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Abstract— The system configuration including green power
generator, energy storage element, dc appliance aadipment,
and energy management system (EMS) with fuzzy logit e
introduced. The proposed integrated circuit allowstmachine to
operate in motor mode or acts as boost inductorstioé boost
converter, and thereby boosting the output torquzupled to the
same transmission system or dc-link voltage of therter
connected to the output of the integrated circuit. motor mode,
the proposed integrated circuit acts as an inveraad it becomes a
boost-type boost converter, while using the motor dwigs as the
boost inductors to boost the converter output vgka

Enhancement of a renewable power management system wit

intelligence control techniques (Fuzzy) for a micigrid system.
Modeling, analysis, and control of distributed powsources and
energy storage devices with MATLAB/ Simulink are propds
and the integrated monitoring EMS is implemented. Traprove
the life cycle of the battery, intelligence contrdakchniques
manage the desired state of charge. The controlfeto optimize
energy distribution and to set up battery state afarge SOC
parameters. In the development of the green enesggtems, a
control method is required to optimize energy distition of a
micro grid system. The design concept of this studs to increase
the useful life of lithium batteries and to includeharge and over
discharge protection mechanisms. The power generatmtudes
PV panels, wind turbines, and fuel cells. The fuelllseprovide
base power for the emergency loads when the systeopésated
during a power failure. Maximum power point trackersre
associated with PV panels and wind turbines to draw inaxm
power, which is fed into the dc grid. The loads amnoected to the
grid and supplied from the grid directly. If theris power shortage,
the bidirectional inverter will take power from thecagrid and it is
operated in rectification mode with power factor ceation to
regulate the dc grid voltage within a range of 388 V.

In this project, the system configuration includiggeen
power generator, energy storage element, dc aggliand
equipment, and energy management system (EMS) amith
intelligence control techniques will be introducdd. the
development of the green energy systems, a cangtiiod is
required to optimize energy distribution of a miagad
system.

utility

Configuration of DC Micro Grid System with EMS.

Therefore, model construction is necessary forrsatargy,
wind power, and storage devices, such as lithium-io
batteries, to simulate dynamic changes of the rabtw
energy for optimal energy distribution [6]. The naicgrid
system in this study composed of solar power, windier
generation, lithium-ion battery, dc load, and aacdoverter.

Index Terms— Energy management system (EMS), Fuzzy Logic.The design concept of this study was to increaseseful life

State of charge (SOC), Micro grid, MATLAB/SIMULINK

[. INTRODUCTION

Renewable energy is converted into dc and buffevid
energy storage elements, and then it is invertext tand fed
into the utility grid. To use renewable energy mefficiently,
dc electricity should be directly supplied to thé&smds. Such
a supply scheme is far different from that of theventional
ac distribution and supply system. A configuratioithe
dc-distributed system with grid connection is inietha
bidirectional inverter is introduced to regulategt@ voltage
within a certain range [13].
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of lithium batteries and to include charge and alischarge
protection mechanisms. The system configuratiotudes
five major blocks: power generator, energy storage
equipment, dc bus regulator, load, and EMS. Theepow
generator typically includes PV panels, wind tudsinand
fuel cells. The fuel cells provide base power fte t
emergency loads when the system is operated danayver
failure [3]. Maximum power point trackers are asatez
with PV panels and wind turbines to draw maximunv@g
which is fed into the dc grid. The loads are coteedo the
grid and supplied from the grid directly. If theige power
shortage, the bidirectional inverter will take povilm the
ac grid and it is operated in rectification modehwpower
factor correction to regulate the dc-grid voltagthim a range
of 380 £ 20 v. If there is a power failure, theibir battery
will be first discharged to supply power for a dhiime
interval and if the failure lasts longer, the faell will start
supplying power. Note that the battery dischargéme also
responsible for dc-grid voltage regulation if tHdikectional
inverter is not in operation. If the bidirectionaberter is in
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operation, the battery can be charged. If thereesédual Where R, is power generated by the wind turbine W, P is
power on the dc grid, the battery can be chargpdntting on density of gas in the atmosphere (kg/m), A is cEsgional
its status, and/or the bidirectional inverter caroperated in area of a wind turbine blade m2, V is wind velogity/sec),
grid-connection mode to sell power and regulategiit- and Cp is the wind turbine energy conversion coieffit.
voltage to 380 + 20 V. The density of gas and energy conversion coefficient CP in
(4) is expressed by (5) and (6), respectively
II. MODELING OF GREEN ENERGY COMPONENTS

The modeling of dc micro grid distributed energyd aan p=(35305/T)exp-0.034(Z/T) (5)

energy storage component was mainly built by MATLAB _ . 1630

Simulink mathematical modules, based on equivalgatits Cp(,0)=(116/4i-0.4'0-5).0.5exp*™, (6)
of the components. The following describes the rhofieach ) . . .
subsystem in detail. Where Z is the altitude, T is the atmospheric temmﬂee,ﬁi

is the tip speed ratio, arfds the blade tilt angle. Expression

of the tip speed ratio*]i and initial tip speed rati@ is

A. M ODELING OF PV PANEL

The output Characteristic of PV module dependshenctell
temperature, solar irradiation, and output voltarfethe expressed as

module.
xi:1/1@+0.089))-0.035(33+1) @)

A=r(w/v) (8)

The wind turbine used in this study was AWV-1500 of
Gallant Precision Machining Company. Wind speedhis
most critical factor in wind power generation.

