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PREFACE

In response to ajtequesf from the Government of the Kingdom of Thailand,
the Japanese Governmeat decided to conduct a Study on Nam Yuam River Basin
Integrated Hydroelectric Development Project and entrusted the Study to

Japsn international Cooperation Agency (JICA).

. JICA sent to the Kingdom of Thailandwa'study team headed by Mr, Tetsuo
Nishigo;i of the Electric Power Development Co., Ltd., from February 1988
to October 1989, ' '

The team exchénged'views with the officials concerned of the Government of
the Kingdom of Thailaud and conducted a field Study., After the team
. returned to Japan, further studies were made and the preseant report was

preparéd..

I hopé.that this report will contribute to the development of the Project

and to the promotion of friendly relations between our two countries.

I wish to express my_deeﬁ appreciation to the officials concerned of the
Covernment of the Kingdom of Thalland for their close cooperation exteaded

to the team.

December, 1989

Kensuke.Yanagiya
: President
Japan International Cooperation Agency
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© UNITS AND GLOSSARTHS

(1) Units

mm T Miliimeter

om H -Géntimeter

n : Méter-

km L Rilometer

e B 'Sauare'ceﬁttmeter

w? : Squére meter

ko? .: Sqﬁare kilometer

m3 : Cublc meter

MCM : Million cubic meter (for development planning)
kg : Kilogram o

e i Metric ton :

m3/s : Cuﬁic”metér per second

kW : Kilowatt

kiWh : Kilowatt hour

ar) : Hegawatt

GWh : 'Gigawatt hour'

kv : Kilovolt

kvA : Kilovolt—Ampére

MQA H MegavoltwAmpere _
MCH ' : Thousands of circular mils (for transmisslon 1line)
"rpm : Revolutions per minuteS': o
‘Yz : Hertz (cyeles per second)

El, : EIevation R

°C t -Degree in centigrade

ub : Millibar

% ¥ Percentage'*

Lu ¢ Lugeon value {rate of water loss from & drillhole)
{ : Liter o : '

1MW 1 1,000 kW

1 GWh : 1,000,000 kith

1 barrel  : 159 [

1 rai : 1,600 m2 _ _ _
gal :  cm/sec? (acceleration of earthQuake'motion)

kine

ci/sec

— v —



{2) Glossaries’

(1)

Tarms

L ONHML
LWL
WL

Uss$
.
ME

hrs

yr
2a.

‘Max.

Min.

cet
otk
CASTM

UHF

VHF

B-C

B/C

e .

-Nﬁ:‘-cmal H_i_.gh Water Level

Lﬁw Hater Level -
Téil Wgtep'Lgvéi :
i’oSt dollar V

: ‘Million Baht

ar . e ' - . e .y T e

ae

"~ Hours

Year

Eachi‘”

'Héximum _

Minihuﬁ."

-Ci?CQiﬁ

Aitetnafiye.éuxrgnt - _
Alufn.inur'u:.:(-}o.n.dl'l-ctorr -Ste.é.l Rei_nforced”
American Standard for Testing and Materials
Catéhment Area

Fiscal Year

Gross Domestic Product

.Eody Wave Magaitude

Surface Wave Magnitude

Internal Rake of Return

Equalizing Discount Rate

- Private Automatic Exchanger

Probable Maximum ¥Flood

Probable Maxiﬁnm“?recipitation
Ultra High'FrequencY '
Very.ﬂigb Ffequency

Net Present value of Sﬁrplus Benefit
Benefit Cost Ratio



{ii) Agencies

ATT
EGAT
EPDC
JIcA
Lao PDR
MEA
NEA
NEPO
NESDB
NiDA
OPEC
PEA
RID
TDRI
TBRD

Asian Institute'of Techhology _
Elect11c1ty Generatlng Authorlty of Thalland
Electrlc Power Development Go., Ltd. ‘

Japan Internatlonal Cooperat1on Agency

Lao PeOple Democratlc RLpubllL

Metropolltan Electr1c1ty Author1ty

National Energy Admlnlstratlon

National Energy Polxcy Offlce

Natiocnal Economic and SOCLal Development Board
National Institute of Development Admlnlstratlon
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Royal Irrlgatlon Department

'Thalland Development Research Instztute
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Development
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GCONCLUSTION "AND RECOMMENDATION

The;Nam Yuam1RivergBasin Integrated Hydroelectric Development Project'con~

JsigtsyofAthe'Nam-Nggo Project and the Mae Lama Luang Project. The Nam Ngao

;Bfoject.is.1ocate¢;on\the Ngao River, a tributary of the Yuam River .and the

Mee'LamajLudng-Project at the downstream stretch of the Yuam River.. This

'FeasiBilityVStudy reveals that both. projects are feasible from technical,

“economic and énvironmental ‘points of view. An outline of the conclusions

and recomméndations are given below.

Conclusions

“The ‘glectric power demand in Thailand showed an annual growth rate of

R pefcént5in71938:aé a result of fapid industrialization. ‘It is

'"”predlcted that hereafter, from 1989 ‘to 2001, there will be ‘growth at

© an annual rate of approx1mate1y 8 percent ACcordingly; the peak

--demand “in 1988 of 5,444 MW would become .15,112'MW in 2001, and there

will be a necessity for new facilities of approx1mate1y 800 MW, every

© . year.

~demand ‘6f - the: northern part of Thaxland. "In order to supply reliable

At“present;:pract{eally 0’ power source exists to meet the peak

electrlc power in the- future correspondlng to industrialization of

“northern Thalland,_lt 15 necessary-to develop hydroelectr1c power
' statidnefeapablefbf*CEping with - the load ia this area (Region 4).
“The Neﬁ'Ngno and-Maé Lama Luang projeéts are extremely promising as a

part of ‘the ‘power 'sourdes needed to cope with the abovementioned

inc;ease.in demand and as power sources to supply the peak load of

northern Thailand.
“Furthermore; the ‘electrie power demand and supply situation of Mae
*Sariéng digtriet, whieh"isla”méjor'tOWn close to the projects’ area

“and ‘isolated’ from EGAT - transm1331on network ‘can be improved because

”’the area will’ be connected ‘to 'thé EGAT transm1531on network by this

L Integrated Development’ PrOJect

3y

From the pOint of ﬁiewfof developing and utilizing the Yuam River

Basin in the most effective manner, it will be advantageous to deve-

CR -1
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(6

lop the power statione”tﬁ”an”iﬁtegtated'fdfm rather than to develop
them individually (Nam Vgao Project: 'lﬁo'ﬂﬁ? Mae Lama Luang Prejeet:
160 MW; total: 300 M), In this casa,- the optimum development ecale
is 140 MW for the Nam Ngao - Project and 240 MW for ‘the Mae’ Lame Luang

‘Projeet, a total of 380 MW. The -annial energy preductions frem these

projects are ~318 GWh and 617 GWh;, respectively}'-for a ‘totai“fof.

) 935 GWh.~

It is desireble to eommence operation of the two projects at the

earliest, and it was considered that this is in the year 1997.

Further,  in the case  that 'the simeltaneous- develepmeut ig not
possible,.the Mde T.ama Luang project should be'impiemented-firet;-
The reason is that "when the. cost of ‘the transmiesiee 1ine'of a

length of approxlmately 200 km, and- the economics of the projects ‘are

-eeneidered ‘the Mae Tama Luang Project ie fat superior to the Nam

Ngao' Project.” . In other words,'even 1£. development . of .the Nam Ngao

Project were to be greatly. delayed. beeause of a sudden change in the
energy situation, it would.norb. affect the economics of the Mae Lama

Luaeg_Project-which is to be started first._r'

The project costs of the two schemes including import duty, interest

- during construction and, escalation up to 1997 WOuld be 6,470 million
_Baht,(US$249imillion)‘for,phe_ﬂam_Ngao)Project,‘8,3507mi11ien Baht -

(Us$321. nillion} for the Mae Lama;Lueng'Pfojectr_aitqtal of 14,820

:Jmillion ‘Baht. (US$570 million) The . project costwa'the Ham Ngao
-;projeet 1nc1udes the transmission line cost between the _power- Station
~and the Mae Sariang substat1on,'and;the eost_qf_the_Mae_Lema Luang

_project includes the transmission lineVCOst,Betweenafhe power station

and the Chiang Mai 3 substetien;e

The net present value (djscount rate 12 percent) of surplus benefit
(B - C), benefit-cost ratio. (B/C), and equalizing discount rate (FDR)
of the integrated development project obtained. from economic com-.
parison of the ‘hydroelectric power. stations and -an. alternative thar—-

mal .~ plant ..are: . .950 milllon Baht, 1,13 and - 14 02 .percent,

respactively. These values indicate that the - lntegrated developmeut

of the projects is ecoenmieally feasible.

CR - 2
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The results of the evaluation of FIRR and the debt service ratio in

the financtal analysis are 13.39 percent and 2.43, resﬁectively._
It can be concluded fhét the Pfojeéf {é;financially sound.

Giving .consideration: to factors such - as . geology,  topography,

construction materials, earthquakes, etc., a fill type dam is

 §éieéféd?f6r3Bbth'théfﬁamnNgab'and:Maé Lama Luang dams. The gedlogy

of the both dam sites consists of sedimentary vock of Mesozoic to

'?aiéﬁédiciéra.'rnTheigediogy:of the dam sites is sound with ample

bearing strength and with low permeability, therefore no problems

. shogldrbe_epcquntgré§, 'EqﬁHQation tock having high perméability were

found in pafﬁs of the sites. However, .they can _be,_improvéd by
appropriate foundation treatment, As mentioned above, there are no

technicali'problems which' would. influence the realization of the pro-

“sjectss In conclusion, both of the projects are techrically feasible.

(8)

There'are'many villéges located at the dppermoSt reaches of the Mae

Lama Luaﬁg reservoir, and a high water level of 165 m was selected

‘giving consideration to hold to a wminimum the number of houses to be

" submerged. Further, by restricting the water ievel of the reservoir

‘:during.thé-floodvséason to 163 'm, this would mitigdte flood damages

(9)

-(10) -

to upstrean villages.

‘Potential resettlement’ areas identified on the left bank of the Yuam

river-withiﬁ_Subwdistrict.Sop-Hoei-assuming'a'possibility:that all
the ~“households  of -a2pproximately 500 in the three villages to be

affedtéd by the reservoir would remove into resettlement areas.

The projects are located within national reserve forests. The tropi-

cal forest is-of ﬁropicalfrainforest, mix-deciduous’ forest, and dip-

,terqéérp-foreét depending on the rainfall distribution‘in'the project

'ﬂbasinf. Wild -animalsy rép;iles; birds and fishes can be séén in the

basin.. Environmental mitigation cost 1s included in the project cost

g0 as to reduce the énvironmental impact as little as possible.

