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A VOLTAGE IMPROVEMENT STRATEGY TO MITIGATE
ECHNICAL LOSSES AT THE 22 KV SAIl YOK SUBSTATION
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PROVINCIAL ELECTRICITY AUTHORITY

Introduction

This framework uses data analysis to resolve power
quality issues from small power producers (SPP/VSPP).

The collaborative approach provides technical support,
alming to enhance grid reliability and stability through
effective assessment and mitigation.

Churit Pansakul
Electrical

Engineering Power Quality and Small Power
Plant Division
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Overview of Power

Supply at Sai Yok
Substation




Current Power Supply Condition at 115 kV
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Consideration Conditions

e The load group of Sai Yok Substation consists of residential households and small-scale industrial facilities, which are suitable for operation.
e Sai Yok Substation is located in a remote area and supplies electricity over long distances, making it suitable for implementing voltage
Improvement




ope and Area of Poer Supply

Number of electricity users: 52,375

Peak load: 12.4 MW

Power supply area: 2,728.922 sqg. km

Population density: approximately 49.7 people/sq. km
Key area: Sai Yok National Park

Problem : Voltage Drop at end of distribution
Challenge :Over Voltage (point of coupling)

at Very Small Power Producers (VSPP)

Sai Yok Substation
Voltage Setpoint 22.40 kV (1.018 pu.)
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Simulation with Power factory Programing

ArcGIS Model in Programming
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Model in Power factory Programing
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Flow Chart Analysis Model in Power factory Programing

(s )
1

"Select a simulation area based on P
’ appropriate conditions." )

e Model in ARCGIS

e Load Profile

e Peak - Light Load (Active & Reactive Power)
e Position Tap of Transformer

e Sizing Very Small Power Producers (VSPP)
e Setting Overvoltage

e Voltage Setpoint at SAlI YOK Substation

Model in Power factory Programing (¢ J

l No

Optimal :
Problem and Impact

l Yes

Improve Voltage at Bus 22 kV Improve Voltage at Bus 22 kV
Sai Yok Substation (PF =1) Sai Yok Substation (PF = 0.875) Conduct a meeting to )
- Case 1(22.70 kV) —> - Case 1(22.70 kV) e peys End
- Case 2 (22.90 kV) - Case 2 (22.90 kV) assess suitability
- Case 3 (23.10 kV) - Case 3 (23.10 kV)
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Number of Transformer

Basic information

(22 kV distribution transformer
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Basic information

(Peak - Light Load, Period : Year)
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Simulation with Power factory
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Simulation Conditions F L
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Consideration of Peak Load and Light Load

Voltage at Bus 22 kV is considered at each node in simulation

High Voltage Side: 118.4 kV is constan
Voltage Setpoint at Bus 22.40 kV (Secondary Side of Power Transformer)

Very Small Power Producers (VSPP) in parallel to the grid.

Woltage (kW) ]




Simulation with Power factory
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Simulation Conditions

Consideration of Peak Load and Light Load

Voltage at Bus 22 kV is considered at each node in simulation

High Voltage Side: 118.4 kV is constan

Voltage Setpoint at Bus 22.40 kV (Secondary Side of Power Transformer)

Voltaas (hY')
Very Small Power Producers (VSPP) are connected in parallel to the grid. [ - -




FeederOl Sai Yok Substation

Result of Simulation with Power factory

13,243 nu,

| ‘ 2495 1 avivl.Inslom (SYA01) ‘
| _ — I . — '

At 22.90 kV, the power transformer is not affected
in terms of voltage.

