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EXECUTIVE SUMMARY

At the request of the USAID Mission in Thailand, Hagler. Bailly & Company carried
out an evaluation of the Micro/Mini Hydroelectric Project (No. 493-0324) over a tive
week period during May-June 1987. This project was designed to complement a broad
sirategy to reduce Thailand’s dependence on imported fossil fuels used for electricity
generation. The specific goal of this project is to provide the Royal Thai Government
(RTG) with the capability to identify cconomically attractive sites for micro and mini
run-of-the-river hydroelectric power development. This was to be done through the
design and consiraction of up to twelve plants which would provide electricity to local
villages or to the national grid. The project, being implemented by the Natjonal Energy
Administration (NEA) began in 1982 and fell behind schedule due to a variety of delays
experienced in its first two years. However, six sites are currently well along in
construction and scheduled for completion over the next year and a haif. The
remaining two sites are under design. It is anticipated that they will be operational by
the early part of 1989.

This evaluation is a broad review to determine if and how the project should be
extended beyond its current completion date of September 1987, to allow for
construction of all eight mini-hydro sites. The evaluation team consisting of two foreign
consultants, an engineer and an economist, and one Thai social scientist, spent two
weeks visiting the six sites under construction, reviewing the quality of design and
construction, and interviewing the residents in the proposed service area. An additional
two weeks were spent interviewing NEA and private sector personnel directly involved
in the project, government officials working in the energy sector and local
manufacturers of small-scale hydroelectric equipment. An extensive review was alsn
made of the site selection model developed for the project and of the financial and
economic constraints which existed at the time of the project’s conception, as well as
today.

Findings and Conclusions
The principal achievements of this project, so far, have been;

1. It has provided a broad institutional setting for the development of mini-
hydro within Thailand, both at NEA and within the private sector.

2. It has encouraged the NEA an. the Thai private sector to refine their
abilities in the selection and assessment of mini-hydro sites based on
economic, financial and social variables.

3. It has ailowed both the NEA and the private secter to develop capabilities
for the engineering design of hydropower facilities in the 0.5 to 1.5 MW
range, including the design of civil works, construction supervision and the
specification of electromechanical equipment.

RCG/Hagler, Bailly, Inc.
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4. It has provided the Thai fabrication and manufacturing sector with a limited
market for the provision of electromechanical equipment for minihydre
plants.

5. It has resulted in the construction of six mini-hydro facilities in the rural
areas of Thailand, with planning underway for an additional two sites,

The six sites visited showed an evolution in the quality of design, construction
techniques and management indicating that the NEA and Thai consultants have
continued to refine their capabiliiics us the project evolved. The replicability of this
effort is clearly established and denionstrated by parallel efforts to develop mini-hydro
facilities with funding from other donors. This project and the Renewable Non-
Conventional Energy Project which preceded it, have demonstrated the ability of the
NEA working together with the Thai private sector to develop energy systems with
sustainable benefits for the country.

Despite its successes, this projeci has not been without delays and high costs. Most of
these problems have been overcome through the efforts of the Thai participants. For
example, the rather lengthy delay in the project was due to bureaucratic issues caused
by requizements in the procurement and contracting process. The financial mechanism
vsed by AID required special arrangements by the RTG to fund the project until plants
bega: to produce clectricity. The per diem rates established for project personnel
required coisiderable time to negotiate. The procurement of electromechanical
equiprnent became a complex problem because the design of specifications, the lack of
enough firms to bid and with the changing rules of the proposal evaluation processes.
Once these problems were resolved and construction began, the project was able to
move along rapidly.

The project objectives have evolved since the time of the drafting of the Project Paper
when a range of hydropower options were considered, including isolated microhydro,
isolated mini-hydro and grid-connected mini-hydro. The evoluiion has been to sites
which are mini-hydro and grid-connected. This was a reasonable progression, given that
the NEA alrcady had considerable experience in the construction of micro-hydro
facilities and that the national electrical grid was being rapidly expanded to reach the
more remote areas of the country. The project participants therefore took on the more
challenging task of designing mini-hydro units for which there were only two
precedents, a 6 MW facility constructed by NEA in 1964 in Sakon Nakhon and a 1 MW
facility constructed in the early 1970’s in Mae Hong Sorn. Unfortunately, the PP’s site
selection model was developed for isolated micro-hydro and did not undergo a similar
evolution, although the scope of work called for its refinement.

The economic environment in which the project was originally designed is radically
different from the current situation. Not only have fuel prices and exchange rates
undergone rapid fluctuations over the last few years, but Thailand’s energy sector has
been radically altered. The exploitation of domestic supplies of natural gas, lignite and

RCG/Hagler, Bailly, Inc.
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petroleum has proceeded rapidly. At the same time, the mix of energy sources used for
electricity generation have moved away from a significant dependence on imported
fuels to the extensive use of domestic energy sources including large-scale hydro. In
addition, Thailand has had a surplus of large scale generating capacity over the last few
years,

The foreign technical assistance provided nunder this project was focused on developing
a site selection model and assessing local manufacturing capabilities. Most of this
assistance went towards implementing the model as originally proposed, rather than
developing a more appropriate model. The assessment of local capabilities for
manufacturing electromechanical equipment appears to have provided relatively little
new information while assistance was badly needed in preparing technical specifications
for contracting purposes. More time should have been given to providing technical
support related to design and contracting.

The site assessment procedures were constrained in their attempts to identify and
develop mini-nydro sites. These procedures excluded consideration of generation
alternative other than large scale diesels and they did not examine different scales and
phasing of these investments. Specifically, no determination was made of the marginal
costs and benefits of different capacities of the hydropower and diesel alternatives.

The sustainability of the mini-hydro development in Thailand is currently unclear
because of existing government priorities in the energy sector, the preference for large
scale central plants and because no regular source of funding for further construction of
min:-hydro facilities has been established. In addition, the role of NEA is currently
under review. Much of its responsibility for energy planning will be shifted to the
Office of the Prime Minister. Meanwhile, NEA’s role in the future development of
mini-hydro will depend in part on the willingness of The Electricity Generating
Autnority of Thailand (EGAT) to assume responsibility for the operation of these
facilities once they are brought on-line.

Recommendations
The general recommendations of this report are:

I. USAID should continue its involvement in this project through the
completion of at least the first six mini-hydro sites. Since the benefits far
outweigh the marginal cost necessary for completion. The two remaining
sites currently being planned should be reviewed by the Thai government.
While it is unlikely that their financial or economic rates of return are
acceptable, they are marginally financially viable given the conditions of the
USAID loans and they may meet social and political objectives which are
important to the Thai government.

RCG/Hagler, Bailly, Inc.
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2. The present system used by USAID to fund this project, the FARA system,
should be reviewed. While it offers incentives to rapid project
implementation by limiting the monitoring requirements of USAID and
provides some form of financial performance incentive by limiting the total
funds made available, these benefits do not outweigh its negative features.
This system requires the RTG to provide funding during the construction
period from funds which would otherwise be allocated to other economic

development activities.

3. The current effort to resolve the bid evaluation procedure for electrica’ and
mechanical equipment should set as its primary objective choosing the bid
which represents the least economic cost to Thailand. The current ef'orts to
discount taxes and duties paid to the government is a necessary step ‘0 meet
this goal. It also takes into account the competitiveness of local and foreign
suppliers.

4. Future efforts by AID to form a POU should benefit from the experience in
this project and should utilize existing organizational structures to the
maximum extent possible so as to insure a sustainable activity within the
institution,

5. Imaddition, NEA should focus its efforts more on project management and
less on design and construction supervision. This would resolve what the
evaluation team perceives as a shortage of experienced technica} staff to
undertake the range of projects which NEA should consider. In this regard,
the collaborations between NEA and both the public and private sector
participants in the mini-hydro project and the renewable energy project
represent good rmodels to be followed.

6. Priority should be given to producing an agreement between NEA and
EGAT on the terms i'nder which the latter will assume responsibility for the
mini-hydro facilities ¢ nce they are operational. This agreement should set
the basis for NEA’s further work in the development of grid-connected mini-
hydro and should contain the basis for establishing a revolving fund or other
financial mechanism to fund an on-going program of mini-hydro
construction.,

7. The size of the market does not justify the development of a domestic
capability for fabrication of complete mini-hydro scale turbines. The current
emphasis on a mix of domestic and imported components should be
encouraged.

Several activities should receive special attention during the final phase of this project.
These include:

RCG/Hagler, Bailly, Inc.
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1. Geotechnical and brief environmental surveys beyond simple checklists,
should be made of the first six micro-hydro sites to deterinine any potential
problems which might arisc from the operation of these sites. Also environ-
mental surveys should be made of the last two sites under consideration and
their findings should be incorporated into the design process. Thai
consultants can be used fo: both of these efforts.

