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CURRENCY EQUIVALENTS
(As of December 1994)

Currency Unit Thai Baht (B)

US$1 = B 25.0
Bi US$0.04

GOVERNMENT FISCAL YEAR

October 1 to September 30

WEIGHTS AND MEASURES

ckm - circuit kilometer
km - kilometer (0.62 miles)
kV - kilovolt (1,000 volt-amperes)
kW - kilowatt (1,000 watts)
mW - megawatt (1,000 kilowatts)
kWh - kilowatt-hour (1,000 watt-hours)
GWh - gigawatt-hour (1 million kilowatt-hours)

ABBREVIATIONS

EGAT - Electricity Generating Authority of Thailand

ICR - Implementation Completion Report
ERR - Economic Rate of Return
LRMC - Long Run Marginal Cost
MEA - Metropolitan Electricity Authority
NCC - National Control Center
NESDB - National Economic and Social Development Board

PEA - Provincial Electricity Authority
PDP - Power Development Plan
RCC - Regional Control Center
ROR - Rate of Return on Fixed Assets
RTG - Royal Thai Government
SAR - Staff Appraisal Report
SCADA - Supervisory Control and Data Acquisition System
SFR - Self-Financing Ratio
TOD - Time-of-Day
VAT - Value-Added Taxes
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IMPLEMNETATION COMlPLETION REPORT

THAILAND

POWER TRANSMISSION PROJECT
(LOAN 2915-TH)

Preface

This is the Implementation Completion Report (ICR) for the Power Transmission
Project in Thailand for which Loan 2915-TH in the amount of US$110 million equivalent was
approved on March 1, 1988. The loan was closed on December 31, 1993, as planned during
appraisal. It was fully disbursed, and the last disbursement took place on March 8, 1994.

The ICR was prepared by Mr. Brahm Prasher, Consultant for the Infrastructure
Operations Division of Country Department I, East Asia and Pacific Region, and was reviewed by
Mr. Vineet Nayyar, Chief of Infrastructure Operations, East Asia and Pacific Region 1. The
Borrower, Electricity Generating Authority of Thailand iEGAT), provided comments on the ICR
and prepared a Borrower's Evaluation Report in accordance with ICR guidelines, which are
included as Appendices to the ICR.

Preparation of the ICR was begun during the Bank's final supervision mission in
May 1993. It is based on the Staff Appraisal Report (SAR), the Loan and Guarantee Agreements,
Supervision Reports, correspondence between the Bank and EGAT, internal Bank memoranda and
other material in the project files. The Borrower contributed to the preparation of the ICR by
providing most of the financial, performance, and investment data for the project and
supplementing the Bank's information on the project implementation and operation experience.
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Evaluation Summarv

Introduction

1. The Bank has been involved in financing power projects in Thailand over the last three
decades, and had made 13 loans to EGAT for the construction of transmission, hydro and thermal
power, and lignite mining projects prior to the approval of this transmission project. At the time of
project preparation, power consumption in Thailand was forecast to grow rapidly, with serious
shortages of electric energy predicted in the Southern and Central Regions by 1990-91. With Bank
support, EGAT decided in 1985 to advance the schedule for construction of a transmission
strengthening and expansion program included in its Power Development Plan (PDP) (FY87-96), of
which the Central-Southern tie-line forms a part, to alleviate the looming power shortages in the
Southern Region and achieve other objectives. The strategy to address the needs of the Southern
Region through transmission of power from the Center, was considered to have lower risk than the
alternative initial plan for construction of combined cycle plants in the South. Reassessments during
project preparation on the availability of natural gas from off-shore fields showed uncertainties on the
quantities, timing, and price of the gas needed to fuel those combined cycle plants (para. 1).!'

2. The transmission project addressed diverse objectives, in addition to relieving shortages
for electric energy. These objectives may briefly be stated as follows: (a) expand and strengthen
EGAT's transmission system; (b) achieve a better integration of the national grid so that optimal
generating options may be chosen in future without being unduly restricted by regional constraints; (c)
reduce reserve margin for the system as a whole; and (d) upgrade the existing load dispatch centers into
a state-of-the-art countrywide control system (para. 2).

3. The physical components of the project included EGAT's Transmission System Program
No. 7 consisting of 740 km of 115/230 kV lines and associated substations; 215 km of the single-circuit
500 kV transmission line for Mae Moh Unit No. 9 and line-end substations; 350 km of 230 kV
Southern-Central tie-line and associated line-end substations. Additionally, the project included the
construction of a National Control Center (NCC) and two Regional Control Centers (RCC), including
real-time processing units with advanced on-line software for access to 116 remote substations (paras. 3
and 25).

1/ Para. numbers refer to paras. in the main report.
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4. EGAT and the RTG agreed to certain covenants to ensure a strong financial position
and continued viability of the power subsector in Thailand. These covenants relate mainly to issues
affecting the financial performance of EGAT, such as self-financing ratio, debt loads, relative levels of
short and medium term debt, fuel adjustment provisions for electricity charges, and other provisions
relating to the tariff structure (para. 10).

5. The project was completed at a total cost of US$229 million (including IDC), about
7.5% above appraisal estimates. The Bank provided a loan of US$110 million equivalent which
covered about 87% of the foreign component costs. Save for US$4 million in export credits, the rest of
the financing was accessed from local and commercial banks, and from EGAT's own internal resources.
The project was substantially implemented within the estimated completion schedule; the delay of six
months in the overall project completion date pertained mainly to minor and non-critical parts of the
project (paras. 5 and 17).

Implementation Experience and Results

6. Construction of the Southern-Central tie-line assisted in relieving the looming power
shortages in the Southern Region and helped achieve integration of the Southern Region with the other
regions of the Kingdom. The strategy adopted was effective in reducing investment levels over the
alternative strategy for construction of combined cycle plants in the South and a submarine gas pipeline
to transport gas to fuel those plants (para. 17).

7. The construction of the 500 kV line has provided the means for supplying cheap lignite
based power from Mae Moh to relieve predicted shortages in the high consuming Central Region. The
addition of the 115 kV and 230 kV lines and associated substations has assisted in meeting the target for
covering all of Thailand's provinces with 115 kV and 230 kV facilities by 1995 (para. 6).

8. Through this project, significant improvements in the tariff structure were effected,
which may yield further beneficial effects, such as a reduction in peaking capacity needs and
conservation in energy use. Cross-subsidies, size and number of blocks for residential consumers were
also reduced. Optional time-of-day (TOD) tariff for large and medium size consumers was introduced,
and the tariff for these consumers was also restructured. Additionally, the Government agreed that
changes in the fuel cost, property taxes, demand side management costs and value-added taxes may be
reflected immediately on kWh charges. These adjustments have been made since June 1992 and are
expected to improve the financial health of EGAT, while conferring other long term benefits (paras. 8-
9).

9. For the period FY1989-93, EGAT's financial position has been strong and the utility
has been in compliance with all covenants under the loan agreement. The utility generated significant
internal funds to finance its investment programs. EGAT's financial parameters specified in the
covenants were significantly above the minimum requirements for compliance. The economic rate of
return (ERR) calculated in 1994 for EGAT's PDP (FY87-96) is 23.1 %, and is significantly higher than
the appraisal estimate of 18.5%. The higher ERR is largely attributed to the much higher kWh sales
and lower oil prices during the period than those assumed at appraisal (paras. 10-1 1).
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Findinas. Future Operations. and Lessons Learned

10. The project's sustainability is highly likely since EGAT is technically, administratively
and financially a strong utility. EGAT follows standard maintenance practices to ensure operability of
its facilities. Thailand's growing demand for power ensures utilization of all the capabilities constructed
under this project. The project objectives have been substantially realized, including substantial
improvement and rationalization of the tariff structure. The outcome for the project may be classified
as satisfactory. The key factor in the successful outcome for the project was thorough preparation of
the project, followed by the Borrower's outstanding project management and execution efforts during
implementation. The Bank played a constructive role in project identification and preparation, and the
Bank's dialogue with the Borrower assisted in initiating action for revision of the tariff structure and
completion of the load forecasting study. A load management tool is now available which would
provide more useful data on demand, based on a wider set of economic and demographic variables
(paras. 17 and 22).

11. The transmission facilities and other capabilities constructed are being used in day-do-
day operations, and future operations involving the transmission system will be assessed for
performance and benefits by monitoring certain operational parameters, such as the outage factors,
failure rates of equipment, effectiveness protective index, and total transmission system losses. About
80% of the software applications are already being used in the National and Regional Control Centers
to monitor the system in Thailand. The rest of the software, including the Economic Dispatch and Unit
Commitment functions, have not been implemented yet. These elements of the project will be
completed by 1998 (paras. 23-24).

12. There are certain lessons which may be recounted from the preparation and
implementation experience: (a) the broad-based dialogue and rapport among the parties resulted in
significant decisive actions and policies which have strengthened the power subsector; (b) EGAT's
adherence to the financial covenants has helped EGAT evolve into a strong and highly efficient utility;
(c) seeking Environmental clearance prior to implementation is necessary to avoid delays, cancellation,
or modification during implementation, as experienced on a small part of one transmission line which
was initially planned to pass through the national reserve forest; and (d) the high attrition rates
experienced recently in mid-level professional staff need to be reversed and compensated by developing
staff through reinforced training and hiring programs. Such measures need to be also complemented by
more attractive compensation structures to retain capable staff (para. 25).



