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Abstract

In this paper deals with the battery energy storage system used in kayathar

wind farm which analyse the variation in voltage using battery in wind farm

which leads to implement in plant. Using Digsilent power factory software

analysed the voltage variation in wind farm which has only a minimum

variation in voltage therefore it can be implemented in kayathar wind farm

which helps to store the power and that can be used in peak demand.
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INTRODUCTION

In order to meet the increasing in power
demand, we need to move on to non-
renewable energy to renewable energy
sources because renewable energy sources
like Wind , solar etc which is non polluting
and does not create any harm to living
organisms. Among those renewable sources
wind place a important role which is
directly generating from wind and that

generating power is AC source so it does

not required any power electronics devices
to convert the power. This project mainly
concentrate on the energy storage because
when the wind is more the generating power
will be more which will be more than the
demand so in order to save the power we
need energy storage devices should be
included in the distributing side so that we
can store and that can be used later when the

power demand is too high.
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Battery energy storage technique in LAYOUT OF NEPC:

kayathar wind farm is new and that can
analysed only with Dlgsilent software if the
voltage levels are equal between the battery
storage and the grid then it can be
implemented also to the plant. Here the
battery energy storage is used therefore we
need to required the rated capacity of the
battery and how much the power is to be
stored in the storage system and inverter is
used to convert the battery dc power to ac

source to the grid.

NEPC layout is the part of kayathar wind
farm which consist of 23 wind generator
with different rating, there are (1*600kw),
(9*200kw), (12*250kw).These 23
generators are connected with 11kv feeder
and then it stepped up into 110kv to the grid
and this lines have the reactance value that
should matches with the overall grid
therefore the values find out from the
voltage value of each line. This NEPC
layout has different
different sectors but CWET has 6 wind

generators  from

generators.
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Fig 1 layout of NEPC
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SINGLE LINE DIAGRAM OF NEPC
LAYOUT:

The single line diagram consist of overall 23
wind turbines along with the transformers
are connected with each turbine and the
lines are connected between the each bus
which has the value of 11kv and the main
grid consist the voltage value of 110kv.here
there are 85 bus are included with lines and
the transformers. totally it consist of 23
wind turbines,23 transformers and 85 buses
and those are connected through the
transmission line which has the rated
capacity of 11kv, it should be stepped up to
the grid with the voltage of 110kv.

B0 Qe i vl kNI

LOAD FLOW ANALYSIS OF NEPC
LAYOUT:

Load flow analysis of NEPC layout which
mainly done for analysing the voltage which
is equals to the bus value. The voltage at
each terminal should be equal to voltage at
the bus or otherwise we should include the
compensation technique to compensate the
voltage level. This fig 3 shows the load flow
analysis of wind turbine which has the
voltage of 0.4kv and it stepped up to the
11kv through the transformers and the 11kv
flows throughout the line which rated
capacity is 11kv and the overall transformer
is connected to the grid which is 110/11kv.

s &i B2 0 oW v

Fig 2: single line diagram of NEPC layout
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Fig 3: load flow analysis of NEPC layout
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Fig 4: Ayyanarthu layout

Layout Of Ayyanarthu Plant distribution side. This layout consists of
Ayyanarthu layout consist of 27 wind various department wind turbines, here
turbines which is rated as (1*250KW) |, CWET has 4 wind turbines and rating is
(23*200KW) , (3*225KW) then the total 200kw then the output power will be
output will be 5.525MW.the wind turbines 0.8Mw.This layout transmission lines have
are connected in feeder which rated capacity the impedance inorder to choose the rated

is 11kv and it stepped up into 110kv at the capacity of the line.
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SINGLE LINE DIAGRAM OF
AYYANARUTHU LAYOUT

The single line diagram consist of overall 23
wind turbines along with the transformers
are connected with each turbine and the
lines are connected between the each bus
which has the value of 11kv and the main
grid consist the voltage value of 110kv.here
there are 108 bus are included with lines
and the transformers. totally it consist of 27
wind turbines,28 transformers and 108
buses and those are connected through the
transmission line which has the rated
capacity of 11kv, it should be stepped up to
the grid with the voltage of 110kv.

