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Abstract: This thesis first proposes a hybrid/éc micro-grid
and its coordination control for reducing the prosses of
multiple conversions in an individual ac or dc gridRenewable
energy based distributed generators (DGs) play andmant role
in electricity production, with the increase in thgdobal warming.
Distributed generation based on wind, solar enerdypmass,
mini-hydro along with use of fuel cells and microubines will
give significant momentum in near future. Advantagdike
environmental friendliness, expandability and flebility have
made distributed generation, powered by various neable and
nonconventional micro-sources. The micro-grid corte
introduces the reduction of multiple reverse comsiens in an
individual AC or DC grid and also facilitates conneotis to

variable renewable AC and DC sources and loads to power

systems. The interconnection of DGs to the utilggifl through
power electronic converters has risen concerned ab@afe
operation and protection of equipment’s. To the tomer the
micro-grid can be designed to meet their speciajugements. In
the present work the performance of hybrid AC/DC ndegrid
system is analyzed in the grid tied mode. Here pivottaic
system, wind turbine generator and battery are usked the
development of Micro- grid. A small hybrid grid habeen
modeled and simulated using the Simulink in the MAARB. The
simulation results show that the system can maintastable
operation under the proposed coordination contrahemes.

Index Terms: Hybrid ac/dc micro-grid, RES, Didrnited
generators (DGs), Photovoltaic system, Wind turbigenerator
and Battery.
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Fig.1 Micro-grid power system

The micro-grid often supplies both electricity anéat to
the customers by means of combined heat and poastsp
(CHP), gas turbines, fuel cells, photovoltaic (Pystems,
wind turbines, etc. The energy storage systemsllysu
include batteries and flywheels. The storing devicethe
micro-grid [1] is equivalent to the rotating reseref large
generators in the conventional grid which ensures t
balance between energy generation and consumption
especially during rapid changes in load or gengnati
Recently more renewable power conversion [3] systam
connected in low voltage ac distribution systems as
distributed generators or ac micro grids due to

century, many trends are becoming noticeable thiit wenvironmental issues caused by conventional fdssled

change the
modifications are being driven from both the demasitie
where higher energy availability and efficiency aesired

requirements of energy delivery. Thegwwer plants [5]- [7]. On other hand, more and mdee

loads such as light-emitting diode (LED) lights agldctric
vehicles (EVs) are connected to ac power systensave

and from the supply side where the integration[Z] ocenergy and reduce CO emission. When power canllye fu

distributed generation and peak shaving technatogiest

supplied by local renewable power sources, longadie

be accommodated. Power systems currently underfigh voltage transmission is no longer necessaGy.ndicro

considerable change in operating requirements maisla
result of deregulation and due to an increasing uarnof
distributed energy resources.
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grids have been proposed to facilitate the conoectf
renewable power sources to conventional ac systems.
However, dc power from photovoltaic (PV) panaisuel
cells has to be converted into ac using dc/dc leossind
dc/ac inverters in order to connect to an ac dridan ac
grid, embedded ac/dc and dc/dc converters are restyfor
various home and office facilities to supply diffat dc
voltages. AC/DC/AC [7-9] converters are commonlgdisis
drives in order to control the speed of ac motorsdustrial
plants. Recently, dc grids are resurging due to the
development and deployment of renewable dc power
inherent advantage for dc loads i
commercial, industrial and residential applicatiombe dc
integrate  various
distributed generators [11]. However, ac source lia be

Department of Electrical¢Onverted into dc before connected to a dc grid daldc

inverters are required for conventional ac loadsiltidle
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reverse conversions required in individual ac orgiids
may add additional loss to the system operation \aitid

modes of operations and smooth transition betwkervto
(i.e., islanding and synchronization transientsgtable the

make the current home and office appliances moleest utilization of the microgrid resources. DERtgnin

complicated. The smart grid concept is currentigvailing
in the electric power industry.

