3. ISSUES AND STRATEGIC ELEMENTS
FOR ENERGY SECTOR PLANNING

3.1  Issues

The recent _.'rapid industrial expansion in the UCR gives some difficulty in -
electricity supply. A substation in Region C.1 of PEA recorded 100% -
consumption increasc: in 1988.  This ‘rapid’ demand growth compels _
un.sal'is'factory»éléctric’ily supply services,© Obsecrving these situation, PEA . and
EGAT have already taken remedical measures by constructing new ‘substations
in Ayutthaya and Sara Buri Updn completion of ongoing and planned projects
of EGAT and PEA, the growing demand will be adequately serviced.

These expanded configuration of electricity supply system should be able to
meet a demand twice as large as that today. - Our projection of : electricity
demand shows 5.6 times increase by the year 2010 Therefore, sysiem

expansion and improvement should continuously gather ~due atiention.

In Thailand as a whole as well as in the UCR, where basic “electricity supply
system is almost coinplctcd, it will be crucial o improve efficiency in
management -and operation of the total power supply system by applying
modernized. measures of management so .as to meet the expanding demand

adequately with the reduced overall supply costs.

In panicular, techniques in sound fransmission operation should be given a
due focus.  When the demand/supply structures are considered by region in
the nationwide power sector planming, it is desirablc that a balance is kept
between power supply: capacity and load demand in each region in view of the
investment “cost; transmission and distribution losses, and power supply

reliability.
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In Thailand, however, regional demand/supply imbala_nccs:will be apparent,

and in future this tendency is widencd over time with demand growth. In

thesc instances, the transmission management should gather due attention in
relation to the achicvement of efficient power generation. The UCR electricity

supply should be planned in accordance with this national system ecxpansion

and management plan.

In line with the reduction of supply costs through implemeniation of the
measures lo achieve cfficiency in management and operation in. .the 'ov_erall
power supply system, a particular attention should be given to quality of

supply. Thus the operation of distribution by PEA has a room for continuous

efforts to improve.

Although current energy supply .and demand structure of the UCR is well
diversified, it is unclear that whether such diversified energy supply - system
brings cconomic benefit to the nation as a whole. The costs associated  with
environmental measure for lignile use as well as the economic cost of lignite
lransportalio.n may exceed economic benefits of lignitc use. On-shore natural
gas in ESSO field development is bcing-amicipa[cd. Thus the above economic

aspects of lignite use should be compared wiih this new option.

By its very naturc, objective of ihe cnergy sector is to eventually maximize
economic benefits of the total national cnergy system. The total energy
demand in the UCR accounts for 9% of the total national energy demand in the
year 2010. However, cach energy resource demand is significantly small to
plan energy replenish system individually. Thus the energy planning in the
UCR should be directed towards the utilization of the national enecrgy
development plan. This is the point where the national economic benefit

consideration comes in,

Energy pricing is a main energy policy implememation measure. It is.
possible to set the financial price attractive to the energy ‘users so ihat
multiplier effects of different. user industries bring about more benefits to the
aggregate economy than in the case where price is set attractive to the energy
producers. Pricing of the natural gas for the industrial sector should be given
with the above consideration especially when new natural gas development is .

realized. Looking into the direct fuel demand, the UCR is possible to absorb a
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natural gas volume of 130 MMSCFD in 2001 and 170 MMSCED in 2010 by the
cetment industry alone,

Another important factor is a to_tal encrgy balance of the system, Especially
for the direct fuel use, it is _impdrtam 10 consider this factor. Even if a
particular encrg'y ‘replenish  system looks financially attractive, there would
be’ é_situalion where the nation as a whole is consuming a rather significant
amount of energy 10 support such a system. In view the growing demand for
energy- in this nation with limited cnergy resource availability, it is felt
necessary 1o consider the total energy balance of the direct fuel supply system

options.

3.2 Strategic Elements for Energy Sector Planning

It is quite difficult to envisage encrgy system independently for the UCR with
the least 1o none energy endowments and the limited energy consumption.
However, the UCR is blessed with strategic geographical location. The energy

sector development in the UCR should - take this advantage. -

In view of spatial energy endowments and energy demands through
industrialization in Thailand from now onm, the issue in the energy secior is
and will be directed towards stable, sccured and efficient logistic Systems of
energy products and their efficient management. In this respect, the UCR
should utilize its strategic locaiion on the national energy logistic structure to
the fullest cxtent. Towards the year 2010, the following unational level energy

sector developments are anticipated.

- Petroleum product pipeline and a distribution center for the Bangkok
' Metropelitan Region (BMR), northern and northeasiern region;

- On-shore natural gas resource development and its pipeline system;
- Ultra high voltage trunk transmission system devclopment with

domestic large therma! and international hydro power development.

_The geographical location of the UCR can effectively capitalize on each of the

above national level projects.

As for the petroleuin products distribution, the UCR is expected to play a

strategic role to be a distribution center, having the product pipeline from
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Eastern Seaboard (EBSB) refineries and dispatchmg those- pmducts o northem'

northeastern’ and the upper part of the BMR in the future,

As for the natural gas p;pelme system, the UCR also covers a strategic poinf- of -
the nauonal natural gas pnpelme system, where the on-shore and the off- .

shore “gas. will be met.- Thcn the ‘stable. and easily controllable fuel source w111

readily be available in the UCR.-

As for ‘electricity, the.UCR is a 'power supply :-'ga{eway to the BMR as 'haﬁing'
ultra hlgh voltage transmission lines ' from - pnmary power " résources in ~the -
north. and the no_rtheastem_ region. Electncuty demand in the UCR can easﬂy '

be satisfied with branch l_ines' from thosc trunk tr_ansm:ssmn lines.

All of these pro;ects are expected to be completed within nexi 5 to- 10 years
Energy is one of the factors for regional economic devetopment and the UCR
does have advantages in accessibility fo the cnergy with - least: mvestmenls
based its. strategic location (Sce - the “attached. conceptual map in Fig, 3.1). This
aspect should be considered in the regional development s'tralc'gies',' with-

special attention to. industrialization program.

When the Thai cconomy . will be bloomed after hévihg -successfully ‘achieved
second . import . substitution and export- substitution, the- security in energy -
supply wili increase.its importance. In this respect, dependence 6f"ihe'
naiionai economy ~on imported cnergy especially oil’ will inevifably call for
careful review, and then utilization of indigenous rencwable resources should
gather due attention as one of ‘the energy source options. In this regard, the
UCR holds a potential to apply such renewable energy utilization system in
view of ‘its role of agroprocessing, ~where agricultural transaction and

agroprocessing. industries are concentrated.
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PROJECTS RECOMMENDED

Fossil Fuel Distribution®

Towar’d'the'ycaf 2010, the overall pelrolcum _produéts demand is

‘expected 1o grow at 6.1% per annum on average. Among the products,

dicsel oil and gasoline show the highest growth rate of 6.9% reflecting a

fast growth of (ransporiation scctor.