The 23.10 kV voltage level of the transformer is
affected by the voltage conditions, with a distance

of approximately 13.943 km
from the Very Small Power Producer (VSPP)




Feeder02 Sai Yok Substation
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Result of Simulation with Power factory

- 24,799 nu, ol

7495 2 avivl. Inslon (SYAD2)

R e s ] e LLE B

The 22.90 kV voltage level of the transformer is
affected by the voltage conditions, with a distance
of approximately 7.037 km
from the Very Small Power Producer (VSPP)

P : ]
| 7495 2 avivl. Inslon (SYAD2)

The 23.10 kV voltage level of the transformer is
affected by the voltage conditions, with a distance

of approximately 24.799 km
from the Very Small Power Producer (VSPP)




Feedero6 Sai Yok Substation Result of Simulation with Power factory

E-u 12153 na, -

2493 & avivl.lnsloa (SYADS) 2495 6 avivl.Inslun (SYADS)

The 22.90 kV voltage level of the transformer is The 23.10 kV voltage level of the transformer is
affected by the voltage conditions, with a distance affected by the voltage conditions, with a distance
of approximately 0.067 km of approximately 12.192 km
from the Very Small Power Producer (VSPP) from the Very Small Power Producer (VSPP)




Feeder07 Sai Yok Substation
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Result of Simulation with Power factory

24,040 fid, 'F'E

At 22.90 kV, the power transformer is not affected
in terms of voltage.

The 23.10 kV voltage level of the transformer is
affected by the voltage conditions, with a distance
of approximately 24.040 km
from the Very Small Power Producer (VSPP)



Feeder09 Sai Yok Substation

Result of Simulation with Power factory

[ 2493 9 avivl. Inslunm (SYA09)
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‘ 2495 9 aviv.Inslva (SYAD9)

The 22.90 kV voltage level of the transformer is
affected by the voltage conditions, with a distance
of approximately 6.481 km
from the Very Small Power Producer (VSPP)

The 23.10 kV voltage level of the transformer is

affected by the voltage conditions, with a distance

of approximately 9.194 km
from the Very Small Power Producer (VSPP)




Feederlo Sai Yok Substation Result of Simulation with Power factory
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The 23.10 kV voltage level of the transformer is
At 22.90 kV, the power transformer is not affected affected by the voltage conditions, with a distance
in terms of voltage. of approximately 6.508 km
from the Very Small Power Producer (VSPP)




Voltage Profile Feeder1-10

-1 d Total Distance Result of Simulation with Power factory
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Technical Losses /Year

i &
[
i &

ey

L

HERERLRERERERE
EIRIRIR|BIT|212
- - N N N Wy d

(kW-hr)/Year

e I PSSR R PRSP TSI S B SRR LS NSRETIR] P N T R

i &
v
- -

L o
§
i

Result of Simulation with Power factory

Case

Taotal Energy
Loss (kW.hr)

Cost of Energy
Loss
(Bath)

Total Energy
Loss (KW, hr)

Cost of Energy
Loss (Bath)

