5.5 MEA's Draft Long-Term Plan during FY 1997-2011

Following the Revised 7th Plan, the draft long-term plan during the period FY
1997-2011 has been prepared by MEA. The FY 2011's power system is shown in
Fig. 5.5-1 and Fig. 5.5-2. As mentioned in Clause 3.3.1, from the point of
viéw of enhancing the capability of the power supply to cope with the rapid
increasing demand in urban area, the 12 kV and 69 kV system will be converted
into 24 kV and 115 KV system respectively. |

Installed Capacity of Substations until FY 2011

Fiscal Year : 1996 2001 2006 2011

Maximum Peak Demand (MW) 5,723 T 8290 10,653 13,416
Total Installed Capacity (MVA) |

~ - Terminal Station 10,685 15,100 19,600 23,100

- Distribution Substation 13,145 17,745 23,360 28,120

" Another feature of MEA‘S;QPaft long-term plan is*expanéionlof 230 kv

subtransmission 1ine system into city center as shown in the table below.

Detail of 230 KV Subtransmissioﬁ'Liné_egpansion Program

Name ~ Length Number .- Conductor Comm15510nlng
. of DR ~ 8ize ' Date
- Subtransmission Lines - (km) ClPCUIt ~o(mm?) (Fiscal Year)
- South Thonburi - Thanontok = 8.8 e ‘j2x400/231,200 1997
Lardprao - Samampao * - . 7.8 2 2x1, 200 2000
Bangkapi - Klongtoey * 7.7 . 2 . 2X1,200°  2002-2006
Bangkok Nox = Thonburi * 10.4 2 2x1,200.. . 2002-2006
'Lardprao - Sanampao 7.8 1 ** 9x1,200 . .2002-2006

Bangkok Noi - Thomburi  10.4 1 °*  2x1,200 © 2007-2011

Note: * -New terminal station -
. ** Addition of one circuit
The formulation'of'an Optimum*lohg*term*plan'until“FY 9016 has been carried
out s is presented in: CHAPTER 6 taklng the above mentxoned MEA's draft longw
term plan up to FY: 2011 lnto account



Incidentally, the load flow diagrams in FY-2011-studied'by MEA are shown in

- Fig. b.5- 3 and Fig. 5.5-4 which are the basis of the study of FY 2016's System
planning by the Study Team.
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5.6  EGAT's Power Development Plan

According to the latest EGAT PDP 95-01, by FY 2011, the total installed
capacity.of the system will be 43,918 MW, comprising 5,071 MW (tI.S%) hydro;
8,900 M. (20.3%) - conventional oil/gas-fired; 5,984 MW (13.6%) combined cycle;

2,475 W (5.6%) 1ignite-fired; 5,000 M (11.4%) inported coal-fired; 1,332 MW -
(B.Q%i peakingfgastturbine-and power_exohange with Malaysia; andflS,lSB'MW. ;
(34.5%) puféﬁaééa;pdwéf frdm’private'power-(incxuded'13 100 MW from IPPs and
2, OSGIMw'from EGCO) The structure of future generatlng capacxty by power-
plant type zs shown 1n Fxg 5. 6 1 - S '

The proportlon of energy generat:on 1n FY 1996 w111 be 19 5% from llgnlte,
22. 0% from domestlc gas 30 9% from heavy 011 5. 3% from hydro, 19. 1%
purchased from 1PPs, Laos and Malay51a and the balance of 3. 2% from peaklng

gas turbxne u51ng diesel oil.

In the long—term proflle, total electrlcxty production 1s expected to reach
228,445 GWh by FY 2011 from 69, 651 GWh in FY 1994. In terms of the
dlver51f1catlon of fuel and the power source the breakdown of energy
generatlon w:ll ‘be 7. 1% from llgnite, 14 4% from 1mported coal, 10. 4% from’
domestlc_gas_(Myanmar), 12.8% from heavy 0il, 3. 4% from hydro, 43.5% purchased

~from IPPs which will use fuels either Gas/LNG/or Coal, while the balance of
0.2% Hlll be produced by peaklng gas: turbine using diesel oil. Fig. 5.6-2
_ shows the forecast of energy generatnon by types of fuel of the EGAT'S system

EGAT's electrlc power system 1n future reflectlng the above mentioned - power

_ development plan lS shown 1n Flg 5 6—3




[ZJIPP & EGAT-TNB TL

3oi

T T ™7 T 1 T
- * . K o o ™ =N - -2 o
- - A ] L] ™~ o~ - -

000" LXMW ALIOVAYD

Fiscal Year

Source

EGAT PDP 95-01

FiQ. 5,61 Futufé_Tﬁend'of'fdta1 Géhérétihg Cépébify'

o B 2y B
i MOt PO
o LA Xy PR

Ty
AT EE R
Py rres

Ay

trrrersd.
Pevassaal .
crrreceA.

Prr IRy E
LR
Yy Yy Ee

Py Yy .
PEE LT 3
srrrrrtn.

rrcecred,
wewnavenfo .
srrerrrAuraran

Feererred v
EER SRR L
rrreaveed .

seisrdrs
LR L LR ) 20
sesssrerd. e

ey

MStdedy
NN r rrosrare
5, AT

ATt uusv e
AN 2 ¢

brrrdests Ay
AtuyraraaL

N

|F3Hydro_ BB lignite [ Jimponted Coal: E{]Dom'es_lic Gﬁ,s . [@imported Gas [0 [T)Diesel ‘{mPurd-'ngse,

o o o
[ @ -

240 —
220 —
200
180
160 -
140 -
120 —
100

mooow X UMD} uoneauan L3reul

Fiscal Year

EGAT PDP. 95-01

.
.

Source

Fig. 5.6-2 Forecast of £nefgy:Generation.by Types of Fue]

5%






‘auning UL weasks Jemod 193 €-9°G “Bid
10-56 dGd k93 :324n0S

{ { {s

Nl P cht Y tht e
[ .
- “on- - *oR" gtk
V00-Z0EiZ ON" 8D 100~ 10LiZ "ON'BAd DNEOVYE . LR .m AY PPRTTR N
. .
. T —y—r— vy .._. -.-.--.. o IR NAIO GNENNY LS RUISEAS
H e NI v
A ——— oo reapes’ HYO 0KV OHYE
fetsoenens samtan. ot somris mwresd b . %
" .fA/
. ey, *,
oW b o il v el *,
I sl el A, Iealriywrd e,
ure €441 i
W _ ]
=Ty dYH NO11Y207
i n-ll._ﬂ PERE DELENND Eve L
Tt aen

GHYIIVHL 40 HILSLS WIN0d 31410373

3
¥

i

)
:

<
 p

1NN 0ARE OWEN .&.n«.ﬁrr

ONYTIYHLI 40 ALIHMOHLNY ONTAVHINID AL1D21W12373

1o vd a0 TGN L

-.._y,.n FRunHa o RH

A woLivirant ¥ i ‘_“u ‘ ._'JAW
: 1
_v - I
sonvime a1 81 I ) w 4 \ i
e o R 4
mLLYLEME A BCE e ) ﬁiu | ) \\
#IAVLISE .“- 8- oY B LYWOLNKL 1F Masan '
1017 MSTEEIBRTEL - 4K A8 ———— e - —_— S
u . ML s m S e el e g
N1 BILENILERYNE . aY oKL m——— e - _— . HONvHN HAYN YO TY Y
TN MOLTSINBNVME . A¥ pOE  — b . = .
. 1331 0%d  KOLIDOMLANGD ONDLELXT . . B e
s semeed o 3BOLAS VIaNA B
HILSAS MIR04 JEHIIINT  1¥DT 40 4YM
. 0 -~
wimey el 83 T . .
ALIXID A ONY YIHY NDMNONYE WiLY T w———— ST - } L4

Lot L H o ok E]

.‘.

S INIY 36a wBban0S-WINID awoods )

B
7

N

2y e

FHTY 3LL-NUHOODS=IVWENID AN BEE

ook Tl avemavnd AW RI2
i "
__ . ._.M-. v
, i \
- h#w:v.
B
G nE g
T g Mo h
. - . 3
Iunwdypoeny - : JUMPELYE - viw gl ...-..- Ny ™
s £ swpivy dumrive - v
H u&qu g RV N ey C -y ). ] "
| : Bbieiiod Ov\./ ~ [y v HyHIYE oRava ) ) )
ST+ EIXE TOAEL R pAL i o . . : ) R P
NOMONYS HANOK . e Y. . T : S . e
: T L TIGT o oyl 5, G i ..
. YO NEYHOLWEN L I [ _yunemipy v K
L el e gy ‘ ey 10 TLT T ¢ »
NG GORNE - feERE et outXE TVa4d-a1u1iiin b RIS — — = = Y i :
R POREEOLERE I =, LY X - H
mi ONONYd  DMYE w.ra-.‘ Tt e I T
. . Lk _.“ - iy v T
- - h 3 :
Hn.-luﬂllll B+t i ¥ k) Rt Au..a. ¥ ..»
= === ' Ly " ™ - - .
uﬂq!uu,"-"e- i ) : = € ot wludviy .\9.-- - -ﬂ : y o vois’y,
- ! H
108 1¥s: - nphr dern vwwinivn VI F _.l.-.k._ uaryave o & g i ,
: : o . . i " . . i L
PV E BNV AN OCT e “.l-u-_,_ wee| 2 . : o mamhe el _5£ N, ks j
: St TR ™ SRNNUYD VR ORAHL VRI
B . b . worve wosoren W v M e s NN o *
s, ey . st . T Lt R cc .
P | pesttmaattest ettt . APRSHIEI \ -
_ o “reases p il
. "
e MWW Y : DA Y B 1M BoMw S a0l . sEiRE b . )
\ i '.ﬂ , ﬂp . T wve oNlwvovatlus . M T sune
_. by FILry [] ./ _ Ea.muﬁ ovel
HYO, XNOWONIHIS ! v - AN/ " T B ke
! N e + 1k e ) : . . : P
W . ‘e : sy ¥ jresg— -, ]