As for spatial demand structure, a current BMR dominant pattern of

consumption has remained unchahgcd. Howcv:cr, BMR's consumplion
will expand from 56% of the national total in 1988 to 63% in 2010.

In the 'curre'n't' domestic distribution practice, tank trucking is the
predominant” and prevailing mode of transportation because of  its '
financial cost advantage to railway and river barges. According o an-
extensive survey of Thailand Development Research Institute (TDRI),
trucking -is more cosl-ad#ahtagcous than railway by over ten salangs
per liter for distributing petroleum products from South Bangkok to
the mnorth and northeast regions though degree of the differential

varies from one roule to another,

This predominant mode of the transportation contributes. as one. of
fﬂctqrs-of__ traffic congestion in Bangkok. In ‘addition, the social costs
associated with this' means of transportation such as road accidents, road

surface deterioration and pollution will increase, if this mode is kept in

4.1
4.1.1 Petroleum Product Pipeline
.1) Backgrou.nd

*

Sce the projects schemative map of Energy Logistic System/Highway
proposal on Diagram 4.1
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usc in response (o the growing regional demand. Traffic problem will

~surely be. intensificd.

In- these ‘instance, - the petroleum product pipeling from Sriracha to the
terminal - in ‘Sara Buri to serve North, ‘Northcast and North Bangko'k

“regions ‘has been studied by PTT. We strongly endorse this study
- outcome in view of .utilizing stralcgic gcographi'cai location of the UCR
_for bcneﬁttmg both regional economy and national energy logistic

'system

Project  Objective and Feature’

- To éétablish an cfficient and - socially beneficial peirolcmﬁ products

rcplenij’sih_nicnt system “for ~the northern, the northeastern, and a part of
the BMR markets(a ‘total ‘energy demand of those. regions rcpresents
nearly 40%- of ‘the national demand at present), is the objective of this

project.’

The project consists of six components as follows;

(1) The main" ISSK:m"trunk pipe!inc‘fr'orm Sriracha pump :station to Sara

Buri termmal wuh 18 inches diameter,
(2 20Km Iateral p:pe]me from the Irunk line to East Bangkok Depot,
(3).:Sriracha pump. slanon with - three 1IMW pumps
(4) Intcrmediate’ pump station 115Km away from Sriracha pump station
also with three 1LIMW pumps, =
(5) East Bang_kok,_Dcpot serving jet fuel for the airport as well,
(6) Sara Buri 'té"nn:ida] with rail and truck loading facilitics, prodicts
storage tanks ‘(3¥1500 KL of dicsel, 3*5000 KL of regular, 25000 KL
- of préfnium, 2%2000 KL of kerosene, and 3*1000 KL of interface
storage), pipeline receiving facilities, and pipeline

control/mainteénance - center.
Project Location

The - Bechtel's feasib_ilily'sl'udy for PTT * Indus&ry Fuel Product Pipeline

7Pfojéét"—"":"Nd‘\'r'ember'1989' reéoﬁirﬁeﬁd‘s“'l—hé following plpelme route

after analy;rmg the scveral altcrnauve routes.
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The recommended route originates near the Sriracha refincries and.
follows the EGAT Right of Way (ROW) of the bigh voltage power line
north for approximately 85 km to. Ban Nakhon Nuang Khet which is a
‘uortheastern part of - Changwat Chachoengsao:  The route then turns
toward northeast paralleling. Highway 304 for appmxizn‘azcly 18 km to
Kh’ct-Nong Chok._' The pipeline then trns- north along -aﬁ cxisting road
for 20km 1o Ban Khlong 13, The: route extends approximately 35 km
~north along the existing Klﬁong 13 canal roads through Amphoe Nong
Khae to Highway 1. The route then follows Highway 1 - paralleling the
cxistin‘g_:gas pipeline (0 (he new by-pass road outside the City of Sara
~Buri to the Sara Buri terminal site. ~ The total’ length of the pipeline
¢xcluding the lateral would approxinuitely be 185 km.

'I_‘hc PTT study alsc rccommends Sara Buri terminal to be located on the
ncw North/South By-Pass of Highway 1 between Highway 3041 and State
Railway of Thailand (SRT) railway access just west of Sara Buri.

-We also recommend this pipeline rowting and location: of the terminal.
As for pipeline. routing, we recommend Tha Rua-Nong Khae-Nong Chok
road consiruciion and upgrading in view of slrengthening the linkage
between the ESB and the UCR. Having these (wo projects - (petrofeum
pipeline ‘and rvoad . construction/ expansion - projecl) together, they will
bring the infrastructural investment cost cfficiency. . Incidentally,
these routes, especially from Nong Khac to Sara Buri along the route No.
1, hoids existing gas pipcline as well.  Having these pipeline together

should increase operational efficiency.

As for localion of the terminal, we also agree with the proposcd location
on the ground that the Sara Buri tcrminal minimizes the creation of new
iraffic congestion through the use of new by-pass road and proposed
road. network by this UCR study (i.e., Tha Rua 1o Sara Buri and Sara Buri
by-pass and Suphan Buri/Tha Rua highway). = The alternative location of
the terminal in Bang Pa-in and Phachi will bc less favorable in this

regard and it should be noted that Bang Pa-in is classified as the flood

waler relenlion area,
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Project Time Frame and Costs

- The PTT study cnvisagés_-ihc‘ pipeline opcratioh in - 1992 with 30 to 36

months construction period . ass‘ixming thc government - approvals in
1989, The UCR study urges PTT and Department of H:ghways (DOH) to
have close commumcanon with reference to the ROW of ‘the pipeline,
since the 1mplememauon of Tha Rua/ESB road link uullzmg ex:stmg
Khlong 13 canal road is expecied to take place in 1994. - The project life

. of 20 years is assumed for the’ plpelmc

As for pro;ect capltal cost, 203 billion baht (81 2 m:llxon dollars in 1989
price) are preliminarily csumated for the p:pehne and the - pump station
by the PTT sm_dy, ofrwhxc_h 52% is foreign potion and the rest is local
potion.. In addition the terminal facilities are estimated to cost 700

million baht.

With these cost estimation this project yields around 20% economic and

: fmancxal ratc of return (with inclusion of jet fuel, 28% of FIRR are _
derived).. This strong feasxbmty of the project could also be revealed by .

differenuals ‘between trucking and rpxp_ehne in the overall unit
1ransportauon cost. The cost advaniage of 0.03 10-0.06 baht per. litter in

favor of pipeline system is estimated to prevail in serving the mnorthem

and - the northeastern regional petroleum product markets.
Salient issues for implemeniation

For realizing the project, it is necessary to have products exchange

agreements among various oil companies in satisfying the total market.

