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PREFACE

In response to the request of the Gorvefnment of the Kingdom of
‘Thailand, the Japanese Government hés decided to conduct a feasi-
bility study on the Distribution System Dispatching Center Develop-
ment Project and entrusted the study to the Japan International
Cooperation Agency. J.I.C.A., sent to Thailand a survey team headed
by Mr. Fuminori Sato of West Japan Engineering Consultants Inc. from
June to December, 1986.

The team had discussions with the officlals concerned of the
Government of Thailand and conducted a  survey. After the team
returned to Japan, further studies were made and the present report

has been prepared.

I hope that this report will serve for the development of the
Project and contribute to the promotion of friendly relations between

our two countries.

- I wish to express my deep appreciation to the officials con-
cerned of the Government of the Kingdom of Thailand for their close

cooperation extended to the team.

January, 1987

Ketsuke Arita
President

Japan International Cooperation Agency
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Unit of Measure

Length

Area

Volume

Time

Temperature
Thermal Energy

Mass

Currency

GLOSSARY

Unit

millimeter
meter

kilometer

square meter

square kilometer
megaliter

glga cubic feet
barrel

hour

minute

second

centigrade degree

kilocalorie

kilogram

mega ton

million US dollars
million Baht

wmillion Yen

Symbol
mm
m
km (103m)
m?

m?  (10%)

M1 (10%1)
Gfe? (109ft3)
barrel (31.5 gallons)

hr
min.

sec
°C = 5/9(°F - 32}
kecal

kg
Mt (10%1)

M.US%
M.Baht
M.Yen



Electricity

Electric Power

Electric Energy

Voltage
Apparent Power
Frequency

Signal per Woilse
Field Strength
Signaling Rate

Iiluminance

" Unit

watt
kilowatt

megawatt

watt hour
kilowatt hour

megawatt hour

gigawatt hour

volt-
kilovolt

kilovelt ampere

megavolt ampere

herz

megaherz
decibel
decibel
baud

lux

kW

MW

. kWh

GiWh

kV

"kVA

MVA

Hz
Mz

dB

dBm

baud

1x

Symbol

(10%w)
(106W)

(10%Wh)
(10%m)
(10%un)

(10%)
(10%kVA)

(10%12)



- Authority
EGAT

MEA
NEA
NESDB
. PEA

TOT

Economic Terms

CIF
GOE
EIRR
F.C.
FIRR

FY

GDP .

IRR

ABBREVIATION

Electricity Generating Authority of Thailand
Metropolitan Electricity Authority

National Energy Administration

National Economic and Social Development Board
Provincial Electricity Authority

Telephone Organization of Thailand

Cost, Insurance and Freight
Crude 0il Equivalent
Econemic Internal Rate of Return
Foreigﬁ Currency
Financial Internél Rate of Return
Fiscal Year
{from October to September in Thailand)
Gross domestic Product

Internal Rate of Return

"Local Currency



Technical Terms

ACSR Aluminum Conductor Steel Reinforced
CRT Cathode'Rﬁy Tube
FEP . Front End'Processér

FRU " Feeder Remote Terminal Unit

HF e High Frequency

MTU Master Terminal Unit

‘RTU Rémote Terminal Unit

S/N Sipnal per Noise

UHF Ultra High_frequency

VHF Very High Frequency
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CONCLUSIONS AND RECOMMENDATIONS

The - following are conclusions and recommendations for the

Distribution System Dispatching Center Develdpment.Project, for which

the study was conducted by the Japan International Cooperation Agency

from June 1986 through January 1587 upon the reqhest of the government

of the Kingdom of Thailand.

Necessity of the Project

The energy sales of PEA is expected to grow at an annual rate
of.8.4 percent from 8,557 GWh in FY 1985 to 19,185 GWh in FY 1995,
with the share of PEA in the three authoritles (EGAT, MEA, PEA)
indreasing'from 42,8 percent to 51,1 percent. Also, the ratio of
industyial- power -demand to the total demand is expected to increase
from 44.4 percent in FY 1985 to 46.3 percent in FY 1995. In short,
the power demand of PEA will continue to grow at a high growth rate
with the ratio :of' industrial poﬁer demand, which requires high
supply reliability, continuing to increase steadily.

With  the increase of power demand in the future, the power

-.distributioﬁ_ facilities will continue .to expand and the configu-

ration . of high voltage distribution system will become more

complicated.