I |22.40 kY

1,949,589.75

5,546, 287.14

2 |22.T0 kv

1,918,081.48

5,456,650.90

31,508.27

89.636.24

1.62

3 | 22.90 k¥

1,902,694,93

5412,878.51

46,894 82

133,408.63

241

4 123,10 kV

1,876,040.24

5,337,049.94

73,549.51

209.2371.20

3.78

PR - -r\_ _- |l'..u.-|a.|-l--.||.l_-'|-|'|.-hnir|.l.-.-i-"|-- | -.l.ulll.-n.-q.l.u
BT pa— F ] B ] = ] I [ Ty Sy T ey S
. il - - M S [E . | [T | | [ -
4 (SR =] b r: 1 'I': i -|‘ | 1
r m | E 1 i =
i T T
A - m | v | TR Lk
i _— .
u ail i | [T -
11 —_— ——
] 1 | 1L e =
1 r
5 1 1 man =]
1 —_— =
- | =i [ l 1. =
¥ L.
W 1 -'II: i l - T T 7]
'\.II-I-I.*--I :l.'.-..l.'...ﬁ-. =]
-n#-‘rh §orr b by el ke il oy [0, e o el
S pa— .I-- _.a.l.._-._l_|l.|.-_|-r\_|n_|.|-_|.|.a- L -I—I-II—FI—I
b - # = = # = ¥ A Pl SptaphiegeiF; | VR _TEFgh Byl ¥
h [ ] =y b ] s A I i iy [
- == I [’ o a I (A
A "y || | S|
P =1 - 1]
o T | =
i ] -_I 1 i
- - - = ] = ™ .
I-l-Il-II bt IF | I-'-l-r-ll#"lr'.- ‘‘‘‘‘ H
*rl-l‘—l—f'r.-_‘—‘-'. =)
R S SN I BRSSO T R R ST Y e Y
" . r v T T
[ L] i Ay by il Syl By | iy & i | Do o |
e T —— = ‘-“--l ~— rl-"' r-\.-r‘. I — 1 |"|.-_-I-I.--|.-.'-.|r. |--\.I-'|-Fl-ha ~— — —~
L Iy 0 LK PP -5 |1 - ™ 1 e 1 L
= F W I i ]
= 1 i 8 i
4 ¥ i 4
- T — e
4 II i |
w | al
4 II ¥ § &
1 1 ™
. | ' ¥ ¥ #
| 1
. ' ¥ ' g #
(BT 1| 1 Fl 000
: ' ¥ ¥ #
- 1 i | i [N IRT
: | ' 1 = B
1 | - I r : T TR
|
P 1 [ IS 5
lewma 1. -I-.lll | a.r..l.u. L LT
1 . sl wy .
-#—hl**—-ﬂh“ﬂ- B i hakaerckel a1 ol
w : T ' T T - .
. o ."-‘lln..I i b r|—|."--|"I-I.-.-r‘_'-'l--'I-II"I—h--'-"l--'I -y - —— --I-—I-l--l-ll_
(N S a [T 5 N [EY 1 [T 1™ 1 > [ =3
= 4 5 I i 4
= [ = d i ind
. | ' ¥ ]
I Lo | e | '
. | ' ¥ ¥ ]
[ | SR | | ¥ e B
. | ' 1 ¥ o
i (R | i ¥ wi
+ # § = — =
||||| i i | i b .k mi
1 §
1 1 L ] 1 i B
i _—
] ] 1 | [ N [ R
11 — —_ ==
L . by i i mrim g ] N
| M. || T ;1L
|_..._|_| P i : _l.-.-..l.rrl.ll. — =
I l.r.-.l.“*h.u-u

Milllorn Baht

5.40

2.0

240

530

540

22.40

0.00

22.T0

0.09

241

22.90

0.13

5.34

23.10

0.21

kY




Number of Transformers That
Require Tap Adjustment
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Summary of Results

Result of Simulation with Power factory

300 140,000.00 Cost of Energy Decrease
Eaaa Total Energy ’ e
209,237.20 UM Loss (KW.hr) TotEnergy | CostofEnergr |
(Bath) Loss (kw.hr) Lass (Bath)
250 \ 120,000.00 1| 2240 kv | 1,949,580.76 | 5,546,287.14
22270 kv| 1,918,081.48 | 545665090 31,508.27 89,636.24 1.62
100,000.00 3 | 2200 kv | 1,902,69493 | 541287851 46,894.82 133,408.63 241
200 4 | 23.10 k| 1,876,000.24 | 5,337,04994 73,549.51 209,237.20 3.78
i 142
80,000.00 Unit
1 5()
150
1 CHCh 2% 34
133,408.63 U 60,000.00
50
255 1A394 | ‘ i
100 90.676 Nl 0
40,000.00 Case 22.90 kv Case 23,10 kv
O rPEA O Customer
50 e -
20,000.00 ' arns Wiy ———— =
65 Lﬁ'%‘a-& = .
13.585 ny.
l:} D.DD 1% s flpusims
Unit Case 22.90 kV Case 23.10 kV Baht e //
@ Cost of Energy Loss (Bath) @ 31uaunsiauvas (1aT04) ‘ I = . S —




Impact Analysis
and Problem-

Solving Approaches
for the Voltage
Improvement

Project




min max

viz 22.43 o 29
vis 22.65 o uwn
i 22.47 o nn

20/05:25 10:48:03 NORM 11 123 H¢

Voltage Bus
SAIl YOK Substation

Impact Analysis and Problem-Solving

Voltage Bus
Very Small Power Producers (SPP/VSPP).



