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Oil Transportation in Thailand

Ticlrclrn i ('hnrrgpccrapicn

THE OIL DISTRIBT]TION SYSTEM

\.fil product consumption in Thailand was about
13,0,1O million liters (excluding LPG),74 percsnt of
which (9,6,10 million liters) was produced by domestic
refineries. Most of the oil trade in Thailard has been
controlled by the country's four largest oil companies:
namely, PTT, Shell, Esso and Caltex. Altogether, these
four companies control about 94 percent of the total
market share. The rest of the market is held by small,
independent oil companies, most of which are 100 per-
cent Thai-owned.

About 43 percent ofthis oil is consumed ir Bargkok
(5.761 million liters), followed by 11 per cent in the East
and South, and about 7-8 percent in the remaining
regions (see Table 1).

Approximately 78 percent of the oil-either
produced domestically or imported from Singapore-is
shipped to primary oil installations in Bangkok. This
includes most of the oil produced by the two refineries
in Sriracha (which is shipped to Bangkok by barge), and
by the Bangchak refinery. From these main installations,

Table 1 Oil Product Sales by Region

Million liters

*

Bangkok
Central
North
Northeast
East
West
South

Total

5,76L
981

I,170
L,169
1 All
\0n
L,m

Four Major
Companies

5',47t
854

1,125
1,103

1358
989

1,419

the oil products are further distributed to consumers in
Bangkok and in the Central, North, Northeast, and
Western regions. There are two modes of oil transpor-
tation from the installations in Bangkok. First, the oil is
sent directlyby tanker trucks ofvaryingsizesto end users.
in Bangkok (includingDon Muang Airport), and in most
other parts of the country. Of the 9,225 million liters of
oil sent from the Bangkok installations, 7,745 million
liters (84 percent) were transported by truck (see Table

Second, a relatively small amount ofoil- 16 percent
of the total- is transported by rail tankers to consumers
in the North and Northeast. Furthermore, rail oil
transportation service is available from Bangkok instal-
lations only. Despite continuously rising oil consump-
tion in all parts of the country, the volume of rail oil
product transportation has been declinirg. The volume
fell frorn 1,618 million liters in 1982to 1,.162 million liters
in 1988.

As for the other regions, oil products are being
shipped to consumers in the South by barge from
Sriracha refineries, and also by barge from Singapore.
Consumers in the West receive oil products partly by
barge from Sriracha but mostly by truck from Bangkok.
Consumers in the East are serviced directly by trucks
from Sriracha refi neries.

Because of the relatively heary reliance on tanker
trucks, the amount of oil truck traffic in the Bangkok
metropolitan area is veryhigh. It is estimated that about
1,100 trucks transport oil from Bangkok oil installations
each day. These trucks play a signficant role in the city's
traffic problems, particularly in the Bangkok Port areas
and in sorne key outbound highways.

COM PARATI!'E COSTS OF OIL
TRANSPORTATION

One of the reasons why trucking has become the
primary oil transportation mode in Thailand is because
it affords the lowest economic and financial costs for

* This i.\ a sLunmary of the "Oil Transporlalion System in Tlnilancl" study. TDRI was llired to cotlduct the study
joittly with the Oil Transportation Policy Workirg Group, Chaired by Dr. Pltisit Pakkasent of the NESDB.
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Table 2 Oil Transportation From Bangkok
Installations

Million liters

THE I1\TPACT OF T'UTT]RTJ oIL CoNSTI\IP'TION
ON OII, TRANS PoRTAI'I()N

The National Energy Policy Office has projected
that oil consumption in Thailand will grow from 14,83
million liters in 1988 to 36,550 million liters by the year
2000. The demand will grow between 10-14 percent
annually during the Sirlh Plan period, and will gradually
decelerate afterward. Regionally, high demand will
come from Bangkok and its nearby provhces, and from
provinces in the East.

Given its high future demand, a large quantity ofoil
will pass through Bangkok oil installations. Under the
scenario of the existing oil transportation system,
Bangkok installations will be handling 28,6,1O million
liters of oil by the year 2000, compared to 9,225 million
liters handled in 1987. If the shares of transportation
held by thc various modes remain unchanged from
today's, thc number of oil truck trips from Bangkok
installations will increase from 1,100 in 1987 to over 3,000
by the year 2000. Such a large number of truck trips will
certainly compound the ever-worsening Bangkok traffic
problems in the future.

MEASTJRT]S I'()R INIPROVIN(; THE FTITTiRE OIL
TRANSP()RTATI()\ S\ SI'I,]]\I.

This study has proposed a number ofmeasures that
would improve the cfficiency of the country's oil
transportation system. They include the construction of
a major oil product pipclinc, the sharing ofoil depots by
oil companies, and othcrs. These measures are sum-
marized as follows:

. Sriracha Oil Product Pipeline Construction The
PTT's proposed Sriracha-Saraburi oil product
pipeline should be built. The study has found that
the 185 km, 18-inch pipeline has lowcr financial and
economic costs compared to all other inland
transport modes, including the 30,000-liter truck.
For example, the long-t<:rm financial costs for car-

rying oil from Sriracha to Don Muang Airport are
6, 11and 28 satang per liter for pipeline, 30,000Jitre
truck and rail transport, respectively. The pipeline
should be developed as a public/private joint ven-
ture project having Pfi as the coordinator and
major shareholder. The pipeline's primary purpose
is to carry oil products to a new common terminal
in Saraburi, which will supply consumers in the
Central, North and Northeast regions. Small ter-
minals along the pipeline route will supply parts of
Bangkok, and a branch line to Don Muang Airport
should also be built.

. tsAl'S Pipeline Should the Bangkok Aviation Fuel
Services (BAFS) decide to build the Bangchak-Don

Bangkok
Central
North
Northeast
West
Othor

inland oil transportation. Compared to railways, oil
transports by truck - especially those having a 30,000-
liter capacity is significantly less costly both in the short
run (in which investment costs ar€ excluded) and in the
long run. For example, this study has found that the
short-run financial cost of oil transportation from
BaDgkok to Khon Kaen by 30,000-liter truck is 18 satang
per liter, compared to 28 satang per liter by rail. Since
the government's allowed transportation markup to
Khon Kaen is 32 satang per liter, proprietors transport-
ing oil by truckmake a 14-satang-per-liter transportation
"gain," giving them a competitive edge in upcountry
sales. Thus, proprietors have had a strong incentive to
transport oil by truck in recent years.

In the long run -when investment costs are con-
sidered- truck transportation to Khon Kaen will cost 23
satang per liter, while long-run rail transportation costs
will be 47 satang per liter. Furthermore, economic cost
calculations also consistently indicate lower oil
transportation costs for trucks compared to railways.
Thus. a 30.000-liter truck is more efficient than are
railways for oil transportation in Thailand.

It has been found that rail transportation has a high
double handling cost in addition to its high operating
cost. Oil transported by rail needs to be stored at up-
country oil depots first before final deliveries to end
users are made by truck. A large number ofthese depots
have been underutilized because of the increasing
popularity of the tanker truck, which has compounded
the problems of high rail system unit costs.

On the other hand, because barge transportation
has lower costs than transport by tanker truck, barges
have become the main transportation mode for the
Southern provinces. Barges have very low operating
costs and are able to compete with trucks despite the
double handling costs involved.

In summary, the current oil transportation system in
Thailand consists mainly of truck transport for inland
destiDations and barge transport for the Southern
provinces.

Truck

4,783
&7
45L
,f85

Trz
608

Rail Total

4,783
787

I,LD
1,135

619

1,10

678
650

1

11
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Muang jet fuel pipeline, the pipeline should be a

multi-product line in order to increase the project's
economic viability. The study has found that the
Sriracha-Saraburi pipeline could transport oil to
Don Muang at a lower cost than could the proposed
BAFS line. Thus, consideration should be given to
constructing the BAFS line as a supplementary
pipeline connected to the Sriracha line in order to
increase the supply security for Don Muang Air-
port.

Bangkok Oil Installations The role of Bangkok oil
installations should be reduced from that of a

nationwide supplier to that of serying Bangkok area
consumers only. In addition, the Bangchak refinery
should become a common supplier, providing oil to
all licensed oil traders for distribution in the
Bangkok metropolitan area. In this way, the oil
distribution system in Bangkok will become more
efficient, and oil truck traffic in the city will be
minimized.

Western Oil Depots To further reduce oil truck
traffic in Bangkok, oil companies should be en-
couraged to build oil depots on the upper west coast
of the Gulf of Thailand to receive supplies directly
by barge from Sriracha. The depots will serve con-
sumers in the Western Region,

Rail Transportation The rail transportation sys-

tem should be streamlined in order to improve ef-
ficiency and to reduce operating costs. The rail
transportation tariff must be substantially reduced
in order for railways to become competitive with
other transDortation modes.

Joint Depot Utilization One way to cut rail
transportation costs is by increasing the utilization
of upcountry oil depots, particularly those in the
North and Northeast. Joint usage ofsome depots-
for example, in Ubon and Udon provinces- will
help reduce the high unit operating costs of these
depots.

Inland Waterways Transportation The study has
found that transporthgoil byriver barge to Nalfton
Sawan is relatively costly compared to truck
transport. It also incurs high risk because of uncer-
tainty about the water level, especially during the dry
season. A fully loaded barge requires a 2.8-meter
draft, whereas the water level in some parts of the
river will be as low as 1.7 meters durine the drv
season period.

Upcountry Transportation Allowance Bangkok
has been the point oforigin for Thailand's oil supply
for decades, and the government has established its
upcountry oil transportation allowance based on the
dislarce from Bangkok. Thus. oil dealers in the
provinces come to Bangkok to pick up their oil
because in this way, they make the largest transpor-
tation "gain." However, since most of the country's
refiningcapacity is in Sriracha, it willbe appropriate
to establish Sriracha as oil supply point of origin as

far as the transportation cost markup is concerned.
Provincial oil traders will thus have an incentive to
pick up their oil from Sriracha. They could also take
advantage ofthe new highways linking Sriracha with
the North and Northeast, blpassing Bangkok. In
this way, oil truck traffic in the capital city will be
further reduced.
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Thailand

Chatri Sripaipan

Constraints to Technolory Development in a
Rapidly Growing Economy: The Case of

INTRODUCTION

Thi, pup"r'. ui- is to hrst describe rbe coostrai-ols to
technology development in Thailand, then to applythese
contraints to other fast-growing economies in general,
so that some common lessons may be learned. We shall
begin by presenting the case of Thailand.

The Thai economy has experienced very rapid
gowth in the past few years. In 1987, 1988 and 1989,

GDP growth rates h real terms were 8.47, 11.0 and 10.5
percent, respectively. Moreover, the figure for 1988 was
recently revised by the National Economic and Social
Development Board (NESDB) to 13.2 percent - which
is the fastest growth rate in 30 years. GroMh rates for
1990, 1991 and 1992 are also predicted to be high - 9.9,

9.2 and 9.0 percent, respectively (TDRI 1989).
Other macroeconomic indicators also appear

favorable, at least for the near future. Trade dehcit as a
percentage of GDP is predicted to be on a downward
trend, from 7.1 percent in 1990 to 6 percent in 1992. The
current account deficit is expected to decrease from 2.9
percent of GDP in 1990 to only 2.0 percent in 192. The
only concern is a possible high inflation rate, which will
generally accompany high economic growth. The yearly
increase in consumer prices is predicted to peak in 1990

at 6.5 percent and to decline to 4.1 percent in 1992

(TDRr 1989).
However, despite the optimistic position suggested

by the macroeconomic indicators up to the early 190s,
there are many concerns about the sustainability ofThai
economic gowth in the longer term. As we are now
facing infrastructure constraints, a shortage of human
resources, worsening hcome disparity, a deteriorating
environment and rising land and food prices, a number
ofquestions need to be addressed: Have we been on the
right path of social and economic development? How
can we cope with the unstablo and rapidly changing

world economy? What sort of balance should we strike
between economic growth, income distribution, and the
environment?

On the question of the sustainability of Thai
development, Dapice and Flatters (1989) examined
eight major perils in the world economy: world-wide
depression, protectionism, commodity price instability,
technological change, labor-cost competition, foreign
capital inflows, exchange rate volatility and environmen-
tal issues. They concluded that:

Ertenral shocks will be the major constraints

facing Thailand in the near- to mediumlerm
futurc. Of crucial intportance, however, will be
economic policies that anticipate andprcsent tlrc
development of intemql bottlenecks qtld bariers
to economic growth; ... Pos sib ll the greatest policy
problems facingTltailand at the ntonrcnt qre the
inad.equate attention to infrostructure, and, ntost
importantly, fonnal educatiort and trairing.

While agreeingwith the above statement, we would
like to more closelyexamine the problems ofconstraints
to technology development and to present some recom-
mendations for overcoming them.