2. Foreign technical assistance should be provided to perform an engineering
review of plant design and operation after two mini-hydro sites have been
operational for a few months. Potential problems which would warrant such
a review are problems with deteriorating concrete, penstock joint integrity,
erosion along the headrace and access roads, equipment vibration, water
hammer and cavitation.

3. The design of an appropriate site selection model should be completed.
This model would include separate coraponents for micro-hydro, isolated
mini-hydro, grid-connected mini-hydro and grid extension. The latter should
incorporate the methadology being used by the consultants in the
development of the National Mini-hydro Plan. The first two would require
revisions in the economic and financial evalvation techniques proposed in
the Project Paper.

Lessons Learned

The principal lessors learned from this project and the implications for future project
design are:

1. Project design must take into account existing government regulations and
procedures. An individual familiar with these regulations and procedures
should be retained to identify potential conflicts and to estimate the length
of the delays which will result.

2. The basic econornics of micro-iydro, isolated mini-hydro and grid-
connected mini-hydro as applied to rural electrification should be
established and methods for quantifying their benetits should be agreed
upon. This issue continues to plague the development community.

3. Projec evaluation of energy projerts should allow for a closer examination
of the viability of a project as a function of changes in energy costs, capital
costs and discount rates. The project design should consider the marginal
benefits and costs for different levels of capacity and for different sets of
capacity expansion over time. The analytical capabilities of existing micro-
computer soware have greatly reduced the labor required for such analysis,

RCG/lagler, Bailly, Inc.
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4. Project design should include a more careful assessment of institutional
capability so that the specification of technical assistance wili complement
existing institutional capabilities and be coordinated with the activities of
other donors.

5. USAID needs to develop a more effective approach to contracting and
monitoring of technical assistance to insure that the personnel provided and
their scope of work will provide useful inputs given that these requirements
may change over ihe life of a project.

6. Intae design of energy projects, a certain flexibility must be built in. As
economic, financial and natural resource constraints change, project
implementors should have some flexibility to change project goals. Negative
criticism of a project because its original goals were not met is not an
appropriate responsc in situations where the underlying economic
conditions and the resulting rationale for a project have been altered during
the life of the project.

RCG/Hagler, Bailly, Inc.



CHAPTER 1: INTRODUCTION

R — M
The Micro/Mini Hydroelectric Project was conceived by the Royal Thai Government
(RTG) and the United States Agency for International Development (USAID) with the
aim to reduce Thailand’s dependency on imported fossil fuels for clectricity generation.
The approach was to provide for rural electrical energy needs through the application
of mini and micro hydropower technology.

USAID agreed to provide a five year, $8 million loan and a $100,000 grant to Thailand
for the developrient of up to twelve micro/mini hydropower plants with an amount of
$4.7 million equivalent, as the RTG contribution. The implementing agency is the
National Energy Administration (NEA). The present project completion date was
September 1, 1987 but because of delays, that date was not met. An extension was
requested by the RTG to continue for another two years.

This report is a mid-point evaluation to provide guidance on how the project should be
administered and managed from this point fereward.

Purpose of the Evaluation

The purpose for this evaluation is to provide the RTG and USAID with implementable
recommencations on effectively completing this project in accordance with the original
objectives or modifications of these objectives. The broad areas that are addressed in
this repori will include:

a)  Anassessment of the progress of the physical work and trends at each of the
six sites under construction through document review and field VISIts.

b)  Anassessment of the relationship of this project to other power projects in
the country,

¢)  Areview of the appropriateness of the site selection model and its
effectiveness as a tool for analysis.

d)  Anussessment of the environmental impacts of the physical work at each
site as constructed and during operation.

e)  Anassessment of NEA institutional capacity to perform and sustain mini-
hydropower planning and project implementation.
Methodology
The evaluation team consisted of an engineer Dr. Jack Fritz, an economist, Mr. John

Arnold, and a social scientist, Dr. Sangkom Suwannarat. The team was assisted by
USAID/Thailand’s Office of Engincering. The assignment was carried out through

RCG/Hagler, Bailly, Inc.



INTRODUCTION 1.2

interviews, a review of project-related documents and field visits to the six sites
currently under construction. The team began its work in Bungkok by meeting with
officials of USAID, NEA and other government organizations and by visiting several
private sector firms involved in planning, design and equipment procurement.

The interviews at NEA were with members of the Project Gierations Unit (POLU)),
which was created to implement this project. Other government organizations which
the team visited included the Electricity Generating Authority of Thailand (EGA'T), the
Provincial Electricity Authority (PEA) and the Na‘ional Economic and Social
Development Board (NESDB). The evaluation team also visited TEAM Consultants,
the project’s principal design firm and Layne & Bowler, the manufacturer of the
turbine-generator which will be installed at the first site.

Among the documents reviewed were the Project Paper, the site selection modet,
reports prepared by consultants, site drawings and various files in the USAILD offices. A
complete list of contacts and references is given in Appendix 1.

Project Creation and Government Objectives

This project was created during 1981-1982. 4 period of great uncertainty in world oil
markets with petroleum prices above the $30 perbarrel level, With considerable fear
about the future of fossil fuel prices, and a consensus that they wortid surely continue to
rise, utilities the world over were searching for energy sources based on indigenous
resources. Small hydropower was known as an old and mature technology which had
fallen into disfavor because of high unit costs compared to fossil fiel generated
electricity. However, with fossil fuel prices on the rise, small hydropower was once
again of interest to economic planners,

Under Thailand’s Sth National Plan, renewable cnergy resources were to be given
special emphasis and NEA was formally made responsibie for all micro and mini
hydropower planning and implementation in Thailand. The NEA mandate had the
following principal clements,

4)  toreplace existing dicsel peneration plants in rural areas with micro or
minihydro plants

b)  to provide additional power to the national gridin order to reduce oil
consumption at large thermal power plants,

¢} tosupply electric power to newly developed or rural arcas.

USAID development policy during this period was consistend with Thai energy goals,
namely those of aceelerating rural development, increasing the involvement of the
private sector and promoting rural electrification. Because these goals matched, the
Micro/Miniltlydroelectric Project came inte being,

RCG/UHagler, Bailly, Iae.
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Project History

The Micro/Mini Hydroelectric Project (493-0324) was formally initiated on September
16, 1982 when the loan agreement was signed between AID and the Royal Thai
Government. The stated objective of the project was to develop the institutional
capacity of the implementing agency, the Nationa! Energy Administration, and to plan
and constrei 12 micro/mini hydropower plants over a five year period. Funding of §
12.8 miilion for the project was to be provided jointly by USAID and the RTG.
USAID’s share was to be a loan of $8.0 million and a $100,000 grant for evaluation
purposes and the RTS was to provide the remaining $4.7 miiiiio . USAID funding was
to be made using the Fixed Amount Reimbursement Agreement (FARA) approach.
Under this method, the funding would only be forthcoming when the hydropower plants
began operation. The funds for construction would have to be borne through NEA
sources until the first plant produced power.

Under this project, USAID would only provide for 50% of the cost of civil works,
transmission and distribution and 100% of the cost of the electromechanical equipment.
This approach, it was thought, would encourage efficient and rapid implementation by
NEA. However, for a variety of reasons to be discussed later, this has not happened.

Tae mininhydro plants were to be built in remote areas to service rural energy
consumers. Some plants would be grid-connected while others would serve remote
villages. Also, NEA would build the plants, operate them for one year and then turn
them over to the Provincial Electricity Authority if the plants were isolated, or to the
Electricity Generating Authority of Thailand if they were connected to the nationl grid.

Twelve plants were to be constructed in two phases. The initial six would be used to
develop the site seiection methodology with the assistance of foreign consultants. Of
the six selected at the time of PP preparation, only three are currently under
construction. The other three were dropped when more detailed feasibility work
revealed unfavorable economics.

To assist NEA in implementing this project, professional services were solicited. The
winner of the competition was the Association of TEAM Consulting Engineering Co.
Ltd., K. Engineering Consultants Co., Ltd. and Stanley Consultants, Inc. (TEAM-KEC-
SCI). TEAM was to design the plants, K. Engineering was to carry out the survey work
and Stanley was to assist NEA in site selection. and training of the POU.

The Project Paper proposed that the POU be made up of 5 to 6 people. These were
professionals drawn mainly from construction ranks but also included specialists in
hydrology, geology, etc. However, during the evaluation team’s visit, the POU was
inactive, its members having returned to their previous jobs.

The period of involvement of Stanley Consultants was 22 months during which several
volumes documenting the site selection procedure were produced for NEA. It was
through the application of this procedure that three of the original sites were dropped

RCG/Hagler, Bailly, Inc.
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and new sites added. Currently, there are six active sites, all in various phases of
construction and two additional sites for which detailed designs are being prepared by
TEAM.

The assistance provided by Stanley was clearly helpful but not crucial. Their approach
tended to be academic, with emphasis on studies and computer modelling rather than
project management. However, this was partly a result of the type of contractual
services solicited.! In addition, there was a change in the staffing by Stanley aft2r 6 or 7
months.

