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ABSTRACT

This paper presents a method to operate a grid connected hybrid system. The lybrid System composed of a
Photovoltaic (PV) array and a Proton exchange membrane fuel cell (PEMEC) is considéred. Two operation
modes, the unit-power control (UPC) mode and the feeder-flow control(FEC), mode, can“be applied to the
hybrid system. In the UPC mode, variations of load demand are compensated by thé " main grid because the
hybrid source output is regulated to reference power. Renewable’energyais currentlywidely used. One of these
resources is solar energy. The photovoltaic (PV) array normally uses a maximum power paintitracking (MPPT)
technique to continuously deliver the highest power to the loadywhensthere are variations/in irradiation and
temperature. The disadvantage of PV energy is that the PV output power depends‘on weather conditions and
cell temperature, making it an uncontrollable source. Furthermore, it is not available during the night In the
FFC mode, the feeder flow is regulated to afconstant, the\extra load demanduisipicked up by the hybrid source,
and, hence, the feeder reference power must be knewn. he system can maximize the generated power when load
is heavy and minimizes the load shedding area. When: load is light,"the UPC mode is selected and, thus, the
hybrid source works more stably. The changes in operatihng mode only occur when the load demand is at the
boundary of mode change; otherwisepthe operating mode is'either UPC mode or FFC mode. Besides, the
variation of hybrid source reference power isyeliminated”by means of hysteresis. The proposed operating
strategy with a flexible operation mode change always operates the PV array at maximum output power and the
PEMFC in its highyefficiency perfarmance band, thus improving the performance of system operation,
enhancing system stability, and decreasing the number of operating mode changes.in the MATLAB simulink

environment.

Index Terms:, Micro Grid, Grid-Tied Mode, Coordination Control Operations, PV System, Fuel

Cell Power Generation.

I INTRODUCTION

Renewable energy is currently widely used. One of these resources is solar energy[1-2]. The photovoltaic (PV)
array normally uses a maximum power point tracking (MPPT) technique to continuously deliver the highest
power to the load when there are variations in irradiation and temperature. The disadvantage of PV energy is
that the PV output power depends on weather conditions and cell temperature, making it an uncontrollable
source. Furthermore, it is not available during the night. In order to overcome these inherent drawbacks,

alternative sources, such as PEMFC [5], should be installed in the hybrid system. By changing the FC output
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power, the hybrid source output becomes controllable. However, PEMFC [6], in its turn, works only at a high

up
FC

efficiency within a specific power range P__ L p
The hybrid system can either be connected to the main grid or work autonomously with respect to the grid-
connected mode or islanded mode, respectively. In the grid-connected mode, the hybrid source is connected to
the main grid at the point of common coupling (PCC) to deliver power to the load. When load demand changes,
the power supplied by the main grid and hybrid system must be properly changed.

The power delivered from the main grid and PV array as well as PEMFC must be coordinated to meet load
demand. The hybrid source has two control modes: 1) unit-power control (UPC) mode and feeder-flow control
(FFC) mode. In the UPC mode, variations of load demand are compensated by thefmain grid because the hybrid

source output is regulated to reference power. Therefore, the reference value of the hybrid source output

Re

P, ' mustbe determined. In the FFC mode, the feeder flow is regulated to agohstantgfhe extta loagl demand

is picked up by the hybrid source, and,[16-17] hence, the feeder referencespower P__ - %" must be kfiown.

The proposed operating strategy is to coordinate the two control modes and determine the reference values of
the UPC mode and FFC mode so that all constraints are satisfiedmThis operating strategy, will minimize the

number of operating mode changes, improve performance of the system operation, and enhance system stability.
11 GRID OPERATION

Wherever the basic main diagram of a AC/DC'micro grid shewspit,will consists two renewable energy sources

one is P.V the output of P.V array is connected to the'boost converter[3].
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Fig.1. Block Diagram of Micro Grid

A capacitor is supplies the high frequency ripples of P.V output voltage .the energy storage battery is connected

to the D.C bus through DC-DC boost converter. The rated voltage of D.C bus is 400v respectively. Another
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renewable energy device is wind generation with DFIG is connecting to ac sources through A.C bus. Three phase
bidirectional DC/AC main converter wit R-L-C connected between DC bus and AC bus[7].

