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Abstract—This paper aims at investigating the
enhancement of performance of load following based
Hydro Thermal Gas system under deregulated market
applying Superconducting Magnetic Energy Storage
(SMES) against uncertainties. SMES device has been
modeled and an attempt has been made to incorporate
this device in the two area system thus improving the
dynamic response of the system. The effect of this device
on the system is demonstrated with the help of computer
simulations. A systematic method has also been
demonstrated for the modeling of this component in the
system. Computer simulations reveal that due to the
presence of SMES, the dynamic performance of the
system in terms of settling time, overshoot and peak time
is greatly improved than that of system without SMES.
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.  INTRODUCTION

SMES, Open market

Kaul, Nanda [2] have investigated the AGC problefnao
hydro-thermal system provided with integral type
supplementary controllers. The model uses contisunode
strategy, where both system and controllers aranasd to
work in the continuous mode.
On the other hand, the concept of utilizing powectonic
devices for power system control has been widetgpied in
the form of Flexible AC Transmission Systems (FAGTS
which provide more flexibility in power system op&on and
control [3]. The reported works [4-6] further shothst, with
the use of SMES in both the areas, frequency dewigtin
each area are effectively suppressed. In viewisfttte main
objectives of the present work are:
1. To develop the two area Simulink model
of hydrothermal system under load following
2. To develop the model of SMES
3. To compare the improvement of dynamic
performance of the system with SMES and
without SMES

Large scale power systems are normally composed dfhe remainder of the paper is organized as foll&estion (2)

control areas representing coherent groups of gésrst
In a practical interconnected power system, thesggion
normally comprises of a mix of thermal, hydro, maal

and gas power generation. However, owing to thigih h

efficiency, nuclear plants are usually kept at bkl
close to their maximum output with no participatiarthe

system AGC. Gas power generation is ideal for mgeti

focuses on dynamic mathematical model considerethis
work. Section (3) emphasizes on the development of
mathematical model of SMES to be incorporated itite
system. Section (4) demonstrates the results aswligiions
and some conclusions are presented in Section (5).

.  MARHEMATICAL MODELLING

the varying load demand. Gas plants are used td me&lectric power systems are complex, nonlinear dyoam

peak demands only. Thus the natural choice for A&iE
on either thermal or hydro units. Literature suretpws
that most of earlier works in the area of AGC perta

system. The Load Frequency controller controls dbstrol
valves associated with High Pressure (HP) turbineeay
small load variations . The system under invesogahas

interconnected thermal systems and relatively tesseandem-compound single reheat type thermal systesch

attention has been devoted to the AGC of interccteae
and hydrois represented by first order transfer functionsatall load

hydro-thermal system involving thermal
subsystem of widely different characteristics. God@a

element (Governor, turbine and power system) ofsystem

variations in according to the IEEE committee réfdad].

and Kirchmayer [1] have studied the AGC of a hydro-Figure 1 shows the transfer function block diagmha two
thermal system considering non-reheat type thermadrea interconnected network under deregulated soerfdne
system neglecting generation rate constraints. &gth parameters of two area model are defined in Appendi
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Fig.1: Two Area load following Hydro thermal gas system under deregulated scenario

[l DESIGN OF SMES

In the SMES unit, a dc magnetic coil is connectedhe
ac grid through a Power Conversion System (PCSghwhi
includes an inverter/rectifier. The superconducting is
contained in a helium vessel. Heat generated i®veth
by means of a low-temperature refrigerator. Heliism
used as the working fluid in the refrigerator assithe
only substance that can exist as either a liquid gas at
the operating temperature which is near absolute. ze
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The current in the superconducting coil will be geof

thousands or hundreds of thousands of amperes.

No ac power system normally operates at these muleeels

and hence a transformer is mounted on each sidtheof
converter unit to convert the high voltage and kmwrent of

the ac system to the low voltage and high currequired by
the coil. The energy exchange between the supeuctind

coil and the electric power system is controlled @yine

commutated converter. To reduce the harmonics pedion

the ac bus and in the output voltage to the coil2gulse
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converter is preferred. Figure 2 shows the schematiexcess energy in the system and as the systenmseturits
representation of SMES unit. When there is a sudiden steady state, the excess energy absorbed is releasethe
in the load demand, the stored energy is almostseld coil current attains its normal value. The contafl the
through the PCS to the power system as alternatingonverter firing anglex provides the dc voltage appearing
current. As the governor and other control mechmasis across the inductor to be continuously varying imith certain
start working to set the power system to the newange of positive and negative values. The industdritially
equilibrium condition, the coil current changes & its charged to its rated currehg, by applying a small positive
initial value. Similar action occurs during suddetease voltage. Once the current reaches its rated values

of Ioads._ In this case, the coil |mmed|ately gd’uz_arged maintained constant by reducing the voltage acribes
towards its full value, thus absorbing some portéthe g, ctor to zero since the coil is superconducting.
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Fig.2: Schematic diagram of SMES
3.1 Control of SMES Unit block Kgyes , time constantTques and two stage phase

