ujis the control input, with -1<u;<l;

gj ] )

and yg = ipg; Is the output.
During islanded operation by following eq.(5.9) and (5.10) the state variable model is
Xjj = AyXj + Bjj1vi + Byjpu;.......(13)
vy = Cyjxy + Dijlvjf + Djjoy;....... (14)
Where

Rj 1

BT 0 Vi 0 1
Ay = 1] OJ;Bijl_[l]BuZ_ Lg :Cij=[ _ S 0]

Ck
0
Dj; = [CCL;];DUZ = [8]

with C; = X%, C5; x; = [ij  Vng;]"is the state vector;
I =i, — X1, Is the exogenous input of the DG inverter ; is the control input, with ; and yy = [Vbg ipg]T isthe

output.
1. MODEL PREDICTIVE CONTROL DESIGN

The proposed microgrid system is a complicated system to provide the necessary control in this the new novel
model predictive control MPC is used.

Model predictive control (MPC) is an superior method of process control that has been in use in
the process industries in chemical plants and oil refineries since the 1980s. In recent years it has also been used
in power system balancing models. Model predictive controllers rely on dynamic models of the process, most often
linear empirical models obtained by system identification. The main advantage of MPC is the fact that it allows the
current timeslot to be optimized, while keeping future timeslots in account. This is achieved by optimizing a finite
time-horizon, but only implementing the current timeslot. MPC has the ability to anticipate future events and can take
control actions accordingly. PID and LQR controllers do not have this predictive ability. MPC is a digital control.

The models used in MPC are generally intended to represent the behavior of complex dynamical systems. The
additional complexity of the MPC control algorithm is not generally needed to provide adequate control of simple
systems, which are often controlled well by generic PID controllers. Common dynamic characteristics that are difficult
for PID controllers include large time delays and high-order dynamics.

MPC models predict the change in the dependent variables of the modeled system that will be caused by
changes in the independent variables. In a chemical process, independent variables that can be adjusted by the
controller are often either the set point of regulatory PID controllers (pressure, flow, temperature, etc.) or the final
control element (valves, dampers, etc.). Independent variables that cannot be adjusted by the controller are used as
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disturbances. Dependent variables in these processes are other measurements that represent either control objectives or
process constraints.MPC uses the current plant measurements, the current dynamic state of the process, the MPC
models, and the process variable targets and limits to calculate future changes in the dependent variables. These
changes are calculated to hold the dependent variables close to target while honoring constraints on both independent
and dependent variables. The MPC typically sends out only the first change in each independent variable to be
implemented, and repeats the calculation when the next change is required.

While many real processes are not linear, they can often be considered to be approximately linear over a small
operating range. Linear MPC approaches are used in the majority of applications with the feedback mechanism of the
MPC compensating for prediction errors due to structural mismatch between the model and the process. In model
predictive controllers that consist only of linear models, the superposition principle of linear algebra enables the effect
of changes in multiple independent variables to be added together to predict the response of the dependent variables.
This simplifies the control problem to a series of direct matrix algebra calculations that are fast and robust.

When linear models are not sufficiently accurate to represent the real process nonlinearities, several
approaches can be used. In some cases, the process variables can be transformed before and/or after the linear MPC
model to reduce the nonlinearity. The process can be controlled with nonlinear MPC that uses a nonlinear model
directly in the control application. The nonlinear model may be in the form of an empirical data fit (e.g. artificial neural
networks) or a high-fidelity dynamic model based on fundamental mass and energy balances. The nonlinear model may
be linearized to derive a Kalman filter or specify a model for linear MPC.

The MPC is well suited for the fast sampling systems like microgrid systems.the state variable model of
inverter modeling after time discretization may get the form of

XT=AX+B;W+BoU...oooiiiiiiin (15)
y=Cx+Diw+Dyu..coooooiiiii (16)
there are time shift operator with sampling intervels are represented by plus symbol. w is known as a periodic signal
also known as exogenous signal.
This exogenous signal jointly with the reference d and with the output y forms a new model to keep in desired track
given by

EF = Ak, (17)
W = Gy, (18)
A= Caleii e (19)

This state model is known as the exogenous system.

The fig.23 represents the overall MPC controller with the kalman filter .