Reasons for slow implementation or this project tended to be bureaucratic. Early
problems centered around contractual problems between NEA and the Ministry of
Finance over such issues as contractor overhead. There was also some weakness in the
initial project design and a clear lack of built-in flexibility on technical issues such as the
number and scale of plants to be constructed.

The project turned out to be more a process than a series of discrete accomplishments.
It was to be a process of analysis followed by ficld implementation. 1he PP was not
clear on this point. As a process, changes in objective or scope should be expected since
the heart of the uctivity was the site selection and evaluation procedure. When these
tasks are properly carried out, some sites may be dropped, others added and the actual
field implementation would be delayed.

Currently six sites are under construction with two more to be added shortly. They are
geographically distributed, two in the North and three in the South, ind one in the
Northeast. They range in size from S00 kW to 1,182 kW and are at various stages of
completion (see Exhibit 2.1). They are scheduled to be operating by April 1989
(Appendix N). Over the last six months, there has been a flurry of activity as various
bureaucratic impediments have heen removed,

Currently, Stanley Consultants has completed its contract. TEAM is designing the
plants without assistance; and NEA is supervising construction and continually
monitoring field contractors. PEA is extending its transmission lines into the service
areas of the plants so that they can be connected to the nation:l grid. Although an
carly objective vias tu construct isolated plants the grid-connected projects are more
financially viable because they can sell their power to the grid and therefore have a
100% capacity facior.

Remaining concerns center around slow implementation, what are percieved to be
arbitrary changes in sites, the temporary inactivity of the POU and the issue of long-
term economic and finarcial viability of mini-hydro in Thailand, given PEA’s vigorous
expansion program. These concerns are all addressed further on in this report.

The scope of work included in Annex K called for a range of services including management, assistance in wontracting for
construction and development and implementation of the Site Selection Model.

RCG/1!~gler, Bailly, Inc.
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Thai Energy Policy: The Role of Minihydro

Thailand’s energy policy with regards to electricity over the last five years has
emphasized three activities: 1. the substitution of technologies using fuel oil with
technologies using domestic sources of energy, 2. the exploration for and exploitation of
domestic reserves of energy, especially petroleum, natural gas, lignite and hydropower,
3. the extension of the electricity distribution system to the more remote areas of
Thailaud.

These three approaches were the basis under which the current project was undertaken.,
Since that time, the implementation of these policies has been relatively successful with
the result that the development of domestic energy resources and the extension of the
national grid is expected to proceed with more attention to economic viability. With
the drop in the price of petroleurn fuels and the increasing amornt of recoverable
reserves of oil and gas within Thailand, it is expected that the priority given to the
development of hydropower will diminish. While this may not effect the large
hydropower facilities currently planned for construction by EGAT, it will have an
impact on the development of smaller scale mini and micro-hydro. As yet there has not
emerged a clear policy with regards to development of these technologies. There is
however, a nationa! minihydro plan being developed by NEA. It is therefore likely that
the development of micro-hydro as a source of energy in areas which are too remote for
extension of the grid will continue. However, the development of mini-hydro facilities
to serve a cluster of remote villages has yet 1o be proven economically viable. The
development of grid connected mini-hydro will also be problematic because of the
reluctance of EGAT to take on responsibility for the management and staffing of
facilities which add very little capacity to the national clectricity system.

Organization of the Report

This report is organized along the following lines. Chapter 2 describes the current
status of all six sites, their execution and the various organizational and procedural
processes used. Chapter 3 gives details of the site selection procedure. Chapter 4
examines the economic and financial considerations inhereat in this project as well as
social issues. Chapter S considers the institutional issues. Chapter 6 describes the
environmental impact of the six sites currently under construction and Chapter 7 gives
the findings, conclusions and recommendations.

Several Appendices are included to support the text and Executive Summary.

RCG/Hagler, Bailly, Inc.
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Site Characteristics

All six project sites currently under construction were visited by the evaluation team
and project components from weir 1o tailrace were inspected. Each plant visit was
followed by a tour to one or more of the communities which will be electrified. The
six plant locations that were visited were (see Exhibit 2.1):

Lam Pra Plerng
Nam Kha Mun
Nam Mae Hat
Khlong Duson
Khlong Lam Plok
Huai Lam Sin

SNAEWN -

All these plants are in the minihydro category varying in capacity from
approximately 500 kW to 1200 kW. The construction details for each site are very
similar with exception of Lam Pra Plerng which is built into an existing irrigation
outlet works. In order to give the reader an appreciation of the scale, complexity
and construction aspects, the characteristics of a typical minihydro plant are as
follows (see Exhibit 2.2):

Each plant is generally located in a hilly, well forested area, or foothill area near a
group of villages which may or may not have electric power. The critical physical

clement is to have a stream that has sufficient flow and head throughout the year.
The determination of this information forms part of the site selection process.

A location on the stream must chosen where 2 weir or intzake can be constricted on
bedrock or other solid foundation. This structure diverts a portion of the flow into
the headrace by controlling a large gate valve. Provisions are made to be able to
sluice sediment out of this intake structure. This may be done within the structure
or at a separate flow control structure located a short distance from the intake. The
weir is designed so that even during periods of low flow, all the flow can be diverted
to the intake in order to remove the sediment. Any ercess stream flow can be
discharged via another gate valve located on the downstream side of the weir,

The weir is usually made of reinforced conerete and generally has an access road
going 1o it so it can be serviced. Only the Huai Lam Sin site does not have an access
road because of the difficulty of the terrain. All the weirs were well built with
provisions for flood mitigation, sediment removal and casy gate operation,

The intake guides the flow into the headrace which brings it along a slight grade to
the forehay near the plant. Headraces are commonly designed with an open

RCG/Hagler, Baly, Inc.



Exhibit 2.1
MICRO/MINI HYDROELECTRIC PROJECT
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EXHIBIT 2.2: TYPICAL MINIHYDRO PLANT
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channel, similar to an irrigation canal. However, the Thais have used steel pipe
suspended on concrete anchors to conduct the flow at most sites. The higher costs
can be justified by the lower maintenance required. Because of the terrain and
alluvial nature of the soils, as well as the types of cuts that had to be made, erosion
would have quickly filled an open channel with sediment.

The headrace at the six sites is from one to three km in length and usually follows
the existing topography. The road to the weir generudly follows the headrace for
service and construction convenience. In most cases, the headrace construction was
sound. At one site, however, Huai Lam Sin, we found the concrete anchors to be
supported by large boulders which were cracked. This may be a problem, and it is
recommended that a geotechnical engincer inspect the site.

At Nam Mae Hat, buried concrete pipe of the type used in sewers was utilized. This
may become a problem if leaks develop since the pipe is buried in a cut and fill
manner, in unconsolidated alfuvial soils. The project personnel at the site informed
us that the site had been through two rainy seasons so far, and no serious erosion
problems had developed. However, the headrace has not had to sustain a
continuous flow since the plant is not yet in operation,

The headrace ends at the forebay which stabilizes the flow and is the last point
where water can be discharged before going to the turbines. It is the point where
surges are dampened and where sediment can be sluiced. The forebay is similar in
design to the intake structure. The water level in the forebay is essentially the head
available to the wrbine (minus small friction losses in the penstock).

The penstock design is critical because of high pressures. 1t connects the forebay
with the powerhouse and conveys the water to the turbine. The penstock is made of
sieel pipe which must be well anchored to bedrock. Stresses increase near the
bottom where it withstands the full pressure provided by the head.

Most of the penstock work was complete at the six sites. In some cases the pipe was
buried but the tendency was 1o keep it above ground for servicing. Down near the
powerhouse, the penstock becomes a "Y" and the flow is split between two turbines.

The powerhouse generally contains two wrbines and all control equipment. Since
these are high head sites, above SOm or s0, they have either Pelton or Franeis
turbines. After the water has imparted its energy to the turbines, it exits via a sump
under the powerhouse to the iailrace.

The tailrage is usually located to one side of the powerhouse and directs the flow
back into the stream. It is designed so that most of the energy left in the flow will be
dissipated before reaching the stream,

The electricity that is produced by the generator is usually stepped up to 22kVin the
switchyird located adjacent to the powerhouse. This voltage is considered optimal

RCG/Hagier, Bailly, Inc
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because it is high enciagh to minimize losses but low enough so that reduction to
220+ )5 not very costly.

All areas of these sites must be accessible for maintenance. Access road
construction is therefore the first field activity undertaken. The cost associated with
roads is usually significant because heavy equipment is used and continued
maintenance is required. The team found the roads to be in good condition,
however, several of thern had been only recently constructed. At one site, Huai
Lam Sin, the terrain was too steep o construct a road up to the weir, but all other
sites were equipped with such a road.

In general, the team found the sites to be well under way and the construction
methods up to date and safe. The one exception being Nam Kha Mun where
careless handling of explosives caused thz death of one worker.