. This agreemient is said to be difficult in view of the product differentials

among oil companics due to their different: markeling " strategies.  This
product. exchange agreement has to be reached 10 realize expected
benefits of the project. '
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4.1.2 Natural Gas Distribution Systemn .with Naturat Gas Pipeiine from

)

Nam Phong

‘Background:

Ju_s't. recchﬂy in latc Aprit 1990, interim natural gas sales -agreenient was
rc'a_'ched'bem.fdcn'-}"l“f and ESSO. ESSO who acq.uircd Nam Phong
concession in Khon' Kaen in 1975 discovercd natural gas rescrve in
1'9:8_1.5 In 1984 a verification well was sct up and until 198.9 additional two

wells were: constructed to verify reserve.  Thus at Nam Phong currently

- four. wells cxist, by wh_ich 75 MMSCFD of methane rich natural gas. are

available  for consumption.

With- this amount .and the requirement of further reserve verification

~..process; the so-called "Interim Sales Agreement” took place. - PTT will

join in gas field development by 20% sharchold participation through
the ESSO/PTT Exploration and Development Corporation.  Ultilization
schct‘n.c_ ‘of natural gas during the Interim Sales makes EGAT to absorb
the all of the -available: gas from the Nam Phong ficld. EGA’I‘. is now
constructing a total. capacity of 355 MW combined cycle.'power plant
within 4km radius from- the gas production: center.. ‘This- plan{ consumes

the gas of 40-60 MMSCFD gas. This Intcrim - Sales is subject to

‘modification in. three years during when more accurate . estimate of

rescrve will be made.

Lbbking at fulure.prospect of the Nam Phong gas ficld, there exists a

.. possibility that. the proven reserve -would amount to over. 1 TCFE. . Having

this supply prospect and future dircct fuel demand in the UCR, a gas
pipclme connccting the Nam Phong field with the existing gas pipeline
in Sara Buri is natuml!y considercd. ‘Prerequisites for this pipeline

project are; ‘i) Production capacity of the ficid -over 250 MMSCED (o

satisfy the cconomy of laying pipeline (1.0 TCF enables this production

level), and™ ii) cxistence of the gas absorbmg market.

Prcwous!y this pipecline pro;em has . gaihcrcd duc altention wﬂhm PT'I‘

 :which led 1o the pipclmc fcaqrb:my study: by Bechich in  1988/89.
'Howcvcr unfomma[cly this study is not available for uws. 1t is informed

- from - the PTT/pcrsondl that “there. cxist two alternatives for the pipeline
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from the Nam Phoug field. One is 10. connect. it dncctly wnh Bang
Pakong where large expansmn of power genmahon fac;lmcs "'_
considered. . The other is 1o conncct it wnh the existing  gas p:pclme
system at Sara Buri with possible reverse flow of the gas to Bangkok
cither case, the new pipeline is laid (o go through Nakhon Ratchasuna

where mdusmahzauen is cxpccted in long- term

From the UCR dcvcinpm‘em point of 'view, the region is éxpected ‘o see
npimg energy requirement in. 2010 and- it is recominended 10 set the

- pipeline route so. as for it to. be conngcled with the exxstmg pipchnc

with iis addmonai dlS[[lle[lOll n_ctwork system. “This project’ then opens
up new c_ompafativé advantage of the UCR -with the availability . of
pollution free, _st'able'and easily contrellable {uel source.

In these instance the following project and study are rccommended.

Project Feature and Objeclive

(1) Natural gas plpelme connecuon from Nam’ Phong to the exxstmg ’

system : :
(2) Natural gas distribution gystem (cuy gas nctwork) for Greater Sara -
Buri Indusmal Core (GSIC). '

* (3) Feasibility study on the ii) above i.e., ihc city gas network in- GSIC

a) Recommendation for the most efficient way of utilizing natural
gas from Nam Phong _

b) Delineation ‘of distribution plpelme system to - seize the abovc
opportunity '

¢) Recommendation  of project phasing

Scope of the Project and. Study -

(1) General
- About 300 km long natural gas plpelme and | d:smbutlon
extcnsmn systcm from Nam Phong through Nakhon Ratch351ma
to _Sara Buri -is th_e m_am feature of this. project.. Accordnng to a

cuirent idea of PTT, objective of this pipeline is to s’ér_vc‘iﬁéinly
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for the demand in Bangkok -with a very limited 'provision of gas
for the UCR’s use; which is about 4% of the 250 MMSCFD capacity.

As stated above, there exists a large room for the industry in the
: i_,UC_JFL to utilize natural gas as their fucl- sowrce. The constrainis for
-this direction of natural ulilization is the encrgy -product pricing

with product replenishment  system.

Pricing is the main fealure. of energy policy measures. It is quite
conceivable that the economic benefits from the ‘total econo'my'
point of view could bring more favorable effects, if financial
en_c'rgy ‘prices are. set attractive to the users who can generate
m'ultipli-er_ effects for the total of economy but neither to the
_.energy producers nor 1o a particular segment of the consumer

industry.

As for the natural gas absorptive capacily in the UCR, it is
estimated to be 60.6 MMSCKD in 1996, 83.1 MMSCED in 2001 and
125.5 MMSCED in 2010 by assuming that just little: over 40% of
petroleum products demand are converted fo natural gas use. In
addition, if all of the fuel required for cement industry were to be
converted to natural gas, the gas absorption capacity in UCR
jumps to 170 MMSCFD in 1996, 211 MMSCFD in 2001 and 285
MMSCFD in 2010, |

In addition to industrial fuel use of natural gas, a possibility of
city gas in the UCR' especially Sara Buri/Ayutthaya area should
gather due . aticntion, 'Lookihg al the future Liquid Propane Gas
(LPG) market in the nation, ihis' city gas will work

complmﬁemary to it. Encrgy . usc in thc residential and
commercial sectors will be large enough in this country within
this decade and the courtry should be able to have both supply
'sfstems. ‘Then it is important 10 examine. the .pros and cons of the
both systems with special referencc 10 thc total energy

‘requirement lo replenish, cost of distribution -and efficiency of

iransporiation.
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Curréiu]y LPG is widely used not only by resulcmsal and serwcc

sectors, but also by manufacturing: sector.  In 1988 LPG use in the

residential and service scctor accounted for 77% of the’ {otal LPG
consumpt;on The LPG (,onsumpuon ‘showed a remarkable growth
‘rate of 15.5% per annum during the 1982 to 1988 pcnod though,
‘in- the last three years, the growth rate dcclmcd {o 8% pet

annum. In the UCR, LPG us¢ i$ being -accclerated at a rale of
11.4% per annum during the las threc years. It is increasingly_
used in scrvice and resident sectors in addition to “manufacturing

segtor.