STATUS OF TECHNoLOGY DEVELOPMENT
IN INDUSTRY

Industry can be divided into resource-intensive,
labor-intensive, scale-intensive, differentiated, and
science-based (see Annex A). Between 1970 and 1987,

there was a marked shift from resource-intensive in-
dustries to labor-intensive ones. In production, the
share of resource-intensive industries as a percentage of
GDP fell from 54.3 percent to 39.7 percent, while the
labor-intensive industries increased from 23.3 Dercent to

* Sunrmary of a pqper presenled at the Intemational Syntposiunt on Asia's lVest Pacific Detelopntcnt and
Cooperation on Technologt ond Econony, Mq, 22-24, 1990, Beijitrg, Chirw.
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38.7 perccnt. Other sectors of the industry neither in-
creased nor decreased in importance. Asfor exports, the
shift from resource-intensive to labor-intensive in-
dustrics for the same period was even more pronounced.
Resource-intensive industries decreased from 86.8 per-
cent to 37.4 percent, and labor-intensive industries in-
creased from 10.7 percent to 39.0 percent; the scale-in-
tensive, differentiated and science-based industries,
though small, all made very substantial gains (Dahlman
et al. 1990).

Examples of labor-intensive industries that made
substantial contributions to Thai exports include gems
and jewelry, (extiles and garments, footwear, toys, and
furniture. The increase of differentiated goods for ex-
port was due mainiy to electronics parts and com-
ponenls. especially inlegratcd circuits.

Rcccntly, TDRI conducted a study on thc tsch-
nological capability ofThai industry (Kritayakirana et al.
1989). Altogether, 116 firms in the three areas of
biotechnologv, matcrials and electronics were surveycd
(Anncx B). The biotechnology-bascd industries are
mostly in Scctor 31 ofresource-intensive industries. Thc
material-based industries can be found in the sectors of
labor-intensivc. scale-intensive. and differentiated
goods. The elcctronics industries arc mainly included in
Sector 383 of differentiated goods. Thesc industries
were graded on four capabilities: namely, acquisitive,
operative, adaptive and innovative. Acquisitive
capability refers to the firm's ability to search, assess,

negotiate and procure relevant technologies as well as to
install and start up production facilities. Operational
capability includes the efficient operation ofprocess and
machinery, including its maintenance. Adaptive
capability comprises knowledge acquisition, technologlr
digestion, and minor product and process modfications.
Finally, innovative capability involvcs carrying out re-
search and development activities and making radical or
major product and process modifications.

It was found that the operative capability had the
highest score in all industries. The acquisitive and the
adaptive capabilities scored slightly lower, and the in-
novative capability was vcry low. This shows that Thai
industry still concentrates its efforts on production. It
has not sufficiently mastered tho core technology to
make further developments other than minor adapta-
tions. Statistical analysis of the scores yields some inter-
esting findings, such as:

. Large companies have a better operative capability
than do small ones, but they still lack effective tech-
nological strategies.

. Small companies cannot efhciently operate the ex-
isting equipment and processes.

. Some multinationals appear to be better able to
transfer technolosv than do others.

. BOl-promoted companies do not take sufficient
advantage of their privileged status to import more
technologj/.

. Surprisingly, export companies have only average
operative capabilities, and their technological
strategies can be characterized as being passive or
reactivc rather than active or aggressive.

These findings - particularly the last one-raise
questions regarding the ability ofThai exporters to seize
opportunities in areas ofpotential dynamic comparative
advantage. The lack of effective technological strategies
cvcn by large companies and export companies may dim
the prospect of self-sustainhg industrial dcvelopment.

CONSTR{INTS To TECHNOLOGY
DEVELOPlllENT: LESSONS FROM THAILAND

In trying to explain why the technological capability
of Thai industry is not as high as we would like, we
should look at both the demand for and thc supply of
technology.

Demand

Technological capabilities reside in productive sec-
tors. Therefore, the demand must come from them.
Dahlman et al. (1990) suggest various reasons why
privately-owned enterprises invest so little in R&D.
First, R&D has not beon viewed as necpssary because
most companies are still producing traditional stan-
dardized products. Second, the environment is not suf-
ficiently competitive for stimulating innovation. Third,
existing government incentives are inadequate, Fourth,
more complex technology is imported as turnkey pack-
ages. In addition, foreign and joint-venture companies
do not contribute toward creatingan innovative eDviron-
ment, because they rely on technology from the parent
company: small local firms cannot afford to irvest in
R&D and Thai firms tend to be short-term and commer-
cially oriented.

All of these factors are true to varying degrees.
Sripaipan et al. (1990) proposed that the economic and
policy factorsare perhapsthe mostimportant in creati.ng
demand. They conlluded that:
. Because the manufacturing companies are rapidly

expanding their production capacity to meet in-
creased demand, they do not experience external
pressures to innovate, nor do they have the spare
resources to develop new or differentiated
products.

. The industrial environment, which still has high im-
port protection and/or restrictive entry ofnew com-
panies to some sectors, does not put sufficient pres-
sure on firms to innovate.
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Production machinery, R&D equipment, and
measuring instruments face high import tariffs, dis-
couragirg extensive use, especiallv for small-scale
industries.

There are no fiscal incentives for R&D-such as

credits, deferred profits and accelerated deprecia-
tion of equipment - to encourage firms to under-
take R&D, as in other countries. However, a with-
holding tax is levied on royalties and license fees for
foreign technology to discourage lheir use.

Supply

For a developing country like Thailand, it is natural
to expect that the S&T infrastructure in the country is

insufficient to meet the needs ofthe industry. We shall
consider the S&T infrastructure under S&T institutions
and human resourccs.

S&T institutions that are needed to help comDanies

effectively use technology are:

1. Technical consultancy services for realiz-
ing the full potential ofthe equipment and
processes bought.

2. Testing services to qualify products to
meet national and international industrial
standards.

3. Calibration services for measuring instru-
ments.

4. Information services to source technical
supplies. products and services.

For companies that perform technology develop-
ment activities, there are further needs to access the
information of current S&T activities both domestically
ald abroad in order to seek collaboration.

The inadequacy of these services limits a firm's
access to technology. The problem is particularly severe
for small firms with limited human resources and con-
nections.

As for human resources, the present economic
boom has caused a severe shortage oftechnical workers
for production. This situation is likely to remain for
some years. Although the demand for R&D personnel
is presently not high, neither is the supply. If circumstan-
cesfoster agreaterneed for companyR&D in the future,
as anticipated by many top executives, the shortage of
R&D personnel will hamper the efforts of industry to
upgrade itself into more technologl-intensive and higher
value-added areas. The shortage of p€rsonnel at the
level of secondary school graduates is another danger.
Thailand presently graduates less than 300,000 secon-
dary education students a year. This is extremely low in
relation to its population of 55 million. As industry
requires an increasingly higher level of education for

workers to operate more sophisticated machinery, the
class of workers could be depleted in a not-too-distant
future. This is another factor that can limit the move un
the technology laddcr.

RECONINIENDATIONS

In this section, some suggestions are made for
remedyingconstraints fortechnologydevelopment, pos-
sibly with cooperation from the West-Pacific countries.

Demand

One of the most potcnt tools for stimulating tech-
nology demand is industrial competition. However,
competition cannot be so high as to discourage par-
ticipation or so low as to eocouragc complacency. lm-
port tariffs will need to be lowered and barriers to entry
rcmoved, with full awareness of the rulnerability of in-
fant industrics, which need to be protected in their initial
stagcs.

To provide inccntivcs for technologv activities, tho
scheme should be designcd to reach a large portion of
the industry, thus raising overall technological
capability. Lowering import duties on capital equip-
ment will certainlv have far-reaching effects. It will less-

en the cost of companies acquiring modern tech-
nologies. Tariff protection for local capital equipmcnt
manufacturing is not needed due to its inherent high
profit margin and high value-added. On the other hand,
fiscal incentives such as taxrebates shouldbe introduced
only at an appropriate stage of development- when the
tix base generated from R&D related activities is suffi-
ciently large, and there are measures to prevent non-
R&D performers from exploiting such incentives.

Supply

Dahlman et al. (1990) suggested that by acquiring
foreign technologies and effectivcly using and diffusing
them, one can go a long way before experiencing the
need to develop one's own technologies. While we do
not dispute thevalidity ofthe suggestions, we stillbelieve
that government ought to be more active in building up
both the S&T infrastructure and human resources.

If Thailand continues to maintain a high rate of
economic growth in the next decade, it will soon become
a Newly Industrialized Economy (NIE). We will need a

large number of high-quality personnel to operate the
country. The personnel required are not limited to
science and technology. We need economists who can
guide us in the rapidly changing world economy,
lawyers who can negotiate technology deals and intellec-
tual prop€rty right agleements, as wcll as sociologists
who can analyze the effect of social transformation. Can
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the present educational system produce these people?
The answer is that the system will need major changes in
concept, outlook and incentives. Teaching should be
made an envied profession in both social and economic
status. Secondary education should not serve simply as

a bridge between primary and tertiary education but
should have its own objective of providing the students
with some specific skills. There should be a proper mix
of S&T graduates in proportion to those in the social
sciences and humanities. Finally, it should be under-
stood that a lot more investment in people is needed and
that both the government and the private sector are
responsible for such investment.

As for the S&T infrastructure, the emphasis should
be on small industries, which comprise the majority of
industrial enterprises, in order to enablc them to reach
high standards, to spccializc in a particular technology,
or to grow. They should be provided with services that
improvc access to and utilization of modern technology.
Here, thc tcchnology consultancy service is extrcmcly
important in providing information and technical assis-

tance. However, an cnterprise also needs management
and marketing expertisc as well as financial resources in
order to survive. It would also be very beneficial if the
technical consultancy service can provide such services
in an integrated package. Management and marketing
expertise can be obtained through training or in associa-
tion with a business partner. Financing of small-scale
industries will need a dedicated financial institution for
small-scale irdustries.

CONCLUSION

A fast-growing economy can be caught in a dilem-
ma. Although the importance ofindigenous technologi-
cal capability is recognized for sustained development,
the demand for R&D has not been high in Thailand
despite rapid economic groMh. This is due to a number
of restrictive policies that limit competition and dis-
courage R&D. At the same time, there is a scarcity of
qualified personnel and an inadequate S&T infrastruc-
ture.

It is important that such a malady be diagnosed and
remedied by revising related policies and devising new
ones to create an environment that is conducive to tech-
nology development. To accommodate the transforma-
tion, investment for educating a new generation of per-
sonnel must be made. Small enterprises should be en-
couraged to serve as engines of groMh and innovation.

As the political and economic complexion of the
world has changed from "bipolar" to "multipolar,"
regional cooperation is becoming even more significant.
Countries of the Western Pacific should cooperate in
trade, industry and technology, and Thailand could play
an active role in such a coooeration.

COOPERATION: A POSTSCRIPT

For cooperalion to be long lasr ing. it is essential lhat
there are mutual benefits for all concernsd parties,
Countries of the Western Pacihc must get to know each
other well before areas ofcooperation can be identified.
One way of accelerating the process is to provide each
other with information. The problem is, which informa-
tion is required? It is difficult to ask people to provide
you with information that theydo not possess or ia which
they are not interested. I personally am interested in
science and technology development and policy in other
countries, and I am willing to share imformation about
Thailand with you. What I am suggesting is a network
based on personal interest, which can be created imme-
diately without cost. If the interchanges continue, then
it can be institutionalized.

The second suggestion for cooperation is "strategic
alliance" (as opposed to "complimcntarity"). The word
"strategic alliance" has been used to describe the
cooperation between competitors in some specific
areas. It shows that cooperation and competition can
coexist, "Complimentarity" means assigning each
partner to a specific task which compliments the others'.
An example is theASEAN auto parts project, which was
designed to encourage each member to manufacture
parts thatwould be assembled into an ASEAN car. The
talks went on for dccades without results, because the
members have conflicting intcrests and they do not own
either the tcchnology or the market. Recently, however,
this "complimentarity" project was implemented by a
transnational corporation (TNC) of the ASEAN
countries by establishing manufacturing plants of diesel
engines and electrical equipment in Thailand; steering
gears and electrical equipment in Malaysia; transmis-
sions in the Philippines; and gasoline engines in In-
donesia.

Countries of the Western Pacific region may be
trading competitors in a number of commodities - such
as rice, rubber, palm oil, and others-but there are
certainly areas in which cooperation in these com-
modities can be mutually beneficial. Each producing
country has certain indigenous technological
capabilities. There is no reason why we cannot join
forces in research to improve product quality and
spcifications. An example here might be collaborative
programs in biotechnology research to fully exploit the
comparative advartage of biodiversity in the natural
resources of this region. Some countries may be further
ahead than others in a specific area, and thewhole group
can thus benEfit. Each country still has to adapt the
technique to local conditions and will compete with the
others on the world market. In this way, intraregional
cooperation can be encouraged while fostering local
competition, which is necessary for healthy andvigorous
gowth.
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Annex B

Technological Capability Rating of Producing Firms

Industry

Aquacultwe
Feed
Seed
Dairy
Flower
Organic Acid
Alcohol
Health
Biotechnology
Based Avg.