Each site has an NEA Resident Advisor who reports directly to the Project
Manager. There appears to be a reluctance to make decisions in the field without
checking with NEA in Bangkok first. This in part slowed construction and tended to
keep the Project Manager heavily involved. Some procedure to streamline field
decision making should be considered.

Construction Progress to Date

Lam Pra Plerng:

This site, located in an existing irrigation system near the city of Khorat, is in the
early stages of construction (7% completed). Its capacity will be about §70 kW and
cost is approximately $ 1550 /kW installed. The plant should come on line late
1988. The arca it will serve is not remote, but has had PEA supplied power for
several years.

Nam Kha Mun:

This site is located in a highland, forested area the city of Phitsanulok. This was a
region of great political turmoi! during the 1970’s and has now been made into a
recreational area. The 1.0 MW plant will cost about $1700 per installed kW. The
plant will be grid connected and serve an area which is already clectrified. The
plant is about 30% complete and should come on line in late 1988.

Nam Mag Hat:

This site has been under construetion sinze 1985 and was the first of the six sites to
came on-line in October 1987. Construction is 95 complete with
clectromechanical equipment installed in June-August 1987. The plant is located in
aremote area of Chiang Mai Provinee near the Burmese border. The PEA grid has
been extended to within six km of the plant. Plant costs are $ 2650/kW installed.

Khlong Lam Plok:
This site is located near the city of Trang, in Southern Thailand. Itisa 1.2 MW
facility. The site is approximately 80% complete and should came on-line by mid -

RCG/Hager, Bailly, Inc
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1988. The missing element is the powerhouse, electromechanical equipment and
tailrace. PEA lines are also within 2 km of the plant and the grid has been extended
to most of the villages in the service area. Plant costs are $ 1900/kW installed.

Khlong Duson:

This site is near Satun, also is Southern Thailand, close to the Malaysian border.
Most of the villages in the area have been recently electrified and the grid extended
to within 1 km of the site. Construction on the 700 kW plant is just getting under
way (10-15% complete) and should be finished late 1988, Capital costs should be
approximately $ 2300/kW installed.

Huai Lam Sin:

This site is located near the city of Phathalung, in Southern Thailand in a hilly,
forested area. The PEA grid extends to within 2 km of the plant and most of the
villages in the area have had clectricity for several years. The 1.2 MW facility is
90% complete, lacking only the powerhouse and installation of electromechanical
equipment. This plant was to come on line in late 1987 and will cost approximately
$ 1600/kW.

Thai Private Sector Capzbilities in Minihydropewer

In order to implement a major small or minihydro program in Thailand, a strong
private sector capability must exist to carry out project design, construction and
equipment manufacturing. To some extent, these capabilities currently exist in
Thailand.

The PP stressed the need to develop indigenous manufacturing capability and joint
business ventures with U.S. manufacturers. Therefore, under the technical
assistance program carried out by the consulting group (TEAM-KEC-SCI), an
assessment was undertaken to determine private sector capabilities to implement
small hydro. The assessment sought to determine the capability for equipment
manufacturing rather than for project management or for civil engineering. Several
months were devoted to the study and selected manufacturing facilities were visited,
The general conclusions indicated that there is a wide range of manufacturing
capability in "Thailand made up of companies ranging from small “"cottage scale”
machine shops to several lurge multi-company organizations which can design and
manufacture minin dre cononents. Capabilities exist for casting, machining and
fabrication. Howe: er, much of the work is done on a custom basis rather than for
mass production. Tiere is also little quality control during fabrication, but each
component is usually thoroughly checked after production. ‘There is an emphasis on
quality but this is batanced against cost savings through use of existing resources,

There are few automatic or tape controlled machine tools, Again much is left to the
skill of the operators who pride themselves on being able to do a good job that
would usually requires more up-to-date or automatic machine tools in other
countries. There is a great deal of creativity and innovation at the shop floor level,

RCG/ Hagler, Railly, Inc
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The TEAM-KEC-SCI study indicated that Thai manufacturers were not yet ready to
build turbines in the mini range, above 100 kV/, or generators above S00 kW, It
appears that this situation will continue unless a major market for this equipment
develops in the region,

The PP also suggests that this project be designed to both encourage the "nascent”
Thai industry in the smaller range of cquipment (less than I MW) and provide a
market for U.S. manufacturers in the larger size units (above 1 MW). In fact, this
distinction will turn out to be rather artificial if a real market was to develop.

The evaluation team visited the manufacturing facilities of Layne & Bowler, the
fabricators of the electromechanical equipment for the Nam Mae Hat site. Thaj
turbine manufacturing is still limited to the micro range, primarily cross-flow and
Pelton units For larger plants, the turbine runner has to be imported. Layne &
Bowler use French Bouvier runners, but the balance of the system which includes
the governor, valving, casing and balancing is manufactured at their Bangkok plant.
The generators for this site, both in the 500 kW range, are also being manufactured
loca'ly.

While at Layne & Bowler, the evaluation team saw turbines in the one to three MV/
range being assembled for other NIEA minihydro projects. These units were of the
Francis type also with imported Bouvier runners, [However, the casings, wicket
gates and other turbine components were manufactured in Thailand. Balancing and
installation is also being done by Thai firms,

Clearly, the most important issue tor Thai equipment manufacturers is the
dimensions of the market. There are basically two segments of the market thai Thai
industry could handle. The first is the micro range, less than 100 kW . This is
already is being well raken care of by a variety of local manufacturers, The only
exception being modern governors or load control technology based on
MICTOPrOCessors.,

The second marke: segment is between 100 kW and perhaps S MW, The
dimensions of this larger market will depend on NEA's plans for building more
minihydro plants. If NEA builds one to two dozen plants year, then there is a small
but suficient market to encourage development of Jocal manufacturing capability.
However if only three er four are built, then the market is insufficient to justify such
a local capability. In cither case, the current approach of importing the turbine
runner should he continued. To tool up for runner machining in the one MW range
would require a significant capital investment which could only be justified on a
regional basis,

Anaother reason to move cautiously is that EGAT has tended 1o favor large plants,
whether hydro or thermal, and may not support a program to build dozens of
minihydro plants which they would have to operate. Although these Targe plants
have a high foreign exchange component, on a per kW basis, their total costs
compare fivorably with an 80% locally manufactired turbine generator unit,

RCG/agler, Rally, Inc.
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One of the goals of the PP was to assist in the development of an indigenous
manufacturing base in Thailand, not only for the national market but also for
neighboring Malaysia and Indonesia. The skills base, management talent and
enthusiasm certainly exist today in Thailand, but there are 4 number of issues that
need to be resolved first.

The first issue, as mentioned is the market, how big is it, what scale of equipment
and what are the opportunitics in the neighboring countries? The second issue
which needs to be resolved is the role of U.S.-baser firms in supplying equipment to
the Thai market. Efforts to encourage Thai industry to manufacture its own
equipment while simultancously developing opportunities for U.S. manufacturers
appears inconsistent. Artificial bounds can be set, on the basis of size for example,
but gzenerally they do not work. A national policy should be established regarding
U.S. commercial interests so as not to send mixed signals to the Thais.

The design task was advertised locally and won by the Association of TEAM
Consulting Engineers Co., Ltd., K. Engineering Consultants Co., L.td., and Stailey
Consultants, Inc. (TEAM-KEC-SCI). KEC had the responsibility of surveying the
sites, TEAM had the responsibility of design and engineering and SCI for training,
Technical Assistance and implementation of ihe site selection methodology.

‘The evaluation team visited TEAM Consulting Engineering Co., Ltd. to review
design work on the six plants. The firm is made up of approximately 70 engineers,
designers and draftsmen and has a reputation for infrastructure design, primarily in
the irrigation and water resources field. Design methods are very up-to-date using
Computer Aided Design (CAD) techniques. They also have a modern and well
stocked library. They were, therefore familiar with hydraulic design prior to the
start of the contract. However, they had only a minimal capability in the small
hydro field.

Itis our understanding that there are other engineering design firms with this level
of capability in Thailand which are presently involved in other NEA mini-hydro
projects. The evaluation team therefore feels that there is no limitation in terms of
existing avanlable design services in Thailand.

The construction of the six sites has been moving along rather briskly. There are
sufficient construction contractors with appropriate skill and management resources
to carry out the implementation phase of this project. The methods that have been
proposed tend to be labor intensive so as to ruaximize local participation, Thai
contractors are familiar with these methods. Construction capability is not a
limitation to the implementation of this project.

