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ABSTRACT

Micro-grid conception exploits as a resolution twtegrate liberal amounts of micro generation withou
obstructing the operation of utility grid. Geneoatiof power from renewable energy sources likersaland, micro-
turbines, fuel cells etc will give eloquent enerigynear future. Consequently, AC/DC micro-grid whié the perfect
resolution to moderate multiple reverse conversidiesac-dc or ac-dc-ac) in an exclusive ac or dd. gihe contemplated
micro grid contained both AC and DC networks coher® distribution generation by using the multitibéctional
converters. AC sources and loads are coherent to&®ork whereas DC sources and loads are connadtedhe DC
network. DC or AC links are connected by energyage systems. This micro-grid can conduct in a-tieid or isolated
mode. For smooth power exchange between AC andifiks Huring multifarious supply and demand condisiothe
coordination control schemes are contemplated. Modeand simulation of a small micro grid is doaging the Simulink
in the MATLAB. The results of simulation shows thhe system can prolonged stable operation undecahtemplated

coordination control schemes when the grid is cotated from one operating condition to another.
KEYWORDS: Micro Grid, Energy Management, Grid Operation, GZightrol, PV System
INTRODUCTION

In recent years, the renewable energy resourcesttaaetive incentive for providing electric powerareas where
the utility network connection is either unworkalae highly priced. New technologies in electrictdizution system is
developing and many directions are becoming peildepthat will compensate the requisite transfoioratof energy.
Accumulating in the consumption of energy, inade¢gummplexion of fossil fuels and elevated costl #re interest have
created in green power generation systems duestagbravate global environment. Due to swift desnian fossil fuels
with growing energy demand, Renewable sourcesnaétgiensive immersion. To extricate energy and twlemate CO
emission, progressively dc loads such as elecafgcles (EVs) and light-emitting diode (LED) lighaise coherent to ac
power systems. When power can be fully providedoegl renewable power sources, [1] high voltagaegmission with
long distance is no lasting obligatory. AC micradgrhave been contemplated to promote the conmecficenewable
resources to prevalent ac systems. Although, hygudc/dc boost converter, dc power generated frbaigvoltaic (PV)
panels or fuel cells has to be converted into atiarorder to connect to an ac grid dc/ac inversgesused [2]-[5]. The
impacted dc/dc and ac/dc converters are prescfiredssorted office and home facilities to supptyvltages in an ac
grid. In order to control the speed of ac motor€/BC/AC converters consistently used in industpknts as drives.
Latterly, due to the progression and disposal aEwable dc power sources, dc grids are resurgingtiair intrinsic
mastery for dc loads in industrial, residential atmimmercial applications. Multifarious distributegenerators are

integrated in dc micro grid. Although, before tleoection made with a dc grid, ac sources requodie converted into
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dc and for conventional ac load$;/ac inverters are enforc. In an individual ac or dc grids, theis requirement of
multiple reverse conversions thaay caus adjunct loss to the system operation amte complication ircurrent office
and home appliancefn the electric power indust the concept of smart grid currently influentic. The ambition of
design a smart grid is to gramiable, electric powr with high quality to digital societiei® an environmentally familie
and conceivable way [6]-[10The smart grid hasne of most important featurethe advanced structure wh can
reinforce he connections of multifariolenergy storage optiona¢ and dc generation systems and pecac and dc loads
with the optimal eminencaitilization and efficienc of operation. Toaccomplish those targets, power electro
technology plays a crucialole to consolidar different sources and loads to a smarid. A ac/dc micro grid is
contemplated in this paper tmoderat multiple reverse conversionwocesses in an individuac or ac grid and to
expeditethe connection of multifariol renewable ac and dc sourcasd loads to power system. ~ control, energy
managemenand operation of a hybrid grid  more intricatethan those of an individual ac or dc grdistinct operating
modes of e/dc grid have been examir. The coordination control contiance among multifarior converters have been
contemplatedo minimize power transfer between ac and dc ndtsyto exploitmaximum power from renewal power
sources, anthe stable operation of both and dc grids is maintained under volasilgply ad demand conditions when
both grid-tied and islanding modegperates by thmicro-grid. In this paper, a future power grid will make muchaster

by the use of advanced power electesrand control technolog.