Analysisng the Power

Kayathar wind farm layout has simulated
with the help of single line diagram in
Digsilent software. Here we analysed the
load flow analysis of both NEPC and
AYYANARTHU layout from this we can
know the power level at each terminal
therefore if there is any power sag or swell
easily rectified through the power
electronics devices. The power electronics
devices can easily allowed the error
terminal, it will not allow any changes in
other terminal and the devices will the
compensate the power which will match

with other terminal.

B0 Q&I vl K AQIIINNES &4 A A MW v v EBER A

Fig 5: single line diagram of ayyanaruthu layout
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NEPC Power Rating:

A b = u
WIND TURBIME GENERATOR
SL.NO P(MW)  Q(MVAR) S(MVA)

G1 0.2 0.149 0.25
G2 0.6 0.449 0.75
G3 0.2 0.149 0.25
G4 0.2 0.149 0.25
G5 0.2 0.149 0.25
G6 0.2 0.149 0.25
G7 0.2 0.149 0.25
G8 0.2 0.149 0.25
G9 0.2 0.149 0.25
G10 0.2 0.149 0.25
G11 0.25 0.187 0.312
G12 0.25 0.187 0.312
G13 0.25 0.187 0.312
G14 0.25 0.187 0.312
G15 0.25 0.187 0.312
G16 0.25 0.187 0.312
G17 0.25 0.187 0.312
G18 0.25 0.187 0.312
G19 0.25 0.187 0.312
G20 0.25 0.187 0.212
G21 0.25 0.187 0.312
G22 0.25 0.187 0.312

K a H 1
TWO WINDING TRANSFORMER
SLNO  S{MVA) HV[KV) LV[KV)

T1 0.25 11 0.4
T2 0.75 11 0.4
T3 0.25 11 0.4
T4 0.25 11 0.4
TS 0.25 11 0.4
T6 0.25 11 0.4
T7 0.25 11 0.4
T8 0.25 11 0.4
T3 0.25 11 0.4
T10 0.25 11 0.4
Ti1 0.312 11 0.4
Ti2 0.312 11 0.4
T12 0.212 11 0.4
T14 0.312 11 0.4
T15 0.312 11 0.4
T16 0.312 11 0.4
Ti7 0.312 11 0.4
T18 0.312 11 0.4
T19 0.312 11 0.4
T20 0.312 11 0.4
T21 0.312 11 0.4
T22 0.312 11 0.4
T23 5 110 11

Fig 6: NEPC power value

The above tabular column clearly explains
the power rating at wind turbine and
transformer. NEPC layout has 22 wind
turbine generator and 23 transformers
therefore the power rating of each generator
and transformer is evaluated ,this values are
analysed through the load flow analysis here
gauss seidal method is used and it has done
three iterations therefore the output values

will be accurate.

AYYANARTHU POWER RATING:

In Ayyarathu power plant consist of more
number of wind turbines compared to NEPC
plant therefore it has more analysis to get the
accurate power rating. Here there are 27
wind turbine generators are used and has
different rating (1*250Kw), (3*225Kw),
(23*200Kw) then the total output power
6.906Mw.This layout consist only the step
up transformer, there are 28 transformer are
used which are stepped up to 11/0.4 Kv and
one transformer are used in grid side i.e
110/11-33Kv.
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1 V1 v |

A B G D E F G H | K L M N 0 P Q R 5

1 WIND TURBINE GENERATOR WIND TURBINE GENERATOR TRASNFORMER TRASNFORMER

2 [SLNO  P(MW] Q(MVAR) S(MVA) SLNO  P(MW)  Q(MVAR) S(MVA) SLNO  SMVA} HV(KV) LV)Kv) SLNO  S{MVA) HV[KV) LV)KV)