As _aforementioned inl(S),-(9) éna (10, the projects are prelimi-

narily feasiblé_from an environmental point of view.

CR.—-3
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Recomimendations

The Nam Ngao. Project and the Mae Lama Luang Project in the Nam Yuam
river basin gshould be developed as. an 1ntegrated deveiopmenr project

to achieve the most ‘effective utilization of the river, .

It is necessary for bcth the Nam Ngao Project and the Mae Lama Luang.
Project to be advanced to the stage of definite etudy in order that

the projects are implemented according to the commercial operation'

A_schedule in the year 1997.

Before” starting the definite study, ‘the following additional investi—

gations are recommended-

—~ For ‘the.definite study and to confirm themwatertighthess of’ the dam

- sitesy detailed field in#estigatien of the ridges of both banks and
foundation of the Nam Ngao dam site, and of the right bank of the

Mae Lama Luang dam ‘site should be performed. -

- Investigation: of available:conetruction materials-and blending test
- . of the core material should be performed. . The blending'test'has the
purpose of economically improving the quality of the impervious

materiel.

- Detailed investigation .on the Meei—UthaiiThani-faultfnear'the'preu
-ject  area shouidﬁbe:conducted in the' field, end'the.eerthquakes

should be recorded at'the=dam's{te and the surrounding-area;

- On the assumption that the project construction wcrk will be awarded

on an. international tender, a concrete facing tockfill dan * 1s

selected for. the Nam Ngao dam from am economic viewpoint. Final

decislon, however, should be made taking into accountftheaconstruc-
.tion ‘capability of local contractors and the :policy - of. Thatl
Government. - B ' ' : ' '
-~ Detailed further .euyircnmental investigation on water quality,
merchantable wood, fish cultivation;ftouriem resourcaes.and potential

resettlement areas: should be performed.

R~ 4



General Project Description of Nam Yuam River Basin -
Integrated Hydroelectric Development Project

'Project Nane

NAM NGAD

MAE LAMA LUANG

2.

"3,

| 1._LOGATION TR

PURPOSE

'HYDROLOGY

C#tchmeut Avea
Period of Runoff
Analysis

_Average Annual

Inflow
Flood

.. - —.Maximum Record

"' 'Probable Maximum

. Flood

RESERVOIR

Normal High Water
Level (NHWL)

High Water Level °
During Flood Season*
(HWL)

' Minimum Water Level

Total Storage
Gapacity ' _

Effective Storage
Capacity at NHWL:

. Surface Area at ;

ML

DIVERSION TUNNEL

Dlameter
Length

Caﬁgciff‘

2 |
YTS:

MM

n3/

k Ngad Riyer-

| Teibutary of Yuam
‘River

District King AmphOP

- {:Sop Moel

MCM

w3/ ]
. sed

n3/

MCM |

kn? .

sed

1 province: Mae Hong Son

Power Generation

835
28

1,366
- 770

‘ (éstimated)
2,100

- sed

270.0

255.,0
925
329°

24,2

7.0
-702;
658"
940

No.l
.No.2

Yuam River

District, King Amphoe
Sop Moel |
Province: Mae Hong Son

Power Genervation

16,030 -
28

2,948

1,180

5,200

165.0
163.0
146.0
486
252

19.2

.;' 9 nO

818
675,
1,780

No,1 ..
No.?2

CR -5,




Project Name

NAM NGAO

| MAE LAMA LUANG

6. DAM
Type.

Dam Height .
Crest Flevation
Crest Leugth -
bam Volume

Upstream Face Slope
. Downstream Face Slopd

SPILLWAY
Type
Capacity

Number “of Gatea
Size of Gate

POWER INTAKE

Type

§111 Elevation
Number of Gates

9. HEADRACE TUNNEL

Type

Number
Inner Diameter
Length

10. PENSTOCK

Type

Number -

Inner Diameter

Length (including
bifurcation)

Bifurcation

~ Dianmeter

- Lengih

w3/
sed
set

set

Chute with Radlal Gated

‘Wideh 13.5 x Helght 14

“Inelined Secreen with

nance Gates

Rockfill Dam with - -
Concrete Fadiag
123
127345
3,380,

L.
1.4

os. ow

1
1

2,100

5

Control and Mainte-

1

Concrete Lined
Pressure Type
' 1.
T4
S 204 .

Inclined Shaft
Embedded Steel °
1 -2
7.4 - 3.9

525

650 ~ 3.9
0

I nance Gates

Pressure Type "

Rockfill Dam with
Vertical Clay Core
- 119 '
"168.0
355
3,820

1 : 2.0
17t 1.8

Chute withlgadial Gatesg
5,200

SR ;
Width 12 % Height 15 -

TIrclined Screen with
Coutrol and Mainte-

<-120,5
1

Concrete Lined: -

1
846

-~ Inclined ‘Shaft
Embedded Steel

1 -3

8.6 U4

337

7.4- 4
A

T 43
gy

CR - 6.



,Project“Name

' NAM NGAO

MAR LAMA LUANG

11, POWERHOUSE
Types o - Outdoor Outdoor
Size (Width x Leagth| m 36 % 58 % 35.5 39 x 83 x 38
x Height)
Tailrace Gate o ' _
- Type - Roller Gate Roller Gate
= Number set : 2 2
12, TURBINES
Type - ‘Vertical Shaft Francis | Vertical Shaft Francis
Nuniber of Units - - 2 2 R 3
‘Max, Gross Head m 107.1 98.0
Rated Intake Water m 264.0 157.0
Level L o -
Rated Tail Water - m 162.9 67.0
Level R .
Gross Head m - 101.1) 90.0
Normal Effective Head m - 96.1 85.0
Max. Power Discharge | m3/ 85.0 110
o 1 sed
Rated. Output MW 72 83
Revolving Speed rpm 231 200
13. GENERATOR
Type o 3-phase AC Synchronous | 3-phase AC Synchronous
Numbgér of Units: 2 ' 3 '
Rated. Qutput. MVA 78 S0
Voltage ~ kv 13.8 _ 13.8
Power Factor - 0.9 (Lag) 0.9 (Lag)
Frequency | Hz - 50 - 50
Revolving Speed ‘rpm 231 200
14. MAIN TRANSFORMER
Number of Units uniy 2. _ 3
TIype } = 1 3-phase Qutdoor Type 3-phase Qutdoor Type
Capacity MVA . - 78 90
" Voltage 34 115/13.8 230/13.8

CR = 7




Project Name

. . NAM NGAO -

" MAE LAMA LUANG

15.

16.

SWITCHYARD

Type

Noﬁinal'?oltage _
Number pf Circults

TRANSMISSION LINE

Location

Nominal Voltage;

" Number of Circuits

17,

i8.

Mae Sariang Sub-
station :

Location

Type
Humber of Circuits

Nominal Voltage

POWER GENERATION

installed Capacity

Annual Energy ProducH.

tion _ :

Annqal Capacity
Factor

Ky

cct

kv

cct

kv

Conventlonal Type

115

To Mae Sariang
Substation

115

2

Mae Sariang
Conventional Type

230 kV x 4 cct
{to Mae Lama Luang
P/S: 2 cct to Chiang

 Mai 3 8/S: 2 cet)

115 KV % 2 cct
(to Nam Ngao P/S)
230, 115

140

301 (318)

1) 2).
25.9

5Fg Gas Insulated
Switchgear Type :
230+

-

To Chiang Mai 3-
Substatioun through
Mae Sariang Substation

230 ¢
9
240 -
380 R
583 (617)
T )
884 (933)
1) 2)
294

CR - 8




Project Name NAM NGAO - MAE LAMA TUANG
'19. PROJECT cosT 3) MR 6,470 (249) 8,350 (321)
(MUS$) o 14,820 (570)
20, ECONOMIC COST Mg 4,028 (155) 5,103 (196)
- (Mus$) 9,131 (351)
21,_Economicsf
B-C - lmp 950
B/C -1 1.13
EDR |z 14,02
FIRR - % | 13.39
22. CONSTRUCTION PERIOD | yre. 5 : 5
23, COMMISSIONING | 1997 1997

Note: 1) at the eatrance of Chiang Mai 3 substation
'2) at the generating end _
3) * including price contingency (escalation) and interest during
- construction -

CR ~ 9
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CHAPTER 1 INTRODUCTION

1.1 Backgfound of Project

Thailand 's ecotomic growth rate 1n: 1988 was marked at 11%, being pro-
.mihentaémOng'Asian_devéloping nations. Particularly, the growth of

its indust:ialﬂsector was siguificant.

 The ins;#iied capécity of eléctric .power generating facilitles in

';_Thailahd 353_7,771 M in 1988.; Composition of bﬁﬁer sources consisted
6f_2,256.Mﬁ in'hydro_plénts (29;0%) and 5,515 MW in thermal plants
(71.02).

The rates of average annual increase of EGAT's power and. enefgy
-generation for the five years from 1984 to 1988 were 11.1% and 10.92
fespect1Ve1y, The rates increased in 1988 by 15.0% and 13.5% respec-
tively. The rates of increase of future demand will decrease gra-
dually to be 9.9% and 10.5% in 1992, and 6.8% and 7.2% in 1997. After

'.1992, the'annual iacrease of demand is considered.to be about 800 MW
and about ‘5,200 GWh respectively. Therefore, new power plants having
a capaéity.pf 800 MW should be implemented every yeaf.

The_Thai Government has. a policy'of utilizing indigeneous energy sour-
ces: such ‘as natufal gas, lignite, hydropower ete., while suppressing

the'incfease of oil importation-as much as possible.

In the-view of- the policy situation meationed ahove, hydroelectfic
power'reéoufces development in Thailand haé beeh carried out through

_ -large-Scale prbjeéts such as the Bhumibol.Dam (535 MW) on the Ping
B river,'fhé.Sirikit Dam (375 MW) on the Nam river, the Srinagarind Dam
(540 MW) bn the Qﬁée Yai river, the Khae Laem Dam {300 MW) on the Quae
'Noi:rivef'add theuRajjaprabha Dam (240 MW) on the Khlong Saeng river.
As a result of these developitents, it may be that the remaining
possible largé;scalé ﬁydrdélectrié-éower resources are 1imited_maiﬁly

. to internatiénél rivers such as the Mekong river énﬂ the Salawin
river, existing aleng the borders. However, the Mekong river projects
include 1nternationallchdﬁpiicated factors, so ﬁhg;:it'is very hard

to imagine that the déﬁéldpment'will'be realized in the near future.