IMPLEMENTATION COMPLETION REPORT

THAILAND

POWER TRANSMISSION PROJECT
(LOAN 2915-TH)

PART I. PROJECT IMPLEMENTATION ASSESSMENT

A. Statement/Evaluation of Objectives

1. Most of the electricity generation and transmission in Thailand is the responsibility of the
Electricity Generating Authority of Thailand (EGAT). At the time of project preparation, power
consumption was expected to grow rapidly in Thailand, with substantial shortages of electric energy
projected for the Central and Southern Regions by 1990-91. Initially, EGAT's Power Development Plan
(PDP) for FY87-96 was expected to address the looming shortages of electric energy in the Southern
Region through the construction of combined cycle plants in the South to be fueled by natural gas
supplied through a new submarine pipeline from off-shore fields being simultaneously developed by
international companies. Subsequent assessment during project preparation, however, showed
uncertainties with regard to the timing and quantity of gas to be available from these fields. There was
also some uncertainty on the level of demand growth for electric energy in Thailand, since demand was
thought to relate to the price of energy fuels, which could not then be predicted with certainty for the
future. In keeping with EGAT's development strategy for the Sixth and Seventh Plan (FY87-96), a
decision was made to advance the implementation of a transmission system program to strengthen
EGAT's transmission system and concurrently address the urgent needs of the Southern Region. This
strategy was also perceived to be cost effective in overcoming the risks associated with the uncertainties
on timing, availability and price of gas supplies.

2. The objectives of the project were to: (a) expand and strengthen EGAT's transmission
system consistent with the continued development of urban and rural electrification; (b) achieve a better
integration of the national power grid and help choose optimal generating options without unduly
restrictive regional constraints; (c) deal with demand and supply uncertainties with minimum reserve
margin requirements for the generating system; (d) upgrade the existing load dispatch centers into a state-
of-the-art country-wide control system; and (e) promote improvements in load forecasting methods and
in power tariff structure.

3. The project objectives were to be attained by the design, procurement and construction of
physical project components which may briefly be described as follows: (a) 740 km of transmission lines
at 115 kV/230 kV and associated substations and additional transformer capacity; (b) National and
Regional System Control Centers including real-time processing units with advanced software and access
to 116 remote stations; (c) a Central-Southern Transmission tie-line (350 km double-circuit, 230 kV) and
expansion of line-end substations; and (d) a transmission line extension for Mae Moh Power Unit No.
9 (215 km, single-circuit, 500 kV). In addition, the project included consultancy services for
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engineering, supervision and inspection for the 500 kV component of the project, and also specialist
services to provide assistance with detailed engineering and supervision for the system control centers.

4. With Bank support and assistance in defining the terms of reference, the Royal Thai
Government (RTG) also agreed to institute a study under the coordination of the National Economic and
Social Development Board (NESDB) to improve the power sector's load forecasting methodology.
Additionally, the RTG also agreed to carry out a time-phased plan for reform and improvement of the
tariff structure. Even though a tariff study had been completed under the National Energy
Administration's coordination in 1986, no subsequent action plan had been formulated to rationalize and
improve the tariff structure.

B. Achievement of Objectives

5. The physical components of the project were substantially completed as planned during
project preparation. With completion of construction of the physical components, the underlying
objectives were substantially realized for the project as a whole. The program conceived under this
project has assisted in achieving the target for covering all of Thailand's provinces with 230 kV and 115
kV facilities by 1995. The completion of the Central-Southern transmission tie-line and associated
facilities has assisted in strengthening the integration of Region 3 with the rest of the country (Regions
1, 2, and 4). The strengthening of the national grid thus makes it possible to choose optimal generating
options in the future without being unduly subject to restrictive regional constraints. With completion
of the tie-line, the project has in the near term also assisted in relieving the shortages expected in
electricity supplies in the Southern Region, while coping with the uncertainties on the availability and
price of natural gas and other fuels.

6. Completion of the 500 kV extension line from Tha Tako to Nong Chok, and associated
substation and other facilities, resulted in the addition of needed transmission capacity to transfer low cost
energy based on lignite from Mae Moh in the north to the high consuming areas in the Central Region.
The 500 kV line, which has been superimposed on the existing grid, relieves overload of the underlying
grid following line faults. Pursuit of the low risk strategy under this project resulted in deferral of the
construction of the combined cycle plant in the South and a submarine pipeline required to supply it with
gas. In the immediate term, there were significant savings in capital investments, since the submarine
pipeline alone would have required about four times as much investment as that needed to connect the
Southern and the Central Regions with a tie-line, as estimated during project preparation in 1985. These
issues were of particular concern to the RTG, since foreign debt loads were increasing.

7. In conformity with the loan covenants, a study was completed under the supervision of the
NESDB to evolve an improved forecasting methodology to predict electricity demand and provide useful
data for demand management. Prior to this study, the load-forecasting process consisted of projections
of demand for EGAT, MEA and PEA customer groups and reconciling these with projections based on
econometric studies at the national level. The methodology did not reflect the effect of interfuel
substitutions and market saturation factors, which were beginning to affect consumption in urban areas.
The new methodology takes into account more economic and demographic variables than were previously
used to predict demand for electric energy, and this methodology is expected to provide more in-depth
data for demand management in future.

8. Prior to 1991, EGAT complied with a Bank-prescribed tariff covenant under Loan 3027-TH
requiring quarterly review of its rates and maintenance of a fuel cost variation charge clause in its tariff
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structure. EGAT and the sector have complied substantially with this covenant in the past; however, rate
adjustments to reflect fuel costs have not been automatic, but were subject to Government review.
Consequently, at times in the past tariff adjustments have been delayed. The existing tariff was also
complicated with excessive cross-subsidies from large-scale consumers to small residential consumers,
and did not reflect the long-run marginal cost (LRMC) of electricity. Under an agreement reached with
the Bank during project preparation, the NESDB was required to evolve a revised tariff and obtain
Cabinet approval for the rationalized tariff structure. Before completion of the project, a new tariff had
been implemented which: (a) has restructured the tariff for large and medium industrial/business
consumers; (b) reduced the size and number of blocks for residential consumers; (c) introduced optional
time-of-day (TOD) tariff for large and medium scale industrial and business consumers; and (d) adjusted
rates for large/medium residential customers to reflect cost of service. The only element of the action
plan under the covenants which has not been implemented concerns the use of contracted demand, instead
of metered demand, with regard to charges on energy for large and medium scale users. This element
is planned for review before the next tariff revision in 1995.

9. Additionally, the RTG also agreed that, with effect from October 1991, EGAT could make
adjustments on the sale price of electricity to reflect changes in its fuel cost, land and property taxes,
demand side management costs, and value-added taxes (VAT). A fuel price adjustment could be made
if fuel costs cause a change in production costs of more than 2 stangs per kWh. These adjustments have
been made on a monthly basis since June 1992. The improvements made in the tariff structure discussed
above are expected to yield benefits in the future. Automatic adjustments in rates based on added fuel
and other costs would insure adequate returns for the utility. Other provisions in the tariff, especially
the reduction of cross-subsidies, are expected to provide incentives to the consumer to practice
conservation. The introduction of TOD tariff for medium and large industrial/business consumers are
expected to assist in restraining demand during peak load periods.

10. EGAT's financial performance during FY89-93 (Appendix C) has been satisfactory and
was within the covenanted parameters. The average rate of return (ROR) during the period was 9.1 %.
The RORs in FY92 and FY93 of 8.04% and 6.28%, respectively, were appreciably lower than the RORs
for the first three years during the period because remittances to the RTG increased significantly. The
self-financing ratio averaged 40%, the average debt-service coverage ratio was 1.97 times while the debt
to total capital ratio averaged 45 % during the period. The average operating and current ratios during
the five year period were also satisfactory at 80% and 89%, respectively.

11. With completion of this transmission project, the economic rate of return (ERR) calculated
for EGAT's investment program in the time-slice period FY87-96 is 23. 1% (Part II, Table 9) and
compares favorably with the SAR estimate of 18.5%. The higher ERR reflects much greater than
forecast energy sales during the period and lower oil prices compared to appraisal estimates. The
methodology used in re-evaluating the economic rate of return is similar to that used in the SAR and is
discussed further in Appendix C.

C. Implementation Record and Major Factors Affectine the Project

12. EGAT's implementation effort was staffed with its own competent teams, with assistance
from foreign and local consultants where needed. The project was well conceived, designed and
organized, and project preparation was thorough. Prior to the implementation of this project, the Bank
had made 13 loans to EGAT for financing projects in the transmission, hydropower, thermal power and
lignite mining areas. EGAT's superior implementation record is characterized by timely completion of
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its projects and substantial achievement of project objectives. However, as shown in Table 3, there was
a six month delay in completing the overall project as described below, even though the objectives for
the overall project were substantially realized by the SAR completion date.

13. A contract for the construction of 75 km of 115 kV transmission line had to be canceled
at the request of the contractor. The Forest Department of the RTG, in accordance with RTG policy,
objected to the right of way request through the national reserve forest for 59 km of this section. The
line had to be rerouted and approval for the new route had to be obtained afresh from the RTG. At loan
closing, approval for the revised route had not been obtained yet from the RTG. EGAT plans to
complete this revised section from its own funds following approval of the route by the RTG. The
partially procured transmission materials for the canceled section will be used as spares in EGAT's
current transmission system. This was the only significantly unforeseen contingency for the project which
resulted in some cost changes and delays for the project. The delay in the completion of some substations
and the Regional Control Centers can partially be attributed to the acute shortages of cement in Thailand.
A construction boom in Thailand and the RTG's concurrent restrictive policies for the import of cement
had a material effect on EGAT's construction schedules.

14. The responsibility for conducting the load forecasting study and for evolving and
implementing the tariff structure involved a number of agencies and key entities within the RTG. Though
the processes for arriving at key decisions and judgements on these issues were inherently complex, the
objectives on the tasks were substantially realized, as discussed in Section B.