On the othér.:hand, the'-faults. of high voltage distribution
lines are very frequent and the supply interruptions are very long,
causing many complaints froﬁ customers, The losses of big cﬁstomers
by supply interruptions are estimated at 365 M.Baht in fY 1986,
causing the congiderable iosses to the natioﬁal'economy;‘ Thé lqsses.
of big customers are expected to reach 551 M.Baht in FY 1995 with
the increase of Industrial power demand. :

In spite of the said situétion, thé:e'is no automated super-
Visofy control equipmeut provided for the dispatching operations of
ekténsive distributlion system, and the &iépatching operations3aré
carried out mainly through the voice communibation with VHF {(par-
tially UHF) radio.system. Hence, it is becoming increasingly dif—
ficult for PEA to carry out the dispatching operations with the
conventional é?stem. ‘Besides, the operation of .distribution system
will-inevitaﬁly become more complicatéd'ﬁiﬁh the growth of power
demand and the expansion of power facilitiés in the future and there
will be an. increasing social demand for a -more réliable power
supply. | |

To cope with the situation, it is essential to promote the
automated dispatching operations through. the intfoduction of an
advanced distributioﬁ_ dispatching system and__the ‘improvemént of
communication system.. It 1s advisable to carry out-thege measures

as promptly as possible.



Digtribution System Dispatching Center Development Program

A digtributdlon dispatching center was planned te be constructed
in each reglonal office to supervise and contrel the substatilosns,
sectlonalizers and reclosers for the speedy collection of fault
information, early detection of fault sections and prompt inter-
change of power to sound sectioms, as well as to collect the neces-
sary data for efficlent system operation and planning., UHF radio
gystem was adopted for the data transmission,

The proposed distribution dispatching system consists of the

following.,
| Distribution dispatching center 13 centers
Radio repeater station 24 statioms
Substation ' 150 substations
-Sectionaiizer L ' 871 units
Recloser . ' . 420 units

For the number of sectionalizers to be installed, the study was
made for the following three cases, of which Case 2 was adopted as
the optimum cage 1in terms of the economy.

Case 1l: 7To install one unit for every line

Case 2: To install two units for interconnected line and
one. unit for rédial line

Case 3: To install two units for every line’

On completion of the project, the interruption energy in FY
1995 is expected to decrease from 38.7 GWh to 23.3 GWh (60,2 per-
cent), and the interruption energy of big Eustomeré is expected to
decrease from 10.09 GWh to 5.77 Gwh (37.2 percent), resulting in a

considerable improvement of supply reliability.

c-3



3. Implementation Program of Pilot Distribution System Dispatching

Center

Since the automated distribution dispatching system is. the

first attempt for PEA, the construction of pilot disbatching center

and related training unit was plammed for the following reasons.

(D

(2}

(3)

(4)

- Confirmation, evaluation and improvement of proposed distribu-

tion dispatching system and determination of optimum system for

the future.

Acquisition of operation and maintenance techniques of auto-

mated distribution dispatching system,

[

Study and training on evaluation, planning, design and con-

struction of automated distribution dispatching system.
Training of engineers/technicians.

The pilot dispatching center was planmed to be comstructed in

Central Region 3 and the training unit in the Training Center.

The proposed pllot distribution dispatching system consists of

the following.



Distribution dispatching center 1 center

Radid regéater station 1 station
Substation _ 12 substations
Sectionallzer 127 units
Recloser 19 units

4, Construction Cost
The construction cost of the project is estimated as follows.

(1,000 US$)

L.C. .
F.C. Duties Others Sub-Total Toral
Project Total 66,587 27,290 4,335 31,625 98,212
Pilot Project - 8,293 3,395 411 3,806 12,099

5. Implementatlion Program

The project requires the early implementation ana the immediate
stért of the.work as 1t involves the pilot project,

=Accordingly, thé.étudy deveioped thé pfogram to impleﬁent the
pilot project during the pe;idd_from 1987 to 1989 and the master
projecés for femaining'il.regions dﬁring the five year périod from
1990 to 1994, It was also planned to ihbléﬁent the ﬁaster projéct
in two étages. The project implementation schedule is as shown

below.



Stage Year o Reglon Conigfgggigg$gost

lst Stage 1987 ~ 1989 €3, Training Center - 12,099
1990 c1, €2 19,585

2nd Stage 1991 sl, §2 15,821
1992 NE3, S3 L 13,532
11993 N1, WEL - 16,067

Ird Stage : —
1994 N2, N3, NE2 _ - 21,108

The following are recommendations for the implementation of the

project.

(1) An appropriate institutional framework for the project imple-

mentation must be established.

(2) Particular atteation must be paid to the completeness of

tralning.
(3) Assistance of an experienced consultant will be needed.

(4) A package order system is requilrad for the procurement of

equipment and materials.



6.

