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Introduction
Using battery storage to smoothen out
power fluctuations due to the the
random generation patterns of wind
and solar power plants is common in
today' s practice. However storage.
especially battery is still quite
expensive and as such the use of
battery as storage has significant
impact 0 11 the economics of wind or
solar energy generation. Despite the
high cost. battery has many advantages
as a device of energy storage due to its
ability to act fast and high energy
density. li enee it is vital to ensure the
minimum use of battery for a given
application without compromising the
system performance expected.

Presently. most power system elements
are controlled using system frequency
and voltage deviations as input signals.
The advances in Information
Communication Technology (ICT)
enable information exchange ncar real
time. As such by establishing
appropriate le T infrastructure. it
would be possible to obtain more
information such as active power
generated or consumed by an element.
battery Status of Charge (SOC) and the
locations and types of devices
connected to system at a given
instance.

The work presented here shows how
effective ly the availabi lity of
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information can be used to reduce the
battery capacity requirement for the
efficient operation of wind power
plants without introducing significant
power fluctuations.

Method
For the purpose of study. a small
subsystem. a part of a large power
system and consisting of four types of
elements. as shown ill Figure I. is
considered. The types of elements
considered are thermal and wind
generators. battery storage.
controllable loads and fixed loads.
This small system is assumed to be
connected to the main grid through an
interconnection. The objective of the
control is 10 avoid the power
fluctuation introduced by wind
generators from getting into the main
grid through the interconnect ion
without compromtsmg energy
produced by the wind plant.

For the sake of simplicity. devices.
alike. are represented by aggregated
models here as shown in Figure 2.

For the purpose of formulating the
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Figure 1. System st ruct ure
considered for co ntrol Purpose
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control problem assume that the
operable ranges of var ious devices are
as give n be low:

Thermal generator power - [Plinm~ PU II II ,,]

Baller)' power - fP/jmlJ~ P I1H",. ]

Ballery SOC · (S1l4l"~ SI4oo</ ,1
Comrottobte loa ds power - IP1. ", . PI_ .J
Wind generator p OHW · IP/(wn . PI/aDI

Assume also that Pdl), PJlI). Pdt),
r Nfl), S ill) denote s thermal generator
output powe r, battery output power,
power co nsumed by loads, renewable
generator output powe r and battery
SOC respectively at time I .

f urther assume that the unit cost of
changing operating power of thermal
generator. battery. load and renewable
gene rator and of changi ng SOC of
battery storage are at time I as
c.ir.a». C,jPfl(l) }. C,rP,rI)) ,
C H(P ,JI)) ,( \(SH(I) respecti ve ly.

The dev iation of interconnect ion
power flow from the desired va lue is
given by :

II I

In order to make L1P1t-(I) ~O, the best
powe r adjustment patt ern of each
controllable dev ices is com puted by
solving the opt imization problem
described by eq uations (2)-(6) .

Let C$ be the set. consisting of all
controllable de vices . Let t+ is (t I· bi)
where ~ is time requ ired to compute
and transmit .jp,(I+ ) S to contro llab le
dev ices .

\lin .!,' (,j)'/ I ) . C/ I'IIIJ} i- oiSHi! f. (,"Slit))
I {~> (2 )

Subjected to
P,,,,,,, ~ P,ft) j ,jP,(f .) :0.:: 1',,,,, ,,for aN j f:. C\ ( 3 )

Sh,.", :0.:: S,(/) +,:1V t ) S SHm". (4 )
dS,It ) = /fiJl' ,/1 )) ( 5 )

; ..JP .(( ) = JP~1II (6 )
, ~ ,
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Results
Table 1 shows the study system
parameters . Th ree operating mode s.
only battery controlled. all e lement s
contro lled except therma l generators
and a ll e lements controlled. were
conside red for simulation studies.
Figures 3 (a). (b) and (c) show the
va riation of total wind ene rgy loss as a

Table 1. Stud)' system pa rameters

The deta ils of this method cou ld be
found in Liya nage et. el. (2009).
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Figure 2. St udy system and
information flow

Consider that p /("I t) and p /( (/) are
denoting the desired value and actua l
va lue of power imported 10 subsystem
from the rest of the system at time /
respectively.
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Discussion a nd Co nclusions
Figures 3(a)-(c) clea rly demonstrate
th at the coord inated control can reduce
the ba ttery req uire me nt for the
effi cie nt operatio n of wind generation
wh ich is random 111 nature. Th e
red uct io n is sig ni ficant for the lest
sys tem stud ied . Furthe rmore resu lts
shown in Figures 4 and 5 de mo nstrate
that the proposed contro l method ca n
reduce the PO'WCf ffuct uatio ns in the
interconnection and can capture more
w ind e nergy respect ive ly.
S imu lation t ime interval was 4s 'W ith a
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funct ion of battery storage for three
operating modes after I 800s. 3600s
and 54005 respectively . Figure 4
shows the va riat ion of interconnection
power flow as a function of time for
battery SOC co rrespond ing to 500 p.u.
for the same three o perat ion modes.
Figure 5 shows the wind power
gen erat ion in three o peration modes
when battery maximum SOC is 500
p.u.
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