15. EGAT had made use of a significant level of international consultant resources for
execution of some project components. About 300 man-months of consultant effort was procured for
supervision, engineering and inspection of the 500 kV transmission component and another 30 man-
months of effort was procured for detailed engineering and supervision of the Regional and National
system control centers (SCCs). All consultants performed satisfactorily on the project.

16. The overall completion cost for the project, including interest during construction (IDC),
was US$229 million, which was 7.5% above the appraisal estimate of US$213 million. Higher
equipment and material costs accounted for most of the increased costs (Part II, Table 8A).

D. Proiect Sustainability

17. The project has provided several technical and economic benefits for EGAT's transmission
and generation system as a whole. These benefits are likely to be sustained into the future. The risks
to project sustainability are minimal and the following aspects reinforce the case for sustainability:

(a) Demand growth for electric energy remains strong in Thailand, and demand is likely to
remain strong in future in tandem with the high economic growth rates projected for the
country. The facilities and capabilities constructed or procured under this project will thus
be utilized fully.

(b) EGAT has a capable management and technical manpower base, and a proven track record
for efficiently operating its facilities. It follows maintenance and servicing practices which
are comparable to those of highly rated utilities in the developing world. Premature
obsolescence and deterioration of its plants and transmission facilities is not expected.
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E. Bank Performance

18. Overall, the Bank's performance in project identification, preparation assistance, appraisal
and supervision has been satisfactory. The Bank has had a long, constructive and cordial relationship
going back to 1957 with EGAT and its predecessor entities. This rapport has enabled the Bank to provide
effective and substantial assistance, especially during identification and preparation phases of projects.
The Bank, EGAT and the RTG have jointly examined policy, planning and financial issues affecting
Thailand's generation and transmission system. The Bank was instrumental in advancing the schedule
for implementation of the project to expand and strengthen Thailand's transmission. This resulted in
considerable reductions in capital investment and savings of foreign exchange, while avoiding
uncertainties on the availability of natural gas, if combined cycle plants had been constructed in the
South.

F. Borrower's Performance

19. The Borrower's performance on all aspects of project preparation and implementation was
satisfactory. EGAT is endowed with broad-based supervisory, management and technical staff, even
though recently it has experienced significant attrition in its middle level professional staff. Its projects,
including the present one, are generally completed in a timely fashion and with substantial realization of
objectives. With regard to its efficiency, operational and planning capabilities, recent Bank performance
audit reports and other assessments have rated EGAT's performance as being outstanding. EGAT is
highly conscious of the time value of money/investments and readily accesses expertise to assist
implementation of its projects when its own internal resources are not sufficiently staffed in some areas.

20. Bank staff assigned to the project have a highly favorable view of EGAT's performance
record and managerial capabilities. Most of the subprojects were executed in a manner such that timely
realization of the bulk of the objectives was possible, even when delays were encountered for completion
of parts of the subprojects. Delays and unforeseen problems on a few components were in most cases
due to factors beyond EGAT's control. To the Bank's knowledge, EGAT maintained good working
relationships with consultants and contractors it had engaged on this project.

21. EGAT confirmed that the recommendations and suggestions from the Bank during project
preparation and implementation were helpful. The scope of the project was defined during project
preparation missions by Bank staff, and it was confirmed during the pre-appraisal mission in November
1985. By this time the RTG had approved the transmission system for Mae Moh Unit No. 9. This early
start on project preparation and organization speaks well for EGAT's organizing and implementation
capabilities.

G. Assessment of Overall Outcome

22. The overall outcome for the project is rated as satisfactory. During and since the project
was completed, demand for power has increased rapidly in Thailand. Strengthening and augmentation
of the transmission system under this project has increased the reliability and capability of the system to
deliver more electric energy in the Central and Southern Regions.
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H. Future Operations

23. The transmission facilities and other capabilities installed under this project are being used
in day-to-day operations to transport power and control/monitor system operations. To maximize project
benefits and assess performance, EGAT and the Bank will monitor certain parameters on the system as
described in the Aide-Memoire for the completion mission (Appendix A, Attachment 1). With respect
to the transmission lines, the parameters to be monitored would be the forced outage rates and the outage
factors. For the performance of the substations, the parameters to be monitored would be the failure rate
of equipment, the effectiveness index of protective system, and the availability index of each type of
equipment. Total transmission system losses will be monitored to assess the overall system performance.
In FY93, EGAT reduced transmission system losses to 4. 1 % from 4.41% in the corresponding period
in FY92.

24. Currently, about 80% of the applications software is being used in day-to-day operations
in the National and Regional Control Centers. The Supervisory Control and Data Acquisition (SCADA)
system is currently being used for system monitoring, voltage and frequency control, and recently for
controlling equipment in some substations. EGAT plans to fully control all substations using this system
by 1997. There are still some constraints to be overcome and resolved to effectively utilize all the
functions available within the control system software. EGAT plans to overcome these constraints to
have a fully operational control and monitoring system by the year 1998 as described in the completion
Aide-Memoire in Appendix A (para 3-5 and Attachment 1). The coordination between the hydro and
thermal generation plants has still to be worked out to enable use of all the functions in the software.
Some of EGAT's older generation plants are monitored using different output signals than signals used
in the newer and other mature plants. These have to be reconciled to have a fully automated and optimal
operating system. The financial covenants monitored during the implementation of this project continue
to be effective under on-going projects and financing programs with EGAT.

I. Key Lessons Learned

25. The transmission project was well conceived, designed and organized, and was completed
with substantial achievement of the objectives. The overall outcome for the project was satisfactory.
There are some lessons which may be deduced from the implementation experience.

(a) EGAT readily accesses expertise and resources from consultants when it is not available
amongst its ranks. This has resulted in expeditious completion of projects and substantial
achievement of project objectives. This policy also recognizes the time value of money
and has resulted in significant financial payoffs to EGAT over the years.

(b) The decade of the eighties has been characterized by heightened awareness and sensitivity
to environmental and conservation issues all over the world. To complete projects rapidly
and efficiently, executing institutions need to anticipate problems and obtain environmental
and other clearances prior to project preparation.

(c) Recently, EGAT has experienced significant attrition in middle level professional staff,
which provides an important link between junior and upper levels of management. There
has been a hollowing of the ranks in terms of capabilities critical for project
implementation. Left unchecked, continued attrition of experienced ranks can significantly
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impact performance in implementing and operating projects. The attrition of experienced
staff need to be reversed through appropriate programs, including better compensation and
reinforced training programs.
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Table 1: Summary of Assessments

A. Achievement of Objectives Substantial Partial Negligible Not Applicable

Macro policies x

Sector policies x

Financial objectives X

Institutional development X

Physical objectives X

Poverty reduction and X
other social objectives

Environmental objective X

Public sector management X

Private sector development X

B. Proiect Sustainability Likely Unlikely Uncertain

x
C. Assessment of Overall Highly Hiahyi

Outcome Satisfactorv Satisfactorv Unsatisfactory Unsatisfactorv

D. Maior Factors Affecting
the Proiect Substantial Partial Nepligible

Factors not generally subject X
to government control

Factors generally subject to X
government control

Factors generally subject to X
implementing agency control

HiAhly
E. Bank Performance Satisfactory Satisfactory Deficient

Identification X

Preparation assistance X

Appraisal X

Supervision X

Highly
F. Borrower Performance Satisfactorv Satisfactorv Deficient

Preparation X

Implementation and Operation X
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POWER TRANSMISSION PROJECT

Table 2: Related Bank Loans

Loan Purpose Year of Approval Status

1. 2312 Rural Electrification 1983 Completed

2. 2407 Lignite Mining 1984 Completed

3. 2915 Power Transmission 1988 Completed

4. 3027 Power Development 1989 Completed

5. 3138 Power Development 1990 Completed

6. 3423 Power Development 1991 Implementing

7. 3294 Power Distribution 1991 Implementing

8. 3598 Power Distribution 1993 Implementing
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POWER TRANSMISSION PROJECT

Table 3: Project Timetable

Steps in project cycle Date planned Date actual

Identification (Executive Project Summary) April 1985 April 1985

Preparation August 1985 August 1986

Appraisal September 1986 February 1987

Negotiations June 1987 December 18, 1987

Board presentation March 31, 1988 March 1, 1988

Signing May 18, 1988 May 18, 1988

Effectiveness October 1987 August 12, 1988

Completion December 31, 1992 June 1993

Closing December 31, 1993 December 31, 1993
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POWER TRANSMISSION PROJECT

Table 4: Loan/Credit Disbursements: Cumulative Estimated and Actual
(US$ Millions)

FY89 FY90 FY91 FY92 FY93 FY94

Appraisal estimate 21.0 63.7 92.7 108.2 110.0 110.0

Actual 43.5 87.2 96.5 104.2 106.6 110.0

Actual as % of estimate 207 137 104 96 97 100

Date of final disbursement 3/08/94
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Table 5: Indicators for Project Implementation

I. SAR KEY IMPLEMENTATION INDICATORS Estimated Actual

1. Transmission System Expansion No. 7:

(a) Part A
- Completion & Issuance of Bid Documents January 1989 December 1988
- Completion of Contract Awards September 1989 January 1990
- Completion of Execution June 1991 September 1992
- Comrnissioning Date September 1991 September 1992

(b) Part B
- Completion & Issuance of Bid Documents April 1988 December 1988
- Completion of Contract Awards July 1989 December 1988
- Completion of Execution June 1992 September 1992
- Commissioning Date December 1992 September 1992

2. Central-Southern Tie-Line:
- Completion & Issuance of Bid Documents June 1988 November 1987
- Completion of Contract Awards July 1989 October 1988
- Completion of Execution December 1991 May 1990
- Commissioning Date June 1992 May 1990

3. 500 kV Mae Moh No. 9:
- Completion & Issuance of Bid Documents March 1988 December 1988
- Completion of Contract Awards September 1988 January 1991
- Completion of Execution June 1990 June 1991
- Commissioning Date December 1990 June 1991