The objective of constructing a smart grid isprovide
reliable, high quality electric power to digitalcseties in an
environmentally friendly and sustainable wéyne of
most important futures of a smart grid is the adean
structure which can facilitate the connections afiaus ac
and dc generation systems, energy storage optiamd,
various ac and dc loads with the optimal assetzatibn and
operation efficiency [9]. Here in Smart grid the wer
electronics technology plays a most important rtde
interface different sources and loads to a smad tw
achieve this goal.

M. MICRO-GRID STRUCTURE

Figure 2 shows a microgrid schematic diagram. T
microgrid encompasses a portion of an electric pow

distribution system that is located downstream bé t
distribution substation, and it includes a varietly DER
units and different types of end users of eledtrieind/or
heat. DER units include both distributed generafib)
and distributed storage (DS) units with differeapacities
and characteristics. The electrical connection fpointhe
microgrid to the utility system, at the low-voltabas of the
substation transformer, constitutes the microgridnip of
common coupling (PCC). The microgrid serves a ward
customers, e.g., residential buildings, commerersities,
and industrial parks.

Uity Grid

Substatian

Microgrid

Fig.2 Microgrid structureincluding loads and DER units
serviced by a distribution system

The microgrid of Figure 2 normally operates in adgr
connected mode through the substation
However, it is also expected to provide sufficigaheration
capacity, controls, and operational strategies upply at
least a portion of the load after being disconrekftem the
distribution system at the PCC and remain operatias an
autonomous (islanded) entity. The existing powalityt
practice often does not permit accidental islandamyd
automatic resynchronization of a microgrid, prirhadue to

the human and equipment safety concerns. Howetlaer, t
high amount of penetration of DER units potentially

necessitates provisions for both islanded and epithected

he

transformer

terms of their interface with a microgrid, are ded into
two groups. The first group includes conventionatatary
units that are interfaced to the microgrid througkating
machines. The second group consists of electrdyical
coupled units that utilize power electronic congestto
provide the coupling media with the host systeme Th
control concepts, strategies, and characteristicpoaver
electronic converters, as the interface media fostnypes
of DG and DS units, are significantly different thibnose of
the conventional rotating machines. Therefore, dbetrol
strategies and dynamic behavior of a microgridtipaarly
in an autonomous mode of operation, can be notigeab
different than that of a conventional power system.

A. Technical challenges in microgrid Proi@ctsystem
is one of the major challenges for microgrid whiclust
react to both main grid and microgrid faults. Thietpction
system shouldcut off the microgrid from the maindgas

?apidly as necessary to protect the microgrid lofmdsthe

first case and for the second case the protectystes
should isolate the smallest part of the microgritew clears
the fault. A segmentation of microgrid, i.e. a igasof
multiple islands or submicrogrids must be supportsd
micro-source and load controllers. first is related a
number of installed DER units in the microgrid esetond
is related to an availability of a sufficient levef short-
circuit current in the islanded operating mode a€rogrid
since this level may substantially drop down after
disconnection from a stiff main grid. The direcoand
amplitudes of short circuit currents will vary besa of
these conditions. In reality the operating condsioof
microgrid are persistently varying because of
intermittent microsources (wind and solar) and qud load
variation. Also the network topology can be changed
frequently which aims to minimize loss or to acleiesther
economic or operational targets. In addition cdizbde
islands of different size and content can be forrasda
result of faults in the main grid or inside micriagr

the

1. SYSTEM CONFIGURATION AND

MODELING
A. Grid Configuration

AC Micro-grid AC/DC DC Micro-grid
. Power Flow
Diesel AC Bus DCBus  peiac PMSG
@\ Generator | Coordinator —, (e Wind
=4 i :__Speed
DFIG |
{ H Solar
Wind :‘? fj 1 ! EE—| 3|~ imadiation
Speed -+ [\ Gear niin; i| & Boost =-Temperature
’_(Q)I‘ ] i \mun
ACIDCIAC T ; Fusl ool
1 -n’
~ SCi6 ; peine Stack
Wind 7\ 5_.@ ) | i
Speed /| Gear— Bidirectional AC/DC DC:'C
] Main Converter ¢ BJ Flywhee|
Toa L S8 ;
=\ ) | |
Current :ﬁ\"eee':f\@ DeiDC Battery
Speed — L) i Bidirectional converter
AT --@I’""* R Electric
{ Liility L T2 1 N
. t i lug-i Vehicle
L\do/ Breaker | DC Plug-in EV (EV)
A | . i
\_Loads 1 Bidirectional AC/DC | 4-00 Loads