Under such circumstances, keen attention has been focussed recehtly on
the Yuam viver basin, a tributary of the Salawin river, and studies

for its development'haﬁe been carried out in racent yeafs;

The Mae Lama Luang project was studied on the féaéiﬁility:étudy level
in_19843 Later, ia 1987, a.prospective project called Nam Ngao pro-
“ject located upstream of.the-Mae-Laﬁa=Luang project was revealed in
the "Magster Plan Study'of'Nam Yuam River Basin". Since these two pro-
jects profoundly affect eacﬁ other and the Yuam river can be ucilizéd:
more effectively by intégt&féd’dé#eldpméﬁf‘th&n’b& 1ndividual &evelop-
ment, a feasibility study on the integréted'devéiOpmént“df.the Nam
Ngdo and Mae Lama Luang projects’ was féQﬁested”‘tb'Lthe Japanese

Government by the Thal Goverament in 1987.



1.2 Objective and Scope of the Study.

1.2.1

1.2.2

1.2.3

- Qbjective of the Study

The main objective of the study is to formulate the optimum develop-

meant scheme=fqr the Lntegrated hydroeiectric projects between the

'Mae'LamafLuang and the Nam NgécfSites.- Thus, it”is'neCessary to

asséss téchniéal,feﬁvironmental, financlal and economic aspects of
the projects, and to determine the sequence of development for both
projects, In additlon, technology transfer to Thal countérparts is

cartied cut during the study.

Scope of the Study

The. study éoééfs the formulation of individual  development and
integrated development plans for the Nam Rgab ﬁfbject énd the Mae
Lama Lﬁang prdject at the feasibility study levei. However other
projects studied in the Master Plan, except the Mae Lama Luang and

the Nam Ngao projects, are aot included in the study.

_Contents of the Study

The atudy is carried out in two stages, the Investigation Stage and
the Feasibility Design Stage., The stages correspond to the progress

of the invesﬁigétion. The contents of each stage are as follows.

'Iﬁvestigation Stage:

° Collebtion and review of all relevant existing data, reports_and'

information on the project.

¢ Formatidn Qf'alternative development schemes based on the existing

-data.
Feasiblility Design Stage:

° Finaliiatidn of the project based on the results of the study in
the’ Investigation - Stage and up~to-date information, including
environmental'dataa -Confipmation of the project's viability from

engineering; economic and environmental points of view.



1.3 Existing Reports

- The following studies have been conducted up to. the present  and the

reports below are available,

(Report 1 :
Feas1b111ty Study on Nam Mae Yuam Hydro~e1ectr1c Power: Development

Pro;ect (March 1984 JICA)

'(Report 2) o C e .
‘Master FPlan Study on Nanl'Yuani.Rivér ‘Hydro-electric bevglopment
Project (March 1987, JICA)

{Report 3)
Nam Yuam 3331n Integrated Hydroelectrlc Pro;ect, Work Progress
Summary (November 1987 EGAT) ' T '



1.4 Activities of the Team in Thailand and Participants Coucerned
4.1 Activities-of the Team in Thailand

,;Sevgral;acpivi;ies were qarried out in Thailand by the JICA Team
during the study period from February 1988 to December 19838 as

follows; .
(1) First questigatioq_Wng '
| Period:*;?ébrdary.29 ~ March 29, 1988
Kggjisﬁi;sg.Disé;ésion Qn,Prﬁgéesé of the froject
Pgriod; _Adgdsﬁ‘i6 ;‘QS,KJQSS
(3) Seconﬁ-Invéstigatién Work
._Périqd:;.ﬁo§egbef.ib ;_Decémﬁer 20, 1988.
(4) fﬁi?4 ih§g§£igat;oﬁ'work'f'
- period: February 15 ~ Mafch"7; 1989.
(5) Second Disééssion ontérogreés of.ﬁhe Project .
Pefipd; Jgﬁg 21'4125,_1989_
{6) Forth Investigation Works-
'Pafiqd; August 2 - 16, i989;
" (7) Discussion on DféftyFiﬁél'Ré?;rt

' © Pericd: * October 17 - 31,1989

1.4.2 List of Participants

The following participants were luvolved in the feasibility stﬁdy.



EGAT

Name
Mr. Sommart Boonpiraks ‘'
Mr. Taweesak Mahasandana

Mr, Wuthi Poonudom

Mr. Chalermchai Ratnarak
Mr. Prasit Srisaichua
Mr. Kitti Naparaxawong

Mr, Chamnan Thanakorn

Mr, Somkid Vuthicholthee

My, Manop Mamowat

Mrs. Suphawan Klaipongpan

‘Mr, Plew ChittraKarn
Mr. Niwat Patanasemakul
Mr. Opas Kietsirikul

Mr. Songpan Panvanich
M. Peerawat Pumthong

Mr. ?anong Vivatlananon
Mr. Nlpon Plenpucta

Mr. Chutha’ Promchlnavongs
"Mrs. Siriluck Srivichit

Dr, Virawan Sombutsiri

Mr. Prakob Dhienhirunya

‘Position

:A531stant General Manager“Hydro Power

Development
Dlrector, Hydro Power ?nglneerxng
Department

Dlrector, Survey and Ecolony Department,

';ASSIStant Dxrector, Hydro Power

Eng1neer1ng Department-Technical

Chief, Water Resources Planning and

Development Dlvlslon _

Ch1ef Meteorology and Hydrology
DlVlSlOﬂ

Chief;'Sprveytbivisien
Assistant ‘Chief, Water Resources
Plannlng and Development D1v1slonl

As51stant Ghlef Survey D1v1s1on

“_Ass1stant Chief, Geology.and Soil

Engineerlng Division

" Head, 'Geology*Sectlpn:".

Englneer Level IX - 7

Head Photogrametry SECElOﬂI

Head, Nam Yuam Development Prdjéctt
Section ' '

Assistant Heed"Water Resources .

Development Sectlon

Geologlst

;Head,;Powerhoqee and'St:ycture Section

Eﬂgineer

Sc1entlst

A531stant Head Env1ronmental Evaluatlon

-,-Section

Chief, Power System Plannlng DlVlSlOH



Mr. Thawat Pinta Assistant - Head, Transmission System
Planning Section

Mr. Payak Ratnarathorn Chief (Formner), Water Resources Planning
and Development Division

Mr, Ryuichi Abe Expert of Colombo Plan

Mr. Kenji Yokokawa Expeft of Colombo Plan
JICA
Name o . ~ Position

Mr. Tetsuo Nishigori - Team Leé&et
Mr. Junichi Tani Civil Engineer
Mr. YOsﬁio.Kishida Civil Engiﬁeér.
Mr. Senzo Hakoéhima . Civil Engineer
Mr. Takashi Mimura .Civil.Engineer

CMe. Takayuki Niimura Civil Engineer

‘Mr. Hirotoshi Sado Hydrolegist
Mr. YoZo-Fukutake ' Gedlogist
Mr.;Kazﬁhisé Takeda - Geologist

V_Mr. Kaname Sofue : Geologist
Mr. Tadashi Takayanagi - Electrical Engineer
Mr,'iosuke Suzuki - Electrical Engineer
Mr. Akiyoéhi Noda Environment Enginéer
Mr. KeiKKitamura : -Environment Engineer
Mr. Masahide Takafaya FEconomist
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CHAPTER. 2 . GENERAL STTUATION OF THE KINGDOM OF THAILAND

General

(1)  Location;and_Area

Thailand 1s situated in between lat, 5° 36" N and 205 24'N,.and

in between long. 97° 14' 'E and 105° 41' E, 1t is bounded by Lao
PDR In the north and the east, by the Cambodia in -the east, by
the Federation in ﬂalaysia in the south and, by the Union of

h Myanmar in the west."

Intetnatipnal ;ivers-fotming the boundaries with the nelghboring

countries are the Mekong river for Laos, the Salawin river and

. the Hoéi;riVer for Myanmar as shown in Fig. 2-1.

The toLal area of the country is 513 115 ‘km?. The area of the

farmland is 199 088 kmz and accounts for about 40% of the total

area, Main rivers and mountain ranges are shown in Fig. 2-1.
Climate

A"climate of'Thailaﬁd is diviﬁed'iﬁto_three.36330ﬂ81 a faiﬂyr

geason, cool season and hot season.

The rainy_éeason starts from around the niddle of May when the
south~west monsoon starts:to blow, and ends.around the middle of

Ocﬁober'in the northern region and in November in the southern

reglon.” In the rainy season, there is a shower lasting for one

to two houts almost virtually every day, Especially it rains

heavily in September.

The season from the middie of Noveﬁbef to February is called cold

season which -is affected by the nOrth"éast mohsoon blowing 1in

whole of thp Thailand; Due to the monsoon the temperature in

'Bangkok faus to 15°C at. night.

. The sgeason covering'the three_months from March to May is'called:

the hpt geason while it fs the hottest time of the year. Ag the

north-east monsoon wegkens in this season and the sun moves from
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the equator to above Thailand, the temperature rises, becoming
especially very high in April. It reaches almost 40°C in April
1n Bangkok. ' ‘ S

Annual ralnfall is around 1,300 mm in Eangﬁok, 1,200 mm'in-Chiang
Mai of the northern part, 1,100 as in ‘Khan ~ Kaen ~of the
northeastern part and 2,000 mm in Hat Yal of the southern part of

Thalland.

Pdpulatton-

The population of Thailand as of Decémber 31, 1987 1s-53 873,172
and has increased by 900,000 persons or 1.7% compared with the
end of 1986, ~ The populatiou of the Rangkok metropolitan area is
5,609,352 “and has increased by- 140 000 persons. or- 2,57%: - The
population of the~Bapgkok'area'accounts for 10.4% of the total

population, The relative density of p0pu1ation is 105 and'3,584
persons/km? for the whole of Thailand_and Bangkok, respectively.

Government System

Constitutional monarchy has bnen established in- Thailand in 1932,

The present constltution was promulgated in Decenber 1978 and its

" major points are as followq

° Thailand is a Kingdom having a king as a sovereign.
° Soverelgnty rests with the people.

® Freedom of religion, speech, xpﬁblication, _association,

formation of political parties and COr;éspondence,

° Support of the democratic form of divérnment':énd obligatlion
of military service based on the nation, religion, king and

constitution,

® parliament with a two~chamber system (members of the Upper'

House: appointed, the Lower House" publicy~elected).



° promotion of party politics (members of the Lower House

must belong to parties).
° Gabinet cousisting of a prime minister aad winisters of state.