4. Tariff Structure changes for:

(a) Large & medium size business/industrial customers:
- reduce or eliminate existing tariff surcharges September 1989 December 1991
- increase kW demand charge & reduce kWh charge to reflect marginal September 1989 December 1991

capacity cost
- introduce tariff differences between high, medium and low voltages September 1989 December 1991
- introduce kW charge billing on basis of contracted demand September 1990 /a
- introduce optional TOD tariffs for low loan factor users September 1990 January 1990
- revise TOD tariffs in light of previous year's experience September 1991 /b

(b) Residential customers:
- reduce the number of tranches in the existing tariff
- adjust rates for large/medium size customers in line with economic September 1990 December 1991

cost September 1991 December 1991

II. MODIFIED INDICATORS (if applicable)
N/A

III. OTHER INDICATORS (if applicable)
N/A

/a This has not been implemented; it is to be reviewed before next tariff revision in 1995.
/b Reviewed every FY since 1991.
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POWER TRANSMISSION PROJECT

Table 6: Key Indicators for Project Operation

1. SAR Key Operating Estimated Actual
Indicators

1. Energy Sales, GWh (FY93) 36,461 56,558
(FY92) 34,605 50,771

2. Ave. Revenue, B/kWh (FY93) 1.34 1.20
(FY92) 1.31 1.22

3. Rate of Return (%)* 7.8 9.1
4. Debt Service Coverage* 1.36 1.97
5. Operating Ratio (%)* 82 80
6. Current Ratio* 83 89
7. Debt as % of total capital* 45 45
8. Self-financing Ratio (%)* 36 40

II. Modified indicators (if
applicable)

N/A

III. Modified indicators for
future operation (if
applicable)

N/A

* Average over FY89-93. Indicators for each FY are shown in Appendix C.



-14-

POWER TRANSMISSION PROJECT

Table 7: Studies Included in Project

Purpose as defined at
Study appraisal/redefined Status Impact of Study

1. Load forecasting To improve load forecasting Completed An improved
methodology to generate methodology to
useful data for demand generate data for

l___________________ management. demand management.
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POWER TRANSMISSION PROJECT

Table 8A: Project Costs

Appraisal estimate Actual

Foreign Foreign
Local exchange Local exchange
costs costs Total costs costs Total

Item (USS million) (USS million) 

Transmission System Expansion No. 7
Part A (lines & substations) 28.5 38.4 66.9 40.9 44.7 85.6
Part B (System Control Centers) 8.7 16.0 24.7 9.8 15.3 25.1

2nd Central-Southern Tie-Line 14.6 17.6 32.2 11.5 25.0 36.1
Transmission System for Mae Moh No. 9 19.1 31.0 50.1 25.3 36.8 62.1
Engineering and Supervision 4.6 3.4 8.0 4.6 2.7 7.3

Base Cost 75.5 106.4 181.9 92.1 124.5 216.6

Contingencies
Physical 4.6 7.3 11.9
Price escalation 1.3 2.0 3.3

Total /a 81.4 115.7 197.1 92.1 124.5 216.6

Interest during construction 5.4 10.6 16.0 11.1 1.4 12.5

Total Proiect Cost 86.8 126.3 213.1 103.2 125.9 229.1

/a Includes taxes and duties of about US$ 24.2 million equivalent.
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POWER TRANSMISSION PROJECT

Table 8B: Project Financing

l I (US$ million) l

Source Planned Actual

IBRD 110.0 110.0

EGAT/Local & Commercial Banks 98.6 115.1

Export Credits 4.5 4.0

TOTAL 213.1 229.1
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Table 9: Economic Internal Rate of Return on EGAT's PDP (1987-1996)

Fiscal Capital O&M Fuel Total Energy Incremental Tariff! Total Net
Year Cost Cost Cost Cost Sale Energy Sale Revenue Benefit

(GWh) (GWh) Current 1994
Price Price

(USc/kWh) Index (USc/kWh)

1980 0.63 0.63 -0.63
1981 3.49 3.49 -3.49
1982 3.73 3.73 -3.73
1983 53.90 53.90 -53.90
1984 40.07 40.07 -40.07
1985 52.24 52.24 -52.24
1986 142.58 142.58 22,617.00 -142.58
1987 232.13 3.04 91.52 326.69 25,844.00 3,227.00 5.0408 0.7295 6.9099 222.98 -103.70
1988 229.32 3.04 197.35 429.70 29,494.00 6,877.00 4.8769 0.7573 6.4399 442.87 13.17
1989 530.55 14.21 264.91 809.66 33,611.00 10,994.00 4.8558 0.7969 6.0933 669.90 -139.76
1990 1,165.55 22.68 411.95 1,600.18 39,369.00 16,752.00 4.8438 0.8456 5.7283 959.60 -640.57
1991 975.67 38.55 625.58 1,639.80 44,773.00 22,156.00 4.8281 0.8940 5.4005 1,196.54 -443.26
1992 745.18 78.33 659.62 1,483.13 50,771.00 28,154.00 4.6800 0.9310 5.0269 1,415.26 -67.87
1993 1,074.44 91.36 734.67 1,900.96 56,558.00 33,941.00 4.6088 0.9616 4.7929 1,626.76 -274.21
1994 1,058.71 121.32 889.58 2,070.11 63,491.00 40,874.00 4.6023 1.0000 4.6023 1,881.15 -188.97
1995 705.04 155.49 856.62 1,717.14 69,971.00 47,354.00 5.4765 1.0500 5.2158 2,469.87 752.73
1996 122.87 167.61 1,060.42 1,350.90 76,836.00 54,219.00 5.6262 1.1025 5.1031 2,766.84 1,415.94
1997 167.61 1,060.42 1,228.03 76,836.00 54,219.00 5.6262 1.1025 5.1031 2,766.84 1,538.81
1998 167.61 1,060.42 1,228.03 76,836.00 54,219.00 5.6262 1.1025 5.1031 2,766.84 1,538.81
1999 167.61 1,060.42 1,228.03 76,836.00 54,219.00 5.6262 1.1025 5.1031 2,766.84 1,538.81
2000 167.61 1,060.42 1,228.03 76,836.00 54,219.00 5.6262 1.1025 5.1031 2,766.84 1,538.81
2001 167.61 1,060.42 1,228.03 76,836.00 54,219.00 5.6262 1.1025 5.1031 2,766.84 1,538.81
2002 167.61 1,060.42 1,228.03 76,836.00 54,219.00 5.6262 1.1025 5.1031 2,766.84 1,538.81
2003 167.61 1,060.42 1,228.03 76,836.00 54,219.00 5.6262 1.1025 5.1031 2,766.84 1,538.81
2004 167.61 1,060.42 1,228.03 76,836.00 54,219.00 5.6262 1.1025 5.1031 2,766.84 1,538.81
2005 167.61 1,060.42 1,228.03 76,836.00 54,219.00 5.6262 1.1025 5.1031 2,766.84 1,538.81
2006 167.61 1,060.42 1,228.03 76,836.00 54,219.00 5.6262 1.1025 5.1031 2,766.84 1,538.81
2007 167.61 1,060.42 1,228.03 76,836.00 54,219.00 5.6262 1.1025 5.1031 2,766.84 1,538.81
2008 167.61 1,060.42 1,228.03 76,836.00 54,219.00 5.6262 1.1025 5.1031 2,766.84 1,538.81
2009 167.61 1,060.42 1,228.03 76,836.00 54,219.00 5.6262 1.1025 5.1031 2,766.84 1,538.81
2010 -2,317.79 167.61 1,060.42 -1,089.76 76,836.00 54,219.00 5.6262 1.1025 5.1031 2,766.84 3,856.60

Total 4,818.30 3,043.09 20,638.15 28,499.54 - - - 52,387.57 23,888.04

P.V. 8,811.15 1,736.62 12,997.39 23,545.16 32,055.57 8,510.42
10% DR

Notes: /a Escalated tariff according to 25% self finance ratio. IRR = 23.13
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POWER TRANSMISSION PROJECT

Table 10: Status of Legal Covenants

Original Revised Description
Agreement Covenant Fulfillment Fulfillment of

Section Type Date Date Covenant Comments

LOAN AGREEMENT
Section 5.01 (b) F 8/88 Have accounts & financial Complied.

statements audited each
financial year (FY).

Section 5.01 (b) F 8/88 Furnish certified copies of Complied.
financial statements after
six months of close of FY.

Section 5.01 (b) F 8/88 Employ qualified Complied. Accounts were
auditors. audited by the Office of the

Auditor General and by their
external auditor.

Section 5.02 (a) F /a Self-financing ratio (SFR) Complied for FY88-93.
to be not less than 25% for
EGAT.

Section 5.02 (b) F La Review and inform the Complied every year.
Bank whether EGAT will
meet the covenanted SFR
for current and following
FY.

Section 5.02 (e) F /a Maintain a provision for Complied. A new tariff
fuel adjustment in the tariff structure implemented on
schedule. December 1, 1991 following a

study commissioned by the
national Energy Policy Office
(NEPO).

Section 5.03 (a) F /a EGAT shall not incur Complied for FY88-93.
debt greater than 1.5 times
capital plus surplus.

Section 5.03 (b) F /a EGAT not to incur short Complied.
& medium term debt
exceeding 15% of all debt.

Section 4.03 F /a Make adequate provisions Complied.
for insurance.
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Original Revised Description
Agreement Covenant Fulfillment Fulfillment of

Section Type Date Date Covenant Comments

GUARANTEE AGREEMENT

Section 3.01 F /a SFR to be not less than Complied.
25 % for the power
subsector.

Section 3.02 and side M Government to carry out Complied. Study was
letter with Government a study to improve load completed resulting in the

forecasting methodology in implementation of a new tariff
Thailand structure.