Impact Analysis and Problem-Solving

OVER VOLTAGE PROTECTION 59

L OM Ll ON

L = Pick wp £ Vi-N U Pekup &H VLM,
Gy B

Setting Over Voltage (Line - Line Voltage, U =)
u}-«.ﬁ:u: EE g SEDCS

= 23.56 kV (1071 pu




VSPP, Power Factor =1

e L L

Magnitude Voltage (kV)

Technical Losses
(kW-Hr/Year)

Technical Losses Decrease
(kW-Hr/Year, Baht)

Percent (9) of Decrease
Number of Transformers
Total Distance

PF Control (1.000) at (PCC)
Feeder 02
Feeder 06
Feeder 09

Voltage at (PCC)
Feeder 02
Feeder 06
Feeder 09

Voltage Setting at Bus V5PP

22,40

1,949,589.75 KW.Hr
5,546,287.14 Baht

.

Reactive Power (MVar)
0.000
0.000
0.000

22.561
22,641

22.378

Impact Analysis and Problem-Solving

1,918,081.48 kW, Hr
5,056,650,90 Baht

31,508.27 KW.Hr
89,636.24 Baht

1.62 %

=

Reactive Power (MVar)
0.000
0.000
0.000

22.851
22.930
22,670

1,902,694.93 kKW.Hr
5,412,878.51 Baht

46,894.82 KW.Hr
133,408.63 Baht

2.41 %
65 unit
13,585 kmn.,

Reactive Power (MVar)
0,000
0.000
0.000

23.148
23.227
22.969

23.56 kV (1,071 pu.)

23.10

1,876,040.24 K\W.Hr
5.337.049.94 Baht

73,549.51 KW.Hr
209 237.20 Baht

3.78 %
255 unit
90.6T6 k.

Reactive Power (MVar)
0.000
0.000
0.000

23,852
23.560
23.27T6

od




Impact Analysis and Problem-Solving

VSPP, Power Factor = 0.875

o — — —

Magnitude Voltage (kV)

Technical Losses
(kW-Hr/Year)

22.40

1,949,589.75 kW.Hr
5,546,287.14 Baht

1,918,081,48 kW.Hr
5,456,650.90 Baht

1,902,694.93 kW.Hr
5,412,878.51 Baht

£23.10

1,876,040.29 kW.Hr
5.337.049.94 Baht

Technical Losses Decrease - 31,508.27 kW.Hr 46,894.82 kW.Hr 73,539.51 KW.Hr
(kW-Hr/Year, Baht) 89,636.24 Baht 133,408.63 Baht 209,237.20 Baht
Percent (9%) of Decrease = 1.62 % 2.41 % 3.78 %
Number of Transformers - - 65 unit 255 unit
Total Distance - - 13,585 kmn, 90.676 km.
PF Control (0.875) at (PCC) Reactive Power (MVar) Reactive Power (MVar) Reactive Power (MVar) Reactive Power (MVar)
Feeder 02 3,320 3,320 3,320 3.320
Feeder 06 3,320 3.320 3,320 3.320
Feeder 09 3.320 3,320 3.320 3.320
Voltage at (PCC) :
Feeder 02 22,856 23,113 23,376 ‘ 23,645
Feeder 06 22.960 23,216 23.378 23.747
Feeder O9 22.647 22,906 23,171 23,443
Voltage Setting at Bus VSPP 23.56 kV (1.071 pu.)



First Meeting Impact Analysis and Problem-Solving

Meeting on the Voltage
Provincial Electricity Authority (PEA) on-site team to provide clarification
and gather feedback on issues related to the project



Second Meeting Impact Analysis and Problem-Solving

nawdfd@anis ms it aa n3 (&) -

"A meeting on the voltage upgrading plan was convened, inviting
relevant stakeholders to provide their feedback."




PROVINCIAL ELECTRICITY AUTHORITY

Thank ' You
For Your

Attention

Mr. Churit Pansakul