The 'érganization of thé}'gdvérnmédt consigts. of one Prime
Minister's office and thirteen Ministries. The organization
chart is shpﬁn in Fig. 2-2, |
The organizéti6ﬁfb% the IdcalIQOVGrnment 4s seen in the figure
belowﬂﬂmﬁinly conéiﬁtsj”of';ﬁProvincé " (Chaagwat)", "District
(Amphée)ﬁ,f "Pown '(Tambpﬁ)" and ."Villégg_ (Mo Ban)". These are
 updét the supervision of the centfgl goﬁernment. Governors of
' the _pfovinceg, are appéinted. By .the Minister of Interior.
Howéve%, fhé governor of.the Bangkok metropolitan area has been

1 Vpublig?—elched sinég 1985.

Orgaﬁization_éﬁart bf'chél Government
_ ji:érime Migister ]' 3
[Zmiﬁister of Interiorxj

Province [ Changwat ]

‘Pistrict | Amphqe 1

Town - [ Tambon ]

Villagg { Moo Ban ]



LEGEND
_m Mountgin Range

River

Pattoni River

Fig.2~1 MAIN RIVERS AND MOUNTAIN RANGES -
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Fig. ‘2~-2 Organization Chart of Central Government
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2.2 Econonlcs

2.2.1

ey
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'Outline of”Economics

With plenty of arable land, natural resources and a large labor

_force, the economy of Thailand in the years following World War

1ir developed.steadily achieving a high economic growth rate

while diversifying 1ts industrial structure. Till the
.mid—IQSOS, its per~capita GDP was only $80, a figure dwarfed by

the $900 or so of today's GDP per capita. Thcugh the income

_1eve1 is still 1ow-and the regional variation of income not

small the fact is that Thai economy tided over the oil crisis'
and other jolts and unwaveringly grew. Tt is now touted as the
most _likely conntry to be a new member of NIES (Newly
Inddstrializing Ecnnomies),_ tne group of countries in Asia

whose economic status has markedly risen in the recent years,

Factcrs contributing to this success of the Thail aconomy may be

fnund'in-its fléxibly constituted economic structure, capable
of readily' adjusting itself to changes, . and in the econowmiec
policy sustained by the government._. The basis of Thai economy
is agriculture and this fact cannot be ignored in essessing the
economic aspect of Thailand today and in weighing the role Thal
agriculture has played and is playing. About 70% of the
people, who derives their livelihood from agriculture, still
account for a sizable portion of the national output and

exports; though thelr productiﬁity_can_hardly.be said to be

high by world standards. Diversification has been taking place

to increasingly eclipse the mainstream produce, rice, by such

products as’ maize, cassava, gugar cane, etc., thus paving the

' way for growth of agro~industry, nurtured by the .rich variety

of agricultural produce that Thailand is capable of turning

ocut.

" 'The *share of  agficulture in “Thatland's national economy,

hbwever,'ﬁas been sﬁrinking, in relative terms, as manufac-

'turing industry kept steadily expanding to increase its share.

In.1987 primary ‘industry’ accounted for 19/ of GDP and manufac-~

tnring and comstruction industries ‘combined accounted for 29%.
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In the export area, apparel became the. top export item by sur-
passing rice, and Jewelry, gems and personal ornaments took

higher places in the list of Thai exports. B

Procesalng and maeh1n1ng serv1ces rendered to forexgn manufao—

" turers .is contrlbutxng measurably to Tha1 export performance.

Besides all these, bu51nessmen from Japan, Talwan and other
countries are flndLng a pr0m151ng place of business  in

Thailand. ThEIr hlgh—valued currenc1es, notably the Japanese -

Yen, are g1v1ng meetus to the 1nflow of capltal 1n the form of
_forelgn manufacturers settlng up plants end shops in Thalland

© This trend, often appearlng llke ‘an 1nrush of 1ndustr1a1 funds,

is'ILkely to fuel the 1ndustr1allzat1on of Thailand for many

“years to come and to induce a change, 1f not a rad1cal change,

in the economic ouLlook of Thazland.

The economic policy 1ong pursued by the Thai government may be
viewed as’ be1ng characterlzed by enlxghtened _coneervatlsm

founded on free enterpr1se but preferrlng ba]anced expansion to

“high-pitched economic growth. Dur1ng the per1od from the fxrst
‘e¢onomic development plan: (1961 1966) to’ the current 6th the

'government restricted 1ts econ0m1c role to that of develop1ng

the’ soclal cap1tal namely, the transportat1on network publxc_;
utiliries, housing, etc. 1t took a. cautlous stance on the
launching of 1argesca1e development pro;ects whlle aiming at
fiscal balance and refra1n1ng from rash overseas ‘borrowing.
Unlike many develop1ng countries, Thalland dld not hasten to
expand its heevﬁ andjoﬁemicei industr}es. Rather, it courted a.
slow industrialization centeved on Iiéhtfﬁndustrlee:teking into
account the 1{mitedﬂlevelé'of:teehnologieel'ekiiivend evaileble
funds at home. This traditional pollcy is st111 allve, keep1ng
Theiiand'nmviﬁg in the dlreetlon of 1ndustr1allzat10n locked
into agriculture as one of the NAIC (New Agro-Industrlal

Countr1es) and preventlng 1tse1f from followxng the footsteps

of some countries who_ ventured _on ‘the course of- export
'—orlented hrghwtech 1ndustrlattzet1onq"_ Today, Thai economic

poi1cy seems Lo address the problems of how to narrow the deve-

lopment gap exlstlngxamong regions and 1. to minimize the d1f—
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ferences in personal.inccme-while'maincaining the free play

given to the nation’s economic eagines.

The economic performance of Thailaud in the recent years has

been on an upﬁard ewing, with a 3.5% growth rate for 1985 and

._4;7% for 1986 in terms_of real ODP {(gross domestic product),
théﬁks.'uaiﬁly to the expansion of exports which began in
‘mld-1986. For - 1987 real GDP grew by 7.1% and, of the 1987 GNE

(Gross National Expenditure) 16.3A is accounted for By exports
and_9.34 by the formaticn of fized capital, both being con—

siderably up from the_pfeceding year. Imports expanded by a

large bound, u§726.7% because of increasingly strong domestic

demand. Agricuitural output'eank by 2. 5%, however, owing to

_ the drought but manufacturing 1ndustry registered a growth of

as. much as 10, 3/ Tertiary industries, electric power, water

supply, financiai busiuees,.insuranCE'and services, have all

fared well in 1987u

.Thaiiaud's'position in international trade is quite involved.
By 1986 the deficit in trade balance had been on the decrease

-aﬁd ‘as a result of - this, the current account for 1986 turned

into the black though this surplus was small. Since then,

,imports have increased because of recovery of business at houe

' and exceeded exports to drive .both trade balance and current

account 1nto the red while capital inflow kept increasing so as

to. hold the overall balance of payments in favor of Thailand.

Therefore its_ foreign currency reserve has beeén growing
steadily and, wmoreover, its debt service ratio, once hovering
at a high level, shrank to 17.0% at the end of 1987.

Wholesale_prices'in_Thailand were on a downward course after

1983 but tipped upward in 1987. This change of trend raised

' the consumer price level but only by a little. Coming 1into
1988, the Thai economy continued to show an expansionary trend
“to foretell a real growth rate of 8 to 9%. The expected
_increase in the trade imbalance, which would push up prices and

make money supply tighter, because of circulatory factors, has

not - affected the basic mechanisms of Thal economy enough to

'gignal any negative influence on 1ts current performance, which

is good, 1f not excellent.
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Major Ecqnomic_indicaﬁqrs and Ralance of International Payments

are shown on tables below,

Major Economic-lﬁdicatorsv.k .

Indicator - 1982 {1983 [ 1984 | 1985 | 1986 | 1987

Real GDP growth rate (%) | 4.1 7.3 | 7.1 | 3.5 | 4.7 | 7.1
Consumer price rise (%) :5.2_ 3.8 0.9 2;4.- 1.9 2.5
Whole price rise.(%) o “'0.9'_';2.0f =3.1 [-0a1 {-0.9 11;3

Fofeign:éurréhcy-réservés ' 2;652_-2,555'f2;689'73,0ba :3,?76 5,212
(US$ million) . . Nl Rl »00% |

Dbt service ratio (X) | 16.6 | 19.5 |19.9 |21.9 |20.1 |17.0
Private seetor (%) 7.7.1 9.2 . 9.8 |10, | 9.3 | 7.5
public sector (%) 8.9 |10.3 |10.1 |11.0 [10.8 | 9.5

Debt to foreign lenders 3.3 9.5 |10.8 | 12.8 } 14,1 15.1
(US$ billion) | R o -

‘Private sector 2.3 | 2307 | 34| 3.4 3.1 | 2.9
Public sector N 6.0 [ 6.9 | 7.4 9.4 111.0 l2.2

Government finance:

Revenue  (Bil. Baht) | 116.1 143.6 | 148.1 | 160.6 | 169.9 | 202.0
Expenditure (Bil. Baht) | 157.21 166.5 | 181.3 | 200.0 | 204.3 | 212.0

Balance (Bil. Baht) | =41.0 ] ~23.7 | ~34.0.] =39.4 | -34.4 | ~10.0

Source: Thal Central Bank and NESDS
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 Balance of International Payments

Billion Baht)

(Unit:
© Item of Balance 1982 {1983 ‘| 1984 | 1985 | 1986 | 1987

Exports 157.2 | 145.1 | 173.6 § 191.7 ] 231.5 298.2
{% change. from preccdxng a0y (7.7 (19.9) (10.7) (20.7) (28.8)
year)

Impotrts : 193,37 234.3 | 243.2:| 253.4 245.9-.343,9
(% change from precedlng (-=10.5) (2L.1) (4.1} (4.6) (-3.0) (39.9)
vear) :

| Balance of trade ~36.1 | ~89.2 | ~69.6 | <61.7 | ~14,4 | -44.8

Current account. 23.1{-66.1] -49.2 | ~41.9 | 6.5]-15.0

Overall balance of paymentd 3.3 |-18.1| 10.6{ 12.5] 33.6] 18.2

Baht per U.S.$ (average) 22,98 22,99 23.61 27.13 26.3% 25.71

Source: Thal Central Band and NESDB
'thé:' Ee#éxﬁcrtsyanﬁ simiiar'tracscctions are not included

in the export and import. figures.