SIDE LETTER WITH GOVERNMENT

Section 3 F 12/91 Restructure tariff for Complied in December 1991.
large & medium business/
industry.

Section 3 F 12/91 Reduce size & number of Complied in December 1991.
tariff tranches for
residential consumers..

Section 3 F 9/90 9/95 Use contracted instead of Not yet implemented. To be
metered demand for reviewed before next tariff
demand charge of large & revision in 1995.
medium consumers.

Section 3 F 9/90 1/90 Introduce optional TOD Complied effective January 1,
tariff. 1990.

Section 3 F 9/90 12/91 Adjust rates of largel Complied effective December
medium residential 31. 1991.
consumers to reflect cost of
service.

/a Effective and first fulfilled under previous Bank loans.

Key

Covenant type:

E = Economic
F = Financial
M = Managerial
T = Technical
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POWER TRANSMISSION PROJECT

Table 11: Bank Resources: Staff Inputs

Task | Input (Staff weeks)

Project Preparation 108.2
Project Appraisal 16.2
Loan Negotiation 9.2
Loan Processing
Project Supervision 24.0
Implementation Completion Report 6.0

TOTAL 186.6
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POWER TRANSMISSION PROJECT

Table 12: Bank Resources: Missions

Stage of Specialized
project Number Days in staff skills Performance Types of
cycle Month/ of field represented rating problems

year persons /1 /2 status /3

Through Apraisal
06/84 3 10 E,FA - -

11/84 3 9 E,EC,FA - -

04/85 3 10 E,EC,FA - -

11/85 4 17 E,EC,FA - -

03/86 1 1 E

Through Effectiveness

12/87 3 5 E,EC,FA 1
05/88 1 20 E 1 1
12/88 1 3 E 1 1
07/89 2 15 E,FA 1 1
03/90 2 5 E,FA 1 1
04/92 2 4 E,FA 1 1
05/93 2 12 E,FA 1 1
07/94 1 13 CONS 1 1

/-1 Includes time devoted to other operations in the country.

/2 E = Engineer, EC = Economist, FA = Financial Analyst,
CONS = Consultant.

/3 1 = No. of minor problems.
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Aide - Memoire
World Bank Mission July 4 - 13, 1994

1 A World Bank Mission comprising of Mr. Brahm Prasher (consultant) visted EGAT from July
4 to 13, 1994 for a field completion mission to prepare the Implementation Completion
Reports (ICRs) for the Power Transmission Project (Loan 2915-TH) and the Second Power
System Development Project (Loan 3138-TH). The mission gratefully acknowledges the
excellent cooperation and hospitality extended to it by EGAT. The Mission was also
favorably impressed with the level of assistance from EGAT in providing the Bank with
information on the financial, technical, environmental, implementation and operational
aspects of the projects.

2. EGAT and the mission discussed the borrower's role in preparing its final evaluation of the
projects implementation and operation experience, as required under the Loan Agreement,
including preparation of the summary reports which are to be attached to the ICRs. EGAT
will transmit its evaluation reports for the two projects, including the summary reports, within
three months of the present mission. The Bank will complete the draft ICRs on the projects
within approximately the same period and will transmit the drafts to EGAT for comment. The
main findings with respect to the ICR mission are as follows:

A. Power Transmission Proiect (Loan 2915-TH)

3. The project has been completed satisfactorily and implementation objectives have been
substantially realized. Except for a relatively small fraction (less than 8%) of the 115 kV
transmission lines, all the components of the transmission project involving the 500 kV, 230
kV, the rest of the 115 kV transmission lines, and the numerous substations were completed
as planned during project appraisal. About 80% of the application softwares have been
implemented and are being used in day-to-day operations in the National and Regional
Control Centers. The Supervisory Control and Data Acquisition (SCADA) system is currently
being used for system monitoring, voltage and frequency control, and recently for controlling
equipment in some substations. EGAT plans to fully control all the substations using this
system by the year 1997.

4. The Load Frequency Control (LFC) function has been used since the National Control Center
has been in operation in 1992. The Economic Dispatch (ED) function has not been used due
to some system constraints which have not been overcome yet. As in the case of the ED,
the Unit Commitment (UC) function has not been utilized yet, due also to unresolved system
constraints. The function needs to be modified to affect coordination between hydro and
thermal generation within EGAT's power generation system

5. The mission and EGAT discussed the operational plan for maximizing the benefits of the
project in the future. To assess the operations and measure performance of the project in
the future, EGAT will monitor the indicators outlined in Attachment 1.

6. The mission notes that the Government is interested in insuring maximum reliability of the
power system in Thailand. The National Energy Policy Office (NEPO) has organized a
committee consisting of representatives from EGAT, MEA, PEA and NEPO to study and
analyze power system reliability issues. It is expected that the on-going study may result in
the formulation of a set of indices to monitor performance and reliability of the power system.
These indices may be available in future to serve as indicators to monitor performance and
reliability of the system.
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B. Second Power System Develooment Proiect (Loan 31 38-TH)

7. The project has been completed satisfactorily. The production objectives for the Bang
Pakong Combined Cycle Blocks 3 and 4 (2x300 MW) and the Mae Moh Mine subproject
have been substantially achieved. The component of the project involving the construction
of a substation at South Thonburi has also been completed and is operating according to the
objectives expected for the component at appraisal. At this time, 87% of Loan 3138-TH has
been disbursed and it is expected that the loan will be fully disbursed by the closing date in
September 1994.

8. The mission and EGAT discussed future operations for the project, and agreed that the
benefits for the project can best be assessed by monitoring indicators for the subprojects as
shown in the operational plan outlined in Attachment 2. The mission notes that EGAT is
constructing a cooling water facility at the Bang Pakong Power Plant, which is due for
completion by 1995. The objective for the facility is to lower the water temperature
discharged into the Bang Pakong river, so that the temperature differential between the
water at the discharge point at the plant and water far upstream or downstream in the river
may be lowered appreciably. Completion of this facility is expected to insure that the
discharged water from the plant will have minimal impact on the ecology of the river
adjacent to the plant.

.................................... .................................... .......... ...... 
Khien Vongsuriya Brahm D. Prasher

Assistant General Manager - Engineering Consultant
EGAT World Bank
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Attachment I

Operational Plan for Power Transmission Project (Loan 291 5-TH)

A. Monitor the following parameters on transmission lines

- Forced outage rate/100 circuit-km.

- Forced outage factor (hours outage/period hours)

B. Monitor substation performance

- Failure rate of equipment (number of failures/1 00 unit-year)

- Effectiveness Index of Protective System (number of correct operations/total
number of relay operations)

- Availability Index of equipment (unit read for operation/total units)

C. Monitor system performance:

- Total transmission system losses

D. Implement and use application software capabilities

- Attempt to control all of the substations in the load dispatching center by 1997.

- Resolve system constraints for implementation of Economic Dispatch (ED) function
as soon as possible.

- Attempt to utilize the Unit Commitment (UC) function by 1998.
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Attachment 2

Operational Plan for Second Power System Development Proiect
(Loan 3138-TH)

1. Bang Pakong Blocks 3 and 4

A. Monitor the following parameters on plant performance:

- Availability factor

- Service factor

- Outage factors, including planned and forced outages

- Fuel efficiency

B. Monitor the following cost/economic parameters

- Annual electricity production

- Plant operating cost

- Plant Maintenance cost

- Fuel cost

C. Monitor the following parameters to assess environmental impact

- S02, NOx and TSP at representative locations around the plant

- Physical and chemical characteristics of Bang Pakong river water upstream and
downstream from the discharge point.

- Water temperature of Bang Pakong River upstream and downstream from the
discharge point at the power plant



-27-
Appendix A
Page 5 of 5

Attachment 2

2. Mae Moh Mine Project

A. Monitor the following performance and cost/economic parameters for the mine
operations

- Annual lignite production

- Lignite production cost

- Annual overburden removal

- Overburden removal cost

- Equipment availability factors

- Equipment service factors

- Equipment maintenance cost

B. Monitor the following parameters to assess environmental impact:

- SO2 , NOX and TSP levels at various locations and monitoring stations around
the Mae Moh mine/power complex and residential areas.

- Physical and chemical characteristics, including toxic and heavy metal species
concentrations, of discharge water at the mine and power plants

- Physical and chemical characteristics, including toxic and heavy metal species
concentrations, of water in the downstream reservoirs and streams in Mae Moh
valley.

C. In the intermediate term, before installation and operation of fuel-gas desulfurization
(FGD) units on existing power plants, minimize health and environmental impact by:

- Minimizing use of higher sulfur content lignite seams for fueling the power
plants

- Blending appropriate quality lignite seams to obtain consistent quality fuel
mixes for the power plants

- Lowering the output of electricity at Mae Moh and scheduling plant
maintenance work during unfavorable periods and conditions.





-28-

Appendix B

Summary Report

Power Trnsmisson Project

Loan No. 2915-TH





-29- Appendix B
Page 1 of 6

SU;MMARY REPORT

POW'-ER TRAN';SMIISSION PROJErCT

LOAN, NO. -915 T

,. t :^;.c>Z.,3a(-kLTf}.:)UiiU

1.1 The Transmission System Expansion Project \o.7 'TS,

The Project based on load forecast in 1984, was first subm t-ed 't

National Econimic and Social Development Board (NESDB) for

appraisal in September 1985. To comply with the nation policy

towards reduction of investment in all geo;ernmcnt enterprises, and

the new load Forecast came out to be slightly less than the

previous load forecast, FGAT was requested to revie'; the proposed

TS7 project.