Procurement History

The key provision regarding procurement is that the use of host country procedures
were recommended in the PP with the source being U.S., Thai or Code 941,

RCG/Hagler, Bailly, lnc.
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However, each procurement initiative had to be approved by AID, although no
funds were to be forthcoming until power was generated. The PP also
recommended that AID direct contracting procedures be considered 1o save time
and cost. Although there were delays and problems with procurement, this option
was never seriously considered. Four broad categories of procurement tasks can he
considered, Design, Construction, FElectromechanical and Technical Assistance,
Each is discussed separately:

Design:

Contracting of the design process has been relatively smooth. Throughout the
project, the designs used in the civil works have been developed by TEAM. For this
reason, all plant design features tend to be similar. The issue becomes one of
determining it the design is appropriate. 1f 4 particular design feature is bad, then
all six plants will have it. Towever, there hus been some evolution in the design
process, for example, changing from the concrete pipe headrace to steel pipe.
Currently. TEAM is in the design phase of the Tast two Projects,

Construction:

The civil works and transmission line contracting were carried out according to PP
requirements. NEA prepared the bid documents and invitations to bid were
published both locally and in the U.S. In most cases, there were between three and
six bidders for the construction work, all Thai. Upon winning, through negotiation,
anew, lower price was generally agreed unon. Each step of the construction
procurement process was monitored by AID techniea! offices and all documents
(specifications, drawings, bid documents) were sent to AlD for approval prior to
formal action by NIEA.

The evaluation team tound all procedures specitied i the PP adhered to, if not in
fact, then in spirit. However, work at the sites fell seriously behind schedule
because of ditficult terrain, rain and slow decision making in the field. Although
somewhat slow to pet under way, construction progress at all six plants is progressing
well at this ume,

Electromechanical Equipment:

The contracting of the equipment turned out to be a very competitive process,
There were few biddors, in some cases only one, so that the bidding process
sometimes had th be repeated. However, the competition between the few firms
turned out to be rather fieree.

Several thorny issues sarfaced. A leading problem was the way that NEA included
import duties and saxes in the bid evaluation. If a manufacturer imports a larger
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fraction of the overall package, then the costs will not be competitive if the duties
are considered in the evaluation process. A truly competitive bidding process
agreeable to both NEA and AID has never b_en agreed to and this debate
continues. The PP gives little or no guidance in this matter.

In terms of policy, there seems to be a fine line between encouraging U.S.
manufacturers to participate in these ventures and trying to build up local industry.
Although artificial limits or particular market niches can be established, at some
point in the future, conflicts will surely arise. A more coherent policy must be
established within USAID and communicated to Thai and U.S. manufacturers,
When the PP was written, this was not as serious an issue as it is currently,

Technical issues also surfaced during the teanm’s examination. Some firms feel they
have new technology, particularly in the control area, and are aggressively
marketing it. For the equipment procurement for the Nam Mae Hat plant, NEA
wrote very specific requirements for all components. This made it difficult for any
new or different technology to be introduced.

This was done because NEA was not familiar with performance specifications and
was unsure of the methods of evaluation of low bids by performance specifications.
Also, the local Thai bidders requested absolute and detailed specifications so they
would know how to build the E-M equipment. Since the local builders had not built
equipment of this size and complexity before, and did not have the design expertise
to do so, they had to rely upon very detailed specifications to be able to bid.

Technical Assistance:

The PP proposed that NEA retain several long term specialists on private contract.
This approach was not strictly followed and TEAM-KEC-SCUwas given the
responsibility for most technical assistance. Their task consisted primarily of
developing a site selection model for NEA and training POU staff in its use. TEAM
also participated in developing the computer and design models. Several volumes
of studies were produced in conjunction with Stanley through which the six plants
currently under construction, were analyzed for their engineering, economic,
financial and social viability. TEAM also performed the least cost analysis on the
last two plants, Huai Mae Sot and Nam Ya Mo as well,

Also, the TA Group performed the socio-cconomic and consumer promotion case
studies and the feasibiity studies (cconomics, financial and least-cost) for Lam Pra
Plerng, Nam Kha Mun and Khlong Duson (Finai Report, Volume 111, Summary of
Technical Assistance Group Activities). 'The principal benefit of the Stanley
assistance was to get NEA to think in broader terms than had been previous
practice.

In summary, the question to ask regarding the procurement process is to determine
how it contributed to the overall goals of the project. It allowed TEAM to develop

RCG/agler, Bailly, Inc.
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a capacity for minihydro planning and implementation. It encouraged several
private sector manufacturing firms (o venture into the smail hydro machinery field.
It will also save foreign exchange by ubviating the need for imported fusl and by
using a great deal of local labor and materials. However, before the fast two sites of
the project are built some further effort to streamline the procurement process
should be mude. Among the actions to be taken are:

Lo Ananalysis comparing NEA and AID procurement procedures to
determine which would be more efficient should be considered.

2. Clarification oi AID'S policy regarding the encouragement of local
industry while promoting the nee of 1S, cquipment shouid be put
forward.

3. The National Minilyvdro Plan being preparcd by TIEAM to determine

what role the private sector can play i implementing it should be
circulated and reviewed.

4. Better sacthods 1o ~ettle the disputes and bidding issues which have
arisen hetween equipment competitors und NEA should he developed.

Conclusions

Construction:

Although the prograciis far behind schedule, there has beer Aignificant progress
over the past year. Nam Mae Hat is farthest along It had the electromechanical
cquipment instailed in June with plant start scheduled for October 987, The other
sites are scheduled for <tart up at intervals over the neat o vears. The delinsm
the project were caused by o combmition ol bureaueratic delays (reyanding,
approval of relatvely minos budpet nems) and weather, w hich e ACCENS L0
these sites during the rny seavon

NEA managenient and momtormg of tieldworl nas een pood consderning the
hmited number of statf avarable for i project Fach e s aoresndent held
engineer, but major changes tron the fil drawings ar speaitications nut he
approved by the project manager. Fhis approval procedure hos beenarecurring
source ot delay since site visits were often necessary. Streambiied neld supervision
must be impiemented capidly o that all sy plants currently under construction wil®
be operating by the end of 1988,
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Equipment Manufacturing:

The manufacturing capability within Thailand to build the electromechanical
components for hydropower facilities is excellent for micro-hydro but limited for
mini-hydro. Above the 100 kW range, the turbine runner and some of the control
components have to be imported. Local manufacturers can fabricate all of the other
turbine components up to the 2-3 MW range. At present, the largest generator
which is locally manufactured is 500 kW, but it should be possible to produce larger
units.

The principal constraint on the locai manufacturing capability is not the complexity
of the technology but the size of the market. The current level of demand s too
small to justify investments in manufacturing capability for larger units.

Design:

The design of these facilities has been carried out by TEAM, a local engineering
design firm and monitored by NEA. Similar designs were used for the different
sites, however, the quality of execution appears to have improved in the later sites.

Procurement:

The project paper originally proposed that the RTG procurement procedures be
used to solicit services from the private sector. Both Thai and US firms were
encouraged to participate. Procurement of the civil engineering services and
transmission line construction were relatively routine. For electromechanical
equipment, the procurement was more difficult since on many occasions there were
only one or two bidders.

RCG/Hagler, Bailly, Inc.



CHAPTER 3: SITE SELECTION PROCESS

L\ N ————— . R
The site selection procedure presented in the PP involved a multiple step screening
process as shown in Exhibit 3.1. This approach was followed rather closely in the initial
two rounds of site selection during which the six sites discussed in this report were
selected. Many elements of this procedure were familiar to NEA from previous efforts
to develop mini-hydro facilities.

Site Selection

The information used in the first step of this process was obtained primarily from
earlier mini-hydro studies performed for NEA. The second step used procedures
similar 1o those applied in these earlier studies. The third step involved making
physical measurementis which NEA had used in previous hydropower projects. The
socio-economic studies made in the third step were similar to, but more simple than,
those used by NEA in performing its rural energy demand surveys and in planning for
some of its micro-hydro projects.

The only elements in the site selection procedure which had not been employed by
NEA in the past, were the demand forecasts and the specific methods of financial and
economic analysis proposed in the PP, These elements had significant methodological
problems which will be discussed in the next chapter. This chapter focuses on how well
this procedure worked.

The criteria applied in preliminary site selection included not only the availability of
adequate year-asound flow for power production but also the selection of sites with
special attention to:

. Geograghical distribution; so that sites would be located throughout the
country;

2. Isolation; the original intent being to provide power to areas remote from
the grid;

3. Potential for diesel replacement; so as to reduce the demand for imported
fuels.

As the project progressed, it became apparent that the options for constructing isolated
sites were limited not only by economic viability but also by the rapid expansion of the
national grid, the willingness of PIEA to extend its lines to areas which were
uneconomic, and the interest of PEA in following in the footsteps of NEA. As a result,
grid connected sites were included in the site selection procedure with the additional
criteria that these sites should be located close 1o the grid.

RCG/Hagles, Bailly, Inc.