- Economic Evaluation

The economic internal rate of return (EIRR) of the project was
calculated ét 11.20 percent for Case 1, 13,44 percent for Case 2 and
11.89 percent for Case 3, and the project may be said to be feasible
from the standpoint of national.economy. In particular, when the
future increase of industrial power demand in the service area of
PEA is taken into consideration, the project is expected to have a
majpr effect on the improvement of productivity at customer's facto-
ries and activate the industrial investments, thereby contributing
gfeatly tﬁ the economic development of Thailand, The effect of the

project is not limited to the direct economic effect analyzed by the

study but includes,

(1) dimprovement of power supply reliability,
(2) activation of industrial investment and electric power
consumption,

(3) dimprovement of pecple's livelihood,

The so~called social rate of return will be considerably higher
than EIRR calculated in the study.

The project brings about some benefits on the firance of PEA
because the achievement of acceptable degree of reliability and
service efficiency requires high_investment cost. However a lot of
additional benefits which are difficult to measure financially are

expected as shown in the followings:-



(1y Effeetive utilization of system resources throhghrappropriate
and timely collection of necessary inform&tion. |

{(2) Improvement of the accuracy of reports used for the opevation
and planning of distribution system.

(3) Considerablé .contribution to the efficlent -implementation of
PEA's other projects such as the rural electrification pro-
jects, power distribution systéms reinforcement projects;.étc.
with the automated dispatching system and improved communica-
tion system. |

.(4) Reduction in labour works for system operations such as the
aetection of . faulty sections, system Qperation for the 1inter-

- change of power to sound secticns, etc.

(5) Contribution to meeting the expectations of the publics in

terms of safety and better services Ghich will eventually

create positive response to PEA and the Government.

Even though the financial burden of the project is estimated to
be a. conslderable amount but it will be soundly managed within the
overall balance of PEA by seeking financial support from local or

foreign financial Institutions.,
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Chapter 1 BACKGROUND AND OBJECTIVE OF THE PROJECT

1-1 Background and Objective

The Provincial Electricity Authority (PEA) is under the
jurisdictioniof the Minlstry of-Interior, and regponsible for the
distriﬂution of electricity all over the country, with exception of
the metropolitan area where the electricity supply i1s under the

;responsibility of the Metropolitan Electricity Authority (MEA)}.

Since its establishment in 1960, PEA has promoted the exten-—
sion of electrified area and reinforcement of distribution facili-
‘ties, and as the Fesult, the annual energy sales amounted to 8,557
GWh and the peak load to 1,956 MW in FY 1985, with the annual
average grthh rates being 15.0 percent and 14.2 percent, respec-
£ively, during the-past 1O years, The electrification ratio was
55.2 percent at the end of FY 1985. The power distribution facili-
ties were substantlally expanded in the meantime, and the circuit

: length of high voltage distribution lines reached 89,369 km at the
: end of FY 1985,.ﬁith an annual average growth rate being 19.2 per-
cent during the past 10 years.

As for the future forecast, the trend of high growth rate is
expected to continue because the goverument is laying emphasis on
the industrial development in the ﬁrovincial areas, and furthermore
the electrification ratio is still low at the present time. Under
the circumstances, the power demand .is' expected to increase to

119,185 GWh 1in energy sales and 3,877 MW in peak load in FY 1995 at



the annual average growth rates of 8.4 percent and 7.1 percent,
respectively. The electrification ratio is expected to be 76.0

percent at the_end of FY 1995,

PEA has mainly promoted éléctrificatibn- projecis under the
Tifth National Economic and Sopial Development Plan (1982 - 1986},
and furthermore another projects consisting mainly of electrifica-
tion are being planmed in succession under the Sixth National
Economic and Social Development Plan . {1987 — 1991),

It must be kept in miﬁd, however, that the impfovement related
to the operation and adminiétration of the facilities is lagging
behind because thus far PFA has concentrated all of its efforts on
the construction of facilities. That being so, there are many
problems remaining to be solved, such as the improvement of supply
'reliability and voltage, the effective utilization of facilities,
ete. In partiéular; referring to the dispatching task of distribu--
tion system covering a wide service area, there is no automated
supervisory control equipment aﬁ all, and the:operation.is cairied
out’ exclusively tﬁrough the voice dommunication by VHF (partially
UHF) radio system, Under the cilrcumstances, a éonsiderable amount
of time and labour have been required for such_works as the collec~-
tion of fault infofmation, detection of faulty sections, inter-
change of power to sound sections, ete. The frequent complaints
have heen made by customers because the sppply.intErruptions are
long and frequent, and it is_becoming increasingly*diffiéulf to
cope with the situation with the conventional system. ' Furthermore,
it is unquestlonable thaf the oper#tion of distributlion system will

become more complicated with the increases of both demand and



1-2

facilities, and moreover the social requirement for a reliable
supply of electricity willl become wore strict. The promotion of
the éutomation of dispatching task by dintroducing a modern dis-
patching system and by ilmproving the communication system is nowa-=
days of urgent need in order to make It possible to cope with the
sald situation.