The hybrid grid can operate in two modes One is grid-tied mode and isolated mode the present work is did in
grid-tied mode The boost converter and WTG are controlled to provide the maximum power. the main converter
is to provide stable dc bus voltage and required reactive power and to exchange power between the ac and dc
buses. When the output power of the dc sources is greater than the dc loads, the converter acts as an inverter and
injects power from dc to ac side. When the total power generation is less than the total load at the dc side, the
converter injects power from the ac to dc side. When the total power generation is greater than the total load in
the hybrid grid, it will inject power to the utility grid.

111 MODELLING OF P.VSYSTEM

Generally, a PV module comprises of a number of PV cells connected in either seriesfor parallel the classical

equation of a PV cell describes the relationship between current and"voltage of the cell (neglecting the/urrent in

the shunt resistance of  the equivalent circuit of the cell) as

| ‘ ) Load

Where lo denotes the PV array output current, V is the PV output voltage, is the cell photocurrent that is
proportional to solarirradiation, is the cells reverse saturation current that mainly depends on the temperature, is

a constant, n and are the numbers of series strings and parallel strings in the PV array, respectively.

3.1 MPPT (P&O method)

Define Perturb-and-observe (P&O) method is dominantly used in practical PV systems for the MPPT control due
to its simple implementation, high reliability, and tracking efficiency. Shows the flow chart of the P&O method
[4-5]. The present power P (K) is calculated with the present values of PV voltage V (k)[8] and current | (k), and is
compared with the previous power P (k-1). If the power increases [6-7], keep the next voltage change in the same

direction as the previous change.
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of the PV array by regulating the
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IV. MODELING OF BATTERY

Battery acts as a constant voltage load line on the PV array and is charged both by PV array and induction
generator .the battery is modeled as a nonlinear voltage source whose output voltage depends not only[8-9] on the

current but also on the battery state of charge(SOC), which is non linear function of the current and time :

V, =V, + R,i, - K 2 . Aexp (i dt)

Q + Ji,dt

V. FUEL CELL MODEL

electrons e combine with oxygen O2 by use of catalyst, to for
expressed using equations:

H, > H,O +2e (Anode )
1 N -
—0,+2H +2e — H,O(Cathode )

2

Amount of chemical energy released in these

ectrical couplings) v, voltage drops caused by activation, concentration and
ohmic losses om open circuit voltage (Fig 2).
parasitic electrochem eactions[11-13] caused from hydrogen proton migration through membrane at zero

current. Their voltage’drop was calculated using formula:

-cyi
Vi, =V, +V, 1-e )

act
where activation voltage drop at zero current density vy depends on fuel cell temperature, cathode pressure and
water saturation pressure Va=f( Ty, Pca, Ps)Voltage drop v, inserts in (5) correlation with current density i and
depends on fuel cell temperature, oxygen pressure and water saturation pressure Va=f(T¢,Po,,Psy) and ¢y is

activation voltage constant.
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5.1 Fuel Cell Equivalent Electric Circuit
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Fig.5.Fuel Cell Equivalent Circuit

the PV and PEMFC sources have their constraints. Therefore, the reference

power must be set ropriate value so that the constraints of these sources are satisfied. The proposed
operation strategy pregsented in the next section is also based on the minimization of mode change. This
proposed operating strategy will be able to improve performance of the system’s operation and enhance system

stability.