Foundry
Heat Treatment
Machining
Ind'Machinery
Engine Parts
Forghg
Die/Sheet
Resin
Plasics
Rubber
Latex Product
Compound Clay
Refractory
Tableware
Sanitaryware
Tiles
Insulator
Material
Based Avg.

E.Component
Consumer E.
Communication
Industrial E.
Comp. H/!V
Comp. SAV
Electronics
Industry Avg.

No. of Acquisitive Operative
Firms Capability Capability

Adaptive Innovative
Capability Capability

Average
Capability

4.02
3.71
3.41
3.U
2.v3
2.88
2.7L
2.61

3.13

3.03
3.59
3.53
3.n
3.75
2.53
3.r9
2.69
2.08
2;n
3.05
2.58
2.W
2.88
3.78
2.98
?.78

3.05

2.n
2.W
2.4
2.33
2.29
3.10

2.r2

.'
J
4
4
4
o

4.54
4.21
3.6
3.61
3.08
2:79
3.?5
2.92

3.44

3.57
3.q
4.70
3.93
4.25
2.95
J.O-t

2.65
3.10
3.24
2.50
3.20
3.05
2-W
3.23
.J.L I
2.80

4.15
3."15

3.70
3.n
3.25
3.55
2.80
3.50

3.49

3.03
4.40
4.33
3.68
4.70
2.@

3.75
2.53
2.80
4.80
2.W
3.05
3.,10

4.2:7

3.67
2.80

3.51

3.86
2.78
J.A)
2.35
2.m
3.m

3.16

{.IJ
3.94
3.69
3.08
3.00
3'63
2.75
2.63

3.n
4.05
4.03
3.50
4.65
3.65
3.85
2.9{)

1.87
3.18
3.50
2.N
3.58
3.30
4.ffi
3.93
3.30

2.49

3.25
2.95
2.W
2.m
2.Q
1.55
2.05
L.t7

2.75

2.23
2.50
l.o /
1.98
1.40
0.90
1.50
1.45
0.80
1.84
L.q
2,N
1.90
2.00
3.03
1.13
2.m

l. /at

0.53
0.4L
0.83
1.31
1.00
2.25

0.85

6

2
3

8
2
2
6

5
1

1

I
.'
-t
I

10

8

4
4
J

3.51

2.13
2.25
2.56
3.m
2.4?
3.67

3.q

2.6
2.54
3.17
257
2.83
3.28

2.76

Source:

RatinB:

Kritayakirana et al. (1989)

Ratings were assigned on the scale of 1 to 5.
5 Best performance compared to leading firms in developed countries
4 Very good compared to average capability in industrialized countries
3 Above average performance among Thai firms
2 About average among Thai firms
1 Below average among Thai firms
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Water Resources: Shortage

Amidst Abundance

Sacha Sethaputra

Theodore Panayotou

Yute Wancwacharakul

.r
It is somewhat paradoxical that Thailand. a country
with plentiful freshwater resources (180 cu. km) and
adequate rainfall (over 1,500 mn per year), is suffering
from increasing shortages of water for both domestic
and industrial use. Of the 3,900 cubic meters of annual
renewable water resources per capita,18 percent, or 600
cubic meters per capita, is withdrawn annually. Of this,
90 percent is used for agriculture, 6 percent for industry,
and 4 percent for domesticuse. Yet,water shortages are
widespread and are increasing rapidly, both in frequen-
cy and severity. In the tourist city of Pattaya, for ex-
ample, water scarcity has given rise to a tbriving industry
and a new form of land use - " strip m ini ng" and trucking
water to hotels and restaurants. In the industrial
province of Samut Prakan and other areas of the
Bangkok Metropolitan Region, excessive ground water
pumping has led to land subsidence of 5-10 centimeters
peryear, affecting ar area of4,550 square kilometers and
contributing to flood damages equal to billions of baht.
Despite mnsiderable expansion of its distribution sys-

tem, the Metropolitar Waterworks Authority (MWA) is

able to supply only 43 percent of the area and 66 percent
of the population under its responsibility. In Chiarg
Mai, the Provincial Waterworks Authority (PWA)
pumps 600,000 cubic meters of water a month from the
Mae Teng canal to satisfy only 65 percent of household
demand; the rest needs to be met by ground water - at
a rate of about 200,000 cubic meters a day, compared to
a recharge rate of under 150,000 cubic meters.

Concurrently, the water demald for domestic, com-
mercial and industrial use is growing rapidly, due to the
accelerating economic growth and structural change of
the economy. The economyis experiencingits thirdyear
of double-digit growth and is expected to continue to
grow at annual rates of 6-8 percent for the next ten to
twenty years. Assuming an intermediate growth rate of
7 percent and proportional water use, the demand for
water should double in ten years and more than triple in
sixteen years - outpacing a supply which faces limited

raw water allocation, water pollution, and rising supply
costs. Without a mochanism to register growing scar-
cities and to balance growing demalds and dwindling
supplies, water shortages are likely to increasingly
emerge as a binding constraint on economic growth.

The objective of this TDRI study (which is part ofa
larger research project on "Industrialization and the
Environment") is to answer the followirg set of ques-
tions and policy issues arising from the growing strain on
Thailand's water resources posed bythe Thai economy's
rapid growth and industrialization:

1. Given the demographics, hcome growth, alrd
structural change projections and the current
trends in water consumption, what is the
projected demand for water by different sectors
over the next ten to twentyyears? How does the
projected demand for water compare with avail-
able ard planned supplies?

2. What is the potential role ofwater pricinginboth
demand management (efficient water use) and
supply expansion? Should the Cabinet continue
to set uniform watcr rates for the entire country,
or should the relevant Waterworks Authoritybe
allowed to set its own rates, based on the mar-
grnal cost of supply? What are the implications
of charging different rates for industry, tourism,
urban centers and rural areas? What is the
potential role of the private sector in water sup-
ply? How can the constraint on water pricing
imposedby groundwater pumping (and the con-
sequent land subsidence and saline water in-
trusion) be resolved? Can a waste-water charge
be added to the water supply charge? Should it
be flat or progressive?

The present overview reports on some preliminary
findings and emerging policy options, with the focus on
industrial and urban water use in and around Banskok.
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tvATuR PROJECI IONS 1{)' tU YEAR 2010 t'OR
(;RE,\TT]R II.\\(;KOK

Thc Me tropolitar Waterworks Authority (MWA)
is responsible for pipe water supplies in Bangkok and its
surrounding towns. During the past decade (1980-89)
the demand for MWA watgr grew at a compound ratg
of8 perccnt pcr annum- from 286 million cubic mcters
in 1980 to 628 million cubic meters in 1989 (see Table 1).

If it continues to grow at this rate over the next two
decades, the projected annual dcmand for water will
reach 1,464 million cubic meters by the year 2000. As-
suming that leakage stabilizes at 30 pcrcent of produc-
tion. the demand for raw water will be 2.1 billion cubic
meters in the year 2000. This is a cnn.ervative estimatc.
While the growth of the economy during 1980-89

averagcd 6-7 percent per year, it is expected to grow at
an avcrage annual rate o[ 8 pcrccnt during the 1990s.

Due to this faster gro$th ralc during the 1990s and thc
structural changes that are certain to favor the Bangkok
Rcgion under the MWA's rcsponsibility, the dcmand for
pipe wate r from the MWA is likcly to grow faster than ti
percent pcr year during ths 1990s.

The demand for domestic, commercial and in-
dustrial water in gencral is likely to grow faster than thc
economy as a whole. This is becauso ofrapid structural
changc, which is projected to incrcase the industrial
sector's share from 35 perccnt today to 40 percent by thc
ycar 2000 and the percentage of urban population from
23 pcrcent today to ovcr 30 pcrcent by the year 2000.

Sincc agriculture is by far the largost user of watcr,
slructural changos that reducc thc share of agriculture
should thcoretically save much largcr quantities ofwatcr

than that needed to supply the growing urban and non-
agricultural sectors. Unfortunately, this is not the case,
because migration tends to originate from rain-fed
rather than from irrigated areas. More farmers continue
to usewater wastefully regardless of its growing scarcity,
since it is providcd free of charge. Therefore, non-
agricultural demands for water will actually rise without
a corresponding decline in agricultural watcr use.

In fact, the dcmand for irrigation water is likely to
increase in the foreseeable future, as farmers seek to
substitute agricultural intensification for land expansion,
which is no longer available, and shift to higher-value
crops such as fruits, fish and vegetables, all of which are
water iltensivc. Only a reduction in ricc cultivation due
to low rice prices might substantially rcduce the quan-
tities of watcr uscd by the agricultural sector. Flood
irrigation of paddies a[ zero cost to the farmcr is at the
margin the lowcst valuc use of watcr in the country,
Even if more raw watcr were to be made available for
urban and industrial use, there are substantial costs
involved in convcyance, treatment and distribution,
which translatc into a rising supply curvc for pipe water
to urban and inclustrial centers.

Anothcr source of demand growth bcyond the
economy's growth rate will comc lrom the gradual
depletion of the ground water aquifcr in and around
Bangkok and the growing unsuitabilitv of surface water
(rivers) for domestic and industrial use, duc to pollution
from domestic and industrial wastcs - which are freely
disposed of in public water bodics. A shift from ground
water to pipe watcr is likcly to occur with thc depletion
ofthe aquifer and an incrcase inthe pumping cost. Ifwe
assume that thc sustainable withdrawal from the aquifer
is 50 percent of tho 1987 uptakc of 415 million cubic

Table 1 Water Pricing and Water Us€ itr Metropolitan Watenflorks Authority Ar€a

Nominal R€al Minimum
Effestive Efteciive Rats

Year Rate (d/m) Rated/m) lfu^t

Maximum
Rat€
(B/m1

250
250
250
250
2.50

2.50
5.50
5.50
5.50
8.75
8.75
8.m
8.m
E.m

Nominal
Prod. Cost

P/cu.m

USERS

Thou- Growlh
sands %

Produciion Water Sales
([4illion (Million
cu.m) cu.m)

l976
19n
1978

197)
1980

1981
1982
1983

1984

1985

1986

1981

1988

1%9

1.449
L.47
L.494
1534
t5n
2.r98
3.029
3.059
3.190
4.926
6.142
6.W2
6.14
6.118

3.295

2.981
2.4r9
2.61
3.055

3.712
3557
3.587
5501
6.ffi
6.82
6.38
6.118

050
0J0
0J0
0J0
0.50
0.50
1.50
150
1.50

4.10
4.10
4.05
4.00
4.m

n.a.
2U
u0
252

r70
423
471
,t85

523
57)
6A

431
4n
4gJ
485
515
625
630

N2
421
&11
860
9v

n.a. 317 d.a.

n.a. 3a 3.7
n.a. Yl 3.7
2.29 56 4.3
4.56 X1 8.9
5.01 423 9.2
5.40 445 5.2
4.n ,|68 5.1
4.63 519 11.1
5.64 fiz \5.9
5.63 660 95
5.64 72L 9.4
5.65 79u 95
s.3s 867 9.7

Source: MWA Ar:nual Report, varrous rssues.
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meters, 200 million cubic meters would be added to the
present demand for MWA water; it would increase by
500 million cubic meters by the year 2000, and by 1,080
by the year 2010.

At the same time, as surface waterbecomes unfit for
use due to urban ard industrial pollution, an increasing
number of households and industries, which now
depend on such sources, will have to switch to pipe
water. Because it is difficult to estimate this source of
demand growth and because we wish to remain on the
conservative side, we will ignore it. Our best estimate is
that the demand for water will grow at the annual rate of
10 percent, reaching 1,792 million cubic meters by the
year 2000; and that it will grow at an annual rate of 8.5
percent during the second decade, to exceed 4,052 mil-
lion cubic meters in the year 2010. The corresponding
demand for raw water would be 2.6 billion cubic meters
and 5.8 billion cubic meters.

These.preliminary demand projections are sig-
nificantly higher thaq those of the MWA, which projects
a doubling ofwater demand in thirty yc ars, reaching226
billion cubic meters per annum by the yeat 2077
(Dharnasiri 1989). MWA's projections imply a 3.4 per-
cent increase inwater demand peryear. Thisis low,both
by comparison to the gro*th of dcmand during the past
decade and to the projected growth of the economy
during the oext two decades.