Figure 8 Overall MPC controller for the DG inverter with exogenous and plant kalman filter

Where the E/KF represents the exogenous kalman filter and P/KF represents the plant kalman filter.
The MPC controller optimizes the steady state as well as transient problem separately to reduce the computational
complexity the steady state problem is defined as to satisfy
XV =Ax, +Biw+Byug.ooiii (20)
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Vs = Cxg + Diw + Doug.eeiniiiniiins (21)
Subject to
[Ugl S Lo (22)
And the transient problem is defined as to satisfy x,* = Ax, + BoUe.ovoeviiniiniiniiniinnn... (23)
Vi = CX¢ + Dougeneennenini. (24)
Subject to
lug +ucl S 1o, (25)

And finally the the plant kalman filter is given by
X"t = Ax" +Byw + Bau+ Ly(y —y™......(26)
y =Cx"+Diw+Dyu..oooii 27

The loads are three the first load is a nonlinear load which is a three phase PWM adjustable speed drive its

D,k Dk Dk |Smu S@K S@E
3-Phase
Supply fr i
G and c 'CM
Micro- - 1
SOUrce —_— — —
D,k DF Dk |5 S@K& SWL,EWT

Figure 9 Configuration of a three phase ASD

configuration is shown in fig.8

LY
ryl

It is a 15-kVA three phase adjustable speed drive there is a provision for the adjust. The source for this load is nothing

but the three phase source from the grid and micro-system.

R Ly ; ;
' - o I -
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Ve | el
P’d{' | :
| 1
Inverter Output -
Voltage
inG (k)
MPC vpe (K) Discretization

Fig 10 Single-phase representation of the three-phase dc/ac inverter.

To derive a state-space model for the inverter, Kirchhoff’s voltage and current laws are applied to loop i and
point x respectively, and the following equations are obtained:
Lf di/dt + iR + vDG = uVdc (10)
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iDG =i —iCf (11)
where Vdc is the dc grid voltage, u is the control signal, R is the inverter loss, Lf and Cf are the inductance and
capacitance of the low-pass (LPF) filter respectively, iDG is the inverter output current, i is the current flowing through
Lf, iCf is the current flowing through Cf , and vDG is the inverter output voltage.

1. SIMULATION RESULTS

[~ :
£ %*EP:@:F;@

w =

= 4

Figure 11 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
renewable energy resources in the proposed system.the microgrid is tested under various conditions to evaluate its
capabilities when operating connected and islanded from the distribution grid. Three different load types consisting of
linear and nonlinear loads are considered in the studies.the parameters of the system are distribution grid voltage
vg=230V(phase),DC link voltage v4=400V distribution line impedance R=0.0075Q, L=25.7uH, LC filter
L=1.2mH,C=20uF and DG inverter loss resistance R#~=0.01Q. Loadl is a 15-kKVVA three phase PWM adjustable speed
drive and load 2 is a RL load rated at active power of 28kW and reactive power of 18.5 kVAr. Load 3 is a three phase
dimmer load rated at active power of 18kW and reactive power of 12.3 kVVAr,which is nonlinear in nature.

The per phase currents drawn by loads 1,2 and 3 for 0 < t< 0.4 is shown in fig.10

Due to the nature of nonlinearity of the loads 1 and 3 the waveform is not pure sinusoidal but the linearity of load 2 the
load current wave form is purely sinusoidal.

Fig 12 Per phase currents drawn by loads 1, 2,and 3.
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A.Power quality improvement with load sharing during grid connected operation

Power quality improvement with load sharing during grid connected operatio demonstrates the capacity of the
microgrod 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.13

Fig 13 Waveform of the SB current during charging

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 sudden demands for power.

Fig 14 Waveform of three phase grid current

The waveforms of three phase DG current and three phase grid current the unsteady measurements are present for 0 < t
< 0.06. are due to the fact that the controller needs a period of three cycles to track the generated references.

Fig 15 Waveforms of grid voltage and grid current for phase
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The total real power and reactive power delivered to the loads is about 58kW and 35kVAr. The real power delivered to
the load

Fig 16 Real power consumed by loads

V. CONCLUSION

In this paper coordinate The results have validated that the microgrid is able to handle different operating
conditions effectively during grid-connected and islanded operations, thus increasing the overall reliability and stability
of the micro grid.
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