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Abstract— Increasing penetration of DG is changing
management of the grid from centralized to decentrigzed
schemes, creating several challenges that must barefully
addressed in order to keep the electrical grid’s pyper operation.
High penetration of renewable energy can lead to ability and
power quality issues due to the stochastic naturd ®ES, such as
solar energy. The microgrid concept, which can be fieed as a
small scale weak electrical grid that is able to agrate both in
connected and islanded mode, has been extensiveiydéed as a
solution for RES integration. The weak nature of a mirogrid
implies the use of an Energy Storage System (ESS)itwrease
RES penetration and insure its stability.

Index Terms— RESS, DG

I. INTRODUCTION
The conventional power systems such as hydromtide

nuclear, gas and large scale solar power statioms :

centralized and electrical energy need to be triateshover
long distances. As the power is transmitted overglo
distances, the overall transmission cost and tresssom
losses increases and the efficiency of the sysexces.
Distributed Generation is emerging as an imporation for
the future development and restructuring of eleityri
infrastructure. The benefits of Distributed Genierainclude
lower electricity costs, higher flexibility, impred power
quality, higher system efficiency and greater tality.

Hence the demand of distributed generation is gisir

day-by-day.
A. Distributed Generation:

Distributed Generation, defined as a small scaetetity
generation, is the generation of electrical enatgghe point
of utilization.It is also termed as decentralizesheration.
The distributed generation typically uses renewadlergy
sources such as small hydro, biomass, solar, widd a

Geo-thermal power and plays a vital role for thectical
distribution systems. The distributed generatioroines the
deployment of small, modular generator units muoker to

the electricity consumers. The generation units &en
operated at the point of use with excess soldeathd, or by
generator units dispersed within the local distidmu
network.

The benefits of Decentralized generation over cotioaal
centralized systems are discussed as follows:

The problem of high peak load shortages can betafédy
solved in Distributed Generation.

The losses during transmission and distribution of
electrical power are greatly reduced and henceawgthe
reliability of the grid network.

The distributed generation plays a vital role ioviding
power to remote and inaccessible areas, for a polike
India.

Easy maintenance of power, voltage and frequendy an
also has the possibility of combining energy steramd
management systems.
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Figure 1.1: Centralized vs. Decentralized Genenatio

The Centralized and the Decentralized generatishasvn
in the figure 1.1 above. The distributed generatgsources
can be interconnected to the same central grithfosake of
reliability, but leads to various technical and mamic issues
such as power quality, voltage stability, harmonieBability,
protection and control. Hence the distributed gatien is
usually connected to the microgrid.
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B. Microgrid:

Microgrid is a small scale, weak electrical gridttis able
to operate both in connected mode and islanded nbde

demand and discharged during the period of highasem
from consumers. The Energy storage systems prdoii®
demand services for extended period of time forsuarers

formed by integrating various sources of distribute €v€n when small renewable power generation exists.

generation, loads and storage devices. The elac&iergy
generated is interconnected to the microgrid at\Voltages
and it can operate in AC, DC or combination of both
microgrid provides back up for the grid in case
emergencies. A microgrid allows the consumers reaexgy
independent and more environmental friendly. Therogjrid
is interconnected with different types of energprage
systems to perform multiple functions such as engyrower
quality, frequency and voltage regulation, smoahthe
output of renewable energy resources, providingk bat

power for the system and plays important role irstco

optimization.

of

The different Energy storage technologies are,
Batteries

Lead Acid Battery

Lithium ion Battery

Nickel cadmium/ Nickel Metal Hydride Battery
Sodium Sulphur Battery

Flow Batteries

Electrochemical Double Layer Capacitors (EDLCs)
Regenerative FCs

Compressed air energy storage (CAES)

Flywheel ESSs

Superconductive Magnetic Energy storage (SMES)

The microgrid and the renewable energy resources Thermoelectric Energy storage (TEES)

integration may lead to number of operational a@mgjes that

are to be addressed in the design of control ante@tion

system. The most significant challenges of micibagrie,
The existing of DG units in the system at low vgéa can

The use of Energy storage systems
limitations such as admissible bandwidth, maximatmgs,
current/power maximum gradient, and the numbetryofes.
If these limitations are not agreed it can lead tmexpected

cause bidirectional power flows that complicate thédfetime reduction of the Energy storage system laadis to

protection coordination, undesirable power flow teats,
fault current distribution and voltage control.