In meeting these rapid LPG demand growth, ‘Thailand imports
20% of_lot'a!"LPG consumption.”  With the avetage growth rate of
8% per annum, based on the currcnt plan of LPG supply capacity
cxpan.éion by new rcfineries and the sccond natural gas
scparation plant, il is forcscen that the supply and demand gap
will be widen in LPG markct in the mext 7 years. A strong
argument 10 supporl introduction of the cily gas sysiem lies

here.

The sccond argument o favor city gas at this moment is the price
© differential - between LPG and city gas. Current pricing for
‘natural gas is set on the basis of fuel oil equivalent in terms of
thermal value. By applying this to the comparative ;irices of LPG
to natural gas, ‘there exists a differential of 0.5 baht per 1,000
kcal, showing -that natural gas is a lot cheaper (I'n 1988 price for
LPG is 0.82 baht/1,000 kcal and 0.31 baht/1000 keal for fuel oil).
With this price advantage, even with further price reduction of
natural gas the cily ‘gas system will “present févorab_lc economic

and - financial * raic of rejumn.

In - introduction of the ¢ity gas, - a .Slra!egy is recommended
provide gas for spcci'fic' targels “such as new industrial  estates and
their neighboring towns.  Our study proposes sevcral ‘industrial
estates w:lh stress on GSIC dcvclopmen[ '

As 'specifica{]y for residential use of - the c.ity gas, it is ‘estimated
3.2 MMSCFD demand will be in Sara Buri/Ayuithaya afea. For this
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cslimation 2,800 mega cal/dwelling unit/ycar and 60% of urban

households connection are assumed, - For energy requirement per

dwelling .unit per ycar, "Encrgy and Nuclear Power Planning
Study for Thailand" assumies 1,400 Mcal -for cooking and water
heating in the 1990%s. On the other Hand, in Japan's expericnce,
those cooking and water healing energy consumption - increased
from 1,700 - Mcal/ycar in 1964 10 5,800 Mcal/year in 1981, Aléng.
economic development, the behavior of using cnergy. is .expccled
to change in favor of the use for cooking and water. Thus,
housechold unit consumption of 2,800 Mcal is adopted here. In

these  instances, it is recommended to siudy the following items to

identify ‘a specific natural gas distribution network.

Major items to be studied

- a) Projection of the demand for direct use, .

b) Estimates of the economic value of natural gas for different
usecs

¢) Alicrnative utilization schemes

~d) Delineation of the utilizalion system

¢)  Cost estimates for utilization configuration
f) Recommcndation for pricing and accelerated use of natural

gas

Implémcnlation of the Project and the Study

The implementing agency will be PTT. For the study, 26 man-month

would be required. The study should starl as earliest as possible, and the

main pipelinc and distribution network - are  recommended to

commission in the last phase of. 7th Five-Year Development Plan i.e.,

1995/96.

Péwérj System Expansion

4.2.1 Background

'Recentiy, the UCR with 95%. of the village clcc_lrifiéd experienced a rapid

: grbwih of electricity cmmumﬁtion at a rate of 10% per annum by spill over
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effects from Bangkok economiic activities. “This high- growth rate’ is also,
expected during the 7th Five-Year Plan. Thcrcforc, how 10 -mect” thcse growmg
demand ‘is the main issuc for the power sector followccl by -another issues of

achicving 100% v:llage clecmflcatxon and upgradmg supply scrwccs

Havmg been well aware of thesa situation, EGAT and PEA have alrcady lald out
the supply cxpansmn plan 10 remcdy the current “situation and 1o cope with

the expected dcmand growlh

The  UCR wuhout any major power gencrauon reSOUrces shOuId ncccssarily be
viewed for i's "power supply system in the perspecuve of total national power
suppty.  Therefore, . the UCR aionc ¢an not- effectwcly come up with its own

major power system exp'ms:on and improvement.

Since clectricity consumpiioﬁ 'in the UCR is expected to grow by 5 to 6 times by
the ycar 2010, due attention should be paid to the continuous system expansion

and  improvement.

‘The followings are the major projects for power suppfy e'xpansio'ﬁ' in the UCR
(see Diagram 4.2). . ' '

4.2.2 Projects of E&ectﬂcity Generating Authority of Thalland (EGAT)

1) Strengthenmg power supply for Ayutthaya and Bang Pa-In Arca (EGAT
classification Subproject No.2)

(1) Objective |~

Objective of this project is to ‘supply “bulk ﬁOwer' 10 'induétr‘iél _
estates in Ayutthaya and Bang _Pa.-ln areas which ‘will’ "fequife,
'powCr supply in the range of 250-300 MW, The project” will also
increase: rcllablluy of the ex;slmg Ayutthaya and Bang Pa In
Substatlons b

32



2)

(2)

(3

(4)

Scope

Project feature/scope is as follows;

- Termination of the 230 kv Ang Thong 1 - Réngsit lines 1o Bang

Pa-In 2, by consiruction of ‘twin double ‘cirduil steel towers, using

1272 MCM ACSR conductor, a distance of approximately 1 km.

Construction of 115 kv Bang Pa-In I - Bang Pa-In 2 double circuit

'ling, wsing 23795 MCM ACSR conductor per phaqe a distance of

: .apprommatcly ‘3 km:

__Construcuon of 230/115 kv Bang Pa-In 2 Subsiation and
:i.ns'té'llation of two 230/115 kv tic transformers, cach rated

' _ONAN/ONAF/OFAF 120/160/‘200 MVA and two 20 'MVA 115 kv shunt
'capacuor banks.

“Expansion of 115 kv Bang Pa-In 1 Substation for two incoming

lines from Bang Pa-In-2.

Addition of communication system.
Cost

The amount of cstimated cost is 535 million baht of which foreign

currency portion occupies 280 million baht.
Commissioning

Dccember_ 1992

Power Supply for Ayutthaya and Bang Pa-In area.
(EGAT Classification Subproject 3)

(1)

Objective

Objective of this project is to increase power supply capacity for
industrial demandsin Thalan and Saraburi areas. This project

will - increase reliability of power supply, improve voltage drop

_ conditions, and reduce- system losses.
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(2)

(3>

(4)

Scope

Project components are as follows

Construction of 230 kv. Thé"I‘aléo - Thalan 3 “double. circuit
'transmxsmn line, u%mg 2x1272 MCM . ACSR conductor per. phase, . a
dlstance cof '\ppioxnnmely 130 km.