eravrE [ head

. .
. *

. *

e ®

weavs noMwra
AL ineenrd
. W0 1393
=l
& .- ¥ HOID3Y :
- oRLE - : )
T MYd eeoneY e F
:'..n-n/ - & m-.o,.
" v .
o )
M BN, ¢ owes 106 TS
. N e g
: e ’ A
- M / - q.
» H o | s AR ]
" . £ w : * 7 sowwereiud // o [
) . A SRELT IVAI-ETA 1807 ., \ uioinn N . .
ANOHA WYR - +-20¥ :
--v.- © s LYY vad spae ' S . i o AmE .4../—.!.0 ¥dopn RH B IKI)
Y =7 M . i WG TN AAYY ATVERRE AR £1LEL-OZXN ¢ETRaTE
. g b Inlewal Pt S ‘ . AHOEVLALIDY D JIVIEE WY
’ T H . HYa 04 [HNHE
AT ey poss 1 - _ LIgRaSN. o . .

Seveurve T NNIHL HYR
\

'

ST ]
) S cu (Ll h //

.‘".II:I- ..Il!-u...- /
. LA T
\!

,“. :

PR T T Y

\

e o :
3 Ll IRV r WYQ LINEMUE By
P Wy NoodMiy-anaHL B . \ 5 aveid ’/'__ e 5
. ) G : VA .. iy W
Rt ’ & : y w7 Ry e wtedooxe” ¢
: < YT 4 : B A % Wea axrlave Pes et tl
- A sl vl L - e gy PUHE HOHD Chid
/ WYg Hngy WYW M7 - H
H /. e = H
O- . PR T ST _ [ LB Ll -
uw T & wtroeer a1l akated .
"ae, ’ HOH_ 3vH : ' ) 4
i .
A i oo g o e e L
3 - i % - &
e, _ ﬁ.ﬂﬂ.ﬂ ok SwOM Ivd . x>
. ] P e il %
- * [ R R N
!o Wy H(‘. ) Wvd Yau-¥E H(l“
ll l’t
i LI YT H
2 S, b
e, o [T fer®
e AL R 3 . WG ¥R B T : )
» . :
-~ . -~ Lot
" . Fiaai Thls I
te, Y
o
-.c.nv co.n Aty
Il ‘ll ll ]
. .
A g R ¢
i B 191 +he tht 1 [ T

597 -






CHAPTER 6 FORMULATION OF OPTIMUM SHORT- AND LONG-TERM POWER DISTRIBUTION
SYSTEM IMPROVEMENT AND EXPANSION PLAN

6.1 General

The main objective of this Study is to formulate the optimum power

distribution facilities improvement and expansion plan which is designed to

meet the power demand growth up to FY 2016, taking into account the problems

ol the existing power distribution facilities in the Metropolitan area, as

discussed in Section 3.3.

The followings are the items that the JICA Study Team has specially paid

attention to the planning of the future power distribution system in the

Metropolitan area.

(1) Reliability.

(2) Capacity of subtransmission networks and substations.

(3) Application of advanced technology to distribution system facilities in
the high load density area.

(4) Land acquisition method for distribution substation in downtown area.

(5} Voltage regulation control.

(6) Telecommunication system improvement.

(7) Feasibility of construction of underground subtransmission and
distribution lines and substations.

(8) Impact to environment.

The configurations:of power distributioh system for the Metropolitan area at

each target year during the period-of FY 1997-2016, based on the MEA's draft

long-term plan up to FY 2011, have been determined. The construction

schedules in accordance with the poWef distribution system configuration of

each planned year are also recommended in this Report.

The followings are the major improvement and expansion of the power

distribution system in this Study.: - :

(1) To promote uprating of 12 kV to 24 kV primary line in distribution area
(except in network area).

(2).Expan$ion of 115'kV subtransmission system.

(3) Introduction of 230 kV subtransmission system-inio urban-area.

6-1"



6.2 Regional;Load-Forecast

6.2.1 Regional Load Forecast by MEA

The regional load distribution based on an overall load forecast is an
important factor for formulating power distribution system 1mprovement and
expansion pian..

The regional load forecast is developed by MEA based on the followlng methods:

(1) The overall load values are forecast by dividing the overall load into the -
12/24 kV. distribution substation load and the 69/115 KV customer's load.

{2) The distribution substation load is forecast by regions based on a 0.5 km

X 0.5 km mesh unit using a computer program called "Simulation—Based'Load :

- Forecast™.

6.2.2 Regional Load Forecast in FY 2016 by the JICA Study Team

The load forecast values were obtained from MEA for individual distribution -
substations for FY 1993 and every year from FY 1996 to 2001 as well as. those'
of FY 2006 and 2011.

Since appropriate regional load férecast values for FY 2016” a'final target
fiscal year of this study, were not available from:MEA, the JICA Study ‘Team
has obtalned such load forecast values  based on the f0110w1ng methods:

(1} De31gn load forecast based: on. MEA's load:forecast values. ;0
MEA's load forecast leue (overall Value) for FY. 2016 . -was mean peak values,;y;

- for 30 minutes. . Whereas, one-point -peak: values are-used as desngn load .-

value for formulatlng a. dlstrlbutlon system 1mprovement and expans:onl -

plan.

Consequently, the one-point peak;valués}forsFY:2016rhave;béen obtaihed-by;jsl

checking the,ratiQSaofdonefpointspéak;yatuesitp:the;BOfmfhuteS%meanypeak'f.*- -



(2)

values by FY 2011 since FY 1993.

As presented in Table 6.2-1, a series of the ratios. of cne-point peak
values to the 30 minutes mean peak value remain constant at 1.014 for FY
2006 and 2011, although the ratios slightly fluctuate in every fiscal

year.

Therefore, a one- -point peak value of 15,980 MW for FY 2016 has been
obtained from a 30 minutes' mean peak value of 15,780 MW by u51ng the same
ratio of 1.014 for FY 2011. ..

‘Division of load into 12/24 kV distribution substation load and 69/115 kV

customer 8 load ..

Now that the overall de51gn load for FY 2016 has been obtained in. Item (1)

above, the design load is d1v1ded into the 12/24 kV distribution
substation load: and 69/115 KV customer s load. -

The&69[115 kV customer's load is affected-so largely by the trend of

customer‘s,load,that,it.jsovery_diffjcult.to-clarifyﬂthe,trehd of load
for FY 2016. |

.A llttle more- than 90% of MEA's load is. shared by the 12/24 kV

distribution substat:on load as presented in Table 6.2-1. Therefore, -the:

12/24 KV distribution substation load comprising a base load has been

'forecaef, and after deducting the base load from the overall load, the

69/115 KV customer's load.has;subsequently been obtained..

~The 12/24 KV distributicn substation load for FY 2016 has been-estimated

'at_14,870 MW as a result of forecast from the increase trend by FY 2011 .
Siﬁcé;FY~1993;aGCOrdiﬁg to the method of least squares. .= - -

1,120 MW has therefore been obtained gs the 69/115 KV customer’s load for.

__FY'2016'by'deduCting'14 870 M from the overall load of 15,990 MH.

-ThlS share 1ndlcates a. downward trend as explaxned below as the share of

.;69/115 K. customer 5. demand whlch was 8 96% in FY 1993, is forecast at

R A 00% respectlvely for both FY 2011 and FY 2016

: 6 o3



Namely, it generally becomes difficult to clarify the trend of individual
loads gradually further in'the future, the share of the demand indicdtes a
downward trend.

(3) Forecast of design load to be used for formulatlng the distribution .

substation expansion plan

The expansion plan of distribution substations is generally formulated
based on the peak load in individual substations, considering that the

peak load occurrence time varies in individual substations.

As the rated cap801ty of distribution substatron is expressed by an MVA
value, such a value should bé uséd also for design load foreécast.

Namely, the load for FY 2016 should be obtained in terms of this MVA value.
When calculated from the'increase trend of load by FY 2011 since FY 1993
according to the léast squares method, the MW and-MVA'vélues‘of'non¥
coincident load for FY 2016 are 17,580 MW and 19,030 MVA; respectively.

The -above values are evaluated 'to be juéfi?iable judging from a series of
trends, as the diversxty factor and power factor are1.18 and 0: 92

respectlvely in thlS case.

The above forecast results. are presented in Table 6.2-1 and Figs. 6 2 1
and 6.2-2.

Load forecast for distribution substatiéns by regionS'

For forecasting the regional 1oadtf0r-individual'distﬁibutibn substations

for FY 2016, there is a method of indiscriminately multiplying'the
respective substatlon 1oads for FY 2011 with the 1ncrease rate of overall

With'this method, 1t is xmp0531b1e to reflect the characterlstlcs of
reglons with hlgh or low ‘incredse rate ' S



On the basis of the supply areas of distribution substation in FY 2001,
therefore, the load blocks have been set by integrating those with similar
load characteristics. As a resnlt, the load blocks are divided into 29
blocks in total.