3 |G1 0.25 0.187 0.312 G24 0.2 0.149 0.25 Tl 0.312 11 0.4 T24 0.25 11 0.4

4 G2 0.2 0.145 0.25 G25 0.2 0.145 0.25 T2 0.312 1 0.4 T25 0.25 11 0.4

5 G3 0.2 0.149 0.25 G26 0.2 0.149 0.25 T3 0.312 11 0.4 T26 0.25 11 0.4

6 |G4 0.225 0.168 0.281 G27 0.2 0.149 0.25 T4 0.312 11 0.4 T27 0.25 11 0.4

7 |G3 0.225 0.168 0.281 T5 0.312 11 0.4 T28 6.906 110 1

g |Gb 0.2 0.149 0.25 T6 0.25 1 0.4

9 |G7 0.2 0.149 0.25 T7 0.25 1 0.4

10 |G8 0.2 0.149 0.25 T8 0.25 1 0.4

11|69 0.2 0.149 0.25 T9 0.25 1 0.4

12 |G10 0.2 0.149 0.25 T10 0.25 1 0.4

13 |G11 0.225 0.168 0.281 Ti1 0.281 1 0.4

14612 0.2 0.149 0.25 T2 0.25 1 0.4

15 |G13 0.2 0.149 0.25 T13 0.25 1 0.4

16 |G14 0.2 0.149 0.25 T4 0.25 1 0.4

17 |G15 0.2 0.149 0.25 T15 0.25 1 0.4

18 |G16 0.2 0.149 0.25 Ti6 0.25 1 0.4

19 |G17 0.2 0.149 0.25 T17 0.25 1 0.4

20 |G18 0.2 0.149 0.25 T8 0.25 1 0.4

21|G19 0.2 0.149 0.25 T19 0.25 1 0.4

22 |G20 0.2 0.149 0.25 T20 0.25 1 0.4

23 |G21 0.2 0.149 0.25 T21 0.25 1 0.4

24|G22 0.2 0.149 0.25 T22 0.25 1 0.4

25 |G23 0.2 0.149 0.25 T23 0.25 1 0.4

Fig 7: power tabular column of ayyarathu

ANALYSING OF VOLATGE If there is any problem in simulation we
WITHOUT BATTERY: need to check all the voltages that we have

In NEPC layout we have analysing the
voltage at the different terminal which
means that bus voltage .All the other
devices are connected through the bus
bar.All the bus bar rating is 11kv until it
connected to the grid once it connected to
grid the voltage is stepped up to 110KV
therefore only one bus bar alone with the
rating of 110kv.This layout used 85 bus bar
therefore it required the voltage values,

reactive power and real power.

applied in bus bar therefore while the values
are applying to the bus bar need more
concentration and the execution will take
place, the simulation is carried out through
the guass seidal method it will take atleast
three iterations to get the accurate voltage