The MWA further projects that with the phasing
out of its ground water pumping operations, its dcmand
for surface raw water will triplc by the ycar 2017, requir-
ing 7.78 million cubic meters per day, compared to the
maximum of 5.'18 million cubic meters per day allocated
by the Royal lrrigation Department (RID) from the
Chao Phraya irrigation system. (Despite its low demand
projections, the MWA expects to reach the RID limit by
the year 1997). To mset the projected long-term excess
demand, the MWA is plaming the transfer of 2.6 million
cubic meters per day (or 949 million cubic meters per
year) from the Mae Klong river basin through a 100-
kilometerJong canal. The MWA estimates that the
schemewillcost US$60 million in capitalinvestment and
US$1.4 million in operational and maintenance costs.
The cost of transferred raw water is estimated at 1.7

cents (or 0.214 baht) per cubic meter. This is probably a
gross underestimate, since these calculations are based
ongovernment-assessed landprices, which are far below
the actual market prices. Furthermore, the MWA is
considering constructing its own surface water storagg
in the North or in the West in order to ensure an ade-
quate water supply for 15 million people (Dhamasiri
1e89).

INDUSTRIAL GROWTH, GROUND \YATER I]SE,
AND LAND SUBSIDENCE

Industry uses water for a variety of purposes, rang-
ing from washing raw materials and equipment to cool-

ing and condensation. Water is also used as a factor of
production incorporated in the final product and as a
means ofconveying other production inputs. Industry is
a relatively small user ofwater compared to agriculture,
which uses about 30 times the amount of water Der unit
of GDP that industry does.

lndustrial Gronth and Water Use

Yet, industrial water use is significant for a number
of reasons:

. The industrial sector has been and is projected to
continue to grow at double-digit growth rates, while
the growth of thc agricultural sector is levcling off.
Bccause of the geographic concentration of in-
dustry, water demand is concentratcd in a limited
area while agricultural demand, being geographi-
cally dispcrsed, can bc met from a variety of sources.

. Bccause of the proximity ofindustry to the country's
largest urban area, the urban demand for water is
added into that of industry. Concurrcntly, the
availability of suitable raw water diminishes as a
result of urbad pollution, and the cost of treatment
rises.

. While there are economics ofscale and savings from
the conccntration of users in water distribution, the
conveyance cost of raw water from distant places
may outwcigh such economies

. Industry, by its own very concentration and waste
mismanagement, reduces the availabitity of accept-
able-quality water not only to itselfbut also to other
sectors.

Based on the average watcr use per factory and per
employee ofSamut Prakan factories, it is cstimated that
Thai manufacturing withdraws about 2.1 billion cubic
meters of water a year (1989 cstimates). Since over 50
percent of the factories are locatcd in the Bangkok
Metropolitan Region (BMR), the annual demand for
water for industrial use is currently at least one billion
cubic meters. In fact, since BMR-based industries tend
to be larger in size than those outside the BMR - ac-
counting for 72 percer\t of the industrial GDP-their
demand for water should be at least two-thirds of the
total industrial demand, or 1..3 billion cubic meters an-
nually (3.6 million cubic meters per day).

While the lion's share in industrial output comes
from the Greater Bangkok Region, most of which is
under the MWA's responsibility, industry is a negligibly
small user of pipe water from the MWA. In Samut
Prakan, for example, of the 52,895 cubic meters of water
used daily by 59 sampled factories, only 215 cubic meters
a day (less than 0.5Vo) was pipe water purchased from
the lvflivA (JICA 1989). The rest was obtained from
ground water pumping (95Vo) and fiom other sources
such as rivers and canals (4.5%\. k is estimated that
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Table 2 Ground Water Consumption of the BMR (cu.m/day, 1978-1989)

Thousand cu.m/day

Private Sector

Year Bangkok
Nontha- Samut
buri Prakan

Pathum
Thani

Samut
Sakhon Total MWA Total

1978
1979
1980
1981

L982
1983

1984
1985

1986

1987
1988

1989

339
JOJ

418
465
499
522
543
500
477
485
n.a.

26
29
34

45

53
56
52

57
n.a.
n.a.

228
245
'264

285
JIO
3r9
t)t

3&
382
n,a.
n,a.

60
6l
75
77
u
99

lt4
110

118

776
n.a.
n,a.

28
a
35
39
5?
58
6l
39

79
87

n,a.
n.a.

682
7Tl
823
9W
96

r,052
\rn
1,,O43

1,084

t,137
n.a.

n.a.
n,a.
464
450
430
375
34
23r
17l
183

170
120

n.a
n.a

1 )9,
1,359
1,4126

1,427

1,47
t,324
1r<5

\3m

n.a.

SotLrce: Ramnarong and Buapheng 1989
Note: Use of ground water in Nakhon Prathom is not included, partly because it is not within the announced

critical areas and partlv due to the lack of data.

about 1.2-1.4 million cubic mcters per day of well water
is pumped from ground water aquifers in the Bangkok
Metropolitan Region. Of this amount, 80-90 percent is

extracted and used bythe privatc scctor, mainlyfaclories
and housing estates. The rcst is pumped by the MWA
itself to supplement its surface water supply.

There is a large discrepancy between our cstimate
of industrial watcr use (3.6 million cu. rvday) and the
rsported ground water pumping of 1.14 million cubic
meters pcr day (see Table 2). Even if we assume that 80
pcrcent of the 300 million cubic metcrs of pipe water
purchased from the MWA by "Business, State
Enterprises and Government Agcncics" was used by the
manufacturing scctor, we can accounl for at most
anothcr 0.66 million cubic meters per day. This brings
the total to 1.8 million cubic mctcrs pcr day, which is only
half the estimated total use. The balance must have been
withdrawn either from other (surface) watcr sources or
from unreportcd deep wells. Industrial water use from
non-ground water, non-MWA sources in Samut Prakan
was estimatcd to be only 5 percent of the total water usg.
This can account for at most 0.2 million cubic meters oer
day, leaving 1.6 million unaccounled cubic meters ro be
attributed to unreportsd ground water pumping. This
finding is supported by the fact that industrial output
grew by 67 percent during 1985-89, while MWA water
sales grew by only 32 percent during the same period
(see Figure 1). Since there is no reason to suggest that
water use per unit of industrial output was reduced by

halt ground water pumping must havc accelerated in
ordcr to meet the growing water demand from industry.
This is corroborated by independent estimates of in-
dustrial waste water discharge.

Ground Water Prelerence

Three reasons are often given for the industrial
sector's heary reliance on ground water: (1) lack of
access to pipewater, (2) the unreliabilityor insufficiency
ofthe pipewater supply, and (3) the lower cost ofground
water compared to the cost of pipe water. While it is
true that the MWA is servicing only about halfofthe area
and only about two-thirds of the population under its
responsibility, there is evidence to suggest that even if
access were ensured, ground water pumpingwould con-
tinue. Of the 2,126 operating wells inspected by the
MWA in 1988, 1,871 wells (or 88%) were within the
MWA's distribution system; of these, 1,345 wells (or
72Vo) belong to the MWA's customers. This suggests
that factors other than lack of access are resoonsible for
the widespread preference ofground water io r he public
water supply. Quality is not a problem,.since the two
sources are comparable, with the possible exception of
higher electrical conductivity of MWAwater, which may
present a problem for certain industries (JICA 1989).
The unreliability and/or insufficiency ofthe supplymight
be a problem in some areas (such as Pattaya under the
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+ Real ManLnadunnq GDP warersuppy

Figure I A comparison oflndices ofGDP, manufac-
tuing output and wat€r supply sugg€sts the
emergence of a wat€r delicit, especially for
industrial use, which is presumably satis-
tied through both legal and illegal ground
water pumping.

PWA), but considerable improvements have been made
in recent years. The paramount reason for the ground
water preference appears to be cost consideration. The
private cost of ground water pumping (including both
capital ard operating cost) is one to two baht per cubic
meter, wbile the average rate of pipe water is about 6
baht per cubic meter. Because of the generally high
quality ofground water, which obviates costly treatment,
ground water emerges as by far the least costly source of
water - less costly than even local surface sources such
as rivers and canals, because the latter require costly
treatment.

Social Costs of Land Subsidence

Ground water pumping, however, has additional
social costs that are not considered by the private sector,

notably: user cost due to accelerated depletion of the
aquifer, which is only partially renewable; and the en-

vironmental cost ofland subsidence due to overpumping
in excess of replenishment. These social costs are sig-
nificant. The average land subsidence inthe easternpart
of the BMR was 5-10 centimeters per year (Sodarathit
1989), and part of the area is below the mean sea level.
Flood losses and damages to property have been es-

timated at billions of baht, with record losses of 6.6
billionbaht ir 1983. It is difficult to determine how much
of the annual flood damage is due to land subsidence.
However, flood damage accounts for only a part of the
social costs of land subsidence. Other costs include
damage to property and structures from the subsidence
itself and the cost ofprevention and mitigation measures
taken by both individuals and the city. The government

determined that these costs were sufficiently high to
warrant phasing-out ground water pumping by 1998

through the following measures:

. Increase the supply of raw water to the MWA from
surface sources (mainly, the Chao Phraya).

. Phasing-out the MWA's ground water pumping by
1987.

. Acceleration of the IvIWA's pipe water develop-
ment in critical areas.

. Restriction ofthe private sector's groMh ofground
water pumping to 5 percent per year until 1987, with
a reduction by 5 percent during 1988-92, by 10 per-
cent during 1992- 97, and abandonment by 1998.

. Adjustment of the ground water charge in order to
bring it closer to pipe water rates.

The results of the subsidence mitigation plan have

been less thar satisfactory. The MWA reduced its
ground water pumphg from ,181,000 cubic meters per
day in 1980 to 171,000 cubic meters in 1986. However, in
1987, when ground water pumpingwas supposed to stop,
it was actually increased to 183,000 cubicmeters per day.
While progress has been made in the past two years, the
MWA was still exlracting 120,000 cubic meters per day
in 1989. The supply of pipe water to the critical sub-
sidence area has increased, but this has not reversed the
rising trend of reporled ground water pumping by the
private sector -which reached 1.14 million cubic meters
in 1987, the last year for which data are available. (As
shown earlier, the actual ground water pumptrg could
be twice as high). Thisisnot surprising, consideringthat
ground water remains by far the least costly water
source, despite the introduction in 1977 of a one-baht-
per-cubic-meter groundwater charge that was irstituted
to account for the social cost of ground water pumping.
Not only is this charge too low (equal to only 0.50 baht
in 1977 prices) to bridge the 4-5-baht-per-cubic-meter
difference between ground water and pipe water, but
also the collection of this fee is rather inefficient and
erratic. The Department of Mincral Resources, which
oversees the utilization of ground water, lacks the man-
power and infrastructure to collect the fees and to en-

sure compliance with the Ground Water Act of 1977,

which requires a permit for ground water pumping; and
the Deep Well Notification No.7 of 1985, which requires
installation of a flow meter on c// wells more than 15

meters in depth.

BALANCING SUPPLY AND DENIANI)

]!IANAGEMENT

The response to the emerging water shortages has

alwaysbeenvia efforts toincrease the supplyby develop-
ing untapped watsr resources through new water
resource development. This invariably led to the con-
struction of newdams and reservoirs by the Royal Irriga-
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tion Department (RID) and the Electricity Generating
Authority of Thailand (EGAT). However, the most
suitable sites for reservoirs have already been used up,
and further expansion faces a steeplyrising supply curve
in terms of both construction and environmental costs.
The most cost-effective approach for dealing with
shortages of raw water today is undoubtedly improved
maintenance ald efficient management of existing sys-
tems through rehabilitation and protection of water-
sheds, dredging of sedimented reservoirs, and efficient
allocation of water among competing uses. The latter
requires pricing of raw water according to its scarcity
value and supply cost for all users-including agricul-
ture, electricity generation and thc public water sup-
ply- to limit waste and induce efficient use and conser-
vation.

The Metropolitan and the Provincial Waterworks
Authorities (MWA and PWA) are also dealing with
emerging shortages through supply expa-nsion, despite
the constraints they face on securing new raw water
sources. The MWA's latest scheme for diversion of
water from the Mae Klong River to Bangkok is a case in
point. Similarly, costlywater supply schemes to increase
the water supply to Pattaya from roservoirs designed for
the exclusive use of the Eastern Seaboard are bcing
carried out by the PWA.