Either frequency deviation or Area Control ErrorGB) compensation blocks having time constafigs T,, Ts, T4
can be used as the control signal to the SMES ihi¢

block diagram for the SMES unit can be represented
shown in Figure 3. .
In this work the frequency deviation of area 1 is j= I(a 02 + B2 +A3%12)-
employed as input to the SMES device. It can @ se 0

from Figure 3 that the structure of SMES consi$tgain

respectively. A performance index considered is thork to
compare the performance of proposed method is gisen
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Fig. 3: Schematic diagram of SMES applied to system

V. RESULTS AND ANALYSIS hydrothermal system three Gencos and two Discos are
Simulation studies are performed to investigate theconsidered in each area. It is assumed in this wlak one
performance of the two-area hydrothermal systemeund Genco in each area is under AGC only and the réngain
deregulated Environment. Here in the two-areaGencos participate in the bilateral contractss hssumed that
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there is 0.2% step load disturbance of each Diasoa A nominal value of 0.5 is considered for the gadtting of
result of which the total step load disturbanceach area integral controller in both the areas. Table 1 shothe
and accounts to 0.4% and each Genco participates tomparison between the dynamic performance of ysees
AGC as defined by following area participation fast with and without SMES. It can be observed that gistem
(apfs): with SMES has better dynamic performance than tiséem
apf; =0.25, apf, =0.25, apfz =0.5, apf, =0.25, apfs ~ without SMES. Contract violation case has also been
=0.25, apfg =0.5 and the Discos contract with the Gencostonsidered in this work. In this case it is consdethat
Disco, demands additional load of 0.3% after 30 sec and
Discq, in area 2 demands additional load of 0.3% aftesds®

as per the following Disco Participation Matrix

025 03 01 03 o
025 01 04 04 It can be seen that the uncontracted power is Begply the
DPME, o o o Gencos in the same area as that of the Disco whizh
025 04 03 01 demanded for additional power.
025 02 02 02
0 0 0 O
TABLE.1: COMPARISON OF SYSTEM PERFORMANCE WITH AND WITHOUT SMES
Area-| Area-ll
Peak time Overshoot Settllng Peak time Overshoot Settlmg
(sec) Time (sec) (sec) Time (sec)
il
With SMES 0.804 0.00416939 2.305 0.729 0.00464404 2.22%
Without SMES 0.835 0.01064589 4.39 0.79 0.0112863 5 4.
TABLE .2: COMPARISON OF PERFORMANCE INDEX VALUES
Performance Index Value| Performance Index Value
(Base case) (contract violation)
With SMES 5.201x107° 2363107
Without SMES 1.748<107° 5.006x 1075

Figure 4 shows the comparison between the frequenc
deviations and tie line power error deviationstoth the
cases. Figures 5 and 6 shows the generation obgesfc
both areas. Figure 7 shows the comparison of frezyue
deviations and tie line power error deviations dgrthe
contract violation. Figures 8 and 9 depict the masi
generation of gencos during contract violation. The
comparison of both the system in terms of perforgean
index has been carried out in Figures 10 and 1daritbe
observed from the figures that the system with S\MIBS
less performance index than the system without SME!
which indicates that the system has less errorhm t

presence of SMES.
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Fig.4: Comparison of Frequency deviations and tie line power
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V. CONCLUSIONS
A systematic method has been suggested for thgrdesi
a Superconducting Magnetic Energy Storage for aimul
area system under deregulated scenario. This gegser
also investigated the performance of the systenh wit
SMES with respect to reduction of frequency dewiadi
and tie line power deviations during a load chaogea
multi area system. The simulation results indeeowsh
that the proposed method indeed successfully nétiga
the frequency and tie line power deviations du@nigad
change and also it can be seen that the perforniader
of the system with SMES is less than the systerhowit
SMES which indicates the superiority of the propbse
method.
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