UPon rev el". ; 11 i iLu am 0LI I, 'u.le n e!; d )aF) fo a san; in1 198

an- the cmr.mtat.onA Jf PEA's needs, one sub -projc c as

posoponed to the next Transmission System Expansion Prodject. The

revised Project-, approsved by Thle Goverament on January , 1'87 ,

consists of two- parts:

Part A, the Transmission System Eapans4ion, cc:ering 2' sub-

projecn.s to serve te,i expansion of transmission syst,em for t he

continued development of urban and rural electrification.

- Part B, thie U'pgrading of EGAT's Sytatem Control Centre, for more

e ;lr.' e onerat ion.

1.2 The Second Central-Southern Transmission Tie Line

Follow-i ng lan. a orecast, for Region 2. btsed on thne available

power supply, t,he shortage of cheap ener9y eenerarion wotad occur

in 1988 if no additional base-load power s,ations w-ere added. To
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so ie tis s tuan,on. ;;o urlent proJects ;ere planned to

imp -. en; ' !ISa..a; l LO on mL-ie Se:'')llC 'r.;'anomOOS b clan; 1

ar ie, anii Dnst ruo;, n o-; U.e seconti ar.-ai-Soutaern 7:e

line pro.;ect.

The Second Central-Southern Transmission Tie Line, covering one

230 kV Prachuap Khiri Khan - Surat Thani line and expansion of

the 230 kV substations, was to reinforce the existing 113 hV

Central-Southern Tie Line to reduce the stability problems and to

provide bulk power supply For Region 3.

1.3 The 300 kcV Transmission Sysoem for lae Xob Unit. 9

To find the most appropriate way to convey the hulk power From

Yae Moh Power Plant Unit 3. 9 and 10 in the !1orth.ern Thailand to

Banakok area, the US Emb)assv in Bangkolc was reauested for the

tiechnical assistancs '.o conduct t he -easib liti st,ui of "ae Xoh -

Bangkok EHV Transmission System. The technical assistance was

granted, and an US consultant comDany vas retained to conduct

this study.

On revuew of the consultant/s study, EGAT agreed, in view of proper

planning, that the I3D' kv transmission svstiem was t.he

most appropriate way to deiiver the sizablSe bulk power over a long

distance of approximatel> .,3 kilometers.

The .,00 k'. Transmiszion ,rstem for Xae Moh UTnit 8 twas construct.ed

t,V de l- iv n 'r '-o;er '-om Xae "ich Swit; i yard t;o Tha aico

substation.

The worlk under the 50;.C '; Transmission Sissem for Mae Aoh Unit 9

cOmpris5s : ' ne vLJ .';sin<Se--.^uIt. 'ine ,n steel tower. 4

x 793 MC! ACSR. conduc'tor per phase, from Tha Tako to M;ong Chok o2

Xae Moh 300 sV switcnhard expansion for unit '; 3 expansion of

30 0 'kV Tha Taiko intermediate substation and instll,ation of t o

.50o0 lV tr^a;:sf^vrmers at. ii Ihoit s abs,at ion.
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2. Project Results

-. The Transmission Svs;em Expansion !'o. 7, Part A, resulted .he

increasing oi 12 transmission lines sith totai zine lengrh of 332

circuiF-km, 12' new substations, 2.10i) IVA tr-ansformers, .301 MVAII

shunt reactors and 3J .63 MVAR shunt capacitor. Consisting of 2

sub-projects, Transmission system Expansion Project No.7, Part A.

was located to have completion dates from M!arch 1989 to September

1992. Project Schedule was revised during implementation to

expedite the subprojects which were more urgent needed.

However, the construction of two transmission lines was very late

from the schedule set forth :113 kV Mae Moh 3 - Phayao, a portion

of the line penetrating into the conserved forest area while a

portion of 113 kLV Tak 1- Xae Sot t'ransmission line passing into

the restricted area. The latter had to be withdrawn from the Loan

as clearance of line route could not be expected.

The Transmission System Expansion Project No.7, Part B. achie,;ed

the target to upgrade load dispatching centers all over the

country. The Project was 7 months behind the original schedule

due to unforeseen delay on site test and commissioning.

The Second Central - Southern Tie Line strengthened the stability

and reliability of the tie line and could cope with the energy

demand in Region 3. This Project was completed on March 25, 1990,

slightly later than the schedule.

The 300 kV Tha Talco-Nong Cholc Transmission Line !;as completed as

pianned while the construction of Nong Cholkc substation was 7

months behind the schedule. However, the late completion did not

affect- the energy supply in the Greater Bangkok area.
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2.2 The loan amoun;i, USD 110 million w;as entirely disbursed. The

disbu:-sement began on Octiber 19, 1 38d, 68 days ater ;,he loan was

cieczar'ec. ef ½cr.i':e. T he final: diAtsbTrsiiement ;'s nace o)n 4ai':H 3.

IJDalz, %t-' la;s aft,r- thle loan iosinr datr?.

2.3 The economic internal rate of return 'EIRR) was re-evaluated to

comipare wit.h the original figure in the Staff Appraisal Report.

The re-evaluated EIRR is 23'. 13 % compared to 20 % in SAR.

B. Bank's Perf-ormance

Banlc's work plan for improvement of load forceast for

Thailand's electric system could be a guideline to adjust the load

forecast of the nation to be wore accurate. Plan of action for Power

Tariff Restructuring in the Loan Agreement piayed a main role in

adJusting and restructuring the appropriate electricity tariffs which

refl-ected the financial statuts of power sub-sectors.

The Bank has rendered EGAT the kind cooperation which make the

Project implementation can be proceeded st,eadily and successfully.

Local preferenee given to tower in transmission line bid packcage

contributes the development, of local manuf'Lcturing product.

4. EGAT's Performance 

a. I The ork tias basically operated by ESAT's in-house staff from

planning, design, engineering, construction superv:sion to

commissioning. The expatricates were required to suppl?ment on the

520) ,; ',ran:s.;miss ion sys:,euI enginteer :ng .;,l

4.2 Loa(d clemand of the whole country during the last decade (198:3-

199i2i cort. inuous'!i increased following he economics growth

av eragae GDP growth ra,e was p5 opr annum'. The installed

capac r, growth was about. 1774 whiIe t,he energy consumption

growth'v w,as 20 A. SEAT had to try its great. ef fort to supply the

energy v t'oc ope -ith the requ irem-nt. andi still had to keep it.s

hni h qsl-it stndlard' of -c-we r s "'
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1983 1923 2rowth

Generation MW 3.2W4 :,876 17%

Poiwer Consumor,ion GWR 1 ,632 28 1, 2 002

Elecr,rifjed Population 50.37 7 0. D' 30%-X

Transmi3sion Line Circuit-km 1',43 19,7;9 37%

Number of Suibstation 135 138 .7 

Transformer Installed

Capacity .WVA 10,699 34,339 223%

4.3 EGAT has complied with the requirements in the loan covenants

through out the period up to 1992 with a satisfactory self-

financing rate of not less than 25 per cent of capital

expenditures and a debt/equity ratio of not exceeding 1.5:1

4.4 To select the line routes and substation sites, EGAT tries to avoid

the impact on the environmental elements. In an unavoidable case,

the least impact is an essential objective.

3. Conciusi on

The Projects are considerably achieved the goal to cope with the

increased consumption energy, to strengthen the stability and

reliability of power supply as well as to upgrade the load dispatching

centres al' over the country and to improve integration of the

national power grid, although TS7 Part A was siightlar delayed beyond

schedule due to right of way problem and cement shortage in 1989-1990.

To expedite the transmission system construction, EGAT

emphasises on contract oIt. proce(Lure on supply ar.d construct ion bassis.

This strategy is to build up the local contractors to be able to

compete against the foreign contractors. Of course, competition

leads to less construction cost.
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The right-of-way problem is the bottle neck of the transmission

line construction work. Apart from the problem faces with the pri-ate

land owners, the process until obtaining the concurrence from the

Gowernment Agencies concerned takes almost two years if the

enivironmenta'. impact study is required. Sufficient time should be

provided for this phase of work in the future project scheaule plan.
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THAILAND

POWER TRANSMISSION PROJECT

Summary of EGAT's Financial Performance, FY89-93

(Baht Million)

1989 1990 1991 1992 1993

Actual SAR Actual SAR Actual SAR Actual SAR Actual SAR

Energy Sales (GWh)l 33,701 29,150 39,369 30,935 44,773 32,776 50,771 34,605 56,558 36,461

Average Revenue (B/kWh) 1.26 1.31 1.26 1.31 1.26 1.31 1.22 1.31 1.20 1.34

Operating Revenue 42,649 38,277 50,410 40,629 57,215 43,056 62,702 45,464 68,463 49,041

Operating Expenses 31,640 30,204 38,303 32,271 46,811 35,010 51,176 38,746 57,943 42,568 I

Operating Income 11,009 8,073 12,106 8,357 10,404 8,045 11,526 6,719 10,520 6,474 U)
Net Income 5,939 2,973 6,980 3,316 5,917 3,338 5,775 2,240 3,729 1,836 Ch

Average Rate Base - Power 95,486 90,791 107,219 91,922 126,193 95,508 143,353 102,371 167,469 107,674

Long Term Debt (net) 62,141 61,958 74,205 59,234 90,268 57,832 99,461 56,241 117,237 54,528

Primary Ratios:
Rate of Return (5) 11.53 8.89 11.29 9.09 8.24 8.42 8.04 6.56 6.28 6.01

Debt-Service Coverage 1.91 1.50 2.13 1.46 2.06 1.26 2.10 1.32 1.67 1.27

Operating Ratio (%) 74 79 76 79 82 81 82 85 85 87

Current Ratio (%) 114 87 90 76 97 85 78 84 68 82

Debt as % of Total Capital 42 50 43 48 45 45 45 43 48 41

Self-Financing Ratio (3 yr av) (1) 35 44 49 45 38 29 48 37 30 25

e >

(D m
X 0
H.