Tcnnmauon of one mrcmt of 23(} kv Ang 'I‘hong 2 Sarabun 2
linc at Thalan 3 Substalion by constmcnon of a doub!e circuit

'slcel tower line, using 1272 MCM- ACSR conductor per phase, a’

distance of approxnmqtcly 1 km, _ _
Construction of 230 kv Thalan . 3. Substation for two. 230 kv .

_mcommg lmcs from ’I‘ha Tako, ‘one 230 kv mcommg lme from

Ang Thong 2, one 230 kv ouigoing line to Saraburi 2 and for three
230 kv tie iransformers rated ONAN/ONAF/OFAF 120/160/200 MVA,
and construction of 115 kv Substation for the termination of the

existing 115 kv Thalan 1 - Saraburi 2 .lincs, and. for. three tie

iransformers.. Provision will be made for 115 kv lines expansion

10 Sarabun 4 S‘mbstalmn in 1hc near future,

Expansion of 230 kv Tha Tako Substation for two outgomg line to
Thalan 3 Substation. , TR
Installation of shunt capacilor bdnks at various - -substations

amounting to 178.9 MVAr as follows :

Substalion Voltage Rating
e (kv) (MVAT)
Saraburi 2 230 1x60

115 3x20
Saraburi 4 115 1x20
Thalan 1 115 1x20
Saraburi 1 . 22 4x3.15
Nakhon Nayok 2 2315
Costs

The estimated costs are rcpor[cdiy f,950 million baht of which
965.0 million baht will be for foreign portion. -

Commissioning

B Dccembcr 1_992'
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4.2.3 Projects of Provinclal Electricity Authiority (PEA)

1}

2)

Power Supply to Planned Industrial Estates

Seven industrial cstates planned in Ayuithaya and 3.in Sara Bu’ri'"arg ;all

taken care of by PEA,

Each esiate has a samc supply capacity of 80 MVA as shown on the

‘following table. Ail-togcth_ér 680 MW power is re_quirefi._"_The necessary

components of these projects to supply this volume are already in
progress in accordance with EGAT. With these projects, indqstries can

expect stable and quality supply of power,

Financing of substation in each estate is arranged by the ‘estafe .
developer. Then PEA repays those in terms of electricily sales over the
period (not less than 3 yéars). '

Village Electrification Project Phase 3 (VEFP3):

As have been observed in the Tabie 1.8 Status of Electrification, Lop
Buri, Sara Buri and Chai Nat necd additional efforts for electrification.

Village Electrification Project Phase' 3 (VEP) will provide eleciricity to

the \}illages ieft over by 1992. Then 100% "_clect'rificatioﬂ rate would be
envisaged in the UCR. However, household hook up rate is considcred to
be 80%. '

VEP is a national project for the period 1990 to 1992 with national’ target

of 2,000 unelectrified villages and 17,735 extension jobs in 70 provinces.

The total cost for VEP3 is estimated at 3,560 million baht: of which 1,250
million baht are fore'ign currency portion.  This estimated investments
are subject to the Budget: Bureau's approval. - The UCR pdnion is: difficult

{o oblain.
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3)

Tranismission System and Substation Development Projeet @ First Stage

This project -aims at increasing service quality of PEA 1o mcct the

growing - power démand resulling  from decentralization of industrial

“base,

Aung Thong," Sara Bun, Ayulthaya, and a part of Lop Bun will be

‘bcnef:trcd from ihis p:o;cct (sce the schematic - map of pO\VCl

Expansion) Objectives of this project are "the followings:

(1)

(2)

(3)

(4)

Objectives

" To meel increasing clectricity requirements, especially of middie

and large scale industrics.
To increase system clficiency and reliability.
To solve and minimizc problems of operations, maintenance and

sysiem losses.

Scope/components of the projeci

The scope of this project includes substalions .and - transmission

lines ‘in the U-shaped arca consisting of 18 provinces
surrounding Bangkok, and its physical componenis are as

follows;

18 new 115:22 kv Substations with total installed capacity of 880

MVA. _
4785 cct-km. of new 115 kv transmission lines (12 transmission

lines), with conductor sizc of 2x400 mm2 AAC per phasc.

Cost

The iotal cstimated costs rin- about 5.0 billion baht of ‘which 2.3
billion are for forcign portion, The UCR’s portion is difficult to

identify.

Implementation period

From 1991 to 1996.
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4.2.4 Recommendations on Salient lssues in implementing Power Supply

Expansion

It has been-a pracllcc among hGAT and PEA that EGAT takes carc of
construction ‘and - maintenance of transmlssmn and substations and PEA is in -
‘charge of distribution system 0_f_22 kv or 33 kv right after the EGA'I‘.substa{_lons

with switch facilitics connected to the substations.

In the future, a new demarcation is recommended to be set. belween EGAT and -
PEA so that EGAT takes care of the transmission and substations associated with
500 kv and 230 kv system and PEA takes over the secondary transmission

system of 115 kv with distribution facilities.

Current practice -is merely 1o separate activities' and assets of EGAT and PEA
withou! the point of view of power supply technicalities. It is quite posss1ble
to have switch facilities with substation facilities within the same substation
area. By having thesc two together, personal for maintenance can be feduced
and better operation is promised by being able to seize power supply side and
demand side at a glance. Technically and economically, it is recommended 10
charge the current practice as stated above, - Especially, construction of
substations for power distribution requires prﬂh_lpl reaction to the ‘market
behavipr, To meet ré.pidly increasing demand, both quantitatively and
qualitatively, there is a large room for new subsiations to be constructed near
the large demand center. It is PEA to be fully responsible for this matter touch
current set up of PEA will not fit this responsibility. Moreover current power
supply practice of long distance distribution line can noi simply meet the
power demand level. This long distance distribution linc is frequenily subject

to the voltage (luctuation and accidents.

4.3 Rice Husk Utilization (Power generation/production
carbonized husk)toward Achlevement of Natural Resource
Recyc!mg System

4.3.1 Background
How 1o cope with the ever increasing eleciric power demand is the initial’

starling point of this project. Now power supply systein netwoik has heen .
established throughout the country through the efforts of state ownéd utility
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_ conip;tniés of EGAT, PEA and Mectropolitan Electricity. Authority (MEA). The
cxis{ing ‘power supply structure supported by these institutions have been  the

best lo cfﬂctcmly and stably mect the power demand necessary for the '
dcvclopmcnt 50 far,

ché’rghelcss ‘power demand is anticipated to grow constantly along with
further economic growth of this count'ry; During the 6th National Plan
period_,'t'he' power scctor investment climbed up to 100 billion baht and is
expected to double that amount- during for the 7th Plan period. This aggregate
inveslment"réqu'irei_n'ent-'would surpass government capability. Meanwhile,
private. sector. involvement in national development process has been
increasingly Empdrtam with its financial and human resource capability. In
“addition; the technilogies in encrgy sector to altain higher energy  cfficiency

and morce cffective use of energy resources are getting widely available.