values.
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Fig 8: Load flow voltage values
Terminal voltage of NEPC layout without using battery:
TERMINAL VOLTAGE WITHOUT BATTERY |
SLNO Ul (KV) u (p.u) phiu(deg) SLNO Ul (KV) u(pu) phiu(deg) SLNO Ul (KV) u(pu) phiv(deg) SLNO Ul (KV) u(pu) phiu(deg)
T 0.4 1.04 i1 ™ 0.4 1.04 i1 T45 1.2 1.02 18 T67 11.2 102 L8
T2 11.2 1.02 18 1y 11.2 1.02 18 T6 11.2 1.02 18 Tod 11.2 102 18
T3 12 102 L8 T25 11.2 102 1§ 47 04 104 3l To9 11.2 102 L8
T4 11.2 1.02 18 T26 0.4 1.04 i1 T48 1.2 1.02 18 T 04 104 31
T 0.4 1.04 31 127 11.2 1.02 18 T49 11.2 1.02 18 1! 11.2 102 18
o 11.2 102 L8 T28 11.2 102 1§ Ta0 04 104 3l ™ 11.2 102 L8
il 0.4 1.04 i1 T2 1.2 1.02 18 T51 1.2 1.02 18 1K 04 104 31
8 11.2 1.02 18 T30 11.2 1.02 18 Ta2 11.2 1.02 18 1 11.2 102 18
IE] 11.2 102 L8 11 0.4 104 3l T3 11.2 102 18 T 11.2 102 L8
10 11.2 102 L8 T32 11.2 102 1§ ™ 04 104 3l Tih 11.2 102 L8
T 11.2 1.02 18 T3 1.2 1.02 18 T55 1.2 1.02 18 ™ 11.2 102 L8
T2 11.2 1.02 18 T4 0.4 1.04 31 Tab 11.2 1.02 18 T8 04 104 31
3 11.2 102 L8 T35 11.2 102 1§ To7 11.2 102 18 ™ 11.2 102 L8
T4 11.2 1.02 18 T36 1.2 1.02 18 T58 1.2 1.02 18 Ta0 11.2 102 L8
13 11.2 1.02 18 T37 0.4 1.04 31 129 11.2 1.02 18 Tal 04 104 31
16 0.4 104 3l T38 11.2 102 1§ To0 04 104 3l T2 11.2 102 L8
7 11.2 1.02 18 T3 1.2 1.02 18 Tol 1.2 1.02 18 T83 11.2 102 L8
T18 11.2 1.02 18 T40 11.2 1.02 18 T2 11.2 1.02 18 T34 04 104 31
19 0.4 104 3l T4l 11.2 102 1§ To3 04 104 3l T83 110 1 0
20 112 102 13 Ta2 112 102 13 Tod 112 102 18
iy} 11.2 1.02 18 T43 1.2 1.02 18 T65 1.2 1.02 18
[¥/] 11.2 1.02 18 ™ 0.4 1.04 31 Tob 04 1.04 31
Fig 9: NEPC terminal voltage without battery
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NEPC consist of 85 terminal voltage which has the same voltage and the phase angle difference
will be differ according to the step up and step down voltage levels and the per unit will be 0.02
and 0.04 great than 1.This voltage level should be compare with the terminal voltage once the

battery is applied to the grid.

Analysing Of Voltage with Battery in NEPC Layout:

TERMINAL VOLTAGE WITH BATTERY
SLNO U1 (KV) w{pu)  phiv(deg] SLNO UL (KV) u{pu)  phiu(deg] SLNO UL (KV) w{pu)  phiu(deg] SLNO UL (KV) u{pu) - phiu(deg)

i 01w A T4 041w A T4 ur T7 ur
1 u m w T n m uw T4 n m w Te n m
1 uom u 15 ur W 041w AU TES ur
I} u m w 1] 041 i L] n m w m 41w A
T3 01w A m ur T4 ur m ur
To mw m w T8 m T 04 1 A m wm W
Tl 041w A T8 ur Tl ur 1 04w AU

T mw m w T m T m T wm W
£ o u T 04 1 i T3 m o T o
T0 mw m w [t} m T 04 1 A TTh wm W
ik o u T3 o T3 m o 7 o
T mw m w ™ 04 1 il Tih m T8 4 W A
T o u T3 o T3 m o T3 o
TH mw m w T m T8 m T wm W
115 o u T 04 1 i T3 m o T 4 W i
Tl6 04 1 il T8 m Té0 04 W A TR w m w
T mw T3 m Tol m W T8 w oW
T8 mw o m u L m Te2 m i w T# 4 W A
T3 04 1 i T4 m [ 04 1 A T8 10 I
0 mw o m u @ m Tod m i w

T mw T m [ m W

It mw m L 04 il Téh 04 Wi

Fig 10: NEPC battery voltage
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The battery is inserted as energy storage
device in grid, therefore we need to compare
the battery voltage with the terminal voltage.
If both the terminal without battery and
terminal voltage with battery is same then
we can implement the energy storage
techniques in real plant. The simulation
results will be almost equal and there is
somewhat very minute variation and that
will not be affecting anyways to the system
and the voltage at distribution side will be

accurate.