C. FUEL CELL MODELING

Fuel cells provide a high efficiency clean alteiveatto
today’'s power generation technologies. The polymer
electrolyte membrane (PEM) fuel cell has gained esom
acceptance in medium power commercial applicasoih as
Solar Panel Equivalent Circuit. creating backup power; grid tied distributed getieraand
electric vehicles [1]. The output voltage E of BREM fuel

cell is represented as

Solar panel current equation can be expressed as

Ipv="pl pii—1el ({€XP(JKTA*V ,/ng)-1] 1)
where 4, is output voltage of solar panels, s output
current of solar paneld),is number of solar panels in series

E=E(-VacttVonmitVeo) ) (9

Where E, is Nernst voltageV,, is the activation over
N, is number of solar panels in parallel, k is thetBoann

constant (1.38 x 10-23 J/K), q is electron charhé® (x
10-19C), A is ideality factor, T is surface tempara of the
solar panels (K), andslis reverse saturation current. TheV

potential, V., is ohmic over potential andV, is

m
concentration over potential.

characteristic of reverse saturation curregtvaries with aCt:-[51+52[-r+53[T[1r(C9+él[-r[mf)] (10)
temperature is expressed as Vo =if [R, (11)
=1 T/T ] ’exp(qB/KA(L/T~VT)) (2 _ 18B{ 00% A ¥ Q0BT BOR(ir/ A)%] 15

. RV‘ T A 06343 /A )expHLET-30/ T)] (12)
Where T, is the reference temperature of the solar pane{§ - B Onf-_3 13
(K), Irr is reverse saturation current of the sqgbanels at <" 0 ( K) (13)

temperatureT, (K), and E is energy band gap of the Where T is operating absolute temperaturé&0, is
semiconductor material concentration of oxygen, if is output current of tluel cell,

lor=[l ot a(T-T7)]S/100 3) é 1234 are reference coefficierligis effective thickness of

Where |, is the short-circuit current at referencemembrane’/]l is adjustable coefficientfy; is effective

.
temperaturel, and illumination intensity KW /m?, « is area,B, is operating constant, i current density, and

short-circuit current temperature coefficient ofe tisolar J . iS maximum current density.
panels, and & the illumination intensity KW / m?). D. LITHIUM ION BATTERY MODELING

B. WIND TURBINE MODELING [17],[18] Dischargeequation (19) of lithium ion battery is

The power generated by wind turbine is expressed as flﬁtiEi) :Eo—K% [[P—K% it + Alexpit) (14)

_ 3
Pw=0.5pAV"Ce(A.0) ) Charge equation of lithium ion battery is
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f,ti7) =, ~K s ' -K i +ABxpBlt)  (15)
Where F is initial voltage (V),K is polarization resistance
(Q), * is low-frequency dynamic current (A),is battery
current f), (it) is the battery extraction capacity (AlgQ,is
maximum battery capacity (Ah) is exponential voltage

(V),B is exponential capacifyAh) " SOC of the battery is an
important factor, which is calculated by

SOC=100(1- %) (16)

The battery voltage is easy to measure and implemehe
circuit. From the simulated results, the nonlingabietween
voltage and SOC of the Li-ion battery. Therefotee §OC
parameter of batteries has been selected as tigndastor
instead of battery voltage in this project.

Ill. INTELLIGENT ENERGY MANAGEMENT SYSTEM

Fuzzy control theory is designed and implementdeNts for
the dc micro grid system to achieve the optimizatid the
system (10). The design criterion requires thathbibte
photovoltaic device and the wind turbine are swgipby a
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The input and output membership functions of fueagtrol
contain five grades: NB (negative big), NS (negatwmall),
Z0 (zero), PS (positive small), and PB (positivg)biBy
input scaling factors Kand K, we can determine the
membership grade and substitute it into the fubnjrol rules
to obtain the output current for charge and dispbaariance
Al of the Li-ion battery. If the\P is negative, it means that the
renewable energy does not provide enough enertye toad.
Thus, the battery must operate in charging modbeihSOC
is negative, it means that the SOC of the battegyeater than
the demand SOC. Thus, the battery must operatsdharge

maximum power point tracker to maintain the maximun

operating point. The difference between actual lmadi total
generated power is taken into account for Li-iottdyg in
charge and discharge modes. The life cycle and 8Qfe
battery are in direct proportion. To improve thie lof the
Li-ion battery, we can control and maintain the SO
battery with fuzzy control.

A) Fuzzy

The fuzzy controller is applied to the microgridner supply
system. To obtain the desired SOC value, the faamyroller
is designed to be in charging mode or dischargioderfor
the proposed micro grid system. The input varialolethe
fuzzy control aré\SOC and\P and output variable isl. The
definition of input and output variables are listesd
SOC=SCQymmana-SOGow (17)

AP=R -(Pyind*Pev) 18)

The power differencaP is between required power for load

and the total generated power of the micro grice fitel cells

only provide base power for the emergency loadsnvthe

system fails. Therefore, the fuel cell is not cdeséd as
power source. The generated power comes from polaer

Ppv, wind turbineP,,q and power load Pfor the proposed
system.