The increase rate of load for 10 years by FY 2011 since FY 2001 has been
_ obtelned for each’ load block and after 1ndlscrim1nately deduetlng the
load value 50 that the load for FY 2016 becomes equal to the overall
demand obtained 1n Item. (3) above. based on the increase rate, the load
and 1ncrease rate of each load block for FY 2016 have been determxned

The perpose,of obtainjné and usingsthe growth rate for lolyeers from FY -
2001 t'hﬁdﬁgh FY 2011 is to investigate the trend of regional demand from a
long term p01nt of view and thereby exclude short term load fluctuataon
factors. S ' '

 The results of study in: thls paragraph are presented in Table 6.2- 2 and
_ Flg 6 2- 3 S : '
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Fig 6.2-3 Block Area
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6.3

- 6.3.

(1)

(2)

Distribution Substation Expansion Plan
1 Formulation Policy offDiStribution Substation EXpansion'Plan

Distribution voltage

MEA is promotlng a voltage boostlng pro;ect from 12 kV to 24 kV ‘in its
supply reglons excluding the. network supply area around the Royal Palace,
and it.is concluded justifiable to adopt the distribution voltage
acoordlng to thls PPDJePt

'Therefore, the future dlstrxbutzon substat:on expans1on pr03ect should

basically be carried out based on the above voltage boostlng pFOJeCt of

MEA.

Standard bank capacity:

According to the new basic criteria for power system plamning of MEA, the
standafd bank capacity is specified to be 60 MVA. : Generally,_an
approprlate bank capacity can be obtalned from the following equation:
Py = ﬁXVsXPL*BX Ay
- rXa '
P, : Bank capacity (MVA)
Vgt Feeder_voltageé(RV}:_~ :
P, : Feeder capacity (kA)

d B +  Target feeder- utlilzatlon faetor o
. N.: Number of feeders:
. q: -t Diversity factor of feeder

:di'jir Target bank utlllzatlon factor

The standard bank capa01ty 1s glven by u31ng the above equatlon

'_ Since the" target feeder UtlllZ&thH factor is not avaxlable from MEA'S

'b351c ornterla,_the average loadlng ourrent is used with- regard to the

term [PLx 5]

'Sampllng study of the dlver51ty factor of feeder has been carrled out
=regardmg 2 typlC&l area as the results are presented in Table 6.3-1.

, _"6'+}Lijfﬂ .._. .



Table §.3-1 Diversity Factor of Distribution Feeder |

. Substation . Distribution Feeder . . Diversity Factor
load Type | Substation Capacity Maximum Used Non-coincident| Diversity Average
load Load Factor
: VN (Mva> (Feeder) (vA 7 _
Residential |Bangna 2x40 61. 6 10 T3 11916 1. 1580
Nonthaburi 220160 982 13 CoTLe L2234
Prachachuen [1x40+1x60 "63. 6 BV 1904 R e £+ §
|Ramintra 2> 60 N e LN T N
Commercial |Chidlom 250 74. 1 15 85.5] 1. 1538 1. 1274
|Klongtoey: - |2>40° © = 68 41 ]2 o8 L1488
Prathumsan (3% 40 . 91.3 18 97.3 . 0657 _
Silom 240 62.7 12 L9 L4eT]
[ndustrial -[Bangbon . [3»40 . . 1046/ . .18 . LLLI| . L0821 . . 10895
Prapradaeng [2x40+1x60 1012 19| 116. 9] L1851
Prakasa . . 12x40+1x60{ . . .127.4| -~ .. 42[.-. . 1285 . L0086 .. .-
Rashurana 3% 40 114. 1 19 129. 2 1. 1323

The results of calculation by substituting the following values into the
above respective coefficients are presented in Tables 6.3-2 and‘B.B—S.
L Vg =12, 24 (KV) FER |
- PLX B = 0.26 (KA)
N-. =5~ 7 (Feeders)
7 = 1.1580, 1.1274, 1.0895
@ =08 |

Table 6.3-2 Standard’bank capacity (Ve=12 kV}

o | (MVA)
¥ N |5 feeders |:6 feeders |7 feeders | ‘Load Type
1. 1580 29.2 '35:0- - | "~ 40.8 " |Residential
11274 0.0 | 859 | 4.9 | Comercial
1.0895 31.0- | 87,2 | 43.4 | Industrial

© -Table 6.3-3 Standard bark capacity (Ve=24 kV)

y N |5 feeders 6 feeders | 7 foeders 1y6aﬁ_T§pé: f‘
11580 | 583 | 0.0 | 817 |Residential |
i | oses | e | ose |comerol |
10895 | 620 | 744 | 86.8 |Industrial |

30-40 MVA is appropr:ate_as a- standard -capaci ty fdé_the 12 kV supply area




as indicated in Table 6.3-2. It will be necessary to increase the number
of feeders or enlarge the load per féeder, where the 60 MVA bank specified
in MEA's basic criteria is to be used.

It is deemed:difficult to increase the number of feeders per bank from
that specified in the present basic criteria since construction of
outgoing lines for the portion around substation will become too
sophlstlcated

Moreover, it is not PeallSth to increase the load per feeder since it
will become necessary to use one rank larger size conductor than:that
used at present.

When the 60 MVA bank is applled at 12 kV voltage, the load switch with a
secondary rated current‘oﬂ roughly 2,900A will become necessary, and
since the capacxtles of secondary switch, bus and cable of the bank should
also be increased, it is deemed very dlfflCUlt to apply the above 60 MVA
bank.: '

Therefore, 'the 40 MVA bank used so far for the 12 kV supply area shall be
applled as a standard bank.

As: indicated-in Table 6. 3-3, 60~ 80 MVA is: appropriate as a standard
capa01ty for.: the 24 kV-supply-area, therefore the present standard
capacxty of 60 MVA according to the ba51c criteria is appropriate. -

- Should the bank capacity be- changed to 80 MVA under the present 51tuat|ons

~ wherein a large number of 60 MVA banks have already been applied, several

types of equipment with capaeltles of 40, 60 and 80 MVA will be applied

in comblnatlon.‘ Then,,the number of substations with different bank-

~capacity, conf:guratlon will ‘be:increased.. Thereby,‘various problems can

possibly be brought about regardxng the countermeasures for relieving

'_remalnlng banks:at the:time of one- bank - fault as well as regarding

-sophlstlcatlon of phy31cal dIStPlbUtIOD associated with dlver51f1cat10n of

_.equ1pment and materials.

| Therefore, the 60 MVA- bank adopted 1n the basic. crlterla of MEA shall be

adopted as a: standard capac1ty for the 24 kY supply area.:

Bank- configuratlon 5;1,13;;,,‘4-r i

- The 3-bank conflguratlon (3x60 MVA) is.a Standard confxguratxon accordxng

: . -to the ba51c crlterla of MEA



In the case of 3-bank configuration, the normal target utilization factor
is 80%, and the factor-at the time of emergency is 120%. = In this case, it
will be possible to relieve the load by means of the remaining two sound
banks without switching over any distribution line even at the-time of one

‘bank fault.  Thus, this configuration.can be highly cvaluated in-view of

reliability. .
BAY I BAY 2 BAY 3
Normal: - ; _
Capacity 60 MVA 80 MVA 60 VA
load .0 4BIMVA L — - 48 MVA . 48 MVA-
Utikization Factor . - 80% - __1 BO% - 80%
Emergency: ... . - . _lr . o -l
Load - | 0 MVA T2 MVA 72 MVA
Utilization Factor. . - —— = .-120% - - 120%

Therefore, the 3-bank configuration specified in the basic'criteriafof MEA
shall-be adopted as.a;standard_design‘cenfiguration of substation: |
Meanwhile, the-substétion:to‘be_constrUCted was be -installed tehtatively
in ‘two banks depending on the ihitial:10ad.conditiOns at :the ‘time of
comnissioning. L S R
Speaking of . the target operation during 2fbank'configuratioh;;the.target'
utilization factor at 2-bank. conflguratzon and-that at: the time of -
emergency are. 5% and - 125% respectlvely aceording to the basic crlterla of
MEA. ' R , _ : A

When one bank ie-in fault -in this Case; roughly'lS:MVA=of~10ad-willwfemain

~ unrelieved as indicated below, prov1ded that this much Toad be ‘relieved
by distribution line.

'Consxderlng that: the mean -load: current to dlstrlbutlon llne 1s roughly
2604, this remalnlng load 1s equ1va1ent to 1.4 dlStrlbUthH line feeders
Therefore, switching-over of this much 1oad to dlstributhn llne_ns-
within a realistically possible range and within a‘levélgé&Using“nq.'g
particular,ﬁroblem?in_view Ofereliabilityuasfwell;:.=?t,us'a-ww.s,‘r'-- |

RS TEE



BAY 1 BAY 2

Normal:

Capacity 0 60 MVA 60 MVA
Load 0 45 MVA : 45 MVA
Utilization Factor 5% 5%

| Emergency:

~ Load 15 MVA w75 MVA

Utilization Factor — O 125%

" This bank configuration is not desirable in view of reliability, although

supply with one bank may be possible depending on load conditions in some
cases; Therefore, any substation-shall basically be commissioned at least
WIth 2-bank conflguratlon

Finally, the 4-bank configuratlon (4x40 MVA} is adopted as a bank
configuration for the 12 kV supply area according to-the basic criteria of

MEA.