Back-up Converter

Fig.3 A hybrid ac/dc microgrid system
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Fig.3 shows a conceptual hybrid system configunatvbere
various ac and dc sources and loads are connextétet
corresponding dc and ac networks. The ac and #s ke
connected together through two transformers andfowo-

guadrant operating three phase converters. Thesofithe
hybrid grid is tied to the utility grid.
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Fig.4 A compact representation of the proposed hybrid
grid
A compact hybrid grid as shown in Fig.4 is mede
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V. PVAMODELING

PV arrays are built up with combined series/pakalle
combinations of PV solar cells, which are usually
represented by a simplified equivalent circuit maoieh as
the one given in Fig.5

ANAR
Liika

R 1

-h;.

3] v

lNl

Fig.5 Simplified-equivalent circuit of photovoltaic cell

The PV cell output voltage is a function of the fgourrent
that mainly determined by load current dependingtlos
solar irradiation level during the operation.

o« P I 5 R
I-L_ = _‘“.!L ln[ grl IIJ L J_R_\-IL-
o (1)

Both k and Tc should have the same temperature aitfier
Kelvin or Celsius. The curve fitting factor A is at to
adjust the I-V characteristics of the cell obtairfiexn (1) to
the actual characteristics obtained by testing.(Epgives
the voltage of a single solar cell which is thenitiplied by

using the Simulink in the MATLAB to simulate systemthe number of the cells connected in series toutate the

operations and controls. Forty kW PV arrays amnegcted
to dc bus through a dc/dc boost converter to simauti
sources. A capacitor Cpv is to suppress high &aqu
ripples of the PV output voltage.

B. Grid Operation

The hybrid grid can operate in two modes. lid-¢jed
mode, the main converter is to provide stable dcumlitage
and required reactive power and to exchange poetsvden
the ac and dc buses. The boost converter and WEG
controlled to provide the maximum power. When thgat
power of the dc sources is greater than the ddslothe
converter acts as an inverter and injects powen filc to ac
side. When the total power generation is less thantotal
load at the dc side, the converter injects powamfthe ac
to dc side. When the total power generation is tgrethan
the total load in the hybrid grid, it will injectopver to the
utility grid. Otherwise, the hybrid grid will reces power
from the utility grid. In the grid tied mode, theattery
converter is not very important in system operatesause
power is balanced by the utility grid. In autonormaunode,
the battery plays a very important role for bothwpp
balance and voltage stability. Control objectivesfarious
converters are dispatched by energy managemerdtersy
DC bus
converter or boost converter according to differgpdrating
conditions. The main converter is controlled tove a
stable and high quality ac bus voltage. Both PV ®ATG
can operate on maximum power point tracking (MPBT)

off-MPPT mode based on system operating requiresnent

Variable wind speed and solar irradiation are auptb the
WTG and PV arrays respectively to simulate varrataf

power of ac and dc sources and test the MPPT dontro

algorithm.