- - The study was carrled out in response to -the request of
technical cooperation made by the Government of the Kingdom of
Thailand to the'Governmenﬁ.of Japan based on the said béckground.

The objective of_the Studj is to establish the optimum plan on
distribution disﬁatching and communication systems in the PFA's
service area from bhoth economic and technical standpoints, as well
as to determine the implementation prograﬁ for pilot distribution

system dispatching center.
Process of the Study

With the - above-mentioned background, the Jaﬁan International
Coopera;ién Ageﬁcy (JICA)-oiganized a étudy team and sent it to the
Kingdom of Thailand. The study team conducted a field survey
during the beriod from June 25 to Augu;t:B, 1986, On returning to
Japan, the éﬁudy team reviewé& and_anaiyzed fhe data collected in
Thailand and summarized the results_of'ﬁhé study in the preséﬁt
Fgasibility Study Reéort on Distfibutibﬂ System Dispatéhing Center
Project. | - | |

The work schedule of the study team is as shown in Table 1-1.



1-3 Organization and Itinerary of the Study Team

(1) Ovrganization

(2)

The organlzation of the study team is as follows. -

Leader:
Hemﬁer:
Member:
Member:

Member:

Member:

FUMINORI SATO, WEST
YOSHINAO YAHIRO, WEST
KAZUO CHIJIWA, WEST
SADAFUMI TOMONAGA, WEST

HIROSHI KANEKO, WEST

KAZUHIRO ABE, WEST

Itinerary

JEC - Overall supervision

JEC - Coﬁmunication

JEC -~ Substaéion

JEC - Econonic evaluation

JEC -~ Distribution

Dispatching

JEC - Architecture

The itinerary of the study team were as follows,

DeEarture

F. SATO (Field Survey}- Jun. 25, 1986
{Interim Report) Oct. 12, 1986

(Draft Report) Dec. 21, 1986

Y. YAHIRO ~(Field Survey) -  Jun. 25, 1986
{(Interim Report)} Oct. 12, 1986

K. CUTLIIWA (Field Survey) Jun. 29, 1986
5, TOMONAGA (Field Survey) Jun. 29, 1986

- H. KANEKO  (Fleld Survey) Jun. 25, 1986
K. ABE (Fleld Survey) Jul. 13, 1986

Return

Aug.
Oct.

‘Dec,

Aug .

Oct.

Jul.

Jul,

Aug,

Jul.

8,
}.8,

13,

22,

1986
1986
1986

1986
1586

1986
1986
1986

1986



(3) Counterparts
The study team discussed and worked with the foliowing

counterparts of PEA,

Deputy General Manager SURASUKDI SENAVONGSE
" Assistant General Manager PRAMUAL KACHATAY
Planning and Civil Works Depaftment
Direétor SAKOL WONGBUDDHA
Project and Planning Division
Manager SUNTHORN TANTHAVORN
Deputy Manager BOONWED CHAROENCHAT
Chief - NARIS SRINUAL
Assistant Chief " CHAIWAT UDOMRATANASTRICHAT
Civil Engineering and Architecture Division
Deputy Manager SUBHARP NILVAN
Assistant Manager ?RASERT MANGKALA
Architect SARANYU UDCMSILPA
Engineer - CHONLATHON SATAVARA
Engineering Department
birector CHUTHARAT LEERABHANDH
Electrical and Mechanical Engineering Division
. Managey ; PRAVIT CHIRADEJA
Engineer MANEE PANCHINDAR
Chief |  SUWAT IUMCHITKUSOL

Research Division
Manager THANU' CHINKRUA
Chief WEERACHAT KOYAKUL
' VORAPOJ PTILASLAKSANAKAN

Training Center

Manager SOMCHAT 'SRIRATH
Operation and Maintenance quartmeﬁt
Director : PRACHA THITATHAN
Distribution System Diépatching Center

Manager KAYJORN SONGKAKUL

Deputy Manager : NEETHI BHAVAKUL

Chief THO KONGSAKUL

‘Assistant Chief PASSAKORN CUPTAVANICH
" Engineer . SUWAT CHIOCHANCHAT
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Chapter 2 GENERAL CONDITIONS AND ELECTRIC POWER SITUATION IN THAILAND

The Kingdom of Thailand 1s situated in lat. 6°-21°N. and long.
97°~106°E., occupying almost the central portion of the Indochina
Peninsula. -Tﬁe country borders on Burma In the north and west, Laos in
the north and northeast, Cambodia in the east and Malaysia in the south.
The . country- extends over 1,809 km in - the wnorth-south direction and
750 km in the east-west direction. The total land area,is approximately
513,000 km?, which is about 1.4 times larger than Japan.