Interaction of control systems of DG units may tedacal
oscillations.

The microgrid has a low inertia characteristic vahieads
to severe frequency deviations in stand-alone diperaf a
suitable control mechanism is not provided.

The uncertainty in microgrid due to less numbetoafds
and high variations of renewable energy sources.

MicroGrids perform dynamic control over energy S,
enabling autonomous and automatic self-healing atjoers.
During normal or peak usage or at times of the arinpower
grid failure, a microgrid can operate independemtiythe
larger grid and isolates its generation nodes anaep loads
from disturbance without affecting the larger gsiditegrity.
MicroGrids
information systems, and network infrastructure aare
capable of feeding power back to the larger gridndutimes
of grid failure or power outages.

MicroGrids in India:

In Karnataka, the SELCO Solar Light Pvt Ltd isomial
enterprise in improving living standards of poouseholds in
rural area. The SELCO foundation has installedrssitzrage

remote DC MicroGrids to provide energy access tQ
Baikampady Mangalore, Neelakantarayanagaddi village

Mendare village and Kalkeri sangeet vidyalaya.
The Indian coast guard operates a microgrid in Arata
island.

C. Hybrid Energy Storage System:

In a traditional electrical power generation systemergy
generated has to be utilized immediately, elsdlibe wasted
and leads to economic failure. Further, sporadineReable
energy such as wind, solar and little of hydro cdnibe
accumulated in the absence of energy storage sysiEme
energy storage systems are charged at the tinesethergy

interoperate with existing power systems

its destruction.

The use of Hybrid energy storage system gives the

required trade-off for increasing the lifetime afcd Energy
storage system and also increasing the globalfgpeaiergy
and of the whole system. Hybrid energy storageesyss a
combination of two energy storage devices with
complementary characteristics such as high powesitye
and high energy density.

In our project the hybrid energy storage system is

composed of,

A Lithium ion Battery which has high specific powand
moderate self-discharge and

A Vanadium Redox Battery (VRB) which has high sfieci
energy and no self-discharge.

D. Power Electronic Converters:

Power electronics mainly deal with efficient corsien,
control and conditioning of electric power by statheans
from its available input form into a desired el@al output
from. The electrical power conversion can be redliby
power converters built on power semiconductor gvinig

devices and the converters are controlled by cbntro

electronics.
Depending on power handling capabilities the cover
can be classified as,
High power converters
Medium power converters and
Low power converters
As the power rating increases, to reduce the curegimg
of the converter, high voltage switching devicaséto be
used. High voltage switching devices are compagbtiv
costlier and cannot be switched at high frequenty.
overcome these problems, several new converteldgies
have been used in high voltage applications.
The circuit topologies of converters can be clégiinto,
Neutral point diode clamped (NPC) converters
Flying capacitor clamped converters and
Cascaded full bridge converters

integrates the
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Neutral point diode clamped and cascaded H-bridges well as portable electronics and telecommumicati
converters are widely used for high power convertegadgets. This battery is highly preferred dueddigh energy

applications.

The number of levels in a converter bridge defities
number of voltage steps that are required by thevexer
bridge in order to achieve a certain voltage letéis output.
Because power semiconductor switches have limitdthge
capability, the voltage of a converter bridge igidid into
number of voltage steps, such that each voltage e be
handled by one power switch.

Depending on voltage levels, converters can besified
as,

Two level converters and

Multi-level converters

The converters with voltage level three or moreraferred
as multi-level converters. Multilevel convertersvaabeen
receiving increased attention recently, due teajsability of
medium voltage and high power applications.
advantages of multilevel converters are low voltagmgs of

density and higher efficiency. The anode of thigtdrg is
made up of carbon graphite while the cathode ctmsik
lithiated metallic oxide. The electrolyte contamsixture of
lithium salts such as LiBF4, LiClO4 of LiPF6 andganic
carbonates ie dimethyl carbonate or diethyl cartenbo
discharging process Li+ ion migrates from negagileztrode
while carrying current to the positive side withe treverse
condition occurring during charging with the follmg
electrochemistry.

Positive electrode half- chemistry

Negative Electrode half-chemistry

Features of Li-ion Battery:

1. Fast charge and discharge ability.

2. High specific energy of 170-300Wh/l and 75-125kh

3. Low percentage rate of self-discharge.

The 4. Availability of different shapes and sizes.