voltage is maintained stable by a batter

full array voltage. If the temperature and solaadiation
levels change, the voltage and current outputshef RV
array will follow this change. Hence, the effects the
changes in temperature and solar irradiation lesatsuld
also be included in the final PV array model. mayse the
overall system to be more expensive and compleatiil
multilevel converter topologies have been propodedng
the last two decades. Contemporary research hasgedg
novel converter topologies and unique modulatidrestes.
doreover, three different major multilevel converte
structures have been reported in the literaturscaded H-
bridges converter with separate dc sources, ditalaped
(neutral-clamped), and flying capacitors (capacitor
clamped). Moreover, abundant modulation technicued
control paradigms have been developed for multileve
converters such as sinusoidal pulse width modulatio
(SPWM), selective harmonic elimination (SHE-PWM),
space vector modulation (SVM), and others. In aaoladljt
many multilevel converter applications focus onusiglial
medium- voltage motor drives, utility interface for
renewable energy systems, flexible AC transmissigsiem
(FACTS) , and traction drive systems.
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Fig.6 Classification of multilevel Inverters

A. Diode-Clamped Multilevel Inverter (DCMI)
The diode-clamped inverter was also called theragpbint
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clamped (NPC) inverter when it was first used ithiee-
level inverter in which the mideltage level was defined
the neutral point. The diodeslamped multilevel inverte
uses capacitors in series to divide up the dc bitage intc
a set of voltage levels. To produce m levels of phase
voltage, an m level diodgamp inverter needs -1

capacitors on the dc bus. A singlbase fiv-level diode-

clamped inverter is shown in Fig.7.

Era

I~

[ 5 FN

Dai

o

Fig.7 Fivelevel diode clamped MLI

The dc bus consists of four capacitors, i.e., (3, €3, anc
C4. For a dc bus voltage Vdthe voltage across ea
capacitor is Vdc/4, and each device voltage stvaisbe
limited to one capacitor voltage level, Vdc/4, tmb
clamping diodes. DCMI output voltage synthesis
relatively straightforward.

V. SIMULATION RESULTS
Fig.6.1M atlab/simulink model of conventional method

Fig.6.2 Theterminal voltage of the solar panel

EEe

Fig.6.3 PV output power versussolar irradiation

Fig.6.4AC sidevoltage and current of the main converter
with variable solar irradiation level and constant dc load.

10

.......

Fig.6.5 AC side voltage and current of the main converter
with constant solar irradiation level and variable dc load.

Fig.6.6 DC busvoltage transient response.
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Fig.6.7 Upper: output power of the DFIG; Lower: AC
side voltage ver sus current (Voltage times 1/3 for
comparison).
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Fig.6.8Battery charging current (upper) and SOC (lower)
for the normal case.

Fig.6.9 DC busvoltage transient responsein isolated
mode.

Fig.6.10 DC busvoltage, PV output power, and battery
current
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Fig.6.11 1M atlab/simulink model of proposed method
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VI. CONCLUSION

A hybrid ac/dc microgrid is proposed and comprehehg
studied in this paper. The models and coordinatiomtrol
schemes are proposed for the all the convertensaiotain
stable system operation under various load andureso
conditions. The coordinated control strategiesvardied by
Matlab/Simulink. Various control methods have been
incorporated to harness the maximum power frommitac
sources and to coordinate the power exchange betdee
and ac grid. Different resource conditions and load
capacities are tested to validate the control nuxthdhe
simulation results show that the hybrid grid carerape
stably in the grid-tied or isolated mode. Stablexad dc bus
voltage can be guaranteed when the operating ¢onslior
load capacities change in the two modes. The paser
smoothly transferred when load condition changes.
Although the hybrid grid can reduce the processedctac
and ac/dc conversions in an individual ac or dd,gttiere
are many practical problems for implementing théoridy
grid based on the current ac dominated infrastractlihe
total system efficiency depends on the reduction of
conversion losses and the increase for an exttaklclt is
also difficult for companies to redesign their horaed
office products without the embedded ac/dc rectfie
although it is theoretically possible. Thereforee thybrid
grids may be implemented when some small customans

to install their own PV systems on the roofs anslailling

to use LED lighting systems and EV charging systehhe
hybrid grid may also be feasible for some smallateas
industrial plants with both PV system and wind toeb
generator as the major power supply. The propogsttrs

is verified at different loading conditions and feemance

of the system is presented in this paper.
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