Exhibit 3.1

Schematic for Site Selection Procedure

Review Sites Already Studied

|

Prepare Desktop Study Based on Topographical
Maps and other Available Data

Conduct Reconnaissance Survey of Selected Sites
Prepare Site Maps and Conduct Socio-economic
Surveys

Estimate Local Demand for Electricity and Prepare
a Preliminary Design and Cost Estimatr. for these
Sites

Prepare a Financial and Economic Evaluation
to Determine the Viability of Developing the Site

STEP:
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The evolution in emphasis from micro-hydro to mini-hydro and from isolated to grid-
connected reduced the usefulness of the site selection procedure as well as the
relevance of other components of the project such as load promotion. The differences
between alternative hydropower systems are summarized in Exhibit 3.2. The social
analysis, local demand forecasting and comparative analysis are very important for
micro-hydro but largely irrelevant for grid-connected mini-hydro. Although the site
selection procedure was maintained intact throughout the selection of the first six sites, !
much of the less relevant data was collected and tabulated but not analyzed.

With regard to the least cost analysis of alternatives, the comparison between
connection to the grid and development of an isolated system provided the most
meaningful justification for the project. However, in all but three of the twelve sites
evaluated, the distance to the grid did not exceed 3 kilometers. For three of the sites
located near the grid, Khlong Lam Plok, Huai Lam Sin, and Nam Kha Mun, the savings
in additional capacity and fuel costs for not providing electricity through the national
grid were estimated to be significantly greater than the cost of providing power from the
mini-hydro site (see Exhibit E.2).

In the end, the sites that were selected were chosen not only on the basis of perceived
economic and financial viability but on additional merits such as proximity to border
areas. ‘The original analysis for Nam Mae Hat showed that an isolated system would
not be financially viable, but presumably the subsequent review of a grid-connected site
at Nam Mae Hat provided a different conclusion. In any case, the site is in an areas
recently secured by the army from intrusion by Burmese guerrillas, The site at Lam Pra
Plerng was not considered economically viable but was financially viable and is part of
an existing irrigation project.

The principal lesson derived from the use of the site selection model was the need for
greater flexibility. While the project scope called for the improvement of the model, it
appears that most of the project’s effort was directed at trying to apply the model
described in the PP. A more careful effort would have distinguished between the
different types of hydropower facilities and would have developed separate approaches
to their analysis.

The simpiest type of facility to analyze, is the grid-connected mini-hydro because it
represents an expansion of the national generation system. The techniques for
performing this analysis have already been developed by the TEAM consultants and are
being applied in the preparation of the National Mini-Hydro Plan for NEA. The most
difficult type of facility to evaluate is the raicro-hydro facility because its impacts are
largely in the form of social benefits to the user. The cost for these facilities cannot

The extent 10 which these procedures were followed in the selection of the final two sites could not be determined at the ime
of the evaluation.

RCG/Hagler, Railly, Inc.



Exhibit 3.2

Differences Between Hydropower Alternatives

Isolated Grid-Connected
Characteristic Micro-hydro Mini-hydro Mini—hydro

local participation
in construction

local participation
in operation

local demand
for electriclty

seasonal varifation in
output

location of the grid

cost of extending the
arid

current cost for
generation of power
used in the grid

setting of tariffs

important
egssential
esgential for
viabil{ty
determines de-
sign capacity

and output

fmportant to
be isolated

not {mportant
{f isolated

not Iimportant

essential for
viability

less important

because of scale

less {mportant

because of scale

esgential tor
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easily be measured. A simplified survey approach is required. Some of the elements of
this survey are discussed further on.

Another lesson to be drawn from the use of the site selection model is the importance
of incorporating the development of mini-hydro into a national plan for developing
clectricity generating capacity. The method for selecting alternative systems appears to
rely on the availability of donor funds and the relative political weight of the
implementing agencies These include, in decreasing level of importance, EGAT, NEA
and PEA.

The failure to develop a meaningful Energy Master Plan has left Thailand without o
method for sereening alternative electricity generation schemes. A basis for comparison
between alternatives is presented ‘n very simplified form in Appendix A. This analysis
emphasizes the importance of the load factor ¢u the average cost per kilowatt-hour.
This consideration is normally litnited 16 the selection of different sources of generation
for peak power and for bascload power, howerer, :n Thailand the utilization of the
system as a whole is relatively low and the utiliz:tion of hydropower is constrained by
irrigation and by flood control requirements.?

Other factors which must be considered in the selection among alternative generation
systems are the uncertainties associated with the future costs and availability of
different fuels. Also included should he the relative costs of Tabor and capital in the
future, the use o local resources in coastruction and operation and future changes in
technologies which will affect energy conversion efficiencies,

Social Impact Surveys

The project as originally conceived was to have direct impacts on the villages within the
service areas of the mini-hydro sites. Now, however, the grid has been extended to all
of the six sites and most of the villages in these service areas are already clectrified,
The socio-cconomic survey conducted as part of the site selection process was to have
provided data for two purposes; forecasting demand and evaluacing the rmpact of the
project on the villagers in the service area,

The format of the survey instrument was based on previously used raral enerpy survey
questionnaires, but the design was not well conceived. The cmphasis on collecting
income data for use as input to the residential forecasting models caused the greatest
problen:. Notonly were the forecasting models poorly designed (see Appendix IF), but
any attempt to collect income datais difficult. It generally produces biased results
which need 1o be cross-checked through more subtle questions. Also, it causes the
respondent to question the motives of the interviewer, To these problems must be

In VRS NEA repronted ihat 41 of syvtem eapanity wat classified an eab generstion sapacity and that the syvtem load factor
was about 4%

RCG/Magier Laly, tn
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added the difficulties of using recall to estimate annual income and expenditures,? the
necessity of determining income in-kind,* and the need 1o account for year-to-year
fluctuations in income. The household survey also used a relatively large sample size o
increase the accuracy of the results (in a statistical sense). Inthe future, a simpler
procedure using a smaller sample needs to be developed.

The evaluation team’s briet visits to villages in the service areas of the six mini-hydro
sites provided important insights regarding the residential use of clectricity and the
means for simplitying the survey procedures. The first is that the inttial rate of hookup
will depend on the total cost to the villagers including the costs tor bringing the line to
the village (it « payment nuist be mide 1o PEA for this service), of connecting the house
to the Tine and of the cost for wiring the house,

The second i+ that the wealth of o viliage and its inhabiaints, as measured by their
physical possessions, is i more Hmportant measure than income for predicting the rate
of hookups and the iverayre consumption perhookup. Wealth represents o Hoating
average of the income of the raral hoaseboid which provides more isight into ability 1o
invest in both the hoohup and the consumer durebles assocrted with use of clecetrieity,

The third pomt s that the demonstration etfect of having villages nearby which are
clectritied and the provision of trarmng concerning the use ol clectncity and the wiring
of houses will have a major impict on the rate of aeecptance ot electticty i the village,
The fourth msght is thi the deeand paitern for electricity is relatively similar in
different parts of Thatland. The basic appliances and ther order of procurement are
houschold lighting, rice cookers.” color tefevisions, and fans. A poor household will
consume on the order of 122 14 kKWh per month (30 davs, 45 hours per day, 80- 100
watts) primanly for Lphting, a median income household will consume 3540 AWh per
month (200 watts) for Hghting, i television and a fan with longer hours of operation,
and iowealthy household wall consirme 70- 1060 K WH per month (SO0 watts) tor 4
refrigeriton more liphting and Larper tans,

Future ettons at predicting the demand tor clectniciy inrural areas should build upon
the National Statistical Oftice (NSO) expenditure survey data reparding appliance
ownership (see Faxhibit F3) and on the consumption data trom PEA for recently
connected villapes which separate out the ettects of rate of hookup and averape
consumption per booknp, Fotins intormation shoudd be added o briet SUINVEY On
household weaith and villape awarencss of the uaes clectnicty and electiical appliances.

The other purpose of pettorming the <o cconomie suvess was to measyre the
benetits ohtimned tram the imtroduction of clectnicity in rural areas. The post-project

]
Ihe suney compeniied thear erro by Frbiatig vk sutpluy Dasmed on the snaccutate extimates of annual income and
crprnditur. a
41 .
Very often thome wiilagess with the Targer cash income are the ruorer peopie who have no land and must wuork as hered latwsr
b

Prcept in ateas where glutineus tue i eaten

e e NP —
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survey and evaluation is to be performed by NEA. This effort will be used to measure
both the benefits of electrification and the degree of participation of the villagers in the
project. However, neither is relevant since most of the villages in the service area are
already electrified.

While much has been made of the secondary and intangible benefits associated with
access to electricity, the basis for these claims is tenuous at best. The strong correlation
between the introduction of clectricity and other developments which promote
economic growth make it difficult to verify any causal relationship. Furthermore, the
correlation between wealth and the level of consmption of electricity tends to obscure
any specific impacts ot electricity on the guality of life other than those achieved
through fuel substitution. Towards this end, the eftorts by the World Bank, in its
evaluation of the ARE.2 program, to measure the savings in energy costs due to the
introduction of electricity are in the right direction. If the socio-economic survey is to
be effective as a medsure of benefits from introduction of isolated min and micro hydro
then it should perform measurements of current fuel and energy consumption pattern
to serve as acbaseline for measuring the change in energy use as a result of
electrification.