In these' instances; it is time ‘to purse cfficient and cffeciive utilization of
locally endowed resources for power supply expansion. This consideration
compelled the government to discuss and to amend the private sector power
purchase regulation in 1989.  Furthermore, it is felt important to establish a
diversified power supply system by utilizing available resources effectively so

as o bring synergistic outcomes in meeting ever increasing power demand.

Looking at the UCR, riccﬁ.husk is awaiting for wtilization. Currently 2.1 miilion
tons of paddy are produced in the UCR. With results of intensification and
diversification programs of our agriculture sector plan, it is expected that 2.3
million tons of paddy are harvested in the UCR ‘in 2010. - This volume will -
annually - provide about 460,000 tons of rice husks, which is"equivalent to
147,000 tons of crude in terms of thermal value. This available biomomass -
resdurce, if utilized 100%, would mcél 1% of total petroleum  product
coﬁSumplidn’ ‘in the. UCR -and if converted to clectricily, it would meet 7% of

total electricity consumption of 140 GWH in the UCR.

In the UCR, it is ‘aimed to altain a balance between agriculture _and industry
and harmonization of its natural condmons with development, Toward this
goal rcCychc utxhzauon of natural resource will be one of the main strategies
in dcvelopmg producuve scctors. wherc agriculiural products residues are
utilized : for. further proccssmg in down stream mduslry as weil as uuh?ed as a

deccmrallzcd power generation energy source. This strategy will add
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comparative advantage of the UCR in terms of self power -supply capability at
possibly lower costs for the UCR’s resource oricnied industrics, . i.¢., - diversified

food industries.

As for utilization of rcsndues from rice mill, not only lhc rice husks but aiso
ricc brawn is promlssmg material,  The.oil from rice brawn is -gathering - due.
atiention - for its ability to dlssolvc corestuole and this oil is traded . at .the price
Ievel thrce times as hlgh as those of rcgular vegitable oil. With the paddy
producuon of 2.3 million tons, about 33,000 tons of .ricc” brawn oil is- possibly
produced in the UCR. . The abovc electricity from rice husks will harness. these

down stream industrial acnvmcs.

Simultancously with power gcneranon by r:cc “husks, it is poss:ble o obtam
carbonized- rice husks- (CRH} by not burnmg out the husks completcly This -
production of CRH will further add -opportunities to - strengthen the resource
recycling utilization scheme. 'CRH_effcctivcly works as soil reformer and the
soil for seed-beds in agriculiure and. in industrial area. It works. as heat
insulation material, debdorizerlpuriﬁer, and materials for . bricks. . ,_Curirenﬂy
in Japan about 130,0_00 tons of CRH is p’roduc-e'd annually with 60%- for. -
agricultural use and. 40% for industrial. use. Its effectiveness has _béi:n__,
recognized especiéily in agriéuhural application such . as replenishing silica,
softening soil, increasing water relention and'_ reforming acid soil. ~ These
applications will be required to remedy deteriorated. soil in the upland of the.
UCR.

As for the power generation from ‘rice husk, the actual .implementation - has
been observed through the sales of su_c.h,' powcr generation eguipment. .
However it is limited to only the generation of power. -Jarung Enginéering: :
Co.Ltd. has sold 30 sets of such equipment with 90 kw gencration capacity in
average. With the use of this power generahon system, 720,000 baht savings .

per year has been reported! -

1 " A Seminar on Regulatlons on anatcly I’aper for Gcnerated Powcr
Purchase”
National Energy Pohcy ‘Office. Mar 1989
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4.3.2

'P_rqject Objectives/Feature

To producé power by utilizing the rice husks or to produce power and

carbonized rice husks for soil reformer, the project featurc comprises of

- 4.3.3

D

" Rice husk storage facility

Carbonizer

Carboniz_c:d_ husk extinguisher

_Ca_rbonizéd '_husrk storage facility

Waste heat boiler

Turbine QGenerator,

Scope of the Project

A case project

Projects for ricc husk utilization can be divided into two types. One is

" 100% power gencration and the other is to prddu_cc power as well as

" carbonized rice husks (CRH) for soil reformer,

- Typical cases of these two options are shown on the table below

assuming i) rice husk input of 24,000 ton per year and ii) opcration

2,000 hours per year.

Option A
{(Power and CRH)

Option B
(Power only)

Boiler type
Boiler capacity.

Turbine Generalor -

Husk carbonizer |
CRH Production

Power production
Energy production

Power Cost Saving

" “CRH benefit*

Waste heat boiler
6,600 kgih

600 kw

3 Ton/h

4,800 Ton/year

450 kw - -
3.6 Gwh/ycar

6.1 million Bfyear

5.6 million Bfycar

Waste tube boiler
10,500 kgth
1,550 kw

900 kw
7.2 Gwh/year

12.2 million Bfyear

12.2 million Bfycar

‘Source :- Results of hearing trone manufacturers -in Japan.
% In . Japan CRH is priced as 70 yen/kg. for indicative calcu]_aiion, the
economic benefit type margin is set as 1/10 of the current price of Japan
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For the Opuon B of power genefation systcm the steam could be utilized
in nc:ghbormg plants after going through the stcam turbine for

generatmn The schematic flow diagram for Option A is shown on.
I_)nagram 4.3,

2) Implementaiion of the Projebt

Private sector participation is considered. Implementation period-.is-
from 1992 to 1996. . The best project Iocation will be within the proposed
_ agro-processing zone. However, through out the UCR this project is
" applicable to the whole area of the UCR except the upland area.

4.3.4 Sallent Issues for lmplementation

In lmplemcntmg (his pro_;ccl, seasonality of rice husk procuremcnt and-
.1(}ngth costs should be paid carcful attention.  Another aspect which needs
attention is prolect ‘executor. anate sector is considercd for execution and
ﬁpcratidn-of this rice husk ulilization and a suitable executer would be rice
mill f'act_ory; or agricultural cooperative.  Currently there are 1,469 rice_miils_
~ according to the 1986 Ministry of Industry (MOI) data. However, with the
prépo:sed :—'i'men?sii".ication of paddy production in re'iat'ion i0 rice husk
1itilization;' relocation or nlcrging of rice mills would be required. Though
al'réady initiatéd,'amendmehl of the power scctor regulation is urgenily
required to realize actualize this project, where the power produced from rice
husks could be sold to neighboring customers through ‘the PEA distribution

system.