Al AP
NB | NS|ZO | PS | PB
NB | PB|PB|PB|PB|PB
NS |PB|PB|PS|PS |PB
ASOC | ZO | ZO | ZO | ZO | PS | PB
PS | NS | NS | NS | NS | PB
PB | NB| NB | NB | NB | PB

Fuzzy Control Rules.
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mode.
NB NS 70 PS PB
-1 0.8 -04 0 04 0.8 1
AP=-6.5kW AP=6.5kW
(a)
NB NS 70 PS PB
u -0.4 0 0.4 0.8 1
ASOC=-100% ASOC=100%

(b)
Input Membership Functions of Variables (a)AP and

(ASOC).
NB NS 70 PS PB
1 08 04 0 04 08 |
=30 130

Output Membership Function of Variable Al.

The control rules of this study prioritize sellimglditional

electricity generated by the renewable energy spaase to
the present control strategy of micro grid develeptfor

selling electricity and increasing the life of lar batteries.
The fuzzy control table of the proposed dc micrid gystem
is not symmetrical. To extend the life of storagdtéries in
the design of fuzzy control, the fuzzy control sibre set to
maintain battery SOC above 50%.
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IV. SIMULATION MODULE

+ Conn2 Conn5 1o
‘ — >
P L—— a|conn Conng - vde Scope2
[ =—| m
Mppt FW Dicde1 _n:m.t_|
7
I T e
Wen .
EWH
13 Ll P s | . -
va -  — C‘E’ | et N electical vichle
o 1GBT1
Wind-MFFT 100Vde
* | DGC/DG Converter3
) T
coster
] fuell cell 5oope “"—| ,
+ ConnConni 1 +input |
| — &
- Conn4Conn2 DC load
4 = [-input -
Fuel c=ll DCbus
1 Vdc T00vee
2 DC/DC Converterd
Gate s0c
Discrate, Battery/electrolyzer
4 = 52-005 controller o 3
+ input +
Sowergui T
5
&  |AC Motor Load
- -input -
L il
Battery and DC-DC converter
100vde
bi directional DC/DC Converters
grid inverter
—
P Y + AC RLC Load
" | Conn2 L =[A
III—B—- N sln—- = Connd o E’jﬂlI.{‘{llLH""
Jla
o a|C1 1
< - Comn?a— r=|C

Block diagram of Dual Mode control of motor driveswith Integrated Inverter/Converter circuit for EV/IH EV

The above figure shows the block diagram of duatieno
control of motor drives with integrated inverteneerter
circuit for EV/HEV applications micro grid systeraroposed
of power generator, load, ac/dc converter, enetgyage
equipment, load, and EMS. The power generator dedPV
panels, wind turbines, and fuel cells. The fuelscptovide
base power for the emergency loads when the sys&em

operated during a power failure. Maximum power poin

trackers are associated with PV panels and wirures to
draw maximum power, which is fed into the grid. Thads
are connected to the grid and supplied from the djriectly.
The design concept of this study was to increaseskful life
of lithium batteries and to include charge and alischarge
protection mechanisms.

Wil

K bus welage

Tims

Fuzzy Control DC bus voltage of Micro Grid System.
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applications

cnrent I'h

Bt oy

Fuzzy Control Battery Current of Micro Grid System.

Simulation results shows the measured transienefwawns
of dc-bus voltage Y.and battery current, bf the micro grid
system with fuzzy control. From the measured resule can
see that the battery current is regulated by theyfgontroller
and the dc bus is regulated to 3820 V.

V. CONCLUSION

This project presents the modeling, analysis argigdeof
intelligent control techniques to achieve optimiaatof a
renewable energy management system for a micro grid
system. The intelligent control techniques are poinoize
energy distribution and to set up battery statecludrge
parameters. From simulation results the systemesehi
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power equilibrium, and the battery SOC maintaimsdésired
value for extension of battery life by using théelligence
control rules for a micro grid. Proposal of a dualde control
of motor drive with integrated inverter/ convertércuit for
EV/HEV applications based on Renewable Energy Sxsurc
(RES) is proposed to significantly reduce the vauend
weight, proposal of a new control method for theegnated
inverter/converter circuit operating in boost cange mode
to increase the efficiency, verification of the posed
integrated inverter/converter circuit. After alighdiscussion
the above dual mode control of motor drive withegrated
inverter/converter circuit represented in Simuliwkh the
help of MATLAB 2010a .By using the Simulink librathe
connections are made

VI. FUTURE SCOPE

In future the project may be extended additionatlye

optimization of control rules can be included ie thtelligent
micro grid management system. The system can hgnees
with more renewable energy and load can also bendet.
And also the system can take the priority of sglétectricity
as the premise of energy distribution to allow rigvimg

power generated by the renewable energy of thérieleiayrid

sold through the connected mains grid.
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