AC/DC Power Flow

ACMicro-grid ACBus DCBus  DCMicro-grid i
g Coordination ¢ Wmdd
Diesel Generator PMSGﬁiEE
@7 nifn2 Bidirectional P/Ag =
@ Ac/oc
Wi d i
Igépee DFIG m gnoar::er‘ter o e
= DC/oc imadiati
o OF— v EdISUU
- emperature
indspeeg
S0
De/oc uel cel
ptack
Gear
DC loads
Breaker
viy\ /| i Bidirectional IAC/oc—Flywheel
gid @O Ac/oc
m Back-up Bidectional converter
Converter D¢/
DCPluginEV
Electric Vehicle(EV)

Figure 1: The AC/DC Micro Grid System

CONFIGURATION AND MODELING OF SYSTEM
A. Configuration of Grid

Figurel shows a conceptual mic grid system configuration where multifarioas and dc sources and loads
interconnected to the analogadsand ac networks. The ac and dc linkslinked together through two transformers &

two four-quadrant operatinfpree phase converters. The ac bus omicro-grid isconnecte to the utility grid.

In Figure 2, a compact micrgrd is modelled using the Simulink in théATLAB to simulate system opetions
and controlsFor the simulation of dc sourc PV arrays of forty kW are coheretd dc bus throu¢ a dc/dc boost
converter. A capacitor igsed to clamp high frequency ripples fi the PV output voltagdznergy is stor by using a 65 Ah
battery and is coherent tit bus through a bidirectional dc/dc converteridlde dcload (20 kW40 kW) is connected to

dc buses and ac load (20 k#3-kW) are connected to ac buses respectivelyrateel voltages for ( buses are 400V and
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ac buses are 400\ respectively. A three phasdc/ac main converter (bidirectionaljth R-L-C filter couples the dc bus

MPPT Controller
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Array | Boostconverter Battery
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Converter
DC loads
Convereter
Breaker Tl
Utility
i

t

Figure 2: A Compact Representation ofProposed Micro Grid

to the ac bus through an isolation transfor

B. Operation of Grid

The operation of micrgrid canbe done in two modes. In grid-connectebde a stable dc bus voltage is
provided by the main converter amdperative¢ reactive power and to interchangewer between the and dc buses. The
maximum power is contribute for controlling e boost converter.hE converter works as an inve, when the output
power of the dc sources excedhlls dc loadsand implants power from dc to ac sidde converter implants power frc
the ac to dc side, when the tofwer generation is smaller than tlotal load at the dc si. When the total power
generation exceedke total load in thmicro grid, it will implants poweto the utility grid. Contraril, the micro-grid will
inherit power from the utility grid. In the grid tied mo there is no role ofthe battery converter in system operz
because utility gridbalanced the pow. In autonomous modepltage stability and power balance both are cdietidoy
the batteryplays. Control aspirations for distii converters are accelerdig energy manament system. DC bus voltage
is prolonged stable bylaoost convertc or battery converter according to distimgterating condition A stable and high
quality ac bus voltagis provided by controlling othe main converter. PV can contriga maximum powr point tracking

(MPPT) or off-MPPT mode depends system operatil requirements.
C. PV Panel Modelling

Usually, In PV system theiie an interconection of modules that formed withany PV cells in series or parall
Single module produced powenvery less an not plentiful to meetequisite the commercial applications, thus to $u
the load the modules are couptediorm arra. Modeling of PV panel is done with the help of th¢hree equations [11],
[12].

Ly = Nplpp — Nplsge * [€Xp ((ﬁ) (VnLj + IpvRs)> — 1] 1)
Iph = (Isso + ki(T - Tr))-ﬁ (2)
= e e (1222). (2 -2)) @

D. Battery Modelling

In PV array, Battery exploitas a homogeneous voltage load line and is energigbdthe help o PV array. The
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modelling of battery is done as a nonlinear voltagarce whose output voltage level based the duemeth the battery
state of charge (SOC), that is non linear functbtime and current. Terminal voltage and SOC ¢stdtcharge) are the

two important parameters to characterize the stiadebattery are as follows:

A =%+Rb.ib—Kﬁ+A.exp(Bﬁbdt) ) (4
_ fibdf
S0C = 100 (1 + o ) (5)

Where R is internal resistance, is the battery charging current, i open circuit voltage, K is the polarization
voltage of battery, B is the exponential capactys the battery capacity, and A is the exponentitthge [13].