This-is a configﬂration-esfablished by téking*into account the reliability

of primary transmission: lxne as ‘well. ..In consideration-that high

_ rellablllty is- requ1red ds-a substation for supply to the .important area

around the Royal Palace, this bank conflguratlon including the secondary'
network system is evaluated Justlfxabie '

As described in Item (2) above, 40 MVA is:appropriate as a bank capacity
in the 12 kv supply ared. Where thP 3-bark configuration is assumed to

_ be adopted;--then the: Joad per.one substatxon is the followlng one:

S (4)

3 x40 X 0. 8 = 96 MVA

The cost advantage will be lost in the case of 3-bank configuration; when

~compared with 128 MVA- in the case of 4-bank conflguratlon

Judging from the above conditions, the 4- bank conflgurat1on shall be
adopted as a de51gn standard for the 12 kv supply area as shown 1n the
basic cr1ter1a of. MEA o

Supply reach of substatlon ;'

“The supply ares;: namely. the supply reach of substatxon 1s also one of the -

1mportant faotors for promotlng a substatlon expan31on prOJect - The

:-,.6.‘;15.35' lf:.



supply reach of substation is restricted due either to the limit of
supply capacity-Of substation or the limit of voltage drop in
distribution line.

In case of obtaining a supply reach from the supply capacity of substation,
that is calculated from the following equation:

| BX Vs X Py XBXN Pr X a
= . :\ —— (km)

TXo Xy r X o
r i Supply reach of substation (km)
Vs ¢ Feeder voitage'(kV) |
Pyt Feeder capacity (A)
p- .+ Target feeder utilization factor -
‘N -t No. of feederé per substation.. .. _
o : Load density in supply reach (kVA/km%) .. . -
y + Diversity factor of distribution line
. Pr ¢ Bank capacity (MVA) . |
‘@ : Target bank utilization factor
According to the above equation, ‘a. radiﬁs of a-model circle is‘obtained
where the supply reach of substation is assumed as the circle centerzng on
the substation, -provided that the load is' dlStPlbUted unlformly

This method is used for studylng candidate constructxon sites of
substation.

,‘7’f Candidate substatlon

constructlon s1tes




During the First Field Investigation, the substation supply reach maps for
FY 2001, 2006 and 2011 were obtained from MEA.

For meeting;the.request of MEA, it has been judged most desirable to

formulate the substation expansion plan on the basis of MEA's plan.

In other words, it has been decided to study the candidate substation

construction sites on the.basis of MEA's olan. Therefore, the supply

reach according to the supply capacity of substation is studied only in

case it has become necessary to construct a substation at any site which

has not been proposed by MEA. -

The supply reach restr:cted from the lower limit of voltage drop is as

listed below according to the basic criteria of MEA:

_ \ 12 kv 24 kv L
Normal - 900V 1,800V 7.5% of service vol tage
Emergency 1,200 V 2,400 V. 10.0% of service voltage

The above MEA‘S values are deemed Justlfxable, Judgxng from the lower
llmlt of voltage drop applled 1n Japan as presented below for example

hormal n 5 10% of servnce voltage

Emergency 10 15% of serV1ce voltage

When an equ1va1ent re51stance is obtaxned xn advance, the voltage drop in
dlstrlbutlon llne can be calculated eas1ly

(a) Equ1valent re51stance ”':f. _
Where one llne and 1mag1nary neutral llne are pleed up as lndlcated
. below for calculatlng the voltage drop 1n 3 phase AC dlstrlbutlon
icllne the current 1s deemed to flow only 1n the voltage llne w;thout

- consxderlng any 1mpedance s:nce no current flows in the neutral llne

-f;.6.;717;};7-¢



E.cos9

Where the power factor of Ioad is cosg based on the recelvmg end
voltage E, then, -

Fr = Eo+1 (cos® — j sme)( R+j"X)' '

= Elz+( IR cose+IX sing ) +J ( IX cose—-IR sing) ‘

"Fven though the terms 1nc1udmg J 1n the above for'mula ar‘e
sufflcxently large, these terms may be dlsregarded in calculatmg an
absolute value of E, as indicated in the vector dlagram ‘
Actually, therefore, the voltage drop xs glven from the followmg
equation, in other words, the AC circuit can be COﬂSldered as 1f a DC
circuit.

e =1 (Rcosg+ Xsing) (V) | | |
Meanwhile, ( R cosg + X sing) = R; ‘('Q.) eah be Obtained }héré'thé
conductor size, line constant and power factor of load are avaxlable in -
advance, then the voltage drop can be given from R o

e IR (M) ‘
In this sense, where (R cosa + X sme) 1s an equ1va1ent remstance of
:the correspondmg lme,'and the value per km lS r', (- r cose + x sm'__ |
), then, _ ' ' ‘
g =1lr, ¢ (V} 2: Distahce (km) _ _
The results of calculatmg the equnvalent re51stance are presented in -
Table 6.3-4. | |



and

(b} Voltage drop in distribution line

Where the current flowing to a certain section is 1. (A) and the outgoing
one is I:{A), then the three phase AC voltage drop is obtained from:
' ' L+ . I, L

e dx () @ e

“~ 4

If there is no load in this section; then,
11_ = 1,

e = . ox L (V)

The dlstance of distribution line, in case the overall voltage drop. in
.dlStPlbUtlon line becomes equ1valent to the lower limit of voltage drop
- specafled in the b331c crsterla of MEA ‘has been calculated on a traal
_basns The results are presented in Table 6.3-5 which is recommended to

be used as a reference for formulatlng the substatlon expansion plan in
future
In other words, the above distance has been calculated where the load is
dlstrxbuted uniformly in the entlre distribution lines and where,

Iz = 0

-and the dlstancelz where the voltage drop becomes the lower-limit value .

of voltage drop has been obtalned

The formulatlon of substatlon expanSLOn plan has been prepared w1thout

| f'_con51derat1on of supply reach of each substatlon due to the lower: 1lmlt

©of voltage drop heresn because of the follow1ng reasons. Namely, any

data was not. avallable pertaln1ng to the toad condltlons in the-

4 e:;dlstrlbutlon llnes by reglons and formulatlon of dlStflbuthH 11ne

: Qn‘expan31on plan lS out of the scope of thlS study 7 e '__
'“dJudglng from overall dlstrlbutlon of load, however, the Supply reach of
- each substation is evaluated to be within the lower limit of voltage
_ drop as presented in Table 6.3-5. | ' |



Table 6.3-4 Equivalent Resis

(1 Bare Conductor

tance

: (Q Nm)
Londuglor Reactlance Equivaienl Pesistance N
Size Resistance 132, 3em 124. fem 132. 3cm Spacing : 124. Gem Spricing
Spacing Spacinge Power Factlor Pover Faclor
(5q. nm) (/%) (£ ’km) ($/%m) 0. 85 0.90. 0.95 0.85 1 0.9 0. 95
35 1. 057 0. 388 0.384} 1.103 1. 120 1125 1.101 1.119 1324
i) 0.540 0. 363 0. 359 0. 650 0.644 0.626 0. 548 0.§42 0. 625
185 0. 20 0. 334 0. 327 0.315 0. 325 0.294 0.343 0.323 0. 263
(DPartially Insvlated Conduclor . N
Conrductor ' Reuctance Iquivalent Resistance =
Size kesistlance 132. 3em 124. Dem 132. 3um Spacing 124, Qen Spacing
Spucing Spucing P'owcr Faclor . Power Factor
(s5q. mm) (§3/km) ($ 7k (£ /km) 0. 85 0.%0 0. 95 0.85 - 0. 90 0.05 -
K5 1. 657 0. 388 0. 384 1. 103 1120 1.125 i. 101 LGl o 1124
0 0. 540 0. 363 0.359§ - 0. 650 0. 644 0. 620 0. 648 0. 642 0. 625
185 6. 201 0. 331 0.327] 0. 345 9. 325 0. 284 0. 343 0.323 0.293
{3)%paced Aerial Cable - R s (€2 /km)
Conductor Reaclance _LBquivaleat Resisisnce
Size Kesistance 22. 86cm 6. 5lcm 22. Bbem Spacing 16: §lem Spacing
S © Spacing "Spacing - L Yower Faclor - ) ) “Poser Facior
(5g. mm) (R/km) (Q/km) (4 /km). 0.85 0. 90 _0.85 0. 85 0.96 0.95
koY CN (1 Co0i2TR) - 0257 Cbhpds - 1.972] . ; 1.091 1 R X B 1. 084
120 0. 305 0. 240 0. 220 0. 386 0. 379 0. 36% 0. 375 6. 370 0. 358
185 08204 0. 226 0. 206 0.250 S0.279) - . 0262 . 0. 279 _0. 271 . 0.2%

Table 6.3-5 Length’ cor_respending to specified voltage drop limit (voltage drop limit-in- 24kv 'supply.'_area: 1,800[V]) .