2.2.2 Progrcss'of Industrial Policy

' The-_iﬁ&qufiéiizéfibn ‘policY' the gdvprhmént of Thailand bhas been
'c:pcShing'iis built on two “policy pillars. One 18 ‘that which is
embc&icd in the 1962:1egislétion,J"Industrial Investment Promotion
Law,” and the other be the economic development_plan which started
life in'lgﬁl. It is poliecy relying on initlatives in.tﬁc_privatc
scctoc;'this is.checbasicfline which.has_been cocsictcntly followed
.Tto-dcte, At prccent the 6th economic devclcpment plan‘(1987 to
:1992) iz 1a progress and this 1ate9t plan includes in its features
.that of welcoming direct investment from overseas enterprises. The
decade of the 19808 opened its door to see the real GDP of Thailand
rising rapidly at an annual ayerage of not lower than 5% while the
.other countries of Asia werc compelled to. resort to a policy of
adjustment in order to avoid increases in overgeas debt at the cost
of grewth rate curtailment. Qf_the_ASEAN countries,’ Ihailand;cut an
“enviable figure with its high growth.ratc, twice as high as the 2.5%

'-grcwth rate of world economy during the same-period.
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2.2.3 Underpinnings of the Economic Growth,

The Thal ecgnomy, maintainiang the high rate of growth we haveijost
noted, is steadfastly supported bj eight uhderpinﬁings énd'eaCh will

be considered,

The Ffirst underpinniﬂg.iszhai égrioulture. _Thailand-hés:béenjone
of the major exporters Of.primary products: rice, ruoﬁéf;_tin.and
teak have been traditional export-itéms._ To these arc added the new
export items which surfaced after Wofld'Wat'iI"naﬁéiy; Eassova,
maize, sugar cane, caonned fiSh frozén shrlmp and squ1d canned
fruit, froéeh Chicken,‘étc. Desplte the consplcuous changes taklng
place in the overall export makeup, the share of these agro—aquatxc
products in the total export volume 13 at a level of over 50% -and
signifies the 1arge we1ght of agro"aquatlc 1ndustry in the natlonal

econ0my of Thalland.

The second is thc diversification of production output; Not ouly
agrluulture has been expandlng rapldly to take on a neyw outlook. In
addition to such manufactured products as processed foods and tex—-
tlles, new export products are emerging in increasing quantlty.from
the plants set up by direct investment from'overseas or by joint.
venture of indigenous and foreign ‘capital, - Examples of the new
export products are IC parts, ]ewelry, plastic articles;'woodwork-
-and Eurnlture. Countrles 1mport1ng these Thai products are diver—
sifiedj 60% of the total export volume £0 to OECD countries and the

remaining 40% to developing oountr1es,

The th1rd is the government se]f-restra1nt ‘on publxc spend1ng and
monetary policy, which 1mproved Tha;land s position’ markedly in
 regérd to fiscal ‘balance aund 1nternatxonal flnance '_and helped
sustain the stab111ty of domestlc economy. -Compare Th311and with
those developlng countries currently struggllng under . a heavy debt
_burden, and it will be seen that Thailand is far .better cir-
cumétance&. This.policy of'éélf*reétréint'is”élbqﬁeﬁtiy:illuotrated
by the ceiling that the 'gbvérhmeﬁt 'imPOSed oﬁr'iﬁsélf ﬁdofing -ﬁhe
ongoing 6th economic development plan to 11m1t the annual borrow1ng

from overseas to U.S. $1 bi llxon.
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The'fourth 18 the:innovation worked into thé'administrative mecha~
nigms, whichrstreamlined administrative decision-making  processes.
- This innovation lies malnly In. the introduction of the committee
. sysien intO'govérnmenﬁal organs, Many committees have been 1insti-
tuted :tp stimulate. ecooperation betweén' governmental orvrgans and

.private—éebtor_businessesq

-Tbe,fifﬁhris thg integrity Of'gcqnomic policy. Comings and goings
_ubf:cabiﬁet_membg?s in the;executive branch do not affect the econo-
-ﬁic policy'once éhérted. Even the now remote chance of coup d'etat
"éaﬁ'?ﬁt'SWétvé 0r,a1tefL5hé general teoor of . economic policy. Tuls
means that a poliey ohce set rolling continues to run dn the charted

cCourse.

“The “sixth 1s the relatively favorable emvirondent for {nvestment »
Theicdﬁﬁ{ttéé'reépoﬂ$ihle'for"thié area is the government Board of
Investment (BOL). The Board has been positive.in according generous
r.ﬁea_sures' to investors. This attitude, plus .sevara]_ social factors,
.makes'Thailand bighly attractive to overseas investors. For one
thing, labor 1s nok only:plentiful but has high aptitude-for tech~
nical work. For another, agriculture, as the bedrock of social sté—
bility, is steadfast. The political climate, rendered bland and
tranduii by the .sﬁiritual sway of the Thai reyal household and
Buddhism, has long precluded intervention by the military. The land
48 expansive (513;0001km2), with .a large enough population (53.8
millibn),. to promisae a potentiailj huge dbméstic market. Racial
discrimiﬁation is practically non-existent as compared to other
Asian countries. Ethnic minorities are well asgimilated and blended
with the Thais. A good exampie is the Chinese minorityj they are no

longer referfed to as such but as Thal nationals.

The 3eventh.ié a large income from tourists of foreign countries.

 This income in 1987, 45.0 billion Baht speat hy 3.2 million
'toufiéts;_increased by. around 21% as compared to 1986, 37.3 billion
Baht spént'by 2.8 miiiion toﬁrists. This income in 1987 was 1arger
" then that of apparel wﬂich was the top export item. It is estimated
that income frOm tdurists:and the number @f tourists will increase
to 50.0'billion Baht and 3.9 million, reépectively.
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The eighth is the rapld increase in direct investment of receﬁt
years., ~This fucrease was triggered:in the . lattér'half”of 1986 by
investors from Japan and Taiwan, and An 1987 ‘the number of applica"
tions for 1nvestment permits rose. considerably. The trend picked up
speed in 1988, as witnessed by the 393 applications‘submtttéd to the.
Board of Investment during the first 4 months from January-to April;
The amount of investment raﬁ up to 99.380 biliion Baht; of which
Japanese firms a;counted for 36 231 billion Baht (flrst place) with
a total of 121~ applications and Taiwan firms “account for 15 188
billion Baht (second place) with a total of 111 applications. In
contrast with the corrvasponding period of 1987, the number of 1arge—
scale investments for which applications wete submitted to the Boaid |
of Investment was significantly large, 49 from Japanese firms and 31.
from Taiwanese firms. vaiqusly,.Qigeqt invesfﬁent from:oéeyseas is

' a.brominent_factor in the éontihuing growth of Thal economy.
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2.3 Characteristics of Economics and Flectric Power

(1

{2}

@3

GDP, Blectricity Consumption and Elasticity

The elasticity of the demand for electfic-pbwér (hereafter, the
electricity congumption), in respect to the GDP {Gross Domestic

Product) is approximately 1.7,
Electricity Ccuéumptionzby Categories of Gonénmers

Table 2-2 shows the:electricity-cousumﬁtion-bﬁ éategoties of -con-
sumers; résidenﬁial,.c0mmercial_(offices,.gOQefnment and public
offices, leisuré, and féhops),_.indusﬁrial (faétories), ‘agri-
cultural, and others. In the ten-year period from 1978 to 1987,
residential ﬁse.iﬁcréased by 2.6 time#, commefciél use by 2.1
times, and industrial use'byxz;l timesg., . Thé'perdéntage of the

total consumptioh for 1987 accounted- for by each categofy is
shown 1n the followiﬁg table. Industrial use, priwmarily fac-

tories, accounts for almost 50% of the rotal.

(1987) Electricity Conswnption  Perceatage

(108 kWh)
Rgsidenfiai - 6,262 :;_ - 25%
Commercial 7,205 28%
Industrial 11,319 ' 46
Agricultural S : 0.27
Others . . &7 . 0.8%
Total 24,894 . | 100%

Electric Consumption per Capita

The population, electric'consumption, and electric con&umptidn
per capita for the nine year’ period from 1979 to 1987 is shown
in Table 2-3. The figures for 1987 are shown below.

Electriﬁ bousuﬁpfion (106_kWh) .. 24,894
Population (10%) .. < 53,873 .
Electric Consumption per Capita (kWh/person) 462

The figures.for.;he iQS?_electriéity.cdnsumptioﬁ,‘populatién,:ahd'

electricity consumption per capita brokeni down by area intq.
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Bangkok - and environs, Northern Thailand, Northeastern Thailand,
Middle_ThéiIand,:and Southern Thalland are shown in Table 2-4,

‘The electricity COnsumptibn_per caplita 1s shown below.

EleptricityVConsumétion per Capita (kWh/caplta)

fﬁholeIKihgddm . éﬁi
Banglkok and Environs 1,699
Northern Thailand 184
- Northeastern Thailand _ 100
Mi&dle Thailand o 571
‘Southern Thailand - S 246

The nationwide electricity consumption per capita is 462 kWh,
However the pdﬁulation of Bangkok and tts envirdns, onlyIISZ of
the tb;al populat{on,:has the highest cousumption rate at 1,699
kWhe - In'Northééstérn’Thailand where 35% of the population resi-
des, the average is the ‘lowest at 100 kWh, only 1/17 of the rate

For those in the capital and 1ts surrounding areas.

‘The table below shows . the éléctriéity’consamption per capita in
‘Thailand compared with that of other ASEAN and NIES countries.

~ Eléctricity Consumption

(1985) . per Capita
Country : (kwh/person)- T Remarks
‘ Thailand S 37
_ Philippines . 386
Malaysia - Y |
. $ingapore o 3,840 S - {NIES)
Indonesia _ o167
Taiwan 2,520 Blectriclty Cousumption
_ . N for 1984
~ South Korea 1,520
) Hoﬁg Kong _ : .3,278'

As can_be understood from thia, the electricity consumption per
capita 1n_Théiland fa119 in about the middle of the range of
those of the ASEAN countfies,' and is closest to that of the
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(4)

Philippines. Compared with tﬁé lowest . figure .of - the WNIES
nations, South Korea, the figure for Thailand_is about 1/3 that
for South Korea. As previouély:indicatéd,_the consumption rate
for the Bangkok Area was 1699 kWh of electricity consumptidn pér :
person for the year 1987. However, when cbmpafed with.thé capi-
tal reaion in Singapore ox in Hong Rong, the Bangkok consumption

rate is only one-half.
Electricity Consumption in the Bangkok'Area and:in the Provinces

The electricity consumption_and_the.percentages'for the Bangkok
area (MEA) and provincial regions (PEA) .for the years 1982 and

1986 are shown below.