Ih C0



Financial Statements 1989-1993, Income Statement

(Baht Million)

1989 1990 1991 1992 1993

Actual SAR Actual SAR Actual SAR Actual SAR Actual SAR

Energy Sales (GWh) 33,701 29,150 39,369 30,935 44,773 32,776 50,771 34,605 56,558 36,461
Sales increase (%) 14.30 8.30 16.82 6.12 13.73 5.95 13.40 5.58 11.40 5.36
Average energy price (B/kWh) 1.26 1.31 1.26 1.31 1.26 1.31 1.22 1.31 1.20 1.34
Operating Revenue

Price increase (%)

Operating Revenue:

Energy revenue 42,114 38,157 49,296 40,498 56,184 42,914 61,860 45,311 67,798 48,877
other operating revenue 535 120 1,114 131 1,031 142 842 153 665 164

Total Operatinq Revenue 42.649 38.277 50.410 40.628 57.215 43,056 62,702 45.464 68.463 49,041

Operating Expenses

Fuel and purchased power 19,544 19,715 24,138 21,425 30,499 23,435 32,449 26,656 35,144 29,519
Operation and maintenance 5,545 5,249 6,434 5,543 7,525 5,978 8,587 6,404 9,921 7,252
Depreciation 4,987 4,531 5,873 4,539 7,031 4,803 7,673 5,043 9,476 5,190
Remittance to government 1,564 709 1,858 764 1,756 794 2,468 643 3,403 607

Total Operating Expenses 31.640 30.204 38.303 32,271 46,811 35,010 51,176 38,746 57,943 42.568

Operating Income 11.00 8,073 12,10 8,357 10,404 8.045 11,526 6,719 10520 6,474

Nonoperating Expenses

Interest charged to operations 4,321 4,318 4,340 4,448 4,288 4,556 4,584 4,446 6,048 4,618
Loss on exchange 1,677 1,491 1,670 1,289 1,590 1,182 2,110 1,103 2,157 1,079
Mining income (-) 928 709 883 696 1,391 1,031 942 1,070 1,413 1,060

Total N ioperating Expenses 5.070 5,100 5,127 5,041 4,487 4,707 5,751 4.479 6.791 4.63/

Net Income 5.939 2,973 6,980 3,316 5,917 3,338 5,775 2.240 3,729 1,838

Average rate base - power 95,486 90,791 107,219 91,922 126,193 95,508 143,353 102,371 161,469 1( 74,b'P
Rate of return (S) 11.5 8.9 11.3 9.1 8.2 8.4 8.0 6.6 s.3 b U
Rate of return before remittance (%) 13.2 9.7 13.0 9.9 9.6 9.3 9.8 7.2 8.3 1.6
Operating ratio (%) 74 79 76 79 82 81 82 85 85 87

(0(

ox r

O X



Financial Statements 1989-1993, Funds Flow Statement

(Baht Million)

1989 1990 199 1 1992 1 993

Actual SAR Actual SAR Actual SAR Actual SAR Actual SAR

Source of Funds

Internal Sources
Operating income 11,009 8,073 12,107 8,357 10,404 8,045 11,526 6,719 10,520 6,474

Add: Depreciation 4,987 4,531 5,873 4,539 7,031 4,803 7,673 5,043 9,476 5,190

Mining income 928 709 883 696 1,391 1,031 942 1,070 1,413 1,060

Depreciation of mine assets/

other assets (net) 1,654 1,517 2,400 1,878 3,104 2,341 3,607 2,565 3,421 2,658

Total Internal Sources 18,578 14,830 21,263 15,470 21,930 16,220 23,748 15,396 24,830 15,382

Government equity 195 16 152 54 125 49 255 83 218 234

Proceeds of disposal of assets 675 0 91 236 189 35

Equity reduction 0 0 0 (213)

Borrowings 6,481 6,053 16,664 5,630 20,442 7,305 11,760 6,090 24,135 7,883

Unpaid Bonus & Remittance 749 0 501 0 687 0 (38) 0 846 0

Total Sources of Funds 26,678 20,900 38,671 21,154 43,207 23,574 35,914 21,569 50,065 23,499

Application of Funds

Capital Investment

Capital expenditures - power 11,094 7,165 26,603 6,746 30,426 7,403 21,984 7,211 30,303 9,383 8 3 

Interest during construction 711 1,275 963 1,053 1,564 1,068 1,913 1,196 1,592 481

Total Capital Investment - Power 11,805 8,440 27,566 7,799 31,990 8,471 23,897 8,407 31,895 9,864

Capital expenditures - mine/irrigation/

development 1,0323 2,311 1,111 2,487 1,522 1,767 2,558 1,545 3,321 1,254

Total Capital Investment 12,837 10,751 28677 10,286 33,512 10,238 26,455 9,952 35,216 11,118

Investment in Subsidiary 100

Debt Service

Interest 4,321 4,318 4,340 4,448 4,288 4,556 4,584 4,446 6,048 4,618

Principal S,414 5,576 5,634 6,158 6,383 8,354 6,704 7,186 8,853 7,450

Total Debt Service 9,735 9,894 9,974 10,606 10,671 12,910 11,287 11,632 14,901 12,068

Sinking Fund for Redemption of Notes & Bond 1,044 839 (1,151) 885 1,063

Decrease in deferred liabilities 83 89 61 87 8 70 51 45 10 18

Increase/(decrease) in working capital 2,978 166 (880) 176 167 357 (2,864) (59) (1,126) 295 > X 

Total Application of Funds 26,677 20,900 38,671 21,155 43,207 23,575 35,914 21,570 50,064 23,499 (| (D

Debt Service Coverage 1.91 1.50 2.13 1.46 2.06 1.26 2.10 1.32 1.67 1.27 H.
o x

3-year average investment 16,821 10,753 25,009 10,425 29,548 10,159 31,728 10,436 36,402 12,075

Self - financing ratio (3-yr average (9) 35 44 49 45 38 29 48 37 30 25



Financial Statements 1989-1993, Funds Flow Statement

(Baht Million)

1989 1990 19913 1992 1993

Actual SAR Actual SAR Actual SAR Actual SAR Actual SAR

Assets

Fixed Assets

Plant in service 154,104 145,179 182,418 147,817 213,682 165,256 237,573 176,755 282,714 192,037

Less: Accumulated depreciation 55,905 51,795 66,178 57,356 77,535 64,701 87,013 72,568 98,336 80,875

Net Operating Plant 98,199 93,384 116,240 90,461 136,147 100,555 150,560 104,187 184,378 111,162

Work in process 20,412 16,255 30,474 23,157 41,765 19,735 46,288 22,788 36,817 23,877

Total Fixed Assets - Power 118,611 109,639 146,714 113,618 177,912 120,290 196,848 126,975 221,195 135,039

Irrigation, mine & develop, assets 11,558 13,194 10,458 13,734 10,302 13,082 9,922 11,983 10,793 10,497

Sinking fund 6,717 2,870 3,423 3,122 4,001 3,378 4,437 3,650 4,918 3,895

Other assets 0 4,987 3,830 4,809 5,866

Current Assets

Cash 5,456 621 6,054 509 7,074 500 2,363 500 2,697 500

Receivables 7,467 6,435 8,731 6,842 8,820 7,263 10,510 7,474 9,107 8,062

Inventories 2,657 3,383 2,541 3,685 2§,f8i9Ž 9 4,002 3L, 03S6 4,383 4,472 4,711

Total Current Assets 15,580 10,439 17,326 11,036 18,793 11,765 15,909 12,357 16,276 13,273

Deferred loss on exchange 11,715 9,955 12,754 8,666 10,978 7,484 13,630 6,381 14,125 5,302 I

Total Assets 164,181 146,097 195,662 150,176 225,816 155,999 245.555 161.345 273,172 168,006 'D

Equity and Liabilities

EBuit
Paid - in capital 8,S36 7,990 8,689 7,990 8,601 7,990 10,926 7,990 10,935 7,990

Irrigation contribution 4,552 4,823 3,744 4,808 3,685 4,781 1,894 4,784 2,043 4,938

Retained earnings 42,042 24,535 51,504 27,852 60,177 31,190 69,460 33,430 75,472 35,266

Revaluation surplus 30,000 31,703 34,730 32,423 39,526 35,427 38,865 38,748 38,322 42,137

Total Equity 85,130 69,051 98,667 73,073 111,989 79,387 121,145 84,952 126,772 90,331

Long-Term Debt

Long-term debt 62,141 68,116 74,205 67,588 90,268 65,018 99,461 63,691 117,237 63,034

Less: Current maturities 0 6,158 0 8,354 0 7,186 0 7,450 0 8,206

Long-Term Debt (Net) 62,141 61,958 74,205 59,234 90,268 57,832 99,461 56,241 117,237 54,828

Further borrowings 0 0 0 0 0 1,520 0 1,751 0 2,840

Sinking fund 2,937 2,870 3,423 3,121 4,003 3,378 4,438 3,650 4,917 3,896

Deferred liabilities 247 221 186 134 178 64 212 19 199 1

Current Liabilities

Account payable 6,911 4,398 9,633 4,726 11,674 5,126 10,758 5,793 13,294 6,443 4 3

Current maturities 5,656 6,158 8,191 8,354 6,331 7,186 8,036 7,450 8,737 8,206 X C

Accrued interest on long-term debt 1,159 1,440 1,357 1,534 1,371 1,506 1,506 1,490 2,015 1,461 3Q m
Total Current Liabilities 13 11,995 19,181 14,614 19,377 13,818 20.300 14.732 24,046 16.110 D

Total Equity and Liabilities 164,181 146,097 195,662 150.176 225.816 155,999 245.555 161.345 273,172 168.006 4H'

ox>
Debt as t of total capital 42 50 43 48 45 45 45 43 48 41 O X

Current Ratio 114 87 90 76 97 85 78 84 68 82 $
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ECONOMIC ANALYSIS

1. The transmission project is part of EGAT's least cost expansion plan. To assess the
benefits for the project, an adjusted Internal Economic Rate of Return (IERR) is recalculated as an
approximation of the Economic Rate of Return (ERR) on the basis of incremental cost and benefit
streams associated with the 1987-96 EGAT's Power Development Plan.