The baseline survey should also have considered the impacts on women as i result of
the introduction of electricity into the villages. Fortunately these benefits re relatively
well defined. The principle appliances acquired once a houschold is electrified include
fluorescent lighting, rice cookers, and televisions and less frequently fans and electric
irons. The improvement in lighting allows for the pursuit of handicrafts or other
incore generating activities during the evening hours, The rice cooker reduces the
cooking etfort and the fuel collecticn effort which is traditionally shared by men and
women. The television provides a sevice of information on current events and fashion
which provide the villagers with agreater awareness of and sense of participation in the
development of the country. Since most of the villages are already electrified, these
benefits need not be measured for purposes of evaluating the project.

Conclusions

This report deals at some length with the problems associated with the financial
analysis, the economic evaluation, the demand forecasting and the design of the socio-
cconomic survey. Ttis important to note that as the project evolved, parts of the socio-
ccononne survey and evaluation were eliminated because they were not relevant for the
type of systems berny designed.

The site selection proceaure developed for this project contained two elements; o
physicai survey and desipn procedure which hus alrcady been used by NEA on carlier
projects and i socio-cconomic survey and evaluation procedure, which differed from
the approaches previously used. ( ifortunately, this ethodolopy wis not well thought
out. Itattempted to develop a angle stmiple procedure to evaluate micro-hydro and

REG/itagher, tailly, In
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both isolated and grid-connected mini-hydro sites and resulted in a methodology which
is neither simple not correct.

The site selection procedure actually used, applied the procedures outlined in the PP,
However, the initial screening was done with four specific objectives in mind. The first
was that the sites should be isolated, but in the end only the eighth site was selected 1o
be isolated. The first is now scheduled 1o be connected and it is not clear if the second
site will be economically or financially viable. The second criteria was that the hydro-
power fcility should replace existing diesel capacity, but again this was rarely achieved.
‘The third objective was that, if the facility was not to be isolated then it should be close
to the existing grid. The fourth objec ive wis that the sites should be regionally
distributed and this objective appears to have been achieved.

The site selection procedure recommended in the PP included a socio- economic
survey. This sarvey was meant o provide information for load forecasting and for
preparation of the baseline data against which an evaluation survey could be conducted.
‘The importance of this survey was diminished by the fuct that nearly ull of the sites are
to be grid connected and that PEA is in the process of extending their lines to most of
the villages e proposed service areas. The survey instrument was derived from
carlier efforts by NEA, USAID and the Thai Universities. Unfortunately, the
questionnaire does not appear to be well designed for the collection of basehne data,
The most relevant information for such an eviduition would be energy use and fuel
consumption patterns igainst which cost savings and quaiitative benefits could be
measured.

The social benetits associated with rural ciectrification are in no wav exclusive to the
mini-hydro project and in tact are supertiuous sinee the villages in the service area will
be grid-connected. However, efforts to evaluate the impact of the projeet should be
undeitaken by NEA if for no other reason than to provide hard data on the benefits of
rural electrification in remote areas.

RCG/Hagler, Batly, Ine
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The selection of the most appropriate technology for expanding a nation’s electricity
generation and distribution requires that a range of factors be considered. This chapter
will focus on the economic, financial and socizl factors, but before proceeding, it is
important to consider some other factors.

One such factor is the source of funds for investment. The prirpose of economic
analysis is to allocate these investments efficiently, but it is a less than perfect world,
Both development banks and multi-nationad commercial banks prefer to make large
loans to public utilities. Bilateral donors tend to faver projects in which there is a large
component of inputs from their own country. Private sector investments focus on those
parts of the power sector which are accessible to private investment and offer
substantial profit. Direct government investments are allocated through a largely
political process which responds to the size and location of that constituency which
benefits from development of the sector. One need not agree with these rationales in
order to accept their significance for project selection. This proj=ct allocated funds
exclusively for the development of micro/mini-hydro systenms.

Another fiacto is the sensitivity to risk. The energy sector has experienced an
unprecedented level of change in the last 15 years and considerable uncertainties
remain regarding the future of energy supplies, prices and conversion efficiencies. The
RTG has made @ conscious effort to diversify its source of supplies for clectricity
generation in the last decade as discussed in Appendis A, At the same time, it has
invested heavily in exploration for and exploitation of domestic sources of lignite,
natural gas and petroleum. As a result, the known raserves of these fuels have
increased dramatically. The investments have not always been economically justifiable
at the time of their implementation, but they have been effective in reducing the
uncertainties associated with reliance on external sources of fuel and in minimizing the
possible impacts resulting from shortages of a specific source of enerpy. Hydropower is
one arca in which the government has invested heavily inorder to reduce the use of fuel
oil.

A third factor is the issue of increasing investments in the poorer areas of the country,
especially those areas ciose to the national border. ‘The extension of the national
electrical grid to arcas where the costs fur outweigh the potential revenue will continue
as long as Thailand has a clear policy of developing those arcas.

The economic and financial fiactors must be balanced against these other concerns in
the selection of investments, However, the basic criteria of economic and financial
viability should be respected when selecting projects,

RCG/Hagler, Bailly, Inc.
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Methodological Issues

The procedures for economic analysis of projects that involve extending electricity to
rural areas have not been standardized because of the difficulties in estimating the
benefits from these projects. The World Bank in its evaluation of the ARE.2 project
used an estimate of the cost savings from fuel substitution as a basis for calculating
benefits. The Inter-American Bank prefers to use a caleulation of consumer surplus to
estimate the benefits. USAID, in this and other projects, has made use of a least-cost
approach in an attempt to avoid caleulating the benefits. While the evaluation team
prefers the World Bank approach and includes some examples of their calculations in
Appendix L, the method actually selected should be tailored to the specific project
conditions and the availability of information regarding these conditions,

In the project as originally proposed. the mini-hydro sites were to include mostly
isolated sites which would not be connected to the grid. The method of economic
analysis proposed in the PP compared the costs of this alternative with costs of
connection to the grid and of a diesel power plant with local distribution network, The
objective was 1o select the alternative with the fowest NPV for the life cycle costs. This
approach had tive problens.

. The three alternatives would not provide identical benefits,

2. Theisolated hydropower plant cannot supply more than the "dependable
capacity” unless there are large consumers that can use additional power
during the seasen of peak capacity,

3. The proposed diescl systems were designed to matceh the mini-hydro peak
capacity and to have a 10007 backup,

4. The comparison did not allow for a buildup in capacity over time in
response to the buildup in local demand,

5. The shadow prices conversion factors clearly favored the mini-hydro and did
not correspond to the factors used in other studies,

These problemns are discussed in detail in Appendix G,

A more significant issue, was not to distinguish between the methodologies which
should be used for grid-connected and for isolated mini-hydro. The methodology in the
project paper, while far from perteet, is clearly directed towards the evaluation of
isolated systems. In the project as finally evolved, all but one of the sites will be
connected to the grid. This situation was known a* the time of site sereening for all but
one of the sites. Tronically,the project paper proposed the use of a least-cost analysis
which is not really appropriate for isolated sites can be used for grid-connected sites
since the benefits from alternative investments are identical.

RCG/ 1 agier, Batii; Ine.
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The financial analysis as presented in the project paper and as applied in the project
was more carefully designed. Pro forma reports for sources and allocation of funds and
for cash flow were prepared to determine the funding requirements of the project.
However, the evaluation of financial viability was based on the project’s internal rate of
return and this figure was incorrectly computed from the cash flow sehedule rather than
from the schedule of income and expense. Fortunately, the distortions which resulted
did not result in the selection of sites which were not financially viable.

Sensitivity Analysis

The economic and financial analysis as presented in the PP and as applied in the
project failed to allow for the uncertainties with regards to the construction costs,
relative energy prices and the discount factor more importantly no tests were made of
the sensitivity of project viubility to changes in the real prices of the capital cost
estimates includes contingencies and an allowance for inflation during the construction
period, but no tests were performed to determine the sensitivity of the project to
variations in the relative costs of civil works, and cquipment electricity and imported
fuels. It is unlikely, that the results of such tests would have altered the decisions made,
while it would have been easier to aceept the chan e in economic or financial viability
for the remaining two sites as discussed below. An effort was made in the second round
of site investigations to take into account the sensitivity of project viability to changes in
the discount rate, but other parameters were not tested.