(1)Bare Cunducl.nr €132. 3¢ Spacinﬁ)

RPN D RS (km)
Conducior Load=100[A] Load=200{ &) Load=260(4] l.oad=300{ A}
Size Power Faclor Power Faclor Poxer Factor 'ower Faclor
(sg.am) | {.85 0. 90 0.935 0.85 0. 80 0.95 0. 85 0.080 0. 85 0.8% [ 0.80 0. 95
35 18. 8 i8.5[ - 18.4 9.4 9.2 3,2 7.2 1.1 1.1 6.2 6.1 .
70 3.9 32.2{ 33.2 15. 9 15. ! 16. 6 2.2 " 12.4 12.7 10. 6 0.7 11. 0
185] - 66.2 63. 9 70. 6 30, 1 31: 9 35. 3 23.1 24.50 271 2000 2.3 23.5
(Xlartially Insulated Conduclor {132 3em Spacing) o . . (km)
Conduc Lo Load=00{A] Load=200{A] Load=260[ A1 " Load=300[A1
Size Power Factor - Porwer Pact()r 1. . Tower Faclor. . . Pover Faclor ..
(sg. mu)| 0.85 0. ¢ 0.95 0. 85 0.9 ~0.95 0.85 | 0.90 0.95 1 085 0.90 0. 95 .
35 18. 8 3. 5 8.4 ..~ 8.4 . 2 9.2 1.2 4l Tl w{ R A
0L 319k 32,23 3320 15e0] UG H 168 a2 2. iz 4l o 12 1her e 1.
£85 60.2 i _63.9 70. 61 3_0. 1 3.9 "33 23, 24.5 27, 20 0 21.3 23. 5
(3)Spaced herial Cable (22, BGLm Spacing) . v - . R o e b (ke
. Konduc Lo Load=1004A] - : Load=200(A] Load=200(A] " Load=300iA1
Size - Power Factor Power Factor ... Pover Factor: .. Power Faclor
| Csa.me)| 0.85 | 090 | 0.95 ] °0.85 [ 090 ] 095" 0.85 0.90° | 0.95 | 0.85 D g 0. 95
35 19. 8 19,98 1801 - 4.9l . B .5 7.6 74 7.3 . 6.6 6. 4 6.3
120 93.8] 548 58. 26.9). - 27. 4 7] T | N T S T BRI A T T ) BRI T Y
185 7.6 74.4F - 79.3 358 3.2 36 275 - 286 3050 2&.8' 248 __a6.4



6.3.2 Long=Term Expansion Plan of Distribution Substations (FY 2016)

Before formulating the long term distribution substation plan, the plan for FY

2016, a final target fiscal year is formulated because of the necessity to

clarify an ideal pattern of equipment states to cover the power demand in FY

9016. Where the pattern for FY 2016 has been determined, the plan by FY 2011

since FY 1997 can be formulated only by yearly developing the quantity-of

equipment matching the sections of demand for the respective fiscal years.

(1)

Reg:onal load forecast in FY 2016

The demand data by regions for FY 2016 should 1nltlally have heen obtained
from MEA. = However,- such demand forecast data by regions for FY 2016 were

not avallable from MEA. |

Such bexng the case, the JICA Study Team carried out load: forecast by 29
blocks of areas according to the method described in Clause 6.2.2. The
results obtained from this forecast ere the demand and increase rate of -
demand by:29 blocks :of- areas.

 The - lncrease rate of demand has been determined: to be used for formulatlng

the pian for FY 2016. . In other words, the demand for FY 2016 -is

: calculated by multxplylng the 1ncrease rate in the respective reglons with

the demand for: the respectlve substatlons for- FY 2011..

Formulatlon of expan51on plan.

A method was adopted to: calculate the utilization factor in: the demand for

FY 2016 is to be suppl1ed on the basis of eQUlpment for FY 2011 and to

study the. substatlons where expansion plans are. needed - AS the equipment -
states’ for FY 2011 constltutxng ‘a-basis:of this study,: .the original- plan
for'FY”2011-formulated already by MEA-is used because of the following

';reasons Namely, it has been concluded possible for meetlng ‘the - request

of MEA to: formulate the- plan on the b351s of MEA'S original: plan.

e'The substatxons requ1red to be -extended are followlng ones:

. 2-bank confaguratlon substatlon where the utlllzatlon factor has
- exceeded 75% of the target value. RERRT '



(3)

- 3-bank configuration substation where the utilization factor has:
exceeded 80% of the target value.

The problematical point at the planning stage of-expansion is-how to:
ensure the reliability at the time of faull in the largest bank in a
substation of & different capacity bank configuration. -

According to the basic criteria of MEA, the reliability is attained by

setting the target utilization factor as.follows as described also in. -

Clause 6.3.1. Formulation policy of distribution substatioo plan above:
+ 2-bank configuration substation
Normal:. 75%; Emergency: 125% N
Switchover load through distribution line:  max.15 MVA
- 3-bank configuration substation |
‘Normal: 80%; - Emergency: 120%
Switchover load through distribution line: Nome

Therefore, the standard maximum load to be sw1tched over through
dlStrlbuthﬂ line at the time of one bank fault is expected to be 15 MVA

in max imum.: ' |
As the substat:ons of different capa01ty bank configuration are in: the

course of expansion, the substation capacity has not reached & final one."

Consequently, it is evaluated justifiable to take into account relief of

load by switching over through distribdtion.lineleven:in the-case;of 3-
bark. configuration substation-with-different_bank_capacities;

Supply-reliability'for-different capacity bank configuration bank - ”"_"

On -the basis: of this concept the ‘level of. countermeasures requ:red 1n:
view of rellabllxty has -been studied wlth regard to the dxfferent _
capacity bank confxguratlon substations. AR i |
The following: three patterns of dlfferent capaC1ty ‘bank: substatxon can be

considered:

© 1X60MVA + 1 X 40 MVA i e
1 X 60 MVA + 2 x 40 MVA
2 X 60 MVA + 1 x 40 MVA



~ The bank configuration of (1 x 60 MVA + 1" x 40 MVA) is:

BAY 1| |- BAY 2
Normal:
Capaci ty 60 MVA " 40 VA
Load 45 MVA 30 MVA
Utilization Factor T5%. 75%
: Emergency:
Load: - <25 MVA “50 MVA
Utilization Factor -~ -~ 125%

The remaining load in this case 'is 25:MVA. ~Out of this much load, 15 MVA
can be switched over through distribution line, but 10 MVA will be left
| not switched over.

In this case, therefore, the normal load should be lowered by 10 MVA so
“that the normal :load is reduced to 65 MVA-in total.
The bank configuration of (1 x 60 MVA + 2 x 40 VA) is:

BAY 1 BAY 2 BAY 3

'iNorhel: o _

~ Capacity - BOMVA  4OMVA 40 MVA
Load  48WA  —  32MA 82 MA
_ Utilization Factor = 80% 'hﬁl 0% 0%
Emergency: SR A | 3
et temA s sswA
*.‘Utiii:ation_Féetor'ff';;a L :12qx g "_ s

'The remalnnng ioad in thlS case 1s 16 MVA Out of thlS load 15 MVA can
be switched over through dlStPlbUthﬂ Ilne, but 1 MVA wlll be left not
switched over. - ' B ) _ _
In this case, therefore, the normal load should be lowered by 1 MVA 50
;_.that the normal load in thls substatlon is reduced to 111 MVA in total

"'f135'i23fﬁ':ﬁ



The bank configuration of (2 x 60 MVA + I x 40 MVA) is:

Normal:
Capacity
Load

Utilization Factor

Emergency:
Load

Utilization Factor

BAY | BAY 2 BAY 3

60 MVA 60 MVA 40 MVA -

48 MVA 48 MVA 32 - MVA

80% 80% 80%

8 MVA 72 MVA 48 MVA:
- 120% . 120% -

In this case," the remaining. load of 8 MVA.can totally be switched over

through distribution_line.
in view of reliability.

-30.-that, there will be no particular problem

When the above study results are summarized,: countermeasures should be
taken for the follow:ng substations:

+ 2-bank configuration substation wherein the utilization factor exceeds

- 75%.

80%.

- 3-bank configuration substation wherein the utilization factor exceeds

+ (1 X 60 MVA + 1 x 40 MVA) bank conflguratlon substation whereln the

Utll]Zﬂthﬂ factor exceeds 65. 0% (excess of 65 MVA)

< (1x 60 MVA + 2 x 40 MVA) bank conflguratlon substatlon whereln the -

utilization factor exceeds 79.3% (excess of 111 MVA)

The preferentlel order of countermeasures to be taken for effectlve

utilization of ex1st1ng substation equipment is:

) Switchover to surroundzng substat:on wlth llghter Ioad through:

dlstrlbutxon llne

| 11) Expan31on of bank and/or 1ts capacxty

ii. ) Construction of new substatlon.' e _f



(4)

Method of transferring between substations

The load for FY 2016 has been calculated by multiplying the load in the
supply area for FY 2011 with the tncrease rate of load demand by regions.

Therefore, the supply area before taking countermeasures in FY 2016 is

the same as that in FY 2011. On the basis of the supply area map for FY
2011 obtained by the study team from MEA, the respective areas have been
divided in terms of a 0.5 km x 0.5 km mesh, and the load in this mesh unit

‘has further been calculated where the load is distributed uniformly: in

each substation supply area. Moreover, the load is assumed to be

transferred on the basis of thiS'mésh unit. Transfer of load between

substations is assumed to be performed freely between all of the Supply

areas, however, it would be impossible to cross over the'Chao'Phraya'River.