2. The basis for the re-evaluation of the IERR is similar to that used in the SAR. Capital
costs are the investment cost of plants, transmission system facilities and other associated investments
which were made during EGAT's Power Development Plan (1987-96). Fuel costs are based on actual
prices for the years 1987-94 and projected values from 1994 onwards. Economic costs of natural gas
are based on estimnates provided by the Petroleum Authority of Thailand. The economic price of lignite
is based on estimates of transfer prices and the price of petroleum fuels are based on international
prices. Operation, maintenance and investment costs are based on real costs up to the present.
Administrative and general expenses are based on actual costs in the first year and escalated at 3 % each
year subsequently.

3. Energy sales are based on projected sales increases of 9% p.a to the year 1996. For the
period 1987-91, energy sales prices are valued at EGAT's average selling prices. Between 1992-94,
energy sales prices are based on a tariff structure put into effect in 1991. Beyond 1995, the selling
price for energy is escalated on the basis of a formula to realize a self-financing ratio (SFR) of 25% for
EGAT's investment program, based on a three year average of EGAT's investments.
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MON 15:50M ID:EG =- Sc2-4344064 TEr. NO:662 4344064 2131 001

*LEC1RICITT OEREnATING AUTIlOnlTY OC THALLAN

NO. TIIABUnl 11000 TIAILAND

CA8LE: EGAT NONTIIASUn

TLX 72346, 02711 EGAT T.

FAX (6W 4335523(6621) 433631:

NO. EGAT 61700-5471 28720 DATE : JUNE 1,.1

TO: THE WORLD BANK FAX (202) 477-2743

ADD: INDUSTRY AND ENERGY OPERATIONS DIVISION
WASHINGTON D.C. USA.

ATTN DARAYES MEHTA
ACTING CHIEF. INFRASTRUCTURE OPERATIONS DIVISION
DEPT. I,EAST ASIA & PACIFIC REGION

SUBJ POWER TRANSMISSION PROJECT (LOAN NO.2915-iTH)
IMPLEMENTATION COMPLETION REPORT (ICR)

REFERENCE IS MADE TO YOUR LETTER DATED MAY 15,1995
TRANSMITTING THE FINAL DRAFT OF THE IMPLEMENTATION COMPLETION REPORT
(ICR) ON THE SUBJECT PROJECT FOR OUR REVIEW AND COMMENT.

UPON REVIEWING, WE HAVE FOUND THAT SOME DETAIL SHALL BE
REVISED AS FOLLOWS:

1. TABLE 4. PAGE 11, MODIFY THE ACTUAL AND ACTUAL AS% OF
ES11MATE AMOUNT FOR FY89 THROUGH FY93 TO READ.

DESCRIPTION FY ag FY 91 FY 9 FY83

ACTUAL 43.5 87.2 96.5 104.2 106 6

ACTUAL AS % OF 207 '137 104 9E 97
ESTIMATE

AUTHORIZED SIGNATUnE
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11. APPENDIX C. MODIFY THE AMOUNT AS FOLLOWS:

AMOIJNT
PAGE DESCRIPTION YEARt CQLUMN FROM TO

36 OPERATING INCOME 1991 ACTUAL 40,404 10,404

1993 ACTUAL 100,520 10,520

38 TOTAL APPLICATION 1990 ACTUAL 21.155 38.871
OF FUNDS

39 TOTAL ASSETS 1989 ACTUAL 184.151 184.181

1992 SAR 161,345 181.345

PLEASE BE INFORMED FOR REVISION ACCORDINGLY. REGARDS.

OBHAS CHANPAYOM
DEPULY GOVERNOR - ENGINEERING



BY: ;15- 6-95 , 2:06PM ; 6222739A6d-. -

~~ '=
Fiscal PolicY Office Date June >, 191 5

Ministry of Finance No. of Pages 2 (i ncludi g 

Fax No. (662) 273-9167, 273-9168 this page)

Attn Mr. Vineet Nayyar

Chief, Infrastructure Division i

Department I, East Asia Region,

The World Bank

Washington, D.C.

Fax No. (202) 477-2743

Re THAILAND ; EGAT Power Transmission Project tLN 2915-TH 

and Second Power Development Project (LN 310B-TH)

Implementation coapletion Reports (ICR)

Dear Kr. Nayyar,

Please refer to your letters dated May 15 and May 17, 1995 ,

requesting our comment on the draft Impleaentation Completion Repqrts forl

the above-mentioned projects. After a thorough review of the Datt.Gers,

we greatly appreciate the Bank effort in preparing these informative

reports. hovever, we would like to bring to your attention as follows

1. It would be more beneficial to EGAT in preparing futur.i E

projects, if you could provide us with the detailed reasons why tee actu lI

completion cost is higher than the estimated cost for the LN 2915-TH pro4ec>..

2. With regard to the Rate of Return on Revalued A sets (<ORt,

we agree that the ROR of both projects for the first three years aere lo4er

than the covenanted parameter because remittances to the governmei:t werel

increased significantly. However it should be noted that the inc eased I

remittance to the government up to at least 80 percent is one of the cri*terlia

for being a good state enterprise under the Ministry of Finance'sischeme 

This scheme provides many advantages to EGAT such as relaxing regplation

on salary and other remunerations. l 7

* !o3. . 1- 1 .1~~~~~~/3



3. For the calculation of Self-Financing RatIo (SFR;,

we would like to take this opportunity to request the Bank's views on

revenue fron sale of EGAT's power plants, as to whether this part Df

income should be included in non-operating income.

We hope that our coaentAs would be helpful to your repor s

and hope to hear from you soon.

Sincerely yours,

(Somchai Richupaa)

Director-General



MYANMAR , 4 MYAN A 

ys , 5 tci g ~~~~~~LAO PEOPLE'S , i\ 

DEMOCRATIC REPUBLIC 2 TAEr

; I v ,,CIz _<\ I I

CILAOtA3) rcp" I Cu of t>)ME.IA>NA

CHAaNMA L1 MOc p N -' I',,' ; t1

of mvm I e2 W3,_ ., ~1
) Chwi I *; zsshz7 2 4X15 tv , ( ,, NtM NGUM 

!i , '. 135 MW

'I c 5h 0,/ l r-- R f ) . . ' J - MALAYSIA

REGION / 4 1 :'; , I cod \
9 ,1 ~~~~~~~~~U_r, ; 375 WAti hrtl NNSA tCA!R

535M * i . iiM NEhl _he M,ocwdor,esK colors.

I /NAM OA PUNG- d

UtRlATCANA I M ;hA. S,AI,OAN 8_o h-o

,MW The World ,oot, C loN 35 MW (
IL\ MAd-3MW A ch d t e

k 5 s;2SSt,dni-… *MANL 4 -od

> \ 11 ~~~~~~~~~~~~~~~~~~~EGION 12-' TALN

'\~~~~~~~~~~~,I rh77 or occplor ofocino .och(-EETIIT EEAIN UHRT
t sB, ---, ~~t MhoNsr FaFmooJA Rath t^iX t SEA 3 sL 2 2x550 MW 2.300I MW OF 36 LWI KRACHAN-' R.o 2o 5Otm

\ ~~~~~ ~~ //+ CwtoiT ur5IKVroloto

// 4do Khri1,- I½r) o4 hrnl oe 

>gg --- lnlernotionctl eounlUrie

KHA LAF10M033D

AA SINAGARIND 

16' 540 MW &#awA6 1 _ _ 

EGION THA1 KAy 7 THAILAND

/~ ~ ~ ~~~GL; MW 15 POWE PROJECTn D

'ER laynel' fRET I- PCt&ONO tohl ELECTRICITY GENERATING AUTHORITY
*_" I ARA iliJ,35f OF THAILAND
Nkha CEo. COWERe TRANSMISSIONPRJC

(II ___ _____~~~~~~~~~~~~~~~~~~~~~~~~~~STU PROJECT PROJECT

-- A-TIc, *Ropong 2 500 kV Trasis Lines
ci. ---- E Kon… .Mnin 230 ksV TransmT4isso tine

CM A.,. Bo'g Io.n.nu~ ~ ~ ~~~~~~~~~~----- RI---- ----- 115 kVIrnaisotne

\t pra.toi A A A 230 kiV SubstationsI 1155 kSV S6stohi-ns

K :*-\ 1t wjtNowoU Therml Poe Plts

Pinclnsop RhiMe Rho Hydra Power Plants

< Miscelloneous System Exponsions t- r t / C7~~~~~~~~~~~~~~~~~~ReionBondaie

<5~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~? 2oD MAAY00 o

10, KILOMETERS

SURAT tHfAN I ITNOM a o
30 3MW LI 175 MW

3.15 MWI

Tieco Pa. ERN 5

1L 5 ILAnlo 
PHURET C--u-----.
I 6 MW BANGKOK NOI O

ILSONOKHLA S Sargh- 2
25 MW Stpia OT AGO

*P5a, Sot

OTHER PROJECT COMPONENTS: T AK. - 5PArTAI ' BANGKOK-THONBURI
Transformer Additions ( .4M jMERPLTNA A
Reactive Power Compensation Equipment Installation

-n Misc'ellaneous System Expansions .0
cor, MALAYSIA c







I