Converters Coordination Control

The Micro-Grid consist five types of converters.dAthese converters must be coordinately controMgl the
utility grid to replenish an interminable, high djtia power and high efficiency to multifarious doé ac loads under
multifarious wind speed and solar irradiation witkk@ micro grid percolate in both isolated and digedi modes. For the

converters, the control algorithms are manifeshis section.
A. Grid-Connected Mode

When the micro grid percolates in this mode, thetrmd ambition of the boost converter is to grotive MPPT of
the PV array by modulate its terminal voltage. €hergy surplus of the micro grid can be sent tautiity system. As the
energy storage, the function of the battery becdeesvaluable because the power is balanced bytilitg grid. In this
mode of operation, the function of the batteryoi®hly remove frequent power translation betweendt and ac link. By
using the technique, the battery converter (dcorerter) is controlled as the energy buffer [T4je design of the main
converter is to work bidirectionally to associateresponding characteristic of solar sources [E6f.variable dc load, the

maintenance of a stable dc-link voltage and thelsyonization with the ac link and with utility sgsh is the control aim
of the main converter [16] [17].

Power flow equations at the dc and ac links arfelésvs:
PpV+Pac=Pch+Pb (6)

Where power’,, is produced by PV system, aRgl, is real power load which is connected with dc lifk Is

the injection of power to battery [18]-[21].
B. Islanding Mode

When the micro-grid runs in the isolated mode, lthest converter may operate in the on-MPPT or d#fi
snide on energy constraints and power balance mystee main converter interpret like a voltage seuto furnish a
stable frequency and voltage for the ac grid amdhfe smooth power exchange between ac and dd bpsriates either in
converter or inverter mode. The battery convettesreither in charging or discharging mode dependsower balance in
the system. The dc-bus voltage is maintained baléyceither the battery or the boost converter dépen the system

operating condition. Powers in multifarious loadl aupply conditions should be maintained balandé thie following
equation:

va=PacL+Pch+Ploss+Pb (7)
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WhereP,,, is the total grid los

The coordination controlfr two levelsare used for the maintenance of stafylstem operation. the system

level, the energy managemt system (EMS) determines operation modes of the individual convertthat depend on

the net power of system,fPandenergy constraints aralsothe charging/discharging rate of batt

The controlled logic diagrarof the syster is shown in Fig. 3. R is the total maximum power generation mil

the total load and mindg,;. Determination ofhe energy constraints of the battery dependin on the state of charge

(SOC) limits by using0C,,;,, < SOC < SOC,,4,- It should be notorious that SQIE battery cannot be calcula directly,

but can be achieved among some evalu methods as depicted in [22], [2Fhe charging and discharging riconstraint

is: P, < Ppmax- Thepeculiar converters operation depends on moimmands from the EM at local level. PV system

operates in the ofAPPT mode for Case 1 and Case 2 for other cases, operategsthe on-MPPT mode. The battery

converter percolates in the chargidigchargincor idle mode for distinct cases. Thereaguirement of Load shedding

maintain power balance when the power supply i€l than

Table I: Component Parameters for Micro Grid

C, | Capacitor across the solar panel 1000QuF
L, Inductor for the boost converter 72uH
C, Capacitor across the dc-link 6700UF
L, Filtering inductor for the inverter 80uH
R, Equivalent resistance of the inverter 20ohm
C, | Filtering capacitor for the inverter 8uF
L, Inductor for the battery converter 3mH
R Resistance of L3 0.1ohm
F Frequency of the AC grid 50HZ
fs Switching frequency of power converters  10kHz
Vyq Rated DC bus voltage 400V
Vi ms | Rated AC bus line voltage(rms value) 400V
nyn, | Ratio of transformer 2:1

Demand and In this caghe battenjis at the minor SOC [24]-[27].
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Figure 3: Control Mode Diagram for the Isolated Micro Grid [28]
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SIMULATION RESULTS

The exertion of the micro-grid under multifarioumisce and load conditions are simulated also thification of
designed control algorithms. The exertion is carmait for grid connected mode and isolated modethEtmore, the
performance of photovoltaic system is analyzed ioroagrid. The performance dissection is done vilie help of
simulated results by using MATLAB/SIMULINK. For thetudy of grid, the solar irradiation and cell tesrgdure are taken

into deliberation.

A. Grid-Connected Mode

Figure 4: Simulink Model of Micro Grid in Grid Conn ected Mode

In grid connected mode of operation, the main caBveercolates in the PQ mode. Power is maintairadance
with the utility grid. In this case there is noedaf battery and operates in rest mode, also thierpas fully charged. The
utility grid maintained balance AC bus voltage ahé main converter maintained balance dc bus weltddge peak
terminal voltage is persistent using the basic dmental conductance(IC) algorithm depends on tl@ogous solar

irradiation. The voltages for distinct solar irratibns are shown in Figure 5.