Demand management has not been practiced in
Thailand despite the tremcndous groMh in demand in
recent years and the apparent wasteful use ofwater. Thc
real price ofpipe watcr is lower today than it was in 1986
(see Table 1), even though the marginal cost of supply
has increased in light of the need for interbasin transfer.
Raw water continues to be a frce good, both to the
farmer and to the public utilities (MWA, PWA and
EGAT). This is due to many reasons, including the
perception that water is still an abundant, virtually incx-
haustible resource, a perception which is reinforccd by
the annual flooding; thc perception that water is a "gift
of naturc" which should not be priced and a basic need
from which no one should bc deprived; and the belief
that the d€mand for water is no[ responsivc to price even

if thc pricc is allowed to incrcasc substantially. These
perceptions and bcliefs find their expression in the sup-
ply of raw water to farmers and utilities free of chargc,
and thc supply of water to domcstic, commercial and
industrial uses at "low" priccs fixcd in nominal terms by
the Cabinet, and hence declining in real terms. Osten-
sibly, thc objective is to hclp poor farmers, to protcct
poor urban consumers, and to promote industrializa-
tion. Thc result is that large farmers, wealthy urban
consumers, large industrial establishments, lux:rrry hotels
and forcign tourists enjoy a gcncrous water subsidy,
which lies at thc root of the cmorging water shortages.
The social welfare and equity concerns are legitimate
and can easily be met by controlling the lowest block of
the water tariff, leaving the rest to the forces of supply
and demand.

THE CRITICAL RoLE OF IVATER PRICING

Water pricing is critical for meeting water shortages
and managing growing demands for several reasons: it
helps determine the optimal sectoral allocation ofwater
(e.g., among agricultural, industrial and domestic uses);
it encourages reduction ofwaste and promotes efficient
water use, thereby limiting demand; and it recovers the
costs of supply, thereby making funds available for ex-
panding the supply. Shielding the users from the rising
supply price of water guarantees either growing water
shortages, growing water subsidies, or a combination of
the two (see Figure 2).

The critical question in the case of water shortages
is this: What are the alternative sources of supply, and
what is the supply cost of each alternative? The MWA,
for example, faces the following options: an additional
supply from Chao Phraya River; diversion from the
Mekong River; a reduction of water leakage; ground
water pumping; and a reduction in demand through
higher water rates, which would increase both water use

efhciency and watcr rccycling. Each of these alternative
"supply" sources involves different scarcity, production
and cnvironmental costs, which vary with the level of
supply. For examplc, while the production cost of
ground water is relativcly low (1-2 baht/cu. m), its en-
vironmental cost is very high, due to land subsidence
resulting from overpumping. In contrast, beyond a cer-
tain level, reduction ofleakage is coslly, but has minimal
or no environmental impacts. Tracing thc lowest cost
alternative of each level of !upply defines the long-term
water supply curve, which interacts with the demand
curve to determinc the optimum pricc of water (see
Figure 2). The most critical parametcr for water
dcmand managemcnt is the price elasticity of the
demand for water, which rcflects the scope for control-
ling demand through pricing.

Prcliminary estimatcs of the demand function for
water in Bangkok suggcst a price elasticity of -0.36,
which mcans that a 10 percent increase in the effective
price ofwater would rcsult in a 3.6 percent rcduction in
the quantity demanded. At the 1989level of MWA sales

of 628 million cubic mctcrs, an increase in the effective
price from 6.12 baht per cubic meter to9.0 baht per cubic
meter would result in a rcduction in demand of 17

percent, or 107 million cubic meters. This rcpresents a
less than 50 percent incrcase in nominal terms and a 15

percent increasc in rcal terms over the 19ii6 price. This
price increase, which roughly reflects thc opportunity
cost of raw water, would gcnerate revenues of 846 mil-
lion baht. These revcnucs can finance the supply of an
additional 158 million cubic meters at the current
operating cost of 5.35 baht per cubic mcter, or 160

million cubic meters at the full cost of 9 baht Der cubic
met9r.
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Figure 2 Meeting Fututre Water Shortages Through
a Combination of Supply and Demand
Management (a hypothetical example)

Our projections suggest that the MWA will reach
the RID limit of 1,890 million cubic meters of rawwater
from the Chao Phraya River by L996, and thatbythe year
2010, an additional one million tons of raw water will be
needed. Under the no-demand-management scenario,
the demand for raw water in the MWA area will surge
to 5,800 million cubic meters per year. If demand
management is practiced by raising the price ofwater to
9 baht per cubic meter and keeping it constant in real
prices, the RID limit will not be reached until 1999.

Moreover, the denand for water in the year 2010 would
be one billion cubic meters.lower, which at 9 baht a cubic
meter saves 9 billion baht.

However, raising the price of pipe water to account
for the rising cost of supply and to induce efficient use

and conservation will further increase the cost advantage
of ground water. This would lead to increased ground
water pumping, further land subsidence, and frustration
of government efforts to phase out ground water pump-
i:rg altogether. To foreclose the substitution of pipe
water with ground water following a price rise, the cost
ofground water must be made comparable to that of the

pipe water. This would be accomplished by raisirrg the
ground water fee to a level equal to the price of pipe
water ninus the pumping cost, currently estinated at 1-2
baht. However, an increase in the ground water fee'-
specially a large one - is likely to lead to iacreased illegal
ground water pumping, as well as collection and
monitoring difficulties for the Department of Mineral
Resources (DMR).

CONCLUSIONS AND RECOMMENDATIONS

To effectively deal with these problems, the follow-
ing options should be considered. First, the respon-
sibility for collecting ard monitoring ground water use

could be transferred to the MWA, which has the neces-

sary manpower, infrastructure and vested interests to
collect the fees and to monitor ground water use. This
could be done at a minimum additional cost, since the
majority (over 70Vo) of grotnd water users are MWA
customers. Second, the increase in the groundwater fee
should be implemented gradually. Third, factories
should be required to account for their water use at a
level corresponding to their production capacity and
type of industry. Factories reporting water use per unit
of output lsss than 80 percent of the average use oftheir
industrial group as a whole would be charged the
average unless they can document superior efficiency,
which will be confirmed by an independent environmen-
tal audit. Firms will be free to use either ground or pipe
water or any combination of the two. Both sources
would be metered and monitored by the MWA. The
price ofthe two would be comparable: the ground water
fee plus the pumpingcost should equal the average tariff
for the pipe water.

Currently, the industrial water tariff is progressive
through small increments up to 2,000 cubic meters per
month and regressive thereafter. The justification for
this is not evident. To simplify matters, a tbree-step
progressive rate is proposed:

. 0-100 cubic meters, 8 baht per cubic meter

. 101-2,000 cubic meters, 9 baht per cubic meter

. over 2,000 cubic meters, 10 baht per cubic meter

This rate should be indexed and automatically in-
creased to maintain its real value. If a more gradual
progression is warranted, it should applyjointly to both
pipe and ground wator to prevent multiple sourcing as a

means of reducing the effective tariff rate. We believe
that in the long run, such a system will limit groundwater
pumping to two groups of industries: (1) industries for

+/-!-!-

Water quantity
Water price
D€mand and supply balance 1990 (P=6.12 bahvm3)
Demand and suppty balance 2OOO (P=6.12 bahvm3)
Demand and supply balance 2OOO (P=9.m bahvm3)

* These are gross savings, To oblain net savings, the lost consunter and producer surphts fronr loteer wokr
consumption at higher pices ntust be deducted. Prelininary estinwtes sugest lhat net savi,tgs qrc stbstantioL
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which reliability of supply is critical, thus warranting a
backup system to pipe water, and (2) industries outside
the MWA's effective distribution system. In the short-
to-medium run it is necessary to allow for a smooth
transition and adjustment to the new system by im-
plementing paritybetween pipe and ground water rates
in stages. Ar hcrease of the ground water fee by one
baht (in real terms) eachyear will achieve parity by 1998,
when ground water pumping is scheduled to terminate.
Termination by bar or prohibition is notnecessary, since
bans rarely work, and since ground water pumping has
a contribution to make to the water supply-which if
kept at the rate of replenishment, will not result in land
subsidence. Proper pricingwould ensure that the scarce
ground water is put to its most efficient and sustainable
use at minimal or no environmental cost.

Thus, to reestablish the balance betw€en the
demand and the supply of water in the Bangkok
Metropolitan Region and to forestall future shortages
and environmental impacts arising from rapidurban and
industrial growth, it is recommended that:

1. The Metropolitan Waterworks Authority
(MWA) is given more authority and freedom in
setting water rates in line withthe marginal costs
of supply; the Cabinet need only maintain con-
trol over the lowest block rate to protect poor
consumers and very small busmesses.

2. The MWA is also given the authority for setting
and collecting ground water, while the DMR
continues to have authority over the exploration
and monitoring of ground water resources.

3. The average effective price of MWA water is
raised to alevel that fullyreflects the opportunity
cost of water, the production cost (both fixed
and operating cost), and the environmgntal cost
involved. The price should be indexed and
authomatically adjusted through a formula that

takes into account both inflation and the rising
scarcity and supply cost ofwater.

4. The ground water fee is raised to a level that
achieves a full parity with pipe water when
pumping costs are added. This is necessary not
only for reducing overpumping and associated
land subsidence, but also for ensuring that the
limit€d sustainable replenishment of ground
water is put to its most efficient use (e.g., where
MWA water is not available, or where water
quality and reliability are critical). The revenues
from the ground water fee should be divided
among thc MWA, BMA and DMR to be used
respectively for addtional pipe water develop-
ment, for flood prevention in subsidence-af-
fected areas, and for ground water resource ex-
ploration and monitoring.
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Industrialization and Environment in
Thailand: A NIC at What Price?

Theodorc I)anayotou

Fhalru Kritiporn

Krerkpong { lrl rnpratheep

TOt-0, traditionally an agricultural country and a
major food exporter, is undergohg rapid rates of struc-
tural change and industrial growth. Industrial output
has been growing at double-digit rates in recent years
and is expected to continue to do so well into the twen-
ty-first century. Already, industry's share of the Gross
Domestic Product (GDP) is more than twice that of
agriculture's, and Thailard is well on its way toward
becoming a Newly Industrialized Country (NIC). How-
ever, both the rapid rate and the pattern of Thai in-
dustrialization are generating many environmental
problems with which the country is ill-prepared to deal.
Industry's h€avy concentration in the Bangkok
Metropolitan Region (BMR) and the surrounding
coastal provinces is accelerating urbanization and com-
pounding urban problems. Traffic congestion; water
shortages;solid waste;and air, water and noise pollution
problems have noticeably worsened during the last fcw
years of rapid industrialization. Both environmental
awareness and environmental legislation (setting of
standards) have advanced considerably in recent years,
but enforcement is lagging. In the meanwhile, very little
is known about the environmental implications of the
changing structure of Thai industry and of the
government's industrial and trade policy, including in-
dustrial promotion.

The purpose of this TDRI study is to analyze the
relationship between industrial growth, structural
change and industrial policy to environmental problems
and to propose policies that would both "minirnize" and
internalize the environmental cost of industrialization in
an advanced developing countty. The study also at-
tempts to demonstrate that uncontrolled environmental
problems generated by rapidly advancing and
geographically concentrated industrialization ultimately
become a co[straint to industrial groMh itself, apart
from their impact on the quality of life.

Finally, the study will derive the implications of the
analysis for industrial and environmental policies and
examhe the feasibility, cost and effectiveness of alterna-
tive policy instruments such as incentives to inlluence
industrial location, effluent charges, pollution permits,
environmental funds, bonds and audits. The present
overview reports on some preliminary hndings, with the
focus on industrial trends and hazardous waste and
waste water management.

TRENDS AND PATTERN-S O}- I\DUSTRIAL
POLLUTIOn-

The Thai economy has grown at the rate of 7
percent during the 1970s, 6 percent during the early
1980s, and 10 percent during the late 1980s. If Thailand
were an advanced industrialized country, pollution loads
would have grown roughly proportionately, because of
limited structural change in such an economy. Thailand,
however, has undergone dramatic structural change
during the last twentyyears, with the share of agriculture
falling from 2Tpercent in 1970 to 15 percent today, while
the share ofindustry rose from 26 percent to 35 percent
during the same period. Therefore, the rate ofeconomic
growth understates the gromh rate of industrial pollu-
tion, which follows the higher rate of industrial growth:
8 percent in the 1970s, 10 percent in the early 1980s, and
13 percent in the late 1980s. Furthcrmore, there has

been a structural change within industry itself, which
witnessed the share of the non- hazardous-waste-
generating industry in industrial GDP reduced from 71

percent in 1979 to 42 percont ovcr the period of 1979-
L989 and that of the hazardous-waste-generating in-
dustry double, from 29 percent to 58 percent. This
means that industrial pollution is becoming potentially
more harmful and less assimilable bv the environment.

* Tlre itdusliul scctor]rcre itclttdt'.s rnonufacning,, Dtining, cotlstntction antl poter. Inluttrpu .s <tf tlte puper,
ittdustry is uscd it the nlorc narn* scnsc of nurtufucttrittg.
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The shift from inport substitution hdustrialization
ia earlier years to export promotion more recently has
meant more reliance on low-costlabor industries,
which may also be less polluting per unit of value added.
Second, the concentration of industry inplies certain
economies of scale in poUution control and treatment
that may partially offset the loss of natural assimilative
capacity by overloading. Third, the hiqh profitability of
much of Thai industry suggests a degree of affordability
of pollution control expenditures without a significant
loss of international competitiveness.