Space of bank'expénSfon“

Whether ‘the bank expan51on Sspace is ava1lab1e or not has been evaluated

-based on the followlng concept

With regard to the 89 substatxons;constructed_by'FY 1993, MEA's plan for
FY'2011 has been checked. "As'a results, there is concluded to be no
space for extend:ng the: SUbStatIOnS ‘which are still of a 2-bank

’conflguratlon

As the substations installed in and after FY 1994 have beén constructed
according to the: new basic eriteria of MEA, 3-bank CODflgUPﬂthn is
concluded to be possible for all of these substatlons o

It is assuned possible to construct 4 x 40 MVA substations in ‘all of the

existing substations in the 12 KV sipply area around the Royal Palace.
In addition, it is also assumed possible to expand the existing 10, 20,

. 40 and ‘50 MVA ‘banks to ‘60 MVA banks by adopt1ng new: technology for

(6)

compact type equ1pment and 50 forth

Expan51on plan for FY 2016

' Presented i Table 6. 3 6 and Fxg 6.3°1 and Appendlx 6.3-1 are the’ results

of- formulatlng a substatxon expan31on and constructlon plan taklng into

account the above prerequ151te conditions.

-_The results of comparlng the . f30111ty states 1n FY 1996 and those in FY
' :2016 are llsted below ' ' '



) FY 1996(A)  FY 2016(B) =~ B/A
No. of substations. . o124 192 0 155

No. of barks . 9257 515 2.00
'-_Capaci'ty (MVA) _ 11,645 29,240 2.51

Average utilization factor (%) - 58.9 651 +6. 2%

No. of banks per each substation 2.07 2.68 S

Regardlng the equxpment states of MEA in FY 1996 the average utilization
factor is as. low as 58.9%, and number of banks per each substation (bank
configuration ratio) is as low as 2.07. S
This means that MEA'Ss equipment formation is comprlsed of sllghtly
excessive equnpment _ _ ‘ o ‘
Generally, the 1deai bank conflguratlon ratio is deemed roughly 2.5. In
other words, thls ratio 1s intended to attain a marglnal capacity to cope
with increase of future demand by leaving one 2-bank configuration
substation out of two substations. However, the fact that the bank
configuration ratio of MEA is low 1ndlcates that when should a 1arge
demand have newly taken place, a temporary substatlon with. 1-bank
conflguratlon has been constructed adJacent to the new demand load
instead of expanding the distrlbutlon line to supply 8dd1t10Hal power from '
an ex:stlng substation T _ R h
As any dxstrlbutlon substatlon is olosely related to the situations in the
supply area, such a substatlon is affected largely by the trend of -1oad,
particularly that of . large customers in the area. . -Consequently. the ]
locatlon of substatlon site would become 1nappropr1ate or. the equ1pment
capacity. may become excessive. : . L L
Therefore,llt is. reoommended to .improve the utlllzatlon faotor ofd
substation equ1pment taking into account- the timely - appropr;ate execution
period of the such transmission line and d15tr1butlon substat1on expansion
‘projects. , e _
For reference,_utlllzatlon factor of dlstrlbutlon substatlon in. FY 1996'_.=
~and 2016 is presented.in F1g 8:3-2. '



Fina!ly, the_duantity of cqguipment to be expanded for twenty (20) years

© during the period FY 1997-2016 is as listed below:

Number Installed
of - _.Capacity
Substations O (VA)
New - 68 10,120
" Enlargement 91 6,775

Total 159 16,895




Table 6.3-6 Expansion of Distribution Substétion(compére lo MEA Plan for FY 2011)

Substiation

Expansion Qf Installed .
Capacity
[MVA]

'Transferring load between substalions

1 addition (transferring

load from) [MVA]

decrease (iransferring
load from) [MVA]

Bangkhuprom (BR)

Bangklo (BL)

IXE0 Lo Ix40+IxE0

Nanglerng; 10. 08

Bangkrachao (BC)

XE0 Lo 2x60

Bangna (BG)

IXUD to PX40+IX60

Chalongkrung (C6) |

Klongsanpasamit
(kS

P40+ 1x60 to 2x60

Tubyao; 16. 48

Lardpiakao (LK)

X0 Lo 2X60

Mai-ad (MA)

1x40 to XG0

Muangthong 1{MI)

Muanéthong?; 20. 6

Petchkasen (PS)

IXE041X60 to 2x60

Wuttakart; & 14
Watdeedod; 12. 84

Poojao (PJ)

340 to IXTUHIXE0

Prakanong (PK)

x40 to X610

Sailom (SM)

xED to Bxdd+Ixg0

Samsen (SN)

3XE0 to 2xAP+1x60

Sansab (SS)

IXE+IX60 to Ix4042X60

Sapanmai (SP)

Lumpagshe; 7. %

Silom (SL) IX40 to IxEBiIxE0
South. Bankok (SK) | 1x40 to 1xb¢
Watlieb (WL) IX40 to x40
Ekburi (EB) 1x60 to 3x60 .
Kingkaew (K1) : : Prawes; [3. §°
Muangthong 3(M3) | 2x§0 to 3x80 Muangthong 5; 21§ o
Yenarkart (YK) ' ' Klongpume; {1. 76
Bangshan (Bi) - - Klonggratiam; 21. 0
Muangtihong {(M4) | 2x00 to 3x60 Muangthong §; 21. 6 _
Muangthong §(M5) ’ Muangthong 3; 21. 6
Muangthong 6 (M6E) Muangthong {; 21.6
Muangthong TOMT) | X80 to 360 Muangthong 1; 11, § : '
Nanglerng (NL) | 3x40 to 4x40 Bangkhuprom; 190, 08
Prawes (PW) IX60 to 3x69 Kingkaew; 3. 5

_ ' Krungtepkreeta; 6. ¢4
Tubyao (TYV) 2x60 to Jxbo Chalongkrung;. 16, {8

: - Luangpang; 5. 84

Wuttakart (WR) : Petchkasem; 2. 14
Klongpume (GP) 2X60 to 3x§0 Yenarkart; 41 16 :
Krungtepkreeta o Prawes; §. 44

(KR) Srinakarin; 24,15
Srinakarin (IR) | 2X80 to 3x§0 Krungtepkreeta; 24,15 | B
Watdeeod (WD) IX60 to 3xg0 Petchkasem; 12 §4-
Klonggratiam(GT) | 2x§0 to %60 . "| Bangshan; 21. 0 o o
Luangpang (LG) o o Tubyao; 15. 84

T e

Lumpagshe (LS)

IX§0 to

__iSapamma 1; AT.5 .
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6.3.3 Long-Term expansion plan of distribution substations(FY2001~-2011)

The study team obtained the load data for individual distribution substations
planned by MEA with regard to the regional load forecast from FY 2001 through
FY 2011. ' _
Therefore, the'lohg term plan for distribution substations from FY 2001
through FY 2011 has been determined to begformulatedrby'reviehing the plan
formulated by MEA since it is judged p0551b1e to best meet the request of MEA
when the following requ1rements are taken into account ‘
. It would be p0331b1e to ensure the consrstency with the next short term
plan(FY 1997~2001). | | |
- Since any distribution substation'is_closely related to each 1local load,'any
plan is affected substentially by the trend of load in the corresponding
region. As MEA is most famlilar with the trend of ioad by regions, the
trend of load in the respectlve reg1ons has been reflected most accurately
~in the plan formulated by MEA.

As described also in Clause 6.3.2, the equipment seems to be slightly
excessive accordihg to the plan of MEA, o
Therefore, MEA's plan has been reviewed preferentially in for_ensuring
effective utilization of equipment andfimprovement of the utilization factor.
“Now, let us explain the method: of concretely formulating the lorg term pian.
As descrlbed in clause 6. 3 2, the follow1ng substatlons are requ1red to be'
extended: : :
« Substation of 2-bank confzguratlon wlth the utillzatlon factor exceedlng 5%
.Substatlon of 3 bank configuration with the utlllzatxon factor exceeding 80%"
(1 x 60 MVA + 1 x 40 MVA) bank conflguratlon substat1on w1th the utlllzatlon”:
factor exceedlng 65% (exceeding 65 Mva) . o
. (1 X 60 MVA + 2 x40 MVA)- bank confzguratlon substatlon w1th the utlllzatloni-
Factor exceeding 79. 3% (exceedzng 111 MVA) |

In addrtlon to the above, there are substatlons with 1rregular bankuh;: J_-
confxguratxons accordxng to the. long term plan from FY 2001 through FY. 2011 ;1"'

Regarding the substations wnth dxfferent bank cap301ty conflguratlons, the

countermeasures requ1red for . Pellablllty level are also studled based on a .



similar concept in Clause 6.3:2.

The following three_patterns of different capacity bank configurations can be
considéred:

a) 1 x 40 MVA + 2 x 20 MVA

b) 2 X 60 MVA + 1 x'20 MVA

Cc) 1 x 40 MVA +°2 x 22.4 MVA

a) In case (1 x 40 MVA + 2 x 20 MVA) bank configuration:

BAY 1]} BAY 2} BAY 3
Normal:
Capacity 40 MVA 20 MVA 20 MVA
Load © - 0 U2 MVACL 4 16°MVA - 16" MVA
Utilization Factor - 80% - - —1 80% - - - 80% o
Emergency: R D l‘~3"- : o l
Load ~ 0 o 1B MVA i T 24 MVA . 24 MVA

~ Utilization Factor. —— o 120% o 120%

In this case, as much as'16 MVA remains ds a residual’ load. Since 15 MVA out
of this re51dual load can be sthched over through distribution line, the
remalnder of 1 MVA is left over without being sw1tched over.