Ayyanarathu layout which has 108 terminals

i.e. busbar voltage, it consist of both step up

and step down voltage levels therefore all
the terminal voltage will be same. The phase
angle will be differ according to the voltage
levels and per unit level will be slightly
greater than the 1 but that will not be affect
the system even the terminal voltage also
has the value that is slightly greater than the
voltage as the input. Here given input
voltage is 0.4Kv and the busbar value has
11Kv therefore step up transformer is used
again the grid voltage is 110Kv that will be
distributed to the consumers and the
industries so again need to step up the

voltage.

Ayyanaruthu layout terminal voltage without battery:

1 |TERMINAL VOLTAGE WITHOUT BATTERY  TERMINALVOLTAGE WITHOUT BATTERY  TERMINAL VOLTAGE WITHOUT BATTERY  TERMINAL VOLTAGE WITHOUT BATTERY  TERMINAL VOLTAGE WITHOUT BATTERY

2 SLNO Ul (KV) u(pu) phiu(deg)SLNO Ul (KV) u(p.u) phiu(deg) SLNO
ERLES 11.2 1.02 147124 112 1.02 1.4 147
4 M2 11.2 1.02 147125 04 1.03 27748
5 M3 11.2 L0Z 147126 112 102 14749
6 T4 1.2 L0z 14127 1.2 102 147130
7T5 04 1.03 27128 04 1.03 27751
8 |16 11.2 1.02 14129 04 1.03 27752
9|17 11.2 1.02 14 T30 112 1.02 14753
1078 112 L0Z 14131 112 102 147154
1m 1.2 L0z 147132 1.2 102 147133
12710 11.2 1.02 147133 04 1.03 27758
131 04 1.03 2.7 T34 112 1.02 14757
14112 11.2 1.02 147135 112 1.02 147158
15113 1.2 L2 1436 04 103 27759
16714 04 103 27137 112 102 14 Ta0
17715 11.2 1.02 14138 112 1.02 1.4 761
18 716 11.2 1.02 147139 04 1.03 2.8 162
19117 11.2 1.02 14 140 112 1.02 14763
20718 04 1.03 27741 112 1.02 1.4 764
pARNE} 11.2 L0Z 14142 112 102 14765
2720 11.2 1.02 14143 04 1.03 2.7 760
23121 04 1.03 2.7 T4 112 1.02 1.4 767
24122 11.2 1.02 14145 112 1.02 1.4 768
25123 11.2 1.02 14 146 112 1.02 1.4 769

Ul (KV) u (p.u) phiu(deg) SLNO

11.2
11.2
1.2
1.2
11.2

04
11.2
11.2
1.2

04
11.2
11.2

04
1.2
11.2
11.2
11.2
11.2
1.2
11.2
11.2

04
11.2

Ul (KV) u{p.u) phiu(deg) SLNO Ul (KV) wu {p.u) phiu(deg)
1.02 14170 11.2 1.02 147193 11.2 1.02 14
1.02 14111 04 1.03 27794 11.2 1.02 14
L0Z 14172 112 102 147195 112 102 14
L0z 14173 1.2 102 14 T9 04 103 a7
1.02 147174 11.2 1.02 147197 11.2 1.02 14
1.03 27175 04 1.03 27798 11.2 1.02 14
1.02 14176 11.2 1.02 14799 0.4 1.03 21
L02 14T 11.2 102 L4 T100 11.2 102 14
L2 14178 0.4 103 277101 11.2 102 14
1.03 27179 11.2 1.02 141102 1.2 1.02 14
1.02 14 T80 11.2 1.02 147103 0.4 1.03 21
1.02 14181 11.2 1.02 14 7104 11.2 1.02 14
103 2778 04 103 2.7 T105 11.2 102 14
L02 14718 112 102 14 T106 04 103 27
102 14784 11.2 1.02 141107 110 1 0
1.02 14185 04 1.03 2.7 T108 11.2 1.02 14
1.02 14 186 11.2 1.02 14
1.02 14187 11.2 1.02 14
L0Z 14738 112 102 14
102 14189 04 1.03 27
1.02 14190 11.2 1.02 14
1.03 2.7 T91 11.2 1.02 14
1.02 14192 04 1.03 27