6.1 Operating Strategy of the Hybrid System

As mentioned before, the purpose of the operating algorithm is to determine the control mode of the hybrid
source and the on load variations and the PV output. The control mode is decided by the algorithm shown in

Fig. 7, Subsection B. In the reference value for each control mode so that the PV is able to work at maximum
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up

MAX
c andP,

output power and the constraints P_. P are fulfilled. Once the constraints ( and ) are

known, the control mode of the hybrid source (UPC mode and FFC mode) depends UPC mode[16], the
reference output power of the hybrid source depends on the PV output and the constraints of the FC output. The

is presented in Subsection A and is depicted in Fig.

algorithm determining P, Fe f

Ppy PM.\"E{
L r Y
s i ot
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0

out to the reference value. ThenP,, + P_. = P

FC Ms

" must set at an appropriate value. Fig. 4

hybrid source in UPC mode to determine P, ' The algorithm includes

p

- Re f . u
InAreal, P, isles sv 1 » and then the reference Power P, | issetatP_. = where

P

PV 1

P

MS 1

Low
- PFC
uP

If PV output is zero, then (11) P_. deduces to be equal to P_. " . If the PV output increases to P, , , then

from we obtain P_. equalto P_ o

WWw.ijarse.com

. In other words, when the PV output varies from zeroto P

the FC

PV 1
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output will change from P__ " top . As a result, the constraints for the FC output always reach Area 1.

FC
It is noted that the reference power of the hybrid source during the UPC mode is fixed at a constant P__ o

Area 2 is for the case in which PV output power is greater ThanP_, , . As examined earlier, when the PV

Low

the FC output will decrease to its lower limit P . If PV output keeps

output increases. To P e

PV 11!

increasing, the FC output [17-18] will decrease below its limit P__ " In this case, to operate the PV at its

maximum power point and the FC within its limit, the reference power must be increased. As depicted in Fig. 4,

the reference power will be increased by th ount'of AP, ,and we

if PV output is larger than P

PV 1 !

obtain

PMS ZRe f = PMSl
Similarly, if P,, is greater than P, , , the FC output bec i i eference
power will be thus increased by the amount of AP, . In ot ins unchanged

and equal to P, ZRe " ifis less than P., , andgreater than P_, .

where

itis noted that AP, is limited so that with the C output must be less than its upper

In general, if th

ethod of finding the reference power when the PV output is in Area 2. The

d P, isobtained by using, and then

PVi

Min =_
Pysi = Poyi + P |_112-3

The determination of P, * "in Area 1 and Area 2 can be generalized by starting the index from 1. Therefore,

if the PV output

) < )
PVi —1 PV PVi
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Then we have

Peovioi £ Poy < Py
Povi = Poyis + APy
Ppyi_1 = Fpyvo = 0. (22)

In brief, the reference power of the hybrid source is determined according to the PV output power. If the PV

output is in Area 1, the reference power will always be constant and set at P . Otherwise, the reference

value will be changed by the amount of AP, , according to the change of PV powes. The reference power of

the hybrid source in Area 1 and Area 2 is determined by respectively. Fig. hows the control algorithm
diagram for determining the reference power automatically. The constan

number of change of will decrease and thus the performance of system operati
L N

P\(\mz Prc™, APy =0

Pu_\"r(ncw) P\(‘m((‘ld] T ,\P“\

Yes

y
APy = +C APy =-C APy =0

B - Y
ﬂ&Control Alogatharam

However, gh so that the frequency does not change over its limits 5%). In order to

in , the reference value will be changed continuously[19] due to the oscillations in PV maximum power
tracking. To avoid the oscillations around the boundary, a hysteresis is included and its control scheme to

control is depicted in Fig.6.

6.3 Overall Operating Strategy for the Grid-Connected Hybrid System

It is well known that in the microgrid, each DG as well as the hybrid source has two control modes: 1) the UPC
mode and 2) the FFC mode.
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Fig. 7. Overall operating strategy for the grid-connected hybrid system.
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The operation algorithm in Fig. 7 involves two areas (Area | and Area I1) and the control mode depends on the
load power. If load is in Area I, the UPC mode is selected. Otherwise, the FFC mode is applied with respect to
Area Il. In the UPC area, the hybrid source output.