The population in 1985 was 51.3 million, with the annual average
growth rate of 2.0 percent during the 1980 - 1985 period. The popula-
tion in 1995 is estimated to increase to 60.5 million, with fhe annual
average growth rate of 1.7 percent during the 1985 - 1995 period.

The climate in Thailand 1s that of tropical monsoon and the year is
divided into the wet season (June to October) and the dry season
(November to May). There is no big difference in temperature between
regions, with: the maximum temperature being in the range of 31 to_35°C
and miﬁimum temperature in the range of 21 .to 25°C.- The anﬁual rainfall
1s of the order of 1,000 mm to 1,500 mm in lowland and about 1,200 mm in
mountain'regions, except for some part of southern regions where the
rainfall, excééds 4,000 wm, and less than 1,000 mn in some part of

northeastern regions,



2~1

Economic Situation

The planned economic development of Thailand started with the
First National Economic and Social Development.Plan (January 1961
to September 1966), and through the Second Plan.(October 1966 to
September 1971), Third Plan (October 1971 ﬁo Septembér 1976},
Fourth Plan (October 1976 to September 1981) and Fifth Plan
(October 1981 to September 1986)2 the Sixth Plan (October 1986 to
September 1991) is now under way. The annual average growth rate
of real GDP during these perliod was 7.3 perceﬁt under the First
Plan, 7.2 percent under the Second Plan, 7.1 percent under the
Third Plan and 7.1 percent undef the Fourth Plan, indicating a
favorable growth of Thai'ecoﬁomy during_thé 20 year period between
1961 and 1981.

| Tables 2-1, -2~2 and 2~3 -ghow the main economic 1ndicators,
real GDP by industrial origin and nqminal GDP b} industrial origin,
respectively. The growth rate of reai GDP uﬁder the Fifth Plan
declined owing to the ﬁmrld-wide recessions followiﬁg the second
0il crisis, sluggish world trade and low prices of primary pro-
ducts, indicating 5.0 percent during fhe-period'up to September
1985, By industrial origin, the real GDP in.1985 was 23{2'percent
for agriculture, 20.8'pgrcent for maﬁufacturing, 15.7 percent for
wholesale and refail tfade, 11.6 percent for services, 7.8 percent
for banking, Insurance and real estate,.6.9 percent for transporta-
tion and communication and 14.0 percent for chefé. A high growth
rate was enjoyed by banking, iﬁsuranee.and real estate;'electricify
and water supply, services, mining.and quarrying, manufacturing,

transportation and communication.



Tables 2-4, 2~5 and 2-6 show. the trade balance, exported
amount by main primary products and imported amount by main goods,
reapectively., The trade of Thailand shows the pattern which is
common to most of developing countries by exporting such.primary
products as rice, tapioca, crude rubber; sugar, tin, and maize and
importing capital goods, including machinery, steel and chemical
products, industrial raw materials and consumer goods. The trade
balance of Thailand was constantly in_the red,'with the amount of
deficits tending to increase in recent years because its exports
depend largely on such primary products as agricultural and marine
products and minerals, which are easily affected by the weather and
the trend of international market and also because the export
industry has not developed sufficiently to gain the required com-
petitiye power in the international market, and the import of crude
0il, industrial raw materials and capital goods tend to incresse
with the growth of national economy. The international balance of
payments in Thailand was such that the trade deficits were covered
by the surplus of invisible trade balance and capital balance (see
Table 2-1).

" The second oil crisis in 1979 also had a- major impact on
Thai's commodity prices and the consumer price during the 1979 -
1981 period rose. sharply., Thereafter, however, the prices are

calming down (see Table 2-1).



2-2 Energy Situation

Tables 2-7 and 2-8 show the past récords and forecast of
energy consumption, respectively.

tn 1984, the energy consumption in Thalland reaéhed 23,249 M1
of crude oll equivalent. While the annual average growth rate of
energy consumption in the latter half of the 70's (1975 - 1980) was
11,9 percent, it dropped to 6.0 percent in the first half of the
80's (1980 - 1984). As a result of the development'of such domes~

- tic energy resources as natural gas and lignite in line with
governmgnt's development policy of domestic energy resources for
0il after 1973, the share of domestic energy resources increased
from 19,4 percent in 1975 to 49.9 percent in 1984, with the rate of

_dependence on oil dropping from 80.6 percemt In 1975 to 54.8 per-
cent in 1984.