-,Electrici;y-cbnéumpﬁion (10_6 kWh)

o 982 (B . 1987 (B
Capital Region (MEA) 8,389 (59%) 12,464 (50%)
Provincial Reglon (PEA). 5,839 (41Z) 12,430 (50%)

The inctease in consumption in the ?EA in other vords plovincial
areas excluding Bangkok and 1ts environs, as evidenLed in. the
ahove table, is remarkable. The electric consumptiou for the
yaars 1982 and 1987, bquen;down by Bangkok araa and_provincial

area are shown in the table below. - From'this'tablé'it is seen

' that in this five-year period the rate of increase was greatest

in Northern Thailand while the amount of 1ncrease was greatest in
Bangkok area and the second largast was.Central Thailand. In
total, the provincial consumptibn;became almqét_EQuivalent to the
figures for the Bangkok Area (MEA).  The économic growth in
Central Thailand is thought to have been brought with it a simi-

lar economic growth in Bangkok
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Comparison of Electricity Cousumption
by Region for 1982 and 1987

‘Elec;ricity‘Consumption (106 kWh) Growth
(1) 1982 (2) 1987  (3) Increase Times
S | (2)=(1) (2)/(D
* Bangkok Avea 8,389 12,464 4,075 1.5

Provinces 6,645 12,431 5,786 1.9
Northern Thatland 76l 1,949 1,188 2.6
 Northeastern Thailand 1,095 1,890 795 1.7
Central Thailand . = 3,73 6,940 3,206 1.9
Southern Thailand 1,055 1,652 597 1.6
Whole Kingdom 15,034 - 24,895 9,861 1.7
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3.1

CHAPTER 3 PRESENT STTUATION OF ELECIRIC POWER SECTOR

Orghnizations of Electric Power Sector

The electric power énterprises in Thailand are for the most part under
the management of the gbvernment, while installed capacity owned by
private'éompanies_accounts_for about 10% of the entire electric power

capaclty.

The responsibility for ' comprehens1ve administration concerning
electric power vomes under the jurisdiction of the National Energy
Administration -(NEA) of the Minlstry of Science, Technology and
Energy..

Tﬁe'féQPOﬁsibiiity:for éiectfié power supply comes under the jurisdic-
tion of EGAT for power generation and transﬁiééibn .to the primary
subsiations an§ that @f the two power distribution organizations, the
MEA and ﬁhe PEA, for on and thereafter., .

(1) NEA: National Energy Administration

The NEA is responsible for mandging energy policies for all of
'Thailand, It establishes and adjusts the electric power develop~
mént ’pian in addition to being responsible for small scale
‘hydroelectric pbwef projects, etc., which are to be incorporated

ih the 5=year plan for econonmic and social develoément.

(2) EGAT: Electric Generating Authorlty of Thailand

The EGAT was set up in May.1969 by consolidating 3 organizations:
YEA (the Yanhee Eleectric Authority), NEEA (the North-East
Electricity Authority) and LA (the Lignite Authority).

_EGAT has heen charged according to the hGAT Act 1968 with
responsibility for carrying cut the following objectives
:- To éeneréte;'acquife,‘ffans@it or distribute electric energy

to:



o the Metropolitan Electricity Authority (MEA); the Provincial
Electricity Authority (PEA) or other eléctricity distribution

authorities as prescribed;
o0 other electricity consumers as directed by'é-Rbyal Decree;
‘o neighbouring countries.

- To undertake various activities cbnceénéd w1EH energy sources
derived from natural resources_e.g;ZWater, wind, ﬁéﬁﬁfél heat,
unlight mineral ot fuel such as oil,‘ ceal or gas and

including auclear energy for the production of electric energy

and other activities which will promote the scheme of EGAP.

- To produce and commercialize lignite and chemicals derived
_from or utilizing 11gnite, or join with other bodies for such

activities.

To fulfill the aforasaid objectives, ‘the gcope of ‘tespon—
sibilities entrusted to the Authority bj'tﬁé government are as

follows:

- To construct and operate dams and reservoirs or other equipnent
connected with electriu power pcoduction and to develop water

resources w1th a view to expandlng such opportunities.

- To coastruct thermal, hydro, nuclear and:other'types of power

plant.

- To dmprove and expand substatiocn and 'tﬁansmiséioﬁ"system
including associated equipment'for electric power transmissicn:

and distribution.
~ To specify standard, type dnd size of BUbstatioﬂ,jfrahémission
systenm, _power plant 1ignite chﬂmical plant and fuel for power

_production as Well as. associated equipment,,

- To formulate policy in connection with tBE-production.of power.

and sales of.electricity, 1igniﬁe and 1ignité'by~ﬁrodudts.

To achieve these objectives'and’respohsibiltties, EGAT has fofmed

a main policy to ensure that suffliclient power is: constantly



(3)

available, the services are reliable, and thalt power is sold at

the lowest possible rates.

The: reliability of power supply has been and 1is being coun-
tinwously improved and the level of services has bécome con-
giderably higher than before. EGAT, as a self—éupporting
organization, -has an independent authority in the management of
théIOrganization.' Althoﬁgh the decision ov power rates is sub-
ject to approval of the Cabinet, it draws up the plan indepen-~

dently to cover all costs of power genetatiou.

The financing < depends on financing from the government,
borrowings from both domestic and international financial organi-

zatiohé'in_adﬂitidn to the issuance of bonds which are authortzed

by the'government,

"EGAT buys extra electric power from the Nam Ngum Power Plant in

Lao PDR, transmitted through power distribution lines in Thakhek

and Savannakhet.

Alse, Thailand has been interconnected with Malaysia by the

" transmission lines of 115 kV/132 kV since August 1980, allowing

mutual interchange of electric power.

© 'The organization chart of EGAT is shown'bn Fig. 3-1.

MEA: = The Metropolitan Eléctricity Authority

The MEA was set up in 1958, combining the Bangkok Electric Power

Company which was under the juriédiction of the Minilstry of
Interior at that time and the Power Generating Bureau of the
government, as an organization fully subsidized by the govern~

ment.

The MEA does not possess its own power generating facllities, but
distributes the electric power supplied by EGAT to users through

its own transmission and distribution facilities, . The scope of

distribution includes Bangkok, Nonthaburi and Samut Prakan in the

area adjacent to Bangkok.

The MEA, together with the_PEA; come under the jurisdiction of

* the PWD (Public Wbrks-Départment of the Ministry of Interior).
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(4) PEA: ‘The Provincial Electricity Aﬁcho?ity

(53

The PEA is the public enterprise . in charge of distributing
electricity to the provinces other than those which come uader

the jurisdiction of the MEA;

The distribution to users depends mainly on electric power pro-

~vided by EGAT, but it owns diesel power generating facilities. on

a small scale, promoting the electrification .of agricultural

villages.

OAEP: The Organization of Atomic_Eﬁergy for Peace

" The OQAEP cbmes-under the jurisdict{on_of the Hiniéffy of Science,

Technology and Enérgy,'adminiétratiﬁely;"if'ex8cqtes the promo-
tion of the development of nuclear 'pdwef, safety management ,
control businéss, etc., under the policies established by the

Atomic Evergy Committee_of'Thailand._
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3.2 Power Supply Facilities

3 2.1 Generaring Facilities

(1) _Geneiating Facilities

 The total capacity ot the gpneratinv facilities of Thailand 1is
7, 771 MH as of July 1988, and the dotails of ownerqhip and type

of facility are as follows°

{MU)
EGAT PEA NEA | Private | Total
| Hydro 2,250 - 6 - 2,256
Steam Turbine | 3,607 - - 528 | 4,135
" Combined Cycle | 772 - N - 772
Gas Tarbine 265 - - - ‘265
Diesel - "~ 55 - 288 343
Total | 6,89 | 55 - 6 | 816 | 7,771

-(Note) _Figufe above_ekéept EGAT: as of 1987
{Wote) 241 MW in Private 816 M¥: for standby -

(2)

The ratio of each facility to tbt@l tnstalled caﬁacity is 29%
for hydre and 71% for thermal. '

Power Supply by EGAT

A list of EGAT's existing'bowet'piénts is shown in Table 3-1,

. and the location of  the main power plants. and  transmission

system.ié shown in Fig. 3-2. The supply afea-is_devided into 4

. .areds and Ehese.are connected by 230 kV or 115 kV transmission

lines.

" The base load generation in Region 1 is mainly provided by the

South Bangkok, Bang..Pakong 'oillgaéﬂfired thermal plants and

lignite-fired power plants at Mae Moh supplemented by Bang

. Pakong cﬁmbined__cycle _power plants as . an Intermediate load



(3)

plant, For peak generation, capacity is.,obtained. from
Bhumibol, Sirikit, Srinagarind, Kang Krachan, Khao ‘Laew and Tha
Thung Na hydroelectrle plants. - o ' o

The‘power supply for base load ianegton 2, the Northeast, is
nainly obtained from the 1nterconnection with Region 4 through'
a 230 kV transmission line and a. 115 kV transmission line for
interconneetion wiLh Region 1. Part of the energy needed for
this region has been obtained‘by the_purchase of surplus energy

from Nam Ngum power plant in Lao PDR.

The base load generation in Region 3 the South, is prdvided by
the thermal power plant barge at Khanom, the lignite—fired
power plant at Xrabl -and the oil- fired power plent at Surat

- Thani, The energy is transmitted uzing the: 115 kv

Central-Southern transmission Line (lst LSFL) which has been in
operation since August 1980. Peask powet_is provided by Bank’
Lang, Rajjaprabha (Chiew Larn) hydroelectric’ plants  and gas

turbinesg

The power . system in Region 3 :is. also interconnected with its
neighbouring system in Malaysia via a 132 kv interconnector,
through which part of Region 3 load during peak periods can be

supplemented by powar import from ﬂalaysie Whenever it is con~

"sidered necessary.

The power supply in Reglom 4 iS”supplied_by'the Mae Moh lignite
thermal plant of 825 MW.

Hydroelectric Power Plants

Thailand has abundant hydro power feeonfces and the waln rivers
are located in four areas iae;’the:cheo Phraya river and its
tributaries; the Quae Yai river. aad the;Quae Noi riﬁer baeins,
the northeaét_plateau_whoae rivers.pour into tfibutaries of the

Mekong river and the eouthern”isthmue erea,.

The Bhumibol’ (535 MW} and Sirikit (375 W) power plants . are

‘located on the Ping river, and ‘the Nan river, tributaries of

Chao Phraya river,-respectively and represent the large scale



hydroelectric power plants of Thailand  together with
Srinagarind (540 MW).

The.Srindgarind powaf.plant 1srsituated on the Quae Yal xtiver,
a tributary of the Mae Klong river and has a capacity of 540 MW
of which one generator with a capacity of 180 MW is for a

punped storage power plant.

These  hydroelectric power plants operate corresponding to the
fluctuating peak load of the demand and take into account the

supply of irrigatioa water to the downstream basin,

Table 3—-4 shows the éiisting principal hydroelectric power

plants. ' _ oo
(4) Thermal Power Plants

" The ‘Scuth Bangkok plant (1,300 MW) located in Bangkok is the
largest thermél-poger'piant in Thailand., It uses natural gas

'producéd_in the Gulf of Thailand or ueavy oil.