In this case, therefore, the substation should be operated while normally
lowering the ldéd by 1 MVA. 7 In other words, the normal load of this
subStation‘Should be 63 MVA. S



b) In case (1 X 20 MVA + 2 x 60 MVA) bank configuration:

BAY 1| BAY 2| |BAay 3
Normal: _
Capaci ty B0 MVA 60 MVA 20 MVA
Load 48 WA 48 MVA 16 MVA
Utilization Factor  B80% 80% 80%
Emergency: _ _ _ l _ l
Load 16MWA T2MVA 24 WA

Utilization Factor ~ — 1206 120%.

In this case, as much as 16 MVA remains as a residual load. Since 15 MVA. out

of this residual load can be switched over through distribution line, the.

remainder of 1 MVA is left over without being switched over.

In this case,-therefOre,'the substation should be operated while normally. -

lowering the load by 1 MVA. 1In other words, the normal load of this
substation should be 111 MVA.

¢) In case (2 x 22.4 MVA + 1% 40 MVA). bank. configuration:

BAY 1|  [BAY 2|  [BAY 3

Normal: _ BRI : : — B Tt

Capacity. S ABMVA - L2204 MVA 224 MVA

Load 32 MVA 17.92 MVA . 17.92 MVA -

Utilization Factor. 80% _1 80% - 80%
Emergency: . o _ i - l

load 14,08 MVA 26.88 MVA 26.88 WA

Utilization Factor . — - 120% _ 120%

Slnce all of as much as 14.08 MVA of residual load can totally be 5w1tched

over through distribution line in this case, there wouId not be any'

particular problem in rellablllty

In concIus:on, the. follow1ng countermeasures should be taken addltlonally in

6-32
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the following cases:

< (1 x 40 MVA + 2 X 20 MVA) bank configuration substation with the utilization
factor exceeding 78.8% (exceeding 63 MVA)

- (2 x 60 MVA + 1 x 20 MVA) bank configuration substatnon With the utilization
factor eaceedlng 79 3% (exceedlng 158! MVA) '

Therefore, the countermeasures should be taken according to the follow1ng
._ prlorlty order snmllarly as descrlbed in Clause 6.3.2: _ |
i) Swltchlng of excessrve load over to- surroundang substation w1th llghter
load through dlstrlbutlon Ilne
ii)_ExtenSion of banks and bank capacity.f
i) Construction of -substations. |

" The design utilization factors of many substations proposed to be constructed
accordlng to MEA'S plan are. low. 'Therefore the study team-has formulated the

long term plan for reducing the number of substations with a ut111zat10n-

~ factor of less than 40% to 1mprove the utilization factor of SUbStatlon

“ equxpment
~ The method of transferring load between substations have been studied
'accord1ng to the method described in Clause 6.3.2.
fMeanwhlle, the plan for EY 2001 has: been formulated prov1ded that there would
be some areas with dual distribution system voltages of 12 kV and 924 KV in
”con51deratlon that the distribution line voltage boosting pro;ect from 12 kV
10 24 KV is now under: 1mp1ementatxon
~Therefore,” the load transfer: plan has. been formulated according to the
following condltxons,.provided ithat transfer of load optionally between- all
ssubstatlons would be. 1mpossxb1e _ ' :
Transfer of load should be performed preferentlally between the substal1ons
*fwlth a same: voitage : : ' SR
. Any load should not be transferred from 24° kV area to 12 kV'area.
;Transfer of load_from_12_kv.area to 24 kV area is evaluated posslble after
: boosting_the'exrstihg_iz kv_drstribution vditage to 24 kV. WS

‘Based -on. the above prerequ:sxte CODdlthﬂS, a substatlon constructlon plan has
'_been-formulated_as indicated in Table_6,3=7. In addltIOH the plans for the"

e



respective fiscal years are presented in Table 6.3-8, Figs. 6.3-3, 6.3-4, 6.3-
5 and 6.3-6, and Appendix 6.3-2. (including FY 2016 plan)-

Table 6.3-7 Constrect Plan of Dis£riButi0n Substetioh__

1996 2001 2006 2011 2016
Planning lLoad [MYA] 6, 856. 23 9,916.95{ 12,850.26] 16.262. 1} 19, 629. 65
Additional Load C[MYA] S 8,060,321 2,933 71 .3, 411.85) 2,767.54
Additional Lopad per annum [MVA] - 612. 06 586. 41 682. 37 553. 51
Increase Rate per annum (%] - 7. 66{" 5. 32 4. 82 3019
Namber of Substations i2a] Hil 167 182 92
Number of Banks 2571 341 S 4041 © 478 - 515
Installed Capacity [MVA) i1, 645 17,545 22, 340 26, 700 29,240
Average Utilization Factor %] 58. 9 86.5{ 7.5 609 65. ]
Bank Configuration Ratic 2.07 2. 28 . 2. 42 i 2,62 2. 68
Number of New Substations - 27 16 15 10
Capacity of New Substations - [MVA] - L8000 2,040 s 21000 1,320
Number of Expanded Substaticns - .| - - | I oo o8
Expanded Capacity (NVAY [ - 2 540 2,155 2, 26_0 1,220
[ncrement |- 5,50 4195 . 430 2540
[ncrement per annum [HVA] .2 1, 108] - 839] _ 872l 508

The de51gn utlllzatlon factor of 56.5% and bank configuratlon ratio of 2 2583

. proposed for FY 2001 are much lower than those in the plans for theother
fiscal years.

It should be .particularly noted that the utilizetioe‘factor'in-aSTmahy as

eighteen substations 'is lower than 40%. This'is because ‘the Voltége boosting

pPOJeCt to 24 KV will be under- 1mp1ementatlon halfway in: FY 2001, thus load.-

,transferrlng between mutual substations would be. impossible. -

The following substetlons, which are located in 12-kV-area 1solated from: other

distribution areas, have .problem in- view of relnablllty 31nce it 1s_'

impossible to back up these substations from other substatxons at the time: of
one bank fault and other major emergency
» Srithanya (YA)

» Thonburi (TB)

Nonetheiess -such situations are deemed 1nev1table durlng the course of |

;lmplement;ng the distribution system voltage boostlng pPOJecﬁ‘from-12akV,to,24-"

IR
TR

KV o0 .




Table 6.3-8 Target for Distribution Substation System Program

(177)

Descriplion

" Installation Capacity [MVA)

2008 (from 1996)

2006

2011

2016

Construction of

Substation
Taiban (TK)
Banﬁai (M)
Dindaeng (DD}
Jatujag (JN)
Kaset (KE)
Klongkum (KG)
Meangthong 4
(M4}
Muangthong 5
(M5)
Muzngihong 6
" (MB)
Muangthong 7
{M7)
Nanglerng (NL)
Patanakarn (TA)
‘Piubpla (PL)
Prawes (PW}.
Prompong (RP)
| sainoi (SD)
| Samyarn (YN}
'2 Satorn: (SH)
| Shimplee (HP)
‘| Sriwiang (SW)
| svanyai (v1)

'1'Suwintaqug (WW)

'_2 Tha-kwian (T1)

| Trokchan (TC)

| Tubyao (TY)

| Watkampaeng (WK)

2X60
2% 60
2% (40)
2X60
2% 60
2X60
2% 60
260
2% 60
260
2% 40
2x60
2%60
e
2X60
2><60

9 (40)

260

| 2X60

29X (40)

260

2X60

25(405
2% (40)

ax60

X80




Table 6.3-8 Target for Distribution Substation System Program

(2.1

Description

‘Ingtailation Capacity [MVA]

2001 {irom 1996) 2006 - 20110 2016

Wultakarty (WR) 2x60
Asoke {AK) 2X60
Banghnasae (HS) 2X60
Bangkaew (BW) 2X60
Bangtalard (TD) 2x 60
Jorakabuo (JB) IX60
Klongna (LA) 2% 60
Land & House 260

(LH} .
Muangtheng -8 2x60

{M8) .
Muangthong 9 2 X860

(M9)
Praramkao (RL) 2% 60
Rajchaprarop 3x60

(RJ) .
Sanampao (NP) 2x60

| sananikon (M) 2X 60
Songsunikom (0S) 2% 60
Srinakarin (IR) 260
Watdeedod (WD) 2% 60
Banghuotong (BT) 3% 60
Bangpleeyai (PY) ZXGO
Klongbangpi (KB) '3:><60
Klongpume (GP) 260
Krungtepkreeta : 3;><60
' (¥R
Thenglor. (L0} 2X60
Tungkru (TU) ' 2X60.
| Luangpang (1G) 2}(60

Nimitmai (NI) 260
Nongyai (NY) 2X60




Table 6.3-8 Target for Distr_ibution Substation System Program

(3.1

"~ Installation Capacity [MVA]