During the period from 1985 to 1992, the emergy consumption is
expected to increase at an .annual average growéh rate of 6.5 per?
cent and reach 38.568 ML (COE) in 1992, with thé rate of depéndence
on oll further dropping to 48.2 percent.

The present status and future outlooks of domestie energy

regources are as .follows.

(1) Petroleum
The consumption of domestic petroleum.products in 1984
amounted to 1,197 M1 (COE), accounting for 9.4 ?ercent of ﬁhe
total consumption.of pefroleum products. The oll production
in 1984 was 5.4 million barrels of crude oil and B'million

barrels of condensate, for a total of 8.4 million barrels.



(2)

(3

The oil fields In operation are Lan Krabue oil field and Fang

- 01l field; both of them located in the north region. No pro-

mising offshore oil flelds have yet been discovered. The oil

reserves in Thailand have not been determined definitely.

Natural Gas -

The consumption of natural gas In Thailand in 1984
aﬁouhted to 2,284 M1 (COE), accounting for 9.8 percent.of the
total energy consumption. The practical use of natural gas
started in September 1981 and the production in 1984 amountéd

to 85.5 Gft®. The gas filelds developed are Erawan and Baanpot

‘gas flelds in the Gulf of Thailand and Lan Krabue gas field in

the northern tegion. Currently, the natural gas is used main-
ly for the electric power'generation, with part being used by
the cement plants and others.

The reserves of hnatural gas have not been made public,
but the confirmed réserves.are said to be 4,000 Gft® and the
potentdial reserves 10,000 Gft®.

The consumption of natural gaé in 1992 1s estimated at
5,847 M1 (COE), accounting  for 15.2 percent of the total
energy consumption. The development pregram for natural gas

thermal power ﬁlants is described in Clause 2-5.

" Lignite

~ The consumption of lignite dn 1984 amounted to 852 Hl
(COE), accounting  for 3.7 percent of the total energy con-
sumption. The representétive 1igﬁite mineé are located at Mae
Moh and Li in the north and at Krabi in the south. The lig-

nite production in 1984 was 2.4 Mt.

2- =5



(4)

(5)

The lignite reserves ére estimated at 680 -~ 1,480 Mt.. In
Thailand, all lignite mines are open mines. While the re-
serves are enormous, the greater part of lignite is of low
caloric values and 1is used mostly for the electric power
generation,

The consumption ﬁf lignite In 1992 is estimated at 3,762
Mi (COE), accounting for 9.8 pércent of the total energy con-
sumption., The develbpment pfogram for ‘1ignite thermal power °

plants is described in Clause 2-5,

Hydro fower Generatioq.

The energy generated .by hydro power plants in 1984
Qmountéd to 1,221 M1 (COE), accounting for 5.3 percent of the
total energy consumption,

The .potential hydro-energy is esfimated at 27,015 M,
comprising 10,120 MW of domestic rivers and 16,895 MW of
international rivers bordering on Laos and Burma.

The hydro power generation in 1992 is estimated at 1,71?
ML (COE), accountiug for 4.5 percent of the total emergy con-
sumption. The development program'fnr hydro_ppwer plants is

described in Clause 2-5.

Other Energy Resources

As for the energy resource to be ﬁsed as a substitute for
fetroleum, the development- of oil shale, geothermal, bilogas,
alcohol, solar ene¥gy, windiforce aﬁd nuclear power may be
considered. | |
| The oil shale deposit'witﬁ estimated reserves of 18,000

Mt has been discovered in the northern regiom,

2-56



2-3 Operation of Electric Power Industry in Thailand

The power industry of the Kingdom of Thailand is operated by 3
Authorities, the Electriclty Generating Authority of Thailand
(EGAT) which takes chafge of the power generation and transmission,
the Metropolitan Electriecity Authority (MEA) which takes charge of
the distribution of eleétricity in the metropolitan area, and the
Provincial Elecfricity Authority (PEA) which takes charge of the
distributibn of electrlecity in other areas excluding the metro-
polican area.. |

The power plants, traﬁsmission system and substations all over
the country are under the contrél of EGAT, while the transmission
system, substations and distribution system located in the metro-
politan area are-undef the control of MEA. On the other hand, PEA
is mainly in charge of thg distribution system, but it possesses
also 3 .Substations besides the said system, aﬁd moreover it. ope-
rates diesel power plants to supply'electricity in remote areas.
Besides the said Authorities, the National Energy Administration
{NEA) has.mini—hydro power plants located at-3 places.