From 0.0 s to 0.1 s the irradiation level of satapbstinate as 400W/nfrom 0.1 s to 0.2 s growths linearly to
1000W/nf, and remain constant until 0.3 s, from 0.3 s b Hdiminishing to 400W/Mmand remains that value until the
supreme time 0.5 s. The initial voltage for theis@bstinate at 350 V. It can be noted that thésl€ontinuously tracing
the peak voltage from 0 to 0.25 s. Due to the di@eing rate, the algorithm only search the pedkage at 0.25s. The
new peak voltage is finding by algorithm from 088and finds the optimal voltage at 0.49 s. The pinmalgorithm can
accurately follow the change of solar irradiatiant bequire some time to find the peak voltage. Wbt alternation in

solar irradiation, the reformed IC methods witht taacing rate should be used in the PV sites.

The solar radiation curves and the output powethef PV panel are shown in Figure 6 and Figure 7 tard
variation of output power from 14 kW to 40 kW, where ambient temperature is fixed and approximafalpws the
solar irradiation. The output voltage of boost camer is shown in Figure 8. The solar terminal apé level is boost up by

boost converter. In boost converter the load veliaglways greater than the source volil@ag,y > Viource)-

At the ac side of the main converter, the voltage eurrent responses are shown in Figure 9 andd-iti when
the solar irradiation level reduces from 1000WAN 0.3 s to 400W/fat 0.4 s with a fixed dc load of 32 kW. It can be

noted from the direction of current that the ingetcof power from dc to ac grid before 0.02 s anerdf.1 s it is reversed.

Impact Factor (JCC): 3.1852 NAAS Rating.23
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Figure 9: AC Side Voltage of the Main Converter wih Variable Solar Irradiation
Level and Constant DC Load
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Figure 10:
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B. Islanding Mode

Figure 11: Simulink Model of Micro Grid in Islandin g Mode

The strategies for control are verified in the nafmase and Case 1. In the normal case, the battenyerter
maintained the dc bus voltage stable and the n@imester provide voltage to the ac bus. The dc-iokage reference is
set as 400V. Due to load conditions, the voltagacalbus is maintained 325 V constant. The batterginal voltage and

rated capacity are preferred as 200 V and 65 Apeci/ely.

In Case 1, when the system mode is at off-MPPThtust converter maintained the dc bus voltagdeseaid the

main converter balanced the ac bus voltage.

Figure 12 and Figure 13 show the AC side voltaggefmain converter during the isolated mode, tseemain
converter balanced the AC load and battery convédéanced the DC load when the DC load is variabth constant

solar irradiation level. The injection of powersne from DC to Ac grid after 0.1 s.

The PV power output drops from the maximum valueraf.1 s, which means that the operating modes are
changed from MPPT mode to off-MPPT mode. The P\puaipower varies from 40 kW to 25 kW after 0.1 s.

The current and SOC of the battery are shown inr€ig4 and Figure 15. Before 0.1 s, the generatadi gower
is larger than the total load and lower than thaltoad after 0.15 s. The battery works in chaggimode before 0.38 s due
to the positive current and discharging mode 4it88 s due to the negative current. The SOC (sfatharge) increases

and decreases before and after 0.38 s.

M I H

Y “ H [

Figure 12: AC Side Voltage of the Main Converter wth Constant Solar Irradiation
Level and Variable DC Load
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Figure 15: SOC of Battery
CONCLUSIONS

The ac/dc micro-grid is contemplated and comprekielys studied in this paper. The coordination cohtr
schemes of micro-grid and models are contemplatedcébnverters to maintain the system stable opmratinder
multifarious resource and load conditions. Thefieaiion of coordinated control strategies are dbypeMatlab/Simulink.
Multifarious control strategy have been incorpatlate exploit the maximum power from ac and dc sesrend to
coordinate the exchange of power between ac aggidcDistinct resource conditions and load captéédd are sampled to
vindicate the control methods. The results of satiah demonstrate that the micro grid can work Igté the grid-
connected mode or islanding mode. Stable ac arnoudosoltage can be covenant when the working comditor load

capabilities vary in the two distinct modes. Durthg load condition variation, the power is smop##changed.

Whereas the micro-grid can reduce the processdes/a€ and ac/dc conversions in a particular accagril, for
implementation of the micro grid, there are marglistic problems that depend on the current acrotiatl infrastructure.
The total efficiency of system depends on the imenet for a surplus dc link and deduction in conerdosses. The
redesigning of the home and office products are \hificult for companies without using embeddeddacrectifiers
whereas it is theoretically possible. Therefore, ticro grids may be executed when PV systemsnatelii on the roofs
by some small customers and are interested to Wseh&rging systems and LED lighting systems. Therongrid may

also be attainable for some small isolated indaigdfants with both PV systems as the leading pasupply.
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