Fig 11: Ayyanarathu terminal voltage without battery
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ANALYSING OF VOLTAGE WITH
BATTERY IN AYYANARUTHU
PLANT:

The battery is inserted as energy storage
device in grid, therefore we need to
compare the battery voltage with the
If both the terminal

terminal voltage.

without battery and terminal voltage with

1| TERMINALVOLTAGE WITH BATTERY  TERMINALVOLTAGE WITH BATTERY
2 SLNO Ul (KV) u(pu) phiu[deg)SLNO Ul (KV) u (p.u) phiu(deg) SLNO

imn 12 1 1574 12 12 15147
4m 12 10 L5725 04 103 L7174
SLE 12 10 L5726 12 12 1318
i T 2 e L3727 n2 1@ L5730
113 04 103 L7178 04 103 27Tl
§ T 12 1 L5728 04 103 27132
|17 1z 10 L3730 1z 10 13T
1018 1z 10 L5731 1z 10 1574
1 12 1 L5732 12 12 L5755
0 12 10 L5TH 04 103 L7736
Bm 04 103 1774 12 10 15757
umn 12 10 L5735 12 1@ L5758
15113 1z 10 L5736 04 103 1779
16 T4 04 103 L1737 12 12 L5760
17115 2 e IIE n2 1@ 0.5 T8
18 T16 1z 10 L5 T3 04 103 28762
19117 12 1 15740 12 12 1576
0118 04 103 L7741 1z 10 13T
AT 1z 10 15742 1z 10 L3ThS
2T 12 1 L5743 04 103 27766
a3 04 103 1774 1z 12 L5 T67
U2 12 11 L5745 12 10 15768
512 12 10 L5746 12 1@ L5769

TERMINAL VOLTAGE WITH BATTERY
Ul (KV) u(p.u) phiu(deg]SLNO Ul (KV) u (pu] phiu(deg)SLNO UL {KV) u (pu) phiu(deg)

1.2
1.2
1.2
1.2
1.2

04
1.2
1.2
1.2

04
1.2
1.2

04
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2

04
1.2

battery is same then we can implement the
energy storage techniques in real plant. The
simulation results will be almost equal and
there is somewhat very minute variation and
that will not be affecting anyways to the
system and the voltage at distribution side

will be accurate.

TERMINALVOLTAGE WITHBATTERY ~ TERMINAL VOLTAGE WITH BATTERY

102 13T 12 1m 15793 12 1 L3
102 15T 04 10 L1T% 1z 1 L5
102 13112 12 1 L5795 12 1 L3
102 13t 12 1w 13796 04 103 L7
102 L5iTH 12 1n L3197 1z 1 L3
103 L1Th 04 103 L7798 12 1 L3
102 L3TH 12 1 LiTH 04 103 17
102 15177 12 1n L3 T100 1z 1 L5
102 1377 04 10 277101 12 1 L3
103 71TH 12 1 L3TI02 1z 1 L5
102 L3 T80 12 1n 157103 04 103 17
102 15781 12 1w L3 T104 12 1w L3
103 L7782 04 10 L7105 1z 1 L3
102 15783 12 1 L3 T106 04 103 L3
102 13184 12 1w LiT07 10 1 0
102 L5T8 04 103 277108 1z 1 L5
102 L3786 12 1 13
102 L3 T8 12 1 13
102 L5788 12 1n 15
102 1578 04 10 21
102 L5790 12 1 15
103 27791 12 1n 15
102 15792 04 103 2]

Fig 12: Ayyanarathu Battery Voltage
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From this paper we analysed that if battery
is placed in the wind farm the voltage
should not get increased or decreased, the
voltage will be same as the voltage given as
input. This paper describes that wind farm
with and without battery the voltage almost
same and there is slightly the voltage value
greater than the voltage without battery
through the Digsilent software and the
variation in voltage will not be affect the
system, therefore it can be implemented in
wind farm and we can save the excess

power and it can be used for peak demand.
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