The general administrétiﬁe affaixs.related to electricity are
taken charge by NEA, and the coordination of the power system pro-
jectsrall over the country is taken charge by the National Economic
and Social Development Board (NESDB)..

NEA is under the jurisdiction of .the Ministry of Science
Technology and Energy, NESDB and EGAT are under the jurisdiction of
the_Office of the Prime Minister, and MEA and PEA are under the

jurisdiction of the Ministry of Interior.



2-4 Flectric Power Demand

(1)

Past Records and Forecast of Power Demand’

The past records and forecast of power demand in the
Kingdom of Thailand are shown in Table 2-9. The power demand
forecast is conducted by the working grohp consisting of mem-
bers of NESDB, NEA, EGAT, MEA and PEA. This forecast was pre-
pared in September, 1986.

In ¥Y 1985, the power demand amcunted to 19,979 -GWh in
energy sales and 3,878 MW in peak load, and the annual average
growth rates were 9.0 percent and 9.9 percent, respectively
during the.past 5 years. As for the energy sales by‘custpmef
classifications, Residential accounﬁed for 25.5 pereent of
total energy sales, Business 24.4 percent, Industrial 44.9
percent and Others 5.2 percent. As for the apnual average
growth rate, Residentilal increased at.a-particﬁlarly high rate
of 12.0 percent, The loss ratio was 14.5 percent and the
annual locad factor was 68.8 percent. The eléctrificaiion
ratio was 59.1 percent.

The power demand is exﬁected to increase to 37,549 GWh in
energy "sales and 7,128 MW in peak load in FY 1995 at the
annual - average gfowth.rateé of 6.5 percent and 6.3 percent,
respectively. The electrification ratio is expected to reach
79.5 percent.

Table 2-10 shows the elasticities between GDP and

electric power consumptibn. While the aanual average growth



(2)

rate of GDP during the period from FY 1975 to FY 1980 was
fairly'high'at.7.55 percent, that of electric power consump-
tion was extremely high at 12,12 percent, with the elasticity
being high at 1.605. During the period from FY 1980 to FY

1985, the growth rate of electric power consumption declined

. to 8.963 percent, but because the GDP growth rate also de-

clined to 5.279 percent due to the reason mentioned in Clause
2-1, the elasticity remained high at 1.698. The high growth
rate of power consumption during the period from FY 1975 to FY
1985.was largely due to the progress of the electrification
project. The electrification ratio increased sharply from
21,8 pércent in FY 1975 to 59.1 percent in FY 1985 (see Table
2-9). | |
In the future, the electrification project is expected to
have a less effect 6n the growth rat§ of eléctric power con-
sumption and the anﬁual average growth rate of electric power
cdnsuﬁﬁtioﬁ up to FY 1995 1s estimated at 6.5 percent. Accord-

ingly the elasticities -are considered to come near 1. .

Past Records and Forecast of Energy Sales by Authorities
The past records and forecast of energy sales by Authori-

ties.in the Kingdom of Thailand are shown in Table 2-11. By

_Authorities, EGAT accounted for 4.6 percent of total energy

sales, MFEA 52,6 percent and PEA 42.8 percent in FY 1985, The
annual average growthfrates were 15.5 percent for FEGAT, 6.0
perceni: for MEA, 12,8 percent for PEA and 9.0 percent for

total during the past 5 years.



In FY 1995, EGAT is expected. to account for 3.1 percent
éf total energy sales, MEA'45.8 percent and PEA 51,1 percent.
The annual average growth rates 1s expectéd to be 2.6 percent
for EGAT, 5.0 percent for MEA, 8.4 percent for PEA and 6.5
percent for total. The energy sales of PEA ig ekpécted to
gurpass that of MEA in PY 1989, aﬁ&_the proportion shared by

PEA is expected to continue to rise thereafter.
:2=5 Present Status and Future Plans of Power Generatilom Facilities

The present status and future plans of power generation
fagilities of EGAT are shown in Table 2-12, and the power system
diégram of EGAT is shown in Figure 2-1. Details of the'develoﬁment
‘plan are shown in Annexes 2—1—1 to 2-1-6.