If the load is lower than , the redundant power will be transmitted to the main grid. Otherwise, the main grid
will send power to the load side to match load demand. When load increases, the feeder flow will increase
correspondingly. If feeder flow increases to its maximum , then the feeder flow cannot meet load demand if the
load keeps increasing. In order to compensate for the load demand, the control mode must be changed to FFC
with respect to Area Il. Thus, the boundary between Area | and Area Il is

Re f

P, =P +P

Load 1 Feeder Ms
When the mode changes to FFC, the feeder flow reference must be determined. In order for the system
operation to be seamless, the feeder flow should be unchanged during <€ontrol mode trafsition. Accordingly,
when the feeder flow reference is set at , then we have

Re f Max

PFeeder - PFeeder
In the FFC area, the variation in load is matched by the hybrid seurce-in®ther words, the changes in load and
PV output are compensated for by PEMFC power. If the FC output'increases to itsiupper limit and the load is
higher than the total generating power, then load“shedding will occur. The limit that load shedding will be
reached is

Max upP

+ P + P

Feeder FC PV

P, =P

Load 2

Min Max uUpP

+ P

Equation shows that is minimal when PV output is atkWa P . = P__ e

Equation means that if load demand'is,less than , load sheddingwill never occur.

From the beginning, FC has always worked inithe high effigiency band and FC output has been less than . If the
load is less than , l6ad shedding is‘ensured'not toaccur. However, in severe conditions, FC should mobilize its
availability, tossupplysthe load. Thusythe load can be'higher and the largest load is

Max Max Max

P =P +P

Load Feeder FC
If FC pawer, and load demand satisfy, l6ad shedding will never occur. Accordingly, based on load forecast, the
installed powen,of FC can be determined by following to avoid load shedding. Corresponding to the FC

installed power,thexwidth of‘Area |1 is calculated as follows:

up

Max
Paea i = Prc - Pec
In order for the system to work more stably, the number of mode changes should be decreased. As seen in Fig.
7, the limit changing the mode from UPC to FFC is , which is calculated Equations shows that depends on

Max Max

P eeeder and P, " ", Prer is a constant. Thus depends on Fig. 4 shows that in Area-2p ™

depends on . Therefore, to decrease the number of mode changes, P, Fe ! changes must be reduced. Thus,

AP, must be increased. However
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AP, must satisfy condition and, thus, the minimized number of mode change is reached when AP, is

maximized

AP Max:P UP_P Low

MS FC FC
In summary, in a light-load condition, the hybrid source works in UPC mode, the hybrid source regulates output

Re f

Re f . . .. .
power to the reference value P, ) , and the main grid compensates for load variations. P, is

determined by the algorithm shown in Fig. 4 and, thus, the PV always works at its maximum power point and
the PEMFC always works within the high efficiency

. C, and the variation of load

band P ™ + P . In heavy load conditions, the control mode changes to

will be matched by the hybrid source. In this mode, PV still works with the PEMFC operates

satisfying , load shedding will not occur. Besides, to reduce e increased

and, hence, the number of mode changes is minimized when imi in. ddition, in order

for system operation to be seamless, the reference v.

VIL.SIMULATION RESULTS

Fig.8.shows the output voltage of PV array cor it will constant using P&O method.

the voltage drop occur during the load and source c

gives constant voltage. ‘
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Fig.8. PV Output Voltage Fig.9. PV Output Current Waveform

The fig shows the output voltage of PEM fuel cell when chemical continuously done the battery will charge

corresponding. This output voltage depends on chemical reaction.
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TABLE |
SYSTEM PARAMETERS

Parameter Value Unit
P™ 0.01 MW
Prc® 0.07 MW

Precger 0.01 MW
APy 0.03 MW

VIIl. CONCLUSION

This paper has presented an available method to operate a hybrid grid-c

thus, the hybrid source works more stably.
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