5. Lighter weight with high energy density.

power semiconductors, low voltage harmonics and les 6. High open circuit voltage compared to NiMH, NaS,

electromagnetic interference.

PbO2 and NaNiCl.

The three level Neutral point clamped (3L-NPC) 7. Intrinsically secure from environmental perspectiue

converter is a type of DC-AC power conversion gysthat

to the absence of free Lithium metal.

uses three DC bus voltage levels. A 3L-NPC conveége Drawbacks:

considered especially interesting for medium vatdggh
power applications due to its ability to reduce tlodtage
ratings of the semiconductor devices to the hatbimparison
to a typical two level converter. Therefore if t@me power

conductors are used in the three level and twolleve

converters, the DC bus voltage can be doubledérthiee
level case, due to the reduction of the voltagdiegpo each
semiconductor device. Assuming that the curresaise in
both the cases, the power of the three level coenrgeis thus
doubled in comparison to the two level convertegse. A
3L-NPC converter has many other advantages in cosgra
to the two level converter, namely a less distoA€dvoltage
generation, a reduced dv/dt of the output voltagetd higher
amount of DC levels, a smaller DC side currentodigin and
lower electromagnetic interference. The 3L-NPC eoters
have been used in large motor drives like conveyrmps,
fans and mills as well as in back-to-back configjore for
regenerative applications like grid interfacingRénewable
energy sources (RES).

Il. PROPOSED METHODOLOGY

A. Modeling of HESS:

1. High production cost.

C. Modelling of VRB:

The VRB model to be implemented in SIMULINK is bdse
on the following properties,

The state of charge , which represents the amdattive
chemicals in the system, is modeled as a varidide is
dynamically updated.

The stack voltage is modeled as a controlled veltag

source. The power flow through this source impabts
changes in the SOC .

The variable pump losses are modeled as a comtrolle

current source.

The internal resistancegRcionand Resisive@ccount for the
losses due to reaction kinetics, mass transpsistasce,
membrane resistance, solution resistance, electesiance
and bipolar plate resistance. The parasitic resistde Ryeq
losses@Nd the pump losses current igm) iosses@ccount for
power consumption by the recirculation pump, thstesn
controller and the power loss from cell stack bggeurrents.
The model also accounts for system energy contedt a
transient responses. The model is shown in thedigus
below

The HESS is formed of a Li-ion Battery and VRB. The

Li-ion battery has advantage of high specific powad

moderate self-discharge. The VRB technology hash hig

specific energy and suited for long term storagensfrgy and
no self-discharges.
technologies is complementary and achieves a Ipghific
energy and high specific power HESS.

B. Lithium ion Battery:

Lithium ion battery is a type of rechargeable bgtitbave
outstanding applications in both low and high podevices

10
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¥ Lesses <" Resacsen Figure 3.2: Block diagram of the controller

In the controller the three phase output voltaged a
currents of the inverter are decomposed into p@siti
S > Reesistie Losses negative and zero sequence components. Furtherattey
transformed into dg0 components in the rotating@nezice
frame using park’s transformation. The dq0 comptner
both voltage and current are regulated using Ptrobers
which are further composed into abc coordinatesigusi
inverse park’'s transformation generating the mdihda
A. Pulse width Modulation (PWM) Strategy: signal. The control pulses to the inverter switcltaas
generated using carrier based sinusoidal pulse hwidt
modulation technique to generate the balanced aithals

\/ Battery

Figure 2.1: VRB simple model

Ill. MODULATION STRATEGY

Several modulation techniques are used to genénate
pulses to control the switches of the inverter. Taarier
Based Sinusoidal pulse width modulation (CB- SPWM?UtpUt voltage even for unbalanced loads.
technique has been widely used for multilevel cotere as
the number of phase’s increases. The CB-PWM is less
complex and easier to expand to converters withtiphel
phases and requires less computing time. As tkexeneutral
point voltage balancing problem in 3 leg NPC cotess; the
introduction of fourth leg in three phase NPC coters
along with CB-PWM technique will regulate the nalipoint
voltage of the inverter.