The Mae Moh thermal power plant'(SfS MW) near Chiang Mai in the
northwest uses lignite obtained from the strip mine nearby as
fuel., As of 1988, No. 8 and No. 9 generators (300 MW each) are
under construction. It is a large scale plant, which 1is

planned to be expanded to Vo, 19 generator, eventually.

. The North Bangkok  thermal power plant started operation in
- 1960's using heavy oil as fuel, but it 1s deteriorating with
its efficiency being lowered.

3;2;2 Transmission Lines and Substations

_The'stapﬂard voltages for.po@ép transmission in the_EGATusysteﬁ are
500, 230, 115 and 69 kV at a frequency of 50 Hertz. Table 3-2 shows
the existing facilities of transmission lines and substations as of

' Jﬁly 1988, Fig. 3-3 illustrétes the total transmlssion line length
élassified by voltage levels over the perlod 1960 - 1995. . As of
_July'1988, the  breakdown of the circult~km of EGAT's transmissioun
system 1s: 326 circuit-km of 500 kv,'6,122 circuit-km of 230 kv,
9,473 cirvcuit~kn of 115 kV and 642 circuit-km of 69 kV lines.
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3.2.3

The 500 kV ‘transmission lines that coanect Mae Moh thermai power
plant and Bangkok area (Region 1) have héen;paftiallf coupleted (as
far as the Tha Tako substation) and are being operated at 230 kv,
which is scheduled to be boosted to 500 kV in 1989.

The following transmission lines form the nucleus of the system.

o 230 &V transmission 1lines between .subétations iﬁ the North
Bangkok, South Bangkok aqd Bang- Pakong thermal power plant

o 230 kV  transmission lines connacting remote ‘hydroelectric power
plants and Region 1 :

o 230 kV transmissioh 1ines connecting Phitsanulok and Khon Kaen

The powver system is formed by the nucleus system Linkgd with the
115 kV transmission lines connecting small hydroelectric poway
plants scattered im the northeast of Thailand and the 115 kV

transmission lines connecting central and southern partg.

As for high voltage'éubstations; there are thirty~one 1230 kv, one-
hundred aﬁd ten 15 kV and ten 69 kV units,'totalllng 151 substa-
tions, The total installed transforamer capaclty, excluding ‘station

service and generator unit transformers, is 13,054 MVA.

Distribution Facilitles

The electric power provided by EGAT is transmitted to MEA substa- -
tions at 115 kV and 69 kv, dropped to 24 kV and 12 kV and supplied
to households at 220 V and 2207380 v for commereial use.

In the area of jurisdiction under the PEA; distribution lines of 33

kv, 22 kv, 11 kV, etec., are being used but electric power is

supplied to generél users at 220 V.
Total length of the distribution linefin éifcuitfkm.ié shown below.

Voltage (kv) Gircuit-km

33 16,534 j(PEA)
C24/12. 0 . 5,413 (MEA) :
22 . . 195,755 (PEA).

110 - 922 (PEA)
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Table 3-1  EGAT EXISTING INSTALLED GENERATING CAPACITY
AS OF JULY 1988
_ Number Capac.i ty (MW) | Average Energy
p""‘“" Type of Units | Installed | Ultimate | Capability
A. Hydroemctrac Plant (GWh/yr)
- Bhumibol 7 535.0° 710.0 1,200.0
- Sirikit 3 375.0 500.0 1, 000 0
Ubolratana 3 . 25.0 25.0 . 86.0
Sirindhorn 3 36.0 36.0 86.0
Chulabhorn 2 40.0 40.0 95.0
" Kang Krachan 1 19.0 19.0 78.0
Nam:Pung 2 6.0 6.0 15.0
- Srimagarind . 4 540.0 720.0 1,140.0
- Bang Lang . 3 72.0 72.0 200.0
Tha Thung Na 2 38.0 38.0 165,0
Khao Laem 3 .300.0 300.0 760.0
Hual Kum 1 1.3 S1.3 2.0
Ban Yang' - |3 0.12 0.12 0.3
Ban Santi 1 1.3 1.3 6.0
Ban Chong Klum 1 0.02 0.02 0.2
~ Ban Khun K1ang _ I 2 0.18 0.18 0.7
~ Mae Ngat 2 2.0 9.0 29.0
Huat Sapnan Hin 2 12.2 12.2 27.0
Rajjaprabha 3 240,00 240.00 550.0
Total 48 2,250.12 | 2,730.12 5,410, 2
i
B. Therma? Power Plant | ; i
North Bangkok T 237.5 L 1,250.0
‘South' Bangkok ; 5 i 1,300.0 v 9,110.0
" Mae Moh - 7 825.0 5,420.0
Krabi i 2 ; 40.0 200.0
Surat Thani O 30.0 - 210.0
Khanom PPB -1 75.0 © 525.0
Bang Pakong Thermal 2 1,100.0 i 7,710.9
| i i
Total Lo 3,607.5 | 24,425.0
C. Combined Verc]e Power Plant
. Bang Pakong Combined- 10 771.6 4,055.0
7 Cycle Blocks 1 & 2 ' . _ _ :
= Tota1 : 10 771.6 4,055.0
P = T
_ y _
D. Gas Turbine | | . ,

P ; o -

"~ : Nakhon Ratchasma B A 15,0 ! 33.0
Udon Thani 1 - 15.0 - ! 33.0
Hat Yai o3 45.0 ! 99.0
Surat Thani .. N T 45.0 99,0
Lan Krabu -~ 1 145.0 - 888.0

 Total 15 265.0 1,152.0
GRAND TOTAL 94 6,894, 22 35,042.2
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Table 3-2 Instailed Transmission Lines and Substations

As of Sep, 1987

o Substations ] TransmlsSIOn L1ne5 (C1rcu1t Kilometers)
Region and [-— — ] - =]
System Transformer a Double- ,S1ng?e~ 0 -_ .
Yoltage Number Capacity (MVA){ Circuit 1 Circuit | Tota]
Region 1 j ' _ - . - _

230 kv 19 6,120 S50 | 18 | 2,736
115 kv a1 2,185 632 1,437 | 2,069
69 KV ) A ORI V- S RS ¥
Total 61 8,332 3,382 1,583 | 4,95
Region 2 o L - :
230 %V 1 1 a0 290 ! - 290
115 kv 28 1,043 1,711 1,686 | 3,397
69 kV 4 35 2 A -7/
Total | 33 1,478 Cg001 ) 2,03 ) 4,014
Region 3 : | ' 3 _
230 KV 3 | 400 806 b/ | - 806
115 kv 21 | 926 | 1,149 | 1,137.¢/; 2,286
Total 24 | 1,3% 1,955 | 1,137 | 3,002
e : - |
Region 4 - : o
B0 KV § - L - - 26 d/1 32
p0kv | 8 750 2,040 ! 218 2,258
115 kv 20 924 634 1,072 .| 1,706
69 kv 5 100 7 Co-o187 S 194
Total 33 | 1,774 2,681 | 1,803 4,484
A11 Region S S
500 KV - _ - R 32 326
230 kv 3 7,670 5,886 236 6,122
115 kv 10 ;. 5078 | . 412 | 5332 9,458

69 kv 10 162 7 642 . 643

Total EGAT 151 © 12,910 10,019 - E 6,536 | 16,555

Notes : a/ Excluding Station and generator unit transformers.. -
b/ 550 circuit~km is presently energ1zed at 115- kv.
c/ Inc1ud1ng 9 c1rcu1t km of 132 KV transmuss1on 11ne.
d/ Presently energized at 230 kY. L
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3.3 Power Demand and Supply

3.3.1

3§3.2

Trend and Present Sltuation of Power Demand

The peak demand aend energy génerétioﬁ of EGAT increased  from
1,199 MW and . 6 873 GWh in FY 1973 to 2,255 MW and 13 269 GWh in FY
1979 at high annual increase rvates of 11.1% and 12, 54, raspactively.

. In the first three years of the 19808 the powen demand did not show

such a rapid {ncrease due to the second oil'crisis.- Afterwards,-;hé'
power demand resumed its increase from-2,417 MW ahd-l&,754.GWh to
4,180 MW and 24,780 GWh in FY 1986 at annual increase rate of 9,6%
and 9:?%, respectively. o '

“Although, the power demand after FY 1986 was estimated to increase

woderately continuing ‘the same trend as 1n the early 19805, the peak
generation of EGAT recorded in FY 1988 was 5,444 MW and 31, 997 GWh,
being increased by 15.0% and 13.5% respectively, as compaved 1987,

Maximum Power Demand and Installed Capacity

Trend of maximwe power demand and installed capacity from 1979 to .
1987 for the whole Thailand is shown in Table 3-4. -

. The relation between the.inétélled capécity and maximuﬁ power demand

is as Follows, as of FY 1987:

Tnstalled Dependable Max. Power Reserve Margin

Capacity Capacity Demand . Capaclty
(1) () €17) I ¢\ ) N ¢
6,894 . 6,393 4,734 T1,659 . 35.0

Further, the figures in Table 34 are for balendaf year, however,

the figure above are fof'the end @f the figcal year 1987.

EGAT used a figure of: approximately 254 of reserve margine bevpral

years ago, however it has ‘adopted 15% now.
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3.3.3 Energy'Balance

The trend of energy balance betweean energy generation and cousump-

tion from 1978 to 1987 is shown in Table 3-5.°

The net electric eunergy suppiied as‘of'198? amduntéd to 24,894 Gwuh,
This_figure.is obtained by adding net imported electric  energy of
398 Gwh::ﬁq' the total elegtfic energy of 28,652 GWh genevated in
Thailand and dedﬁcting the loss within power plants of 1,191 GWh and

‘the transmission and distribution loss of 2,965 GWh,

The .nét imported electric energy of 398 GWh was from Nam Ngum
hydroeléctric power plant. in Lao PDR. The transmission and distri-
bution loss is about 10% (transmission lines 5%, distribution lines

SZ)IOE:the total electric.energy geunerated,
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3.4 FEnergy Sources

Electrice generation by energy sources from 1978 to 1987 is shown in

Table 3-6.

ses) and 1987 {s tabulated below.-

Conmpartsons of the figures “hetween 1978 (second’ 01l eri~

(GWm)
1978 1987

Import :222 (92) 3598 :(:i)f
Diesel 0il 315 ( 2) o 67 (0.2)
Hydro - 2,110 (16) CH,075° (14)
Fuel Oil 9,723 (76) |. 2,188 (.8). .
Lignite 7 489 ( 4) 6,698 (23)
‘Natural Gas 0 (0 15,624 (53)"

Total 12,859 (100): 29,050 (100)
(Note) ( ): Percentage to total

The proportion of energy geaneration using.peﬁroleum was /6% 1in 1978,

On the other hand, enerﬁy

however it declined sharply to 8% in 1987.
generation using lignite increased from 4% to 23% and that using_
natural gas accouuted for only 10% in 1981 when the facility was newly

installed but it accouanted for 53% in 1987,

As mentioned above the peculiarity of the power source facilities in
Thailand can be seen in a diversification of the. thermal pbwe: plant

facilities,.