In consadermg these, it is recommended to. carry out a location- specnﬁc
feasibility smdy with duc attention to the rice husk collection system and
marketmg prospects for the carbonized rice husks.- For this study an

exceuting body could be the. busmcss mcubator organization as proposed by

the our . study.
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APPENDIX 1. Projection of National

Consumption

Table A-1

! BEE PG
NATION 1105
GREATER BKK, [Ny
LK 1Q67%
UCR 1 /5%

1988 *5)
NATION 1) 8.861
OREATER BKK 2} 13,947
LiCH 3 }, 904
UCR 4) 1,904
EGAT GEN.REQT 31,997
NATION 100.00%
GREATER BKK 48.32%
Lr 6.60%
UCch 6.60%
Electoricity Intensity
NATION 383
GREATER BKK 570
LR 920
UCR 920
Electoricity Elasticity
NATION IR L
GREATER BKK L0
LR 1596
UCR 157

199672001 198872007
L5 AR
7 8EE E57%
Q2E 1Q07%
& 6:7F & OF
1996 2001
62,297 86,928
28,175 40,603
4,269 6,632
a.127 5,602
69,065 96,373
FECIOMAL SHARE
100.00% 100.00%
45.23% 467t %
6.65% 763%
6.62% 6.55%
/1.9 76.3
60.7 631
122G HAB 5
1192 1229
177 1.5
fLi2 L1/
L75 [Lo7
rr7 LIz

Electricity Consumption Projection

T Gl

198872010
& AE
& /0%
gO3E
HI0%

2010
158,350
78,380
12,403
10,571

175,55¢

100.00%
49504
9.10%
6.687%

LNIT - K [ O00BHAT S

823
709
1852
1538

.26
115
r5%5
l29

NOTES - 1) Basedon thereviewedLoadForcastJuly 1988.
2) 1996'sfigureisfromMEATorecast Therestsare Teamestimates
3) PEATorecastupto 2001 2010'sbyextarpoiation
4) Teamestimates

5) Allfiguresin 1988 areactual
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and Regional Energy

ailmpact
FO107 1988
5.5
5.6
76
56
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Petroleum Products Consumption Projection

5 fOE

EAR
888F
&5 80F

2010 -
56,690
35,906

3,535

3,066

62,849

& Impact
201021998
3.7

42
4.3
38

100.00% -

63 .34%
6.24%

5.41%

1 OG0B ?3‘

295

32.5.

454
358

JHTENSIFIE,
AITEFOR
I RESNTOIG
-325%

- F54E
G558
0078

085
gRE

Lt
0.99

projection. Figurs for 2010 are by Team esti mates,

43 Team estimates .
5) Allfiguresin 1988 are aciual from NEA
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Table A-2
- ! 85396 f?ﬁé-“.?ﬂe?! mm.-‘gﬁm faﬁgs’zym'
NATION 875F LS5 ER S
GREATER BKK 2168 498 2208
LR 555F & 90T L E87E
UcR ST 5838 7S
URIT- 1076 LHTRES R |
1988 *5) 1996 2001
NATION - 1) 15,417 20,117 33,162
GREATER BKK 2} 8,562 17,190 22,447
LR %) 816 1,386 },935
UceR 4) 816 {,524 2,004
EGAT GEN. REQT 31,997 69,065 96,373
 RESIOMLSIRE -
NATION 100.00% 100.00% 100.00%
GREATER BKK 55.54% 57.08% 58.82%
R 5.29% - 4.60% 5.07%
uce 5.29% 5.06% 525%
P.Products Intensity URIT L ITRESS
MATION © 311 348 335
GREATER BKK - 35.0 37.0 34.9
LR 294 396 42.8
UcR 39.4 44.0 433
P.Prbducts Elasticity -
NATION . 121 0.85 1.0oa
GREATER BKK 169 08! 1.06
LR 191 13/ Iy
lce .82 G o4 vy
AOTES - 1) Figures 1) through 3) from 1996 te 2001 ate from NESDB:"NEPG



‘Table A-3 . Direct Fuel Consumption Projection -

NATIGN

IRGGSGE  [OGOSTG0T [AGE200 195572010

70T FIRHL EXE

{32

AOTES - 1) Team estimates

. All figures in 1368 sre actual
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L DIRECT FUEL 598 3008 5.EET 5938

- TOTAL FIRIE ERE . EXIT 4 3 9% 5.91%  g00%
ucR '

DIRECT FUEL 8318 5898 507% 587F
- TORL FINAL ERE 8 78% 588 5415 557%
YRIT GO0TOE |

L 1988 1996 2001 2010

CNATION - - ' =
o DIRELT FUEL I5505 0 PEElS J2 LT L2572
FOTAL Fididl EXF 16,586 37,824 39.520 %0,865
UCR: .- S o
DIRECT FUEL 4 308, 2130 & 909 £ 390
TOTAL FIRIL ERE 1,468 7,483 3,295 4,891
NATION , ' RECIONIE SHIRE .

DIRELT FUEL 100.00% 100.060% 100.00% 100.00%
7OTL FIMAL ERE 100.60% 100.00% 100.00%  100.00%
oer R _
| DIRECT FUE 3.59% 8.03% 8.75% 9.27%
TOTAL FIRIL EHE 8.85% 1.56% B8.34% 8.04%
Direct Fuel intensity LT - £ 1THRES  OOOINTS
NATION : _ -
 QVRECT FUEL 275 30.6 z8.2 24.6
TOTHE FIRIE ENE 375 37.9 347 216
wrR
DIRECT FUEL 61.5 60.6 55.6
TOTAL FIRAL £RE 7.7 711 61.9
Direct Fuel Elasticity

HATION.

L MRECT FUEL £ &0 aqse f 85 g8z
7071 FIRL FHE 173 057 104 045
e ... - : o

| PURECT FUEL a5 g.95 o5 4 95
587 .00 090

& Hppse?
SR GEG

35
3.7

3.4
3.3

ATEASITY S,

AHTE FO8

I HGG 2017
~R50F
~BI8F

~G58F
~2B7F



Table A-4  Final Commercial Energy Con'sum;)ii;jn Projection’

LRI 000 TOF

W M=

Lo 1988 1996 20001~ 2010
TOTAL RATION - L . CE
1 PIRECT FOSSML FUEL . . (=2%3) 14,127 27,516 32,013 47,322
2 £ ERODIETS _ 13,.25¢ PF, Gt 31,140 - .. 46,259
3 OTHERS (=t+it+iil) 558 1825 ACIZE L858
i) : LHHTE - : ; -
iy ORI _ L
4 - EECTORICITY : 2,459 5,308 - 7,407 13,493
S TOR FIMEENE (=1+4) 16,586 32.824 39,520 60,865
Ucr oo P . SR -
DIRECT FOSSIE FUEL (=2+3) 1,306 2,131 2,810 3,990
£ ORORETS 574 4133 1838 25385
_ BIHERS {1 +i1+111) 832 ggs 5P 1 HES
iy o LIGHHTE S
i) : SRR /s &% - T :
iii) e Hols ;
4 - HECTORIEY  (=144) o162 . 352 485 . 901
5 TOTAL FIRIE £XE 1,468 2,483 3,295 4,891
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APPENDIX 2. LIST OF STUDY REPORTS AND PAPERS