Given Thailaad's relatively large size and the con-
siderable assimilative capacity of its environnent, the
current level of industrialization and implied pollution
load would not present a serious problem if it was evenly
distributed throughout the country. While hazardous
waste always presents aproblem, most other polutants -
especially biodegradable wastes - could be assinilated
if widely distributed. In Thailald, however, (unlike
Taiwan, for example), industry is highly concentrated in
the Bangkok Metropolitan region (BMR) and its sur-
rounding provinces, whose landscape air and water
bodies, particularly rivers, are receiving pollution levels
far in excess of their assimilative capacity. Fifty-two
percent ofindustries (767o interms of GDP) are located
in the BMR. This has two negative and two positive
irnplications for the environment. On the negative side,
the concentration of industrial waste in a limited sDace
destroys the environment's natural assimiJative capicity
through overloading. The proximity to the country's
larger urban centers increases the potential damage
from industrial pollution as well the cost of treatment,
due to the mixing of healy metals from industry with
biodegradable waste from households. On the positive
side, the concentration of industry and hence industrial
waste in and around Bangkok means economies ofscale
in pollution control and treatment, and that the rest of
the country is virtually free of industrial pollution.
The government's policy to decentralize industry into
the rural areas, to reduce congestion, and to spread the
benefits of industrialization should also take into ac-
couot the envirotrmental pros ard coDs ofsuch a poliby.
The implication might be to promote a limited number
of clusters of industry outside the BMR rather than
throughout the countryside. Taiwaa, for exinmple, isnow
experiencing a backlash against its comprehensive rural
industrialization.

PROJECTION OF' INDUSTRIAL POLLLITANTS

We will focus on three main groups of industrial
waste: hazardous waste, biodegradable waste, and air
pollution. Hazardous waste is defined as, "any waste or
combination of wastes which because of its quantity,
concentration or physical, chemical or infectious char-
acteristics, may (1) cause or signlicantly contribute to an
increase in mortal.ity or an increase in serious irre-

versible, or incapacitating reversible illness; or (2) pose
a substantial present or potential hazard to human
health or the environment when improperly treated
stored, transported, or disposed of, or otherwise
managed" (Engineering Science Inc. 1989).

Hazardous waste is classified into 16 groups (as
shown in Table 1) because each group has a different
risk factor and cost of treatment. Biodegradable waste
is represented by biochemical orygen demand (BOD) in
industrial waste water. In terms of air pollution from
industrial sources, the focus is on sulfur dioxide (SO:)
and nitrogen oxide (NOx). Two other important air
pollutants, carbon dioxide (COz) and lead (Pb), have
more to do with energSr generation and transportation
than hdustry per se and are thus covered by TDRI's
"Energy and Environment Study." This overview
focuses on hazardous waste an4 to a lesser extent,
biodegradable waste. While part of the full study, air
pollution is not covered by this overview.

Industrial Hazardous Waste

The manufacturing sector is by far the largest gen-
erator of hazardous waste - ranging from heavy metals
to toxic chemicals and from solvents and acid waste to
organic and inorganic sludge. In terms of volume, 90
percent of all hazardous waste is generated by manufac-
turing, four percent by hospitals and laboratories, and
one percent by municipalities. In terms of risk and the
likely impact on health, hospital waste is more significant
thar its small share suggests because of the far larger
numbers of people who are exposed to it. However,
what is particularly alarming about industrial hazardous
waste is the projected rapid growth of such waste, both
h quantity and hazard, as Thailand becomes further
industrialized. In the absence of effective controls, what
determines the volume of hazardous waste is the
prol(ability of the hazardous-waste-producing industry
vis a vis other industries. Since most industrialized
countries require and enforce proper treatment and
disposal of such waste, the industry tends to have a
comparative advantage in flowing to countries with lax
environmental regulations. As an export-oriented,
rapidly industrializing country, Thailand is at risk of
attracting "too much" of the "wrong" tlpe of industry.

Hazardous waste from industrial sources stood at
1.1 million to4p in L986. Based on a very conservative
assumption of5 percent GDP gowth during 1987-2001,
Engineering Science Inc. (1989) has projecred that the
hazardous waste generated by the manufacturing sector
will reach 1.9 nillion tons in 191, and 5.7 nillion tons
by 2010 (see Figure 1). Heavymetal sludge and solids is
by far the largest group, accounting for 77 percent of the
total. The largest generator of heary metals is the basic
metal industry followed by fabricated products and
electrical machinery. The main generators of oils are
transport equipment, machinery textiles and chemical
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Table 1 Hazardous Waste, Environmental Risk Factors and Cost Effectiv€ness ofTreatment.
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Source: Based on Engineering Science Inc. 1989

products. Acid and alkaline waste is generated rrainly
by fabricated products and electrical machinery, which
along with paper ard furniture, are also the main gener-
ators of inorganic sludge. Solvents, the last major
category of hazardous waste, is generated by the print-
ing, rubber, machinery and chemical products in-
dustries. Thus, eleven out ofth€ twenty TSIC industrial
groups - comprised of 28,000 factories - are significant
producers of hazardous waste.

With the notable exception of the pilot Bang Khun-
tien treatment facility in Thon Buri, the bulk of hazard-
ous waste is currently freely disposed of into rivers and
land fills or is stored in drums on-site with little or no
treatment. While no empirical assessment of the risks
involved has yet been made, experience in other
countries such as the United States suggests consider-
able risk to health and groundwater supplies. Aprelimi-
nary assessment by analog of environmental risk factors
for Thailand is shown in Table 1. Public health statistics

indicate that the incidence of occupational diseases,
adjusted for population growth, has increased 4.4 times
between 1978 and 1987 (Ministry of PublicHealth 1990).

Industrial Biodegradable Waste

It is estimated that 5.6 million tons of biochenical
orygen demand (BOD) load are currently generated by
selected industries which are major generators of
biodegradable waste (Figure2). Sugar factories account
for 63 percent of the BOD load, followed by pulp and
paper (15 %), and beverage factories (6 Vo) . Thebalancn
is contributed by tapioca mills, rubber industries, textile
factories and slaughter houses, in that order. Prelimi
nary medium-term projections indicate that the BOD
load will rise to 9.5 million tons by 1996, with the share
of sugar factories, tapioca mills and slaughter houses
reduced and that of the pulp and paper industry and the
beverages industry increased.
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Figure I Projected Hazardous Waste Quantities and
Treatment Cost

Most of this rvaslc is discharged untreated in thc
form of industrial effluent into public rvatcr bodies. In-
dustrial effluents combinc with waste water from
houscholds to rcduce thc disolved orygen (DO) in rivcrs
to levcls below ambient standards. The Chao Phraya and
Tachin rivcrs are alrcady below the ambicnt standard set
by the National Environment Board (NEB) and are at
risk of bccoming anaerobic in certain heavily polluted
sections during part oftho year. The monitoring data of
the Dopartment of Industrial Works (DIW) for 1986
(the ycar for which data arc most complcte) indicatc that
the total BOD load in fourteen rivcrs has reachcd
516,000 tons. Treatmcnt at a 70 perccnt lcvel of thc
modcst cost of 6 baht pcr ton would cost bctween 1.0 and
2.3 billion baht, depending on the volumo ofwastc water
associatcd with the monitored BOD load (see Table 2).
Treatnlcn[ of 70 perccnt of projccted BOD loads for
1990 as shown in Figurc 2 (assuming an average con-
centration ofBOD of5,000 mg/liter) rvould cost as much
as 4.7 billion baht, which is 2.6 perccnr of rhc 1990 cDP
of thc BOD-gencrating industries. This could be an
overestimatc, despitc thc use of conscrvative hgurcs.
First, proper pricing for waterwould reducs thc amount
of waste water dischargo. Sccond, charging waste-gcn-
erators for waste watcr treatment would induce efforts
to minimize wastc. Third, unlike hazardous waste,
ccntral water treatmcnt is not always thc lowcst-cost
approach to water pollution control.

Whilc industrial wasto is an inevitable byproduct of
industrialization, industrial pollution nccd not grow in
proportion with industrial groMh. First, a shift toward
lcss heavily polluting industries would reduce the growth
of industrial pollution below the ratc of industrial

growh. Second, a shift to more efhcient industrial
production and energy-gcnerating technology would
further reduce industrial pollution per unit of GDP.
Third, a switch toward less polluting or less hazardous
raw materials would also reduce industrial waste in both
quantity and toxicity. Fourth, dispersion of polluting
industries would reduce the ambient concentrations and
increase the effective assimilative capacity of the recep-
to.s. (Except at very low levels of hazardous waste,
concentration of hazardous-waste-generating industries
may in fact reduce the problem by facilitating control,
collection, treatment and disposal). Fifth, waste treat-
ment reduces the quantity and toxicity of industrial
waste, while proper disposal reduces the associated
damage to both human hcalth and the natural environ-
ment.

Thc waste- or damage -minimizing changes in
production technology, plant location, or waste treat-
ment and disposal will not be taken voluntarily by the
individual firms that gencratc the waste for the following
reasons:

1 lndustrial pollution and its associatcd damage to
other individurls, activitics. ')r thc en\ironment is an
exlernality or a spillovcr that does not percoptively affect
lhe op(rati('ns o[ lhe firmr thrt gcncrate it.

2. Wastc reduction or trcatment involves additional
expenditurcs, which incrcasc production costs and
reduce competitiveness. Thus, in the absence of somc
form of regulation, free disposal of uncontrolled and
untreated wasto is the most "economic" and therefore
preferrcd option of privatc industry.

With pollutants accumulating at an cxponcntial rate
of 12-15 pcrcent a year and becoming increasingly haz-
ardous, no picccmeal patching up of existing rogulations
rvill reverso the trcnd. Without an effectivc mechanism
of industrial pollution control, Thailand is Iikcly to ac-
quire tho dubious reputation as a "pollution haven,"

l99o 1991 1992 1993 1994 1995 1996
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I'igure 2 Industria[ B.O.D.r - Loading Projection
(Preliminary Estimates)
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Table 2 PreliminarT Estimate of BOD Load to Major Rivers in Thailand (1986)

No. River Nane

(1)

DO
of River

mgL

0.3

<2
>4

mglL

(7)(6)(5)(4)(3)(2)

srd.
DO

(8)

Cost of
Treatment

million B

No. of Flow
Factory 1000

cu.F.
per yr

BODLoad T0Vo"lreatmert
Cost of Residual
Treatment BOD

tondyr rnillisa 3 toos/yr

1 Bangpalong
2 Chao Pbraya
3 East Coast Gulf
4 Mun
5 Thachin
6 Maeklong
7 Ping
8 Natr
9 Chi
10 Khong
11 Prachinburi
12 Wang
13 Yom
14 Kok

L35
351
r23
u

J/O
2Z

19

82
55
n
t-.'

5
z

increasingly attracting heavily polluting industries spun
off by other countries. The consequent structural
change of Thai industry toward pollution-intensive in-
dustries, the projected continued rapid industrialization
for the next t$,o decades, and the declining assimilative
capacity of an akeady overloaded environment will ac-

celerate environmental degradation - leading to a

reduction of the quality of life and ultimately constrain-
ing growth itself. One risk is the discouragement of
foreign investors in the long run; another is damage to
the thriving tourist industry; and a third is rstaliatory
tariffs for unfair trading from countries with higher ef-
fective environmental controls.

POLICY ALTERNATIVES: THE FIVE PRINCIPLES

In desicning effective policy instruments for in-
dustrial pollution control, the following five principles
need to be observed:

1. The Ambient Quality Targel: The aim should be
the achievenent of a desired environmental quality (am-

bient standard). not a uniform effluent or emission
standard or level of waste treatment. This is because
ambient quality is the ultimate objective, and it can be
achieved throughvarious means; uniform effl uent stand-
ards is only one, aad rarely the most efficient, instru-
ment. The target ambient quality standard should be

specific, monitorable and verifiable.
2. The Minimum Cost Principle: The desired am-

bient qualitystandard must be attained throughthe most
cost-effective means that is at the lowest possible cost to
the economy- including cost to the regulatory agency,

such as monitoring and enforcement cost; andcost to the
industry, such as a reduction in output and an increase
in the pollution control cost. This implies that the
chosen policy instrument must be enforceable in the
Thai conteK, at a relativ€ly low cost, and with a minimal
leakage.