In Thailand,'hydropowef, natural gas and lignite constitute.the main
national snergy resources and the self-sufficiéncy rate of the genera-
tion of electric energy made rapld progress froum 20% in 1978 to 90% in
1987. -

Thias 1is attributable to éfforts to reduce the'dependency-od importéd
oll and a high powered'promotiqn of the effective use of national

resources based on the experience of the oil crises in the past.
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Table 3-3  TOTAL EGAT GENERATION REQUIREMENT

Fiscal. Year Peak ngeratipn Energy Generation Load Factor
e M4 - | % Increase GWh 1% Increase %
1874 1,256 g pshetual 7,259 5.61 65,96

1975 1,407 | 11,96 8,216 13.13 66.64
1976 1,652 - 17,45 9,414 14.64 65.05
1977 . 1,873 | . 13.40 110,951 16,32 66.73
1978 2;10¢ 12.13 12,372 12.98 67,23
1979 2,255 | 7:35 | 13,965 12.88 70.69

1980 2,417 7.20 ' 14,754 565 1 69.67

.. 1981 2,589 - 7:08 1 15,860 8,18 - 70.38.
-1982 2,838 |- . 9.63 -{ . 16,882 ~ 5.78 67.91

1983 3,204 12,91 . 19,066 12,94 67.92

1984 3,547 10.70 21,066 10.43 67.79

1985 3,878 9,33 23,357 | 10.87 . 68.75

1986 4,181 | - 7.80- . 24,780 6.06 67.66

1987 4,734 . " 13.23 28,193 13.78 67.99

1988 5,444 15.00 31,997 13.49 67.09

Average Growth : - : ‘
“Rate 3 - 9.99 - 9.6 -
1378 - 1988

| ~Table 3-4 Total Insta11ed Capacity and Pedk Generation

Fiscal Year . ~Installed Capacity (MW) E Peak Generafion'(Mw)

1978 2,902 2,175
1979 2,964 ! 2,201
1980 3,448 | 2,379

1981 4,008 § 2,561

1982 4,403 ; 2,823
1083 5,082 3,200
1984 6,128 3,545
1985 6,705 3,826
% | 6,805 ; 4,202
1987 - | 6,985 | 4,842

© SOURCES : ETAT, PER, NER; POF
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Table 3-5  Electricity Energy Balance

Year::

Electricity Supply

© Gross
Generation

Net

- Import

Station
_Ser_vice_

 Electricity Consurption

Transmission - D e TTEAE
and . .7 | Frea Electricity | Electricity
‘Distribution | Supply (Official | Avaiable
Line Losses | Use, Staff Supply for Sale

o L _etc.)' . . .

: ':T'otal

1978

112,637

cas |

519

%7 4| umMe

“11,366

1979

13,443

‘._,jal B

)

vz | L& | 1za2

'.:12-,434

1980 -

14,426

759

618

JLas- |2 13,128

13,149

1981

15,370

731

67

1,847 % '1-3,'811-'

13,837

1982

16,620

73

681

L6 | o2& 15005

509

1983

18,857

676

68l

2,019 30 | 16802

16,832

1988

21,025

688

885 :

9,256 3 s

18,572

1985 -

23,0

703 -

1,086

2,60 | 3. | 19,9

20,032

1985

24,717

741

1,013

2,411 a6 21,988

,_-2é;034'

1987

28,652

3

1,191

2,%5 s | 247

Tahle 3-6

Energy Generation by Sources

24,894

~ Year

Hydro

Fuel Qil

Diesel ) | Lignite | Matural Gas

Total

1978

2,110

9,723

s @ | -

12,637

1979

3,264

- 8,500

we | e | -

T

1980

1,273

11,352

| Cueto -

14,426

1981

2,971

8,979

26 | 1,655 | 1,5%

15,370

1982

3,837

5,857

% | ness 5,011

16,620

1983

3,660 -

7,100

124 | 1,804 6,169 -

18,857

1584

4,082 .

6,335

2 | 237 1 823

21,025

1085

-3,892

3,379

ol B33 | 10,666

23,074

1986

5,554

3,332

3 sE5 | 10,2820 |

%07

1987

4,075

2,188

& | 65698 15,624

28,652
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3.5 Fluctuation in Demand per Day and by Seasen

'Fig.'344 ghows the transition of the load curve on the day when the

maximum demand occurred.

The maximum demand occurred between 7PM - 8PM in all cases, which were

~ greatly affeéted by the fluctuation in demand in the region supplied
by PEA and can be seen as a typical situation due to demand by house-
hold.. | |

~ After 1980, the difference between the peak demand and of f-peal demand
" has' been temarkable due to the promotion of industrialization, which
is predicted to coutinue in the futuve, Therefore, the future

probléﬁs'wilL.be to control the lowering of the load factor and to

secure the reserve margin.

Fig. 345 shows " the transition of daily load factor and yearly load

factor.

Looking at’the‘seasbnal'fluétuation of the demaﬁd, although there weré
- fluctuations in demand mouth by month, it is clear that the maximum
deménd tends_to”incfeésé.gtédually. At the same time the effect of
.changes. in #eﬁperature_:is" remarkable bn'_the ‘enerygy generateda:. In
.-oﬁhérvwordé,_the ioﬁer_éﬁe téﬁperature between December_and February,
'the lower_thé_deménd; and in March when the témberature gtarts to
_.hgcdmé ‘higher, the électric energy generated increases by a large
ﬁargin. Fig. 3-6 shows the transition'of the maximum demand and the

electric energy generated in recent years,
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3.6 Electriclty Tariff

The electricity taclffs in Thailand can be roughly divided into the
wholesale tariffs of FGAT and retail tariffs of the MEA and the PEA.

The wholesale tariffs for the PEA have been set reiatively lower than
for the MEA., The reason 1s the political consideration in determining
the -electricity tariffs for the PEA because of 1ts weak managerlal

basis.

The electricity'tariffs which were contracted between FGAT and the MEA
and the PEA in June 1987, were as follows:

MEA: 1.4777 B/kwh
PEA: 1.0399 B/kWh

Tﬁe average unit tariff for large users who direectly contract with
'EGAT was 1.22 B/kiWh according to the records of 1987.

On the other hand the retail rates of the MEA and the PEA consist
of a'tariff'system organized by the type of use and by amount.

Table 3~7 shows the tariff structure of the electricity distributors
(MEA, PEA).
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1.

Table 3-7 Tariff Structure of Electric

Residential 6,
Energy Charge : First 5 kWh or less 5.00_  Baht
Next 10 kiWh 0.70  Baht/kWh
Next 10 kWh 0.90  Baht/kWh
Next 10 kWh . 1.17  Baht/kWh
Next 65 kWh 1.58  Baht/kWh
Next 50 kWh 1.68  Baht/kWh 7.
Next 150 kWh 1.76  Baht/kWh
Next 100 kWh 2.02  Baht/kWh
Next 400 kWh 2,11 Baht /kWh
Over 800 kWh 2.43  Baht/kWh
Minimum Charge: 5.00 Baht/month
.Small Business . 8.
Energy Charge : First ”4b:kWh or less 88.12  Baht,
' Next 260 kWh - 1.77  Baht/kWh
Mext. 200 kWh 1.88 Baht/kWh
Next 500 kWh 2.21  Baht/kWh
Next 2,000 kWh 2.43  Baht/kWh
Over 3,000 kWh 2,50  Baht/kWh 9.
Minimum Charge: 88.12 Baht/month :
Large Business (30 kW or over)
3.1 For below 12 kv : SRR
Demand Charge 239.00 Baht/uW
Energy Charge 1.28  Baht/kWh
3.2 For 12 kV or over -
-Demand Charge 229,00 Baht/kW
Energy Charge 1.23 Bahr/kwWh 10.
Specific Business (Tourist Hotel)
4.1 For Beiow'i2 kv o
Demand Charge 233,00  Baht/kW
Energy Charge 1.28 Baht/kWh 11.
4.2 For 12 kV or over
Demand Charge 216.00  Baht/kW
" Energy Charge 1,23  Baht/kWh
Small Manufacturing & Mining (30 —~ 499 kW)
' 12.
All Voltage :
Demand Charge 177.00  Baht/kW
:Energy Charge _ 1,23  Baht/kWh
Dicount 4% from demand and energy charge
Note:

Distributors (MEA, PEA)

Medium Manufacturing & Mining (500 - 1,999 kW)

All Voltage
Demand Charge
Epnergy Charge
Discount

174,00  Baht /kW
1.23  Baht/kWh
4% from demand and energy charge

Large Manufacturing & Mining (2,000 kW or over)

All Voltage
Demand Charge
Energy Charge
Discount

170.00  Baht/kW
. 1.22 ° Baht/kWh
4% from demand and energy charge

Electric Smelting/Fusing Industry or Electroysis Industry

All Voltage

Demand Gharge
Energy Charge
Discount =~

165,00  Baht/kW
1.20  Baht/kWh
4% from demand and energy charge

Public Utility (Water Works)

9.1 A maximum 15 minute integrated demand of less than 30 kW

Energy Charge First 10 kWh or less 18.20  Baht
Over 10 kWh 1.82 Baht/kWh
Minimum Charge: 18.20 Baht/month _
9.2 A maximum 153-minute integrated of 30 kW or over :
Demand Charge 167.00  Baht/k¥W
Energy Charge 1.23  Baht/kWh
Government Office
Energy Charge First 10 kWh or less 18.20 Baht
Over 10 kWh 1.82  Baht/kWh
Minimun Charge: 18.20 Baht/month '
Non-Profit Organization
Energy Charge First 100 kWh or lese 18.40  Baht
' . Over 100 kWh 1.84  Baht/kWh
‘Minimum Charge: 18.40 Baht/month
Agricultural Pumping
Energy Charge : First 10 kWh or less 117.00  Baht
Over 100 kWh 1.17 Baht/kWh

Minimum Cha:ge:"117.00'Baht/mnnth'

Effective June 1, 1987 |

Minimum charge for schedule 3, 4, 5, 6, 7, 8 and 9.2 are 30X of the
highest billing demand occurring during the 12 months ended with the
current month :
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