Bhnéping (BI)

| 2X60 103 X60

Descriptiion : _
: 2001 (from 1996} 2006 2011 2016
i Pinkiao {IL) 3%60
Rajchakru (RO 260
Satornlzi (AT) 3X60
Tiamruvammi! (T™) 260
1 Trimit {RM) 3Ix40 _
Bangkruay (GY) 260
| Bangpang (GG) 1o2xe0
Bangpla (AA) 2X60
Klongdan (LD) axB0
Klonggratiam = 3%60
g . {GT)
| Lumpagshe {(LS) - 3X60
| Pongpetch (PH) 2X6)
| Puttamonton (PT) 260 -
Rajdamri (RR) 2X60
| Talingehan (TL) 2% 60
| Addition of
| Substation
© | Bangchaleng (BN) | 1X60 to 2X60 2X60 to 3X60
‘| Bangkapi (BA) - 2X40+ 1%60 to
. . - 140+ 2X60,
Bangkhaen (KA)-: - 1%60 to 2X60 - | "2X60 to 3XE0
1 Bzneklo (BL) ~2x40 to
| L 1X40+ 1X60
Bangkok noi (B0) | 2x40 to 1X40+ 160 to ™ : g
‘ S T X404+ 1X60 1x40+ 2x60 . _
| Bangkrachao (BC) C ' 2x10- to 1x60 1%60 to-2x60-
| Bangmod (BW) | 2X(40) 1o _
B 2% 401+ 1%60 T
Bangna (BG) ~ | - 2x40 to

1X40+ .1X60




Table 6.3-8 Target for Distribution Substation System Program

41

Description

~ Installation Capacily {MVA)

Makasan (MS)
Minburi (MB)

Muangthong 1

(1)

Na-na (NN)

Nongkham (NH) .-

Nonthaburi (NR)

Pakkred (PE)

2X40 to
240+ 1X60 -

1%60 to 2X60 . -

1x40+ 1x80 to
2X60

S 2X20-+-1x40 -ta

2x60
2X40+ 1X60 to
3>560'-.' :

2X60 to 3X60" ..

1X(40)+ 260 to
3x60
260 to 3X60 "

| 280 to 3x60

2001 (from 1996) 2006 2011 2016
Bangpongpang x40+ 1x80 to 2X60 1o 3x60
{PG) 1 2X60
'| Bangpood {BD) 2%80 to 3x60
Bangpu- (BU) 2x40 1o 3XGO
Bangsaotong (BS) IX60 1o 2X60 2X60 1o 3><60_
Chalongkrung 1X60 1o 2X60
(C6)
Chidlem (CLY .. 2X50 to 2x60
Donmuang (DM} . |- 2x40+ IX60 to | 2X60 te 3x60
2% 60
Huaykwang (HK) . | 2%80 to 3x&0
Klongmai (k). - | 140 to 260 | 2x60 to 30
Klongsanameha i 1x40 to 1X40+ 160 to 2X60 :io 3X60
(S0) | 1x40+ 160 260 )
Klongsanpasamit | 2X20+ 1Xx40 to - 1X40+ 1%60. to
(KS) 1 x40+ 1x860 - 260
t Klongsarn {KN) - 2x40 to 2x60
Klongtoey (KT) - 2340 1o 3X60
Klongwatsing . 2X60 to 3IX60
(WG) :
Krunai (KU) ' X404+ 1X{40). to| 2%60 1o 3X60O
_ 260 ' _ ,
| Lardptakae (LK) lXGO_ to 2X60
Lardprao {LP) 2x20 1o |
_ 2x (40 + 160
Lumpini (LN} 4x40 - to
- 3xX404 1X60
Mahamek (M) 2X40+ 1% (40) to
3X60 N .
Mai-ad (MA) 2x40 1o - - | 1%40+ 1 %60 to-
' x40+ 1%60 2X60 )




~ Tablé 6.3-8 Target for Distribution Substatiori System Program

(5/7)

Description '

1nslallalion Capacity [MVA]

2001 (from 1996)

2006

2011

2016

South Thenburi

‘Paknam (PN)

.| Petchkasem (PS)

Phaisingto (P1)
Poajao (PJ)
Prachachuen (PC)

Prakanong (PK)

.| Ramintra (RT)

Romklap (RK)

| Sailom (SM)

Samrong (SR)

:| Samsen (SN)
| sansab (59)

i Sapanmai {SP)

Silom (SL)

-South Bangkok

(SK)

(8T
Srithanya (YA}

SuaﬁSom (50

Suraweng {(SU)

: Thanunihk an

| Wangpetchaboon

(WB)

|Wattied (W)

Bangkae (BE)
Banigson (BZ).

Bearing (RI)

| Examal (EM)

[exburt 68)

1 2X40 to 2x60

1x40+ 2X60 1o
3x60 '

2X40 to.:

%40+ 1X60

2%40+ 1X60 to
360

2x20 to 1x60

2340 to-2XB0 . -

a3%40 Lo

140+ 260
140 to 2X60

%40 to 3X60

1%40 1o -
1% (40)+ 1X80

~1%(40) to 2 %60
(160 10,260
1%30) o

1% @0+ 2x60
180 to 2X60

2x60 to 3x60 .
2x22. 44+ 1X40 - to

1 x40+ 1X60
IX60 1o 4X860

2X60 to 360

3x40 to- -
9x 40+ 1x60
2%X60 to 360

9X60 1o 3X60
1X(40) to 260

1x40+ 2XE0 fo
3% 60

1X(40)+ 1X60 to

3%60

140+ 1%60 to
1x40+ 2x60

2X60 o 3X60

260 - to 3X60 -

- 2%60 to 3x60

2x60 to 3x60

2XB0 to 3X60

x40+ 1X60 1o
2%60

C3XA0 to
240+ %60

2X40 o 2X60

2%40 to i
140+ 1X60

3X40 to

2x40+ X80
2X40+1%X60 to
1 x40+ 2X60

2x40 to
140+ 1%80

3%40" to-4Xx40"

- 2X%60 * to 3X60-

L 2%B0  to-3X60




Table 6.3-8 Target for Distribution Substation System Program- _

- (6.77)

Ghoakiang: (GX) .

~1X60 o 2X60

2%60 to 3%60

2>;60

to 3x60 . s

Installation Capacity [MVA]
Descriplion ~
2001 (from 1996) 2006 201} 2016
huamak (1) IX60  to 260 9x60 o 3X60
fntamara (IN) 2X80 to 360 -
| Jangrom (JR) IX(40) to 2X60 | 2x60 to 3xB0 .
Khotor (KO) 1X60 o 3X60 '
klongmahasawad 2X60 to 3XE0
Rt :
Lardkrabang (LB) 2X60 to 3x6)
Muangthong 3 1X60 to 2x60 2XB0 - to 3X60 -
' (M3) . .
Nonsee (NS) 2X60 to 3x60
Pradipat (PP). 260 to 3X60
| Salnamtip (S4) | 1X60 to 3x60
Sanambinnam (SB) |- 2x60 to IXE0
‘Saorahong (RG) 180 to2x80 - |
South B'angpiee 1X60 1o 260
(0B)
Srieiam (SE) 260 to 3X60
Surasak (UK) X (40) to 2X60
Taweewallana 1X60.  to 2x60
(W)
Thonburirom (TR) | 1x(40) -to-2x(40) |
Tungsonghong QXBO to 3><BO'
(TH) . : .
Yeaarkart (YX) 2X60-10 3 x60 -
Bangbor  (4B) 1X60 to 260 '
Bangjak (JK) 1% {40) to 1X(40) 4 1X60 to
1% (40) + 1x860 3XB0 - : . :
Bangkradee (KD} : ' 2X60 to 3X60
Bangshen (BH) | 1x60 to 260 2X60 to 3x60
Banuai (MI) - 2X60 to 3XB0 7
Dindseng (DD 2XB0- toi3xe0 o |
‘Ekachai. (BC) 1% (40) to 2X60




Table 6.3-8 Target for Distribution Substation System Program

(7./7)

Instaitation Capacily [MVA)

| Watdeedod (WD) *

(2%60

Description :
2001 (_from 1996) 20_06 2011 2016
..iangwatana (JW) | 1x60 1o 2x60 - 2X60 " lo 3%60
Jatujag (39) - 2X60 Lo 3X60
Kasef (KE) 2x60 to 3XSﬁ
Klongkum (KG) 2%60 1o IXE60
Klongprapa (KL) 1.><60 to 2%60 . 2X60 - t."o IXE0
Mi tr-udom (M) {1%40 lo 2x60 | 2x60 to 360
.Muangthong 4 | Z2X60 .lo SXSO
(M) .
Muangthong 7 - | 2X60 1o 3x60
(ND) | : . :
Nanglerng (NL) 240  to 3x40 3x40 to4x40
Patanakarn | 2x60 to 3x60
Prawes (PW) 2X60 to 3x60
Prompong- (RP) 2X60 to 3x60
Sa_miarn (YN) 2x60 to IX60
Satorn (SH) 2%60 to 3x60
Shimplee (HP) 2x60 to 3X60
| trokehan (16} 2X(40) to 3X60
Tubyao (1Y) | 1 | 260 Lo 3X60
Walkafnpaeng () |- o 2X60 tc;} 3x6.0 | |
Asoke (AK) 260, to 3x60
Banghuasae (HS) _zxéo to 3%60
Klongpume (CP) | | | X680 to 360
Land & House ﬁ_:'.  2X60 16 3X60 |
w | o o
Sananikom {OM)- 2x80 to 3x60
| Srmakarin (_I_R);':;_ o 2X60 to 3X60
| 151’3><‘so__ '

=]
e
-
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