3. The Polluter Pays Principle: The chosen policy
instrument must be self-financed, and perceived to be
equitable. The polluter pays principle is now widely
accepted around the world. While the payment is col-
lected from the industrial producer, the ultimateburden

'1? OO7

532U
16,345
7,3fi

166,757

47,741
r25,087
101,866

18,015

r,532
281

L,5U
r02

18

%,761
81,4i26

ffi,42:7
75,t367

56,033
la,910

30,254
21,8t9
19,106

7,WL
4,618
3,7L9

296
55

58.8
723.5
68.6
30.9

7m.4
200.5
575.4

4n.8
75.7

6.4
1,.2

6.4
0.4
0.1

'25,0?"8 173.3
24,428 L62.7
u,tB tfi.1
nJffi $1.6
16,810 Lt2.0
14,673 n.7
9,076 60.4
656 435
5,73? 8.2
zJn U.2
1,385 9.2
1,116 7.4

89 0.6
16 0.1

Source: Department of Industrial Works; ONEB (1986); Department of Health (1986)

Note: (3) This amount of load covers only factories under motoring scheme of DIW
(6) Assuming cost of treatment = 6 baht/cu.m
(8)AssumingaverageBODconcentration=3,000mg/Landcostoftreatment=6bahVcu.m.
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(incidence of the pollution charge) is shared between the
producer and the consumer in a proportion determined
by the elasticity of demand for the product in question.
In the case of an exported commodity sold in competitive
world markets (and therefore facing infinitely elastic
demand), the full burden is assumed by the producer;
therefore, his competitive position may be affected.
Hence, the following two principles should be con-
sidered:

4. The Competitiveness Imperative: The policy in-
strument chosen should not significantly reduce the
overall competitiveness of Thai industry, although it
would unavoidably change the industrial mix in the
medium to long run, if it is effective at all. Maintaining
competitiveness while controlling pollution irnplies the
existence of inefficiencies that the chosen instrumcnt
should seek to reduce.

5. Policy Transition: Changing the industrial mi"r
from high- to low-polluting industries is one of the
desirable outcomes of an effective pollution control in-
strument. However, structural change takes time, since
investments have already been made under "pollution
haven" conditions that will take time to depreciate.
Therefore, for both fairness and efficiency, allowance
for adjustment during the transition period must be
made. Thenew policyis alsolikely tobe more acceptable
to the industry if it is gradually phased in over an ap-
propriate period. The stability and predictability of the
policy is critical ifindustrial investment is to be gradually
shifted from high- to low-polluting industries.

In choosing an appropriate pollution control instru-
ment that fulfills all these conditions, consideration must
be given to the type of industrial waste and to the scale
ard geographic distribution ofindustry. A central treat-
ment facility is likely to be suitable for hazardous-waste-
producing industries because hazardous waste cannot
be assirnilated by the environment and is harmful even
in small quantities. To ensure that such waste is properly
treated and safely disposed of, as well as to benefit from
economies of scale in treatment, a central treatment
facility canbest fulfill the stipulated conditions, provided
it is appropriatedly financed and operated as discussed
below. Another case where a central treatment facility
might be suitable is for small-scale industries con-
centrated in a given location, which affords economies
of scale in joint waste treatment. A case in point is the
Bang Khutien hazardous treatment center in Thon Buri.

ENVIRONMENTAL FUND INITIATNIE FOR

HAZARDOUS WASTE NIANAGENIENT

Building on the Bang Khuntien ccntral treatment
experiment, we proposc the establishnent of an En-
vironmental Fund for the centralized treatment of haz-
ardous wasto throughout Thailand. In an earlier section,
hazardous waste was projected to rcach 1.9 million tons

by 1991. However, not all hazardous waste can be cost-
effectively managed through cantral treatment facilities.
In the following we exclude metal smelting- the single
Iargest producer of healry metals-because smelter
generated hazardous wastes are relatively stable and can
usually be kept on site by appropriate containment
measures (Engineering Science Inc. 1989). Even with
the exclusion of metal smelting, heavy metals from other
industrial processes present the greatest environmetrtal
risk, because ofboth their large quantities and their high
relative risk factor (see Table 1). Infectious waste is
second in terms of environmental risk, but it will also be
excluded sincethe focus ofthe studyison manufacturing
waste. This leaves 595,000 tons ofindustrial hazardous
waste (1991) that require proper collection, treatment
and disposal. This must be done at the minimum pos-
sible cost. In terms of cost effectiveness (i.e., risk reduc-
tion per million baht of expenditure), the priority for
collection, treatment and disposal should go to healy
metals, photo wastes, alkaline wastes, and acid wastes
(see Table 1). Not only should the generated waste be
traced, recovered, treated and disposed of at the mini-
mum possible cost without sacrificing safety standards,
but alsothe generation ofwaste itself must beminimized.
Therefore, an ideal hazardous waste management sys-
tem should provide generators of waste with the incen-
tive to both minimize waste and to fully declare it.

The proposed Environmental Fund aims not only
to fund treatment and proper disposal of waste but also
to encourage minimization of waste. The Fund would
be financedfrom charges on hazardous waste generators
in proportion to their type and quantity of waste and its
distanca from the treatment facility. The charge should
be set at the cleaning up cost, which is about twice the
treatment and disposal cost. The latter was estimated to
average 1,000 baht per ton, including transport, trea!
ment and disposal costs. In actual implementation, the
charge would vary according to type and quantity of
waste and the distanca involved (see Table 1). At the
level ofthe projected 1991 industrial hazardous waste of
000.000 tons. a 2.000-haht-a-ton charge would raise i.2
billion baht. Fifty percent of this amount would con-
stitute the Environmental Fund for Hazardous Waste;
the rest would be deposited in an EscrowAccount earn-
ing interest on behalf of hazardous waste generators.
Once the contracted waste delivery for treatment is
made in full, the funds and interest in escrow would be
returned to the waste generator concerned, The Fund
would be used to treat and properly dispose of hazard-
ouswaste,while the EscrowAccounI would act as a bond
to ensure delivery of waste and additional funds for
cleaning up any waste that is disposed of untreated by
generators which fail to deliver it for treatment. Im-
plementation of the proposed scheme would help arrest
the exponential groMh of hazardous wastc and the even
faster growth of the cost of treatment (see Figurc 1) duc
to the increasingly refractory waste being generated.
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Two related problems arise. First, how is the haz-

ardous waste generated by each factory to be deter-
nined, since there is clearly an incentive here to under-
report? There are a number of options that can be used

either individually or in combination. Fairly accurate
parameters for hazardous waste generation by type,

production process and output capacity do exist (see for
example Engineering Science Inc. 1989). The
deliverable waste cal be set based on these palameters
or at the average for the hdustrial group as a whole,
based onthe previous year's statistics and/or monitoring
results. This raises the second issue: how to detect a
factory that produces more waste than the industry
average and disposes of the excess quantity illegally to
avoid additional payments. At the other extreme, a firm
may argue convincingly that it is more efficient than the

average firm in the industry and therefore generates less

waste. After all, a good system should encourage waste

ninimization. To deal with these two issues an environ-
mental auditing system, to be detailed in the full study,

is proposed. This system, combined with random in-
spection of the production process, should both mini-
nize unreported waste and verify claims of reduced
waste generation that would qualify generators for
rebates and lower waste coefficients for subsequent
years.

The inplementation of the proposed system is
consistantwithandwillbe facilitatedbytheintroduction
of the value added tax system. The contribution of the
industryto the Environmental Fund through the hazard-
ous waste charge amounts to about 0.2 percent of the

industry's valued added, or one percent of its profits
assuming a conservative 20 percent proht rate. The
more efficient the industry is in its production process,

the less waste it generates and the less it has to pay for
waste treatment and disposal. The industry thus has the
incentive to reducewaste, and this shouldfurther reduce
its expenditure on hazardous waste management. With
charge-induced waste minimization, the development of
business opportunities in hazardous waste management
and induced structural changes toward less polluting
industry, the impact on the economy would be minimal.
The industry, at a minimum cost to itself and the
economy, would thus make a tremendous contribution
to its own image and to the quality of life of the Thai
people, while preserving its competitiveness in world
markets.
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DR. AMMAR SIAMWALLA IS APPOINTED PRESIDENT OF TDRI

Dr. Snoh Unakul. Chairman of the Board and
Council of TDRI. has announced the confirmation of
Dr. Ammar Siamwalla as the Institute's President,
effective September 1, 1990. Dr. Ammar succeeds
Dr. Phaichitr Unavikul, who submitted his resigna-
tion as President of the Institute in July.

Dr. Ammar, who had been TDRI's Director of
Agriculture and Rural Development since 1984, is
one of the country's best-known economists. He
holds a degree in economics from the London School
of Economics and a Doctorate in Economics frorn
Harvard University. Plior to his tenure at the In-
stitute, Dr. Ammar was on the Faculty of Economics
at Thammasat University; served as a research staff
economist at Yale University; and was a visiting
professor at the Food Research Institute, Stanford
University. He also served as Research Fellow with
the International Food Policy Research Institute,
Washington, D.C., from 1978-1984

Dr. Snoh also amounced that Dr. Narongchai
Alrasanee has submitted his resignation as Execu-
tive Vice President of TDRI. but that hewillcontinue
to work as an advisor to the Institute and to oar-

Dr. Clayon K. Yeutter, Sccretary of Agriculture of
the United Statcs, visited the Instituto on August 14 and
led around-tabls discussion on "The (;ATTandIts 1990
Farm Bill." Thc mecting was atte ndcd by TDRI Board
and Council Chairman Dr. Snoh Unakul; Dr. Ammar
Siamwalla, the Institute's President; senior staff mem-
bers ofthc Institute; and 30 other participants, including
govsrnment officials and leading businessmen and
academics.

ticipate in the Institute's development as a member
of the Board of Directors.

Moreover, Dr. Virabongsa Ramangkura,
TDRI's Dhector of the Macroeconomic Potcy Pro-
gram, has resigned from the Institute in order to
assume his post as the country's Minister of Finance,

Profile 0f Dr. (lla)lon K. \'euttrr

Whcn U.S. Prcsident Gcorge Bush announced his
sclection of former U.S. Trade Representative Clalton
Yeutter for the post of Secrctary of Agriculture, he
described Dr. Yeutter as a strong free-trade advocate
with an cxtensive backgtound in agriculture.

Thc President emphasized that Dr. Yeutter's
nomination "will send a significant message to our trad-
ing partners abroad." Free trade and erpanded U.S.
farm exports, the President said, "will have no greater
spokesman, no grcater advocatc."

Dr. Yeuttcr has strongly promotcd U.S. agricultural
interests in intcrnational markets and has o).1ensive sup-
port among farm-state politicians, He first joined thc
Departmsnt of Agriculturo in 1970 as a consumer and
marketing scrvice administrator, In 1973 he became
Assistant Sscretary for Marketing and Consumer Ser-
vices, and a year later he becamc the Assistant Secretary
for International Affairs and Commodity Programs.

From 1975 to 1977, Dr. Yeutter served as Deputy
Special Trade Representative, negotiating an end to

U.S. SECRI]TARY OF AGRICULTURE VISITS TDRI

Dr. Ammar Siamwalla
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several trade disputes, including what was known as the
"cheese war," in which European nations withdrew sub-
sidies to cheese makers. After leaving government, Dr.
Yeutter became ChiefExecutive Officer of the Chicago
Mercantile Exchange, America's top trading markct for
foreign currencies.

In 1985, President Ronald Reagan appointed Dr.
Yeutter U.S. Trade Representative.

Mr. H. J. Van Wersch of the World Bank Visits the
Institute

Mr. H.J. Van Wersch of the World Bank visited
TDRI on July 27 and held talks with Dr. Twatchai
Yongkittikul concerning the Institute's goals and its
fulrctions, including organizational and administrative
issues. Mr. Van Wersch is on a fact-finding mission to
assistthe Nepalese government in establishing a national
research institute to serve as a think tank for Ncpal. He
also explored the possibility of establishing an institu-
tional relationship between TDRI and the Nepalcsc
institute after its establishment.

1990 Year-End Conlerence to be Co-organized bI the
Chai Pattana l-oundation and TDRI

Last Decembor, His Majcsty, the King addressed
the Thai people about the crucial issuc of environmental
degradation. His Majesty's address has galvanized
government, private sector, and public concern about
Thailand's rich, yet fragile natural resources and the
country's accelerating industrialization, with its resul-
tant strains on the nation's land and mineral resources,

IN.HOUSE SET\'IINARS

TDRI organized a seminar on AIDS, attended by
about 20 persons who are knowledgeable of and are
involved in the AIDS prevention campaign in Thailand.
The purpose of this seminar was to exchange informa-
tion and to identiry critical areas of intervention by the
government. July 19.

P&D

Dr. Twatchai Yongkittikul attend the Conference
on "The Political Economy of Tax Reforms and theit
Implications for Interdependence" jointly organized by
the Korea Development Institute and the National
Bureau of Economic Research, Seoul, June 14-16.

Dr. Twatchai Yongkittikul was invited as guest
speaker to a group of University of Hawaii students on

water and air quality, infrastructurc, and hunan resour-

Thus, The Chai Pattana Foundation and tho
Thailand Development Research Institute have or-
ganized this important conference to serve as a major
forum to thoroughly examine all the issues involved in
addressing this dilemma...

r What are the major developmental scenarios that
Thailand must confront and consider?