At the end of FY . 1985, the total iastalled capacity amcunted
to 6,459,7 MW, comprising 2,400 MW (37.2 percent) of natural-gas;
fired thermal power plants, 1,813.6 MW (28.1 percent} of hydro
power plants, 985 MW (15.2 percemt) of gas tﬁtbine-power-plants,
885 MW (13,7 percent) of 1lignite-fired thermal power plants,
342.5.MW (5.3 percent) of oil-fired thermal power plants; and
33.6 MW_(O.S percent} of diesel pover planfs;' As can be seem,.
ﬁatural gas thermal, hydro, gas turbine and iignite thefmal power
plants accounted. for the majority of instailed capacity. As for
the installed capacilty by region, thé antfal Region accounted for
63.2 percent, the Northern Reglon 28.9 percent, the Southern gegiOn
5,7 percent and the Northeastern Region 2.1 percent, and as.can be

~ gseen the Southern and Northeasﬁern Regions are lagging behind in
terms of installed capacity. The main power plants of fhe country

are listed in the following table.
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Region Power Plant InstalligwgapaCLty Type
Mae Moh 825 Lignite
Northern Bhumibol 535 Hydro
Sirikit ' 375 "o
Lan Krabue 120 Gas Turbine
South Bangkok 1,300 Natural Gas
Bang Pakong 1,100 "
Central S - 720 Gas Turbine
Srinagarind 360 Hydro
Khao Laem 300 : "
North Bangkolk 237.5 0il

As for the eﬁergy generated by type of energy resources in FY
1985, natural gas accounted for 43.0 percent, lignite 19.0 percent,
oil 18.2 percent, hydro 16.6 percent and purchased power 3.2 per-
cent. Emphasis is being laid on the utilization of domestic energy
resources (natural gas, lignite and hydro), and the proportion of
oil has declined to 18.2 percent from 32.2 percent of FY 1984,

The installed capacity expected to be developed by FY 1995
amounts to 3,134.5 MW, comprising 1,184.5 MW of hydro power planfs,
1,200 MW of gas turbine power plants, 675 MW of ligniteufired
thermal power plants and 75 MW of oil-fired thermal power plants,
and as can bé'seen,'bontinuous emphasié will be laid on the utili-
zation of'domeétic energy resources. As a result, at the end of FY
1995, the installed capacity will consist of 2,998.1 MW (32.8 per~-
cent) of hydre, 2,400 MW (26.2_percent) of matural-gas thermal,
2,065 My (22.6. percent) of gas turbines, 1,500 MW of lignite
thermal and 180 MW (2.0 percent) of oil thermal, ‘totalling
- 9,143.1 MW, and as a consequence the proportion shared by oil in

the total energy generation is expected to decline to 2.2 percent.
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As for the installed capacity by region, the Central Region
wlll account for 52.0 percent, the Northern Region 27,0 percent,
the Southern Region 13.3 percent, and the Northeastern Region 7.7
percent, with the developmeﬁts planned.also in the Southern and

Northeastern Regions.,

Present Status and Future Plans of Transmission and Substation

Facilities

At the end of. FY 1985, the circuit .length of transmission
1ineS'of EGAT reached 5,191 km of 230 kV transmission lines, 9 km
of 132 kV transmission lines, 8,322 km of 115 kV transmission lines
and 933 km of 69 kV tramsmission lines, totaliing 14,455 km, and as
can be seen, the 230 kV and 115 kV transmission lines account for
the majority of transmiséion 1ipes in the Kingdém of Thailand. The
230 kV transmiszsion lines form the trunk systems from the power
stations located in the Northern and Central Regloms to Bangkok .
The Northeastern Region is connected with the 230 kV.system coming
from the Northe:n Region and the 115 kV system coming from the
Central Region, and on the other hand the Southern Region is con-
nected with the 115 kV system coming from the Central Region., The
local transmission systems of each Regilon are either 115.kv or
69 kV ones,

As fo; the future plans referring tolthe transmission system,
the construction of new 500 kv transmission.iine from thé.Mae Moh
power plant 1qcated in the Northern Region to Bangkok, the exten-—

sion of the 230 kV transmisslon  line to the  Southern Region, the

reinforcement of the 230 RV gystem to the Northeastern Reglon, and

2 - 12



the extension of the 115 kV systems of each Region are planned.
The total circuit length of the transmission lines is expected to
reach 21,400 km at the end of FY 1995 as a result of these expan-
sion plans., The construction of the 500 kV transmission line from
the Mae Moh Power Plant to Bangkok 1is partly expected to complete
soan,

At the end of FY 1985, the number of substations under the
control of EGAT consisted of twenty-three 230 kV substations with
the total installed capacity of 6,455.6 MVA, one 132 &V substation
of 66.7 MVA,.Sevéntymnine 115 kV substations of 3,338 MVA, eighteen
69 kV substations of 328.3 MVA, and 22 kV substations of 13 MVA,
totalling 121 substations of 10,201.6 MVA, According to the exist-
ing plans the total installed capacity of substatlions is expected

to reach 24,320 MVA at the end of FY 1995,

2 -~ 13
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