REPORTS

Design for the Study
Inception Report 7
Inception Report: Amendment

Progress Report
Interim Report
Executive Summary
Master Plan Report
Technical Reports
Vol. 1 Spatial Framework for Development
Vol. 2 Environmental Management
Vol. 3 Land Use and Agricultural Development
Vol. 4 Industrial Development
Vol. 5§  Distribution
Vol. 6  Water Resources Management
Yol. 7  Transportation
Vol. 8  Economic Environment
Vol. 9  Local Government Finance

Vol. 10 Energy
Vol.11 - Landsat Analysis

Draft Final Report

Executive Summary

Master Plan Report
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2. PAPERS

_\ooo-ac\u- ~

Water Rcsource Managcment, Agncultural Dcvclopmcnt and
Land Use Management - -
Industrial Development

" Distribution and Markctmg

Energy

Social Development in Rural Econom1es
International and National Economic Envn‘onment
Human Resource Development

1.andsat Analysis

Papers for Seminar, Sa.ra Bun NovemberZ 3 1989 _
1. Development Framework Stratcgles, and Production -
2. Urban, Land Use and Infrastructure Development
3. Critical Issues for Devclopmcnt Management '

Papers for Semmar Pattaya, July 28 29 1990
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Agnc.ulture and Water Resources: Pohcws and Programs
Industry and Energy: Policies and Programs = . -
Urbanization and Infrastructure Facilities: Policies and Programs
Development Administration and Enwronmental Managemcpt

Policies and Programs
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APPENDIX 3. STAFF INPUT

Members of UCR Study Project Staff of NESDB

I.

oC

10.

11.
12.
13.
14.

Mr. Vithya Siripongse
Dr. Utis Kaothien

Mr. Manu Sattayateva
Mr. Weera Sritaranondha

Mr. Teerapat Kaiyarit

Mr. Numthip Pattanaskul
Mrs. Somsiri Protitikul
Mr. Sumeth Srisangthaisuk

Mr. Kiattikul Lueangwattana
Ms. Piyachat Sonkom

Mr. Poolwit Bua-on
Mr. Mana Ligkachai
Mr. Sumitra Pooltong

Mr. Chokdee Srisomboon

Deputy Secretary-General and Project
Director

Director of Urban Development Coordination

Division and Projector Advisor

Director of Central Region Development
Center and Project Manager

CRDC Official and Counterpart Team
Member

-do -
-do -
-do -
-do-

UDCD Official and Counterpart Team
Member

CRDC Official and Counterpart Team
Member

-do -
-do -
-do -
-do -

Members of JICA Advisory Commiitee for UCR Study

1.

Mr. Koichiro Katsurai

Mr. Koichi Nonaka

Mr. Koji Taniguchi
Dr. Kunitoshi Sakurai

Chairman of the Committee, Institute for
International Cooperation, JICA

Member of the Committee, Institute of
Developing Economies

Member of the Commitiee, IDE
Member of the Committee, IFIC, JICA
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5.  Mr. Atsushi Matsumoto
TEAM EXPERTS

1.  Dr. Jinichiro Yabuta

2. Dr. Masahiko Honjo

3. Mr. Yoshinobu Nomura
4. Dr. Masahiro Nakashima
5.  Mr. Tadashi Kume

6. Mr. Toru Ishibashi

7. Dr. Michiaki Hosono

8. Mr. Katsuhide Nagayama
9. Mr. Aisushi Saito
10. Dr. Charit Tingsabadh
11. Mr. James M. McBride
i2. Dr. Masayuki Doi
13. Ms. Abha Sirivongs Na Ayuthaya
14, Mr, Masamichi Ogawa

- Member of the Commmee and Officerin

Charge, JICA

Leader,
Regional Development,
IDCI

Advisor,
Regional Development,
IDCI

Deputy Leader,
Regional Development,
PCI

Water Resource and Envm)nmentdl '
Management,

Land Use and Environmental
Management,
PCI

Industrial Development,
ECFA

Agricultural Development,
ECI

Spatial Framework for Development,
Urban and Enwronmenta,l Management,
PCI

Distributional Marketing,
PCI

National Economlc Envn'onment
CUSRI

* Transportation DeveIOpment,

PCl

Transporiation Development, '

Water Management Institution,

~ CUSRI

Industnal Development,
Iba _
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Mr, Masahiro Hamano

5. Local Authority Finance,
SOMC
16.  Mr. Masumi Ishida Energy and Regional Economy,
| D
17.  Mr. Kazuto Yamada’ Environmental Management,
PCI :
18.  Mr. Kenji Domoto International and National
Economic Environment,
156l
19, Mr. Toshiyuki Imai _ Private Invesiment and Industrial
: o Development,
()
CUSR:  Chulalong Korn University Social Reséarch Tnstitute
ECFA: Engineering Consulting Firm Association
IDC: Intemational Development Center of Japan
PCL Pacific Consultants Internationat
SOMC: Shinko Overseas Management Consultant
CO-EXPERTS
1. Dr. Surin Setamamit Environmental Management,
Chulalong Korn University
2, Dr. Chamnien Boonma Agricoltural Economy,
Kasetsart University
3. Dr. Kamol Sudaprasert Human Resource Dcvclopment,
Nonformal Education Department
4. Dr. Jacques Amoyot Social Development in Rural Economies,
Chulalong Ko University
5. Dr. Wisoot Wiseschinda Social Development in Rural
Economies,
Chulalong Korn University
6. Mr. Suvit Vibulsresth Landsat Analysis,
Thailand Remote Sensing Center
7. Mr. Satoshi Machida Landsat Analysis,
Pacific Consultants Co. Lid.
8. Dr. Krai Tungsonga Survey of Industry, Distribution and

Marketing,
Asian Engineering Consultanis
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9. Dr. Kraiyudht -
Dhiratayakinant
10. Dr. Jesada Kaewkulaya
11. Dr. Daranec Thavinpipatkul
12. Ms. Shujit Pongtong
DMIN!SIB_AH!ESHEEZ § A_EE

1. Mr. Yasunobu Kawato

2. 'Mr, Tsuneo Sakano

' Local Government Financing, -~

Chulalong Korn Unwersuy

Water Management

G Kascrsart Umvers1ty

Urban and Human Settlement Analys-ls,
Chulalong Korn Umvcrsxty :

' Tourism Devclopment, L
Tourism Autho: ity of Thaﬂand

' Gcneral Manager Plannmg Dmsu)n

- IDCY

Resident Repxesentanve, :
PCI Bangkok :
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