. How will the globalization of environmental issues
affect Thailand's economic growth?

. What arc technocrats' analyscs of Thailand's
economic/environmental situation during the ncxl
two decades?

. Horv havc environment.rl mantqemenl iscue. in-
fluenccd the governmcnt's formulation of the up-
coming Seventh Plan?

. What is the privatc sector's perceived role in clean-
ing up Thailand and consen'ing its environment?

. How will environmental issues affect the business
sector in the future?

The 1990 Year-End Conference, "Industrializing
Thailaqd and Its Impact on the Environment," will be
hcld on December 8-9 at the Ambassador City Jomtien,
Chon Buri. More than 600 participants from both the
public and private sectors will be attonding. For furthcr
details and registration information, please contact
Khun Prasith Chantrdec or Khun Niti Nakbunbs at
TDRI (tel: 258-9012).

a study tour in Thailand. The group consists of 24
graduate students in the Master of International Busi-
ness Program. July 12, Shangri-La Hotel, Bangkok.

Dr. Twatchai Yongkittikul attended the Conference
on "Subsidies and Fees ofPrivate Education Institutes."
The Conference was attended by about 60 participants
representing administrators and teachers of private
secondary schools, government officials, and
academicians. The issues focussed on the role of the
govcrnment in promoting private educational institutes,
and the potentials of private educational institutes in
improving educational quality and equity. August 9-11.

Dr. Twatchai Yongkittikul, spoke on "The Thai
Economy in the 1990's: Problems and Prospects," to a
group ofJapanese businessmen who are members ofthe
Inter-Futures Study Forum. The group was on ar over-
seas training trip to various countries in Asia including
Thailand. While in Thailand, the group held discussions
with government officials, local businessmen and

SEMINARS ATTENDED AND PAPERS PRESEN'TED ELSEWHERE
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economists, and also visited industrial and business
centers in Chiang Mai and the Eastern Seaboard
Project. Shangri-La Hotel, August 7.

ARI) PRO(;RAM

Dr. Ammar Siamwalla attended and presented a
paper on "Agricultural Trade Reform, Price Stability
and Impact on Developing Countries" at a policy semi-
nar on "The GATT Negotiations on Agriculture and
Developing Countries" sponsored by International
Food Policy Research Institute, held in Montreaux,
Switzerland on May 31 - June 1.

Dr. Ammar Siamwalla gave a lecture on the Thai
economy in the public seminar on Southsast Asia, hcld
by Kyoto University in Kyoto, Japan from July 9-15.

Dr. Ammar Siamwalla and Dr. Suthad Setboon-
sarng attended and presented a paper on "The
Response of Thai Agriculture to the World Economy"
at the International Agricultural Trade Research Con-
sortum Symposium, "Agriculture and Trade in the
Pacific: Towards the 21st Century" held in Honolulu,
Hawaii on August 1-2.

Dr. Ammar Siamwalla participated in the Vietnam
Workshop organized by FAO in Hanoi, Vietnam be-
tween August 15-25.

ITR PRO(iR{I\I

Dr. Paitoon Wiboonchutikula participated in and
presented a paper on "Trade and Industrial Develop-
ment in Thailand: Past Policies and Future Issues." at
the Workshop on Comparative Analysis of Develop-
ment Policies in China, Japan, Korea, and Thailand,
sponsored by the Korea Development Institute, East-
West Center, and the Asia-Pacific Institute in Seoul,
Korea, on May 16-20.

Dr. Paitoon Wiboonchutikula participated in the
USIS Economic Seminar on "Financial Globalization
and Tbai-U.S. Investment Relations," held at the Hotel
Sofitel Central. Hua Hin. on June 22-24.

I\I T] P PR(X;RANI

Dr. Virabongsa Ramangkura and Dr. Bhanupong
Nidhiprabha presented "The Macroecononics of the
Public Sector Deficit" at thc World Bank, Washington,
D.C., USA., July 12-13.

Dr. Damkirng Sawamiphakdi attended the First
Thailand-China Syrnposium on Thailand-China Rela-
tions in Commemoration ofthe Fifteenth Anniversary of
the Establishrnent of the Diplomatic Relations between
Thailand and the People's Republic ofChina, organized
by the International Studi€s Csntrc and the Chinese
People's Institute of Foreign Affairs. He also presented
a paper entitled "Current Economic Trends in
Thailand" co-authored with D r.Tee ran a

Bhongmakapat, Kiun Prasert Chakepaichayon, and
Khun Nipat Somjitt. Beijing, China, J y 12-13.

Dr. Virabongsa Ramangkura attended the seminar
on "Senior Policy Seminar" held by the World Bank.
He also presented a paper entitled "Investment
Recovery and Financing; Thailand" co-authored with
Drr. Pakorn Vichyanond. Caracas, Venezuela, July 19-

Dr. Damkirng Sawamiphakdi attended the "Com-
parison of East Asian Data and Model Structure" held
by the International Center for the Study of East Asian
Development QCSEAD). He also presented a paper
entitled "Thailand's Macroeconomic Linkages and In-
tcrnational Adjustments" co-authored with Dr.
Bhanupong Nidhiprabha and Khun Chanin Kam-
heangpatiyooth. Kitakyushu, Japan, July 31 - August 2.

utt PR(x;R.\}t

The EIU program, together with ofhcials from the
National Energy Policy and the Electric Utilities, held
meetings with officials in various provinces in the Upper
South, East and South. The meetings are a part of the
1991 load forecast cxercise that aims to impiove
forecasting methodology for all upcountry regions ofthe
country.

\RT] PRo(;R.,\}I

Dr. Dhira Phantumvanit of NRE appeared as a
Panel Discussant at the Third International Conference
on Practical Applications for Environmental and Ener-
gy Efficiency Management. His presentation focused
on energy and environmental perspectives in Thailand,
emphasizing interactions between the two sectors, and
strategies for future conservation efforts. The con-
ference, organized by the Energy Conservation Center
of Thailand and the International Institute for Energy
Conservation, was attended by over 1zl0 participants
from the government, academic, and private sec-
tors.Central Plaza Hotel, Bangkok, 17-18 July.

Khun Krekpong Charnprateep presented the
paper, "National Hazardous Waste Management Ac-
tion Plan," at a hazardous waste management con-
ference held at the Ambassador Hotel in Pattaya, from
5-7 August, 1990. The paper outlined potential
strategies for the propcr treatment and disposal of haz-
ardous wastes in Thailand, while developing an overall
frameworkwith which to address this increasingly severe
environmental concern.

Dr. Dhira Phantumvanit is serving as chairman of
the Subcommittee on Industry and Environment, which
is under the National Environment Committee. Work is
currently focused on formulating Thailand's position
regarding long-term global environmental issues, with
particular emphasis on industry, environmental quality,
and private sector participation in environmental
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management.
Dr. Duangjai Intarapravich participanted in a semi-

nar on Natural Resource Management Planning, by
NESDB and USAID, 29 June-L July, Ambassador City,
Pattaya.

Dr. Duangjai Intarapravich participanted in a

Round Table Discussion on "Progress on and Problems
of the Mineral Industry" by the Mining Council. July 6,
Indra Hotel, Bangkok.

Dr. Duangiai Intarapravich participanted in a
workshop on Natural Resource Management Planning,
by the NESDB and USAID, 13-15 August, J.B. Hotel,
Songkla.

Dr. Chartchai Parasuk participanted in a seninar
on Rural Resource Management Planning, 16-17 July,

Chiarg Mai.
Dr. Chartchai Parasuk pariticipanted in a seminar

on the Forestry Development Master Plan for National
Development, 1 August, Bangkok.

STD PROGRAM

Dr. Chatri Sripaipan attended as a resource person
the Slmposium on Transnational Technology Towards
the Year 2000 in the ESCAP Region, ESCAP Con-
ference Room, Bangkok, Aprll23-26 1990. The Sym-
posiumwas organizedby the Economic andSocial Com-
mission for Asia and the Pacific (ESCAP) in collabora-
tion with the United Nations Centre on Transnational
Corporations (UNCTC) and was attended by experts,
government officials and private sector representatives
from China, Hong Kong, India, Indonesia, Japan,
Malaysia, Pakistan, Philippines, Republic of Korea,
Sweden, United States and Viet Nam, including par-
ticipants from the Asian and Pacific Centre for Transfer
of Technology (APCTT) and the United Nations

EIU

The EIU program has recently completed two
books on the "Deregulation ofthe OilPrice inThailand"
and the "Oil Transportation System in Thailand." The
books have been published and have been submitted to
concerned government agencies and energy policy con-
sultants for consideration.

NRE

The Geographic Information Systems (GIS) group
of NRE completed its cooperative projectwiththe Tha!
Australia Higbland Agriculture and Social Develop-
ment Project (TA-HASD) which established a GIS-
based management information system to be used for

Department of International Economic and Social Af-
fairs.

Dr. Chatri Sripaipan spoke at a seminar on Demand
for Human Resources in Industrial Development, which
was organized by Rajamangala Institute of Technology,
Bangkok Campus, on April 24.

Dr. Chatri Sripaipan presented a paper on "Con-
straints toTechnology Development in a Rapidly Grow-
ing Economy: The Case of Thailand," at the Inte.na-
tional Syrnposium on Asia's West Pacific Development
and Cooperation on Technology and Economy, which
was organized by International Technology and
Economy Institute, Beijing, China, May 22- 24.

Dr. Chatri Sripaipan presented a paper on
"Prospects for Cooperation in Industrial Tecbnology
Between Thailand and the European Community" at the
Workshop on the Science and Technology Development
in ASEAN Countries: Problems, Prospects, Scope for
Cooperation *ith the European Community, which is an
EC sponsored workshop, at the Asian Institute ofTech-
nology (AIT), Bangkok, June 7-8.

Dr. Chatri Sripaipar travelled to Japan from June
25 - July 6 at the inlitation of National Institute for
Research Advancement (NIRA) to discuss the content
and methods ofthe cooperatile researchwith NIRA and
to visit Japansss public institutions and private com-
panies.

HRS PROGRAM

Dr. Orapin Sopchokchai attended a workshop on
"Women's Organizing Abilities." The workshop was
hosted by the Friedrich Ebert Foundation and the Or-
ganizing for Development An International Institute
(ODII). Upperville, Virginia, June 17-20.

land use planning and other tasks associated with TA-
HASD's opium-crop substitution project areas in
Northern Thailand. The project confirmed the strong
potentialfor use of GIS as a practical tool for application
to land use planning in Thailand. Based on TDRI's
input, TA-HASD has decided to re-structure its own
planning tools to incorporate GIS into its system.

Dr. Dhira Phantumvanit and Juliet Lamont com-
pleted a project report examining the potential for the
establishment of a regional policy research network on
natural resources and the environment. The report was
submitted to the project sponsor, the Rockefeller
Brothers Foundation, and will subsequently be dis-
tributed to select policy research institutions in the
Pacific Rim region, and in North America. Portions of
the report were excerpted for use in ESCAP's strateg/

RESEARCH PROJECTS COMPLETED/NEW CONTRACTS
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development sessions for the upcoming Ministerial
Level meeting on Sustainable Development, scheduled
to be held in October, in Bangkok.

sTt)

On May 15, 1990, an agreement was signed between
SEAMICO and TDRI, to carry out a project entitled,
"Four Investment Opportunity Research Studies." The
four sector studies to be carried out under this project
include: Electronics; Automotive Parts; Metal Working;
and Machine Tools. The objectives of this project are:
to provide an in-depth understanding of the develop-
ment of the respective sectors, the role of the major
players, the sector's current status in Thailand, and the
present government policy framework; to indicate areas
in which there is significant scope for future investment
within the respective sectors (detailing Thailand's com-
parative advantages in the sector); and to prepare infor-
mation and analyses that support the production of
materials designed to enhance the BOI's investment
promotion activities both inside and outside Thailand.
This projecr is funded by the Office of the Board of
Investment (BOI).

ITR

1. An agreement was signed in July between the
International Development Center ofJapan (IDCJ) ard
TDRI, for TDRI to conduct a research project on
"Transformation of the Thai Economy: The Balancing
of Agricultural Development and Industrialization,"
which was funded by IDCJ. The objectives of this
project are to identify the impact of the changhg
linkages between the agricultural and the industrial sec-
tors on sustainable growth and social stability and to
recommend policy measures that will not create lop-
sided development patterns and social instability.

2. In August, an agreement was signed between the .

International Center for Economic Growth (ICEG) and
TDRI to carry out a research project on 'Industrial
Structural Transformation and Technological Develop-
ment in Thailand." The objectives of the project are to
identify technological development as a source of rapid
structural change and sustainable growth of industries
and to examine the comparative roles of government,
and foreign and local firms in technology transfer, tech-
nological development, and assisting in the structural
chanse of Thai industries.
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