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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 on 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. Hence 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 near real
time. As such by establishing
appropriate  ICT 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
effectively the availability 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 in Figure [. is
considered. The types of elements
considered are thermal and wind
generators, battery storage,
controllable loads and fixed loads.
This small system is assumed fo be
connected to the main grid through an
interconnection. The objective of the
control is to avoid the power
fluctuation introduced by wind
generators from getting into the main
grid through the interconnection
without compromising 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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control problem assume that the
operable ranges of various devices are
as given below:

Thermal generator power — [P Pinl
Battery power — [ Pum £iimos]

Battery SOC - [Spuim Stmar

Controllable loads power — [P . Plmas)
Wind generator power - [Py, . Pra)

Assume also that, P.(1), Ps1), P,(1),
Pp(t), Sy(t) denotes thermal generator
output power, battery output power,
power consumed by loads, renewable
generator output power and battery
SOC respectively at time 1.

Further assume that the unit cost of
changing operating power of thermal
generator, battery, load and renewable
generator and of changing SOC of
battery storage are at time [/ as
C(.‘(P(,'(U)- CH(PB(U)- C!,(PJ.H)),
CulPpit)) ,Cy(Sy(t) respectively.

Consider that Py 1) and Py (1) are
denoting the desired value and actual
value of power imported to subsystem
from the rest of the system at time ¢
respectively.
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information flow
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The deviation of interconnection
power flow from the desired value is
given by:

A PpA) = Piogt) - Piett) (h

In order to make AP, {1)=0, the best
power adjustment patten of each
controllable devices is computed by
solving the optimization problem
described by equations (2)-(6).

Let - be the set, consisting of all

controllable devices. Let ¢+ is (r+0r)
where & is time required to compute
and transmit AP (7+)s to controllable

devices.
Min X (APt ). CAP(1)} +ASglt ). Cr(Se(t))
1 €€ {2}
Subjected to
Promin SPAO VAPt ) S Py JOr all i €6 (3)
Spin ESAO+ASH ) < Spmar (4)
ASyft ) = fiAPy(t ) (5)
y (L‘JM: ) = APy A1) (6)

The details of this method could be
found in Liyanage et. el. (2009).

Results
Table 1 shows the study system
parameters. Three operating modes.

only battery controlled, all elements
controlled except thermal generators
and all elements controlled. were
considered for simulation studies.
Figures 3 (a), (b) and (c) show the
variation of total wind energy loss as a

Table 1. Study system parameters

Element Operating Ranges (p.u)
Fixed capacity l.oads ]
Controllable Loads in-1n
T hermal generation 48-32
Renewable Gen 60-00
Battery power 2-(-2)
Maximum Batiery [ 00,200 300, 500, 1000,
energy storage® 15002000,
{mmimum s 0 pu) 30004000

Interconnection 5
pover flow{import| -
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function of battery storage for three
operating modes after 1800s, 3600s
and 5400s respectively. Figure 4
shows the variation of interconnection
power flow as a function of time for
battery SOC corresponding to 500 p.u.
for the same three operation modes.
Figure S5 shows the wind power
generation in three operation modes
when battery maximum SOC is 500

p-u.

Discussion and Conclusions

Figures 3(a)«(c) clearly demonstrate
that the coordinated control can reduce
the battery requirement for the
efficient operation of wind generation
which is random in nature. The
reduction is significant for the test
system studied. Furthermore results
shown in Figures 4 and 5 demonstrate
that the proposed control method can
reduce the power fluctuations in the
interconnection and can capture more
wind energy respectively.

Simulation time interval was 4s with a
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