In this project as the NPC inverter is a 3leveleirer it
requires two carrier signals. The modulating sigmal
compared with the carrier signals to generate tig pulses
of the switches of the inverter. The figure 4.70wekhows
two carrier signals with switching frequencigsahd /2 ,
superimposed with the modulating signal whose feegy is
50Hz and is of sinusoidal. This modulating sigisahie error
signal obtained after the control action of threéage output _ o _ _

. 4.1 Simulation circuit of 4 leg 3 Level NPC inveristerfacing RES/HESS
voltages and currents of the inverter. In the CBNPW ;" icrogrid
technique, if the magnitude of the modulating sigsmgreater
than the magnitude of the carrier wave ,then thisepis The figure 4.1 below shows the main simulationuirof
generated and the switch is turned ON otherwisesthiteh  4leg 3level NPC inverter used as an interface foe t
will be in the OFF state. RES/HESS integration to microgrid. The HESS is cosepl

T of Li-ion battery and Vanadium Redox battery (VRBhe

\ HH\ 1 {‘ H| H'\ l 1 W‘ ‘} | “H‘ | ‘ DC input to the inverter is 440V. The Low Pass (kBgond

HH\ ‘H Hy”\‘\\l\\‘ \” “\ H M \Wh H"\H \”\H\ ‘VH ‘H‘ \ order filter is used to obtain the sinusoidal vgétand current

H I ‘\ \ H HH‘\ i \\H \ \ ”\ W H‘H‘HHV waveforms.

| ‘}
A \Hi

IV. RESULTS

LA
“ ‘ }‘M‘ H “H ‘M‘ ‘
“” HH\ ‘U H HHHHW ‘HHH‘ Hl,’

It ‘M "“MI‘I ‘H\‘WH
I ”“ MBS \/  ResuLTS FOR DIFFERENT UNBALANCED LOAD CONDITIONS

I
M\‘ HH\ “"l ‘HH

Case 1 For unbalanced three phase resistive load of 5kw,
10kw and 20kw in the three phases respectively,thhee
phase output voltage and current waveforms are slithe
figures6.18 and 6.19 below.

Flgure 3.1: CB-PWM techniue for the 4 leg 3L NP@arter.

B. Block diagram of the controller:

The block diagram of the control strategy on thesile of
the inverter is shown in the figure 5.2 below.
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Figure 5.4: Three phase output current waveformuobalanced and
5.1 Three phase output voltage waveform of unbaidmesistive load.  different nature of load in all three phases.

Case 2 For unbalanced three phase RL load of 5kw al
200var in phase A, 10Kw and 400var in phase B 2iidv
and 600var in phase C, the three phase outputgeokad
current waveforms are shown in the figures 6.20 éuad
below. It is observed that the three phase outpitbge is
balanced with constant voltage of 320V and theetlplease
output current has different magnitudes in all ¢hpbases.

[T

Wlre 5.5 Three phase output current waveforrmbiilanced and different
e of load in all three phases.

VI. CONCLUSION

this project the use of a 4-Leg 3L-NPC powenaster
ogy to interface a RES with a HESS (formedabyRB
and a Li-lon battery) in a microgrid context haseme
investigated. The output of the 4 leg 3Level NP@iter is
controlled based on the decomposition of the supimige
phase voltage and current into instantaneous pesiti
negative and zero sequence components using phasor
representation. The regulation of three phase anbel
output voltage and current has been done usingiciE<P|
controllers. The duty cycles are generated by usangier
based Sinusoidal Pulse Width Modulation technigliee
Simulation results of the three phase output veltagd
current are observed for different cases of unkaldrioad
conditions.

Case 1 : Pure resistive unbalanced load in allttinee
phases.
Case 2: Unbalanced RL load in all the three phases
Case 3: Different nature of load in the three phase RL
load in phase A, Pure resistive load in Phase B|d2@ in

Figure 5.3: Three phase output current wavefornmbialanced RL load.

Case 3 For unbalanced three phase load of RL load in
Phase A of 5kw and 200var, R load in Phase B ofwlGd6d
RC load in Phase C of 20kw and 400var,the threesgha

phase C.

It is observed that for all the above cases theetloutput
voltage is sinusoidal, balanced constant amplinfdg@20V.
The three phase output waveforms are also sinusbida
their magnitude and phase angle wrt to the voltkgends on
the magnitude and nature of load connected. Hehce i
concludes that the control strategy improves thvegpauality
of the RES/HESS integration to microgrid.

output voltage and current waveforms are showherigures

6.22 and 6.23 below. It is observed that the tpreese output
voltage is balanced with constant voltage of 320 #he

three phase output current has different magnitaflesrrent

in all the three phases.
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