Results of the Re-evaluation

A recalculation of the financial and economic viability of the first six sites was
performed as part of this evaluation, The econemic evaluation compared the mini-
hydro facility with the least cost generation alternative which is 2 thermal plant fired
with residual oil (see Apperdix G for details). The financial analysis used the current
buyback rate for clectricity of 1.03 Baht/kWh as recently enacted by the RTG. The
currently forecast costs for the six sites were used (see Appendix D for details) but
revised shadow price conversion factors were applbied. The Mekong Committee
estimates of a Standard Conversion Factor of 0.75 (Exhibit G.3) seems low given that
almost half of the costs are for civil works and other inputs with a high proportion of
local resources and given that the markets for labor and materials are very competitive,
The World Bank has suggested a SCF of 0.85 which scems more reasonable, In licu of
hetter information, we have compromised on 0.82. The discount rates were left at 129
for the economic analysis but reduced to 8% for the financial analysis. A sample input
for this analysis is shown in Exhibit 4.1. The results of this analysis are shown in Exhibit
4.2, Itis important to note that these results do not measure the ceconomic or financial
viability of continuing these projects, but are merely results which would be obtained if
a proper evaluation were made today for construction of these sites over the next two

RCG/UHagler, Bailty, Inc.
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Exhibit 4.1

Basie Assumptions in Revised Analysis

Name of Site: Nam Kha Mun

Financial discourt rate
Economic discount rate
Shadow price (SCF)

Design capacity

Dependable capacity
Buyback rate

Economic cost of capacity

%0 O&M rate for this capacity
Economic cost fuel replaced

Marginal line losses

12.0%
8.0%
0.82
1,030 kW
184 kW
1.03 Baht/kWh

15.45 000's Baht/MW



Nam Mae Hat
Huai Lam S$in
Khlong lL.am Plok
Ehlong Duson
Ham Kha Mun

Lam Pra Plerng
Huali “ae Sot
NHam Ya Mo

Exhibit 4.2

Results of Revised Economic and Financzial Analysls

Fipancial Analysis

IRR
-

NPV
Million
_Baht B/C
(3.6)  0.94
1.8 1.05
7.6 1.19
3.9 1.08
(8.8) 0.81
(12.90) .66
(18.4) 0.99

(27.2) 0.5%6

-.Econcmic Analysis_

IRR

NPV
Million

Baht _B/C
(.%) 0.99
(2.%) 0.94
5.0 1.16

(0.7)  0.98
(8.5)  0.75
(0.2)  0.99
(14.8)  0.56
0.53
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years. Assuch these results are representative if the outconze to be expected for the
financial and cconomic analysis of the remaining sites.

Before reviewing these results, it is necessary to consider what changes have occurred
since these projects were first evaluated. The most dramatic change has been the drop
in the cost of petroleum fuels by about 50%. The current evaluation uses an economic
delivered cost of fuel oil of 3.4 Baht per liter (CIF price 3.0 Baht).

The second change is the drop in the price charged for electricity. The buyback price of
electricity dropped by approximated 25% during the period of the evaluation and had
fallen in terms of constant costs by about 1.2% in the four years prior 1o that.

The third change is the drop in the discount rate as the fears of worldwide inflation
declined. The financial discount rate is currently closer to 6-8% than to the 12% rate
used at the time of analysis. The extension of the grid, while having had an important
impact on the selection and design of the mini-hydro sites, has had little impact on their
economic and financial viability since the grid was near to the service areas of all six
sites at the time of evaluation,

The performance measures in Exhibit 4.2 indicate that only Huai Lam Sin would be
economically feasible under current conditions. For Huai Lam Sin the financial IRR is
10.4% and the economic IRR is 14.9%. Four other sites are close to being
economically viable with IRRs ranging from 11.1% to 11.8%. Two of these Khlong
Duson and Khlong Lam Plok are financially viable, but the other two, Nam Mae Hat
and Lam Pra Plerng are not. The least desirable project appears to be Nam Kha Mun.

These results were also subjected to sensitivity analysis. Since the costs were in most
cases taken from bids, no sensitivity on capital costs was performed. The sensitivity test
on the price of electricity indicated that four of the projects would be financially viable
if the buyback price for electricity were to rise to 1.2 Baht per kilowatt-hour and all of
the projects would ve viable if the price were 1.6 Baht per kilowatt-hour. The
sensitivity test on the price of fuel oil indicates that five of the six would be
economically viable if the price of petroleum and natiral gas were to rise by 10% and
the other would be viable if the price rose vy 40%. The sensitivity test on discount rate
indicated that fer the net present value of a majority of the projects to be positive, the
financial discount rate would have to be on the order of 7% and the economic discount
rate would have to be on the order of 11%. The results of these sensitivity tests are
shown in graphical form in Appendix I.

Tariffs

The terms of reference for the project and for the evaluation required a review of tariffs
as they effect project viability. Such a review is not needed since the price of the
clectricity generated will be set equal to the rate which PEA pays EGAT for electricity.

RCG/Hagler, Bailly, Inc.
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This rate is only 1.03 Baht/kWh and appears low, but the RTG feels that this rate is
adequate to allow EGAT a rate of return on investment of 7%.

If mini-hydro sites are to be constructed at isolated sites, then the question of rates
should be carefully considered. NEA’s present poiicy for electricity supplied by
microhydro is to charge the same rate as PEA in order to be "competitive”, however,
such a rate in no way covers the costs for these installations. For isolated mini-hydro a
simiiar situation would apply. Although the economies of scale reduce the price per
kW of installed capacity, isolated systems have extremely low utilization for three
reasons:

1. Most of the load is concentrated in a four hour period in the evening,

2. The output of the facility must be limited to the "dependable capacity” since
there is no way to sell surplus capacity,

3. The growth in load will occur over a number of years as houscholds connect
to the system and the clectricity-consuming appliances are purchased.

Whereas a grid-connected system can have a utilization approaching 100% of the
energy available, the isolated system has a utilization of less than 15% of the energy
available. This would imply a charge per kWh on the order of 12 Baht in order to
achieve financial viability.

Social Analysis

Many of the social issues which were thought to be important in the design of isolated
micro and mini-hydro sites may not be as relevant for grid-connected mini-hydro. The
contribution of local resources to the construction and operation of mini-hydro facilities
may be minimal. The civil works are built by private contractors who employ mix of
local and outside labor. The main transmission system to the area is constructed by
PEA. But the local distribution lines are constructed by private contractors. The
facility will be operated by NEA personnel for the first year and then presumably by
EGAT personnel. Meter reading and bill collection will be performed by PEA. The

only local input of note is the use of local labor for house wiring,.

The sociai benefits of electrification are not attributable to the project since most of the
villages within the service areas are already clectrified. The impacts of electrification
on the villagers will be primarily in the form of improved lighting and increascd
potential for productive night time activities. Rural industries and commercial
establishments will benefit from access to clectricity but these activities are limited.
Also itis unlikely that electricity by itself will not create additional cconomic activity,
Nonc of the villages which were visited had significant productive uses of clectricity
other than the use of power tools for house construction and, in one case, an electric
motor which replaced a diesel engine in a rice mill.

RCG/Hayler, Bailly, Inc
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The ability to use rice cookers will reduce the time spent for cooking and the time
required for gathering cooking fuels, both tasks in which women are involved. Work on
handicrafts can be undertaken at night by both men and women who work in the fields
during the day. Although electric water pumps were observed in some villages, these
were usually purchased to provide irrigation for small plots and were only used during
the rainy season to pump water to the house. However, the water generally came from
open wells located near the house and thus the labor savings were relatively small,

One of the principal benefits of electricity in the perception of the villagers is the ability
to watch color television. The access to news and other programs not only provides the
villager with new information but ajso imparts a greater sense of being part of the
nation,

Conclusions

The economic environment affecting the selection among energy options has changed
dramatically since the project was begun. The energy sector infrastructure has been
increased through extension of the grid, diversification of power generation systems and
exploitation of domestic supplies of gas, oil and lignite. These changes have had a
major impact on the economic and financial viability of mini-hydro facilities,

The effects of the changes in the cnergy sector have produced a situation in which the
projects currently underway would not be feasible to undertake because other energy
sources would be more attractive. However, given the large proportion of sunk costs
associated with the work in progress, the team believes that the six sites presently under
construction will produce benefits well in excess of the marginal costs to complete and
operate these facilities. In contrast, the two sites not yet under construction are not
justifiable either cconomically or financially, except if an allowance is made for tha
favorable terms of the USAID Joan (see table 4.2). As pointed out carlier, other factors
may justify the continuation of these projects in spite of their low economic and
financial IRR’s.

In addition to these changes, the economic and financial analysis performed for each
site had some methodological problems. These problems were not fatal for the projects
selected because of significant benefits from cach site with the exception of Nam Mae
Hat. However, in subsequent site selection efforts with more marginal sites, these
problems could cause the selection of projects which are not viable,

The social benefits from this project are not clear since the contribution of local
resources in the construction and operation of the sites is small and since most of the
villages in the service areas of the mini-hydro sites are already connected to the grid.
However, it would be quite useful to quantify these benefits for future minihydro
projects,

RCG/Hagler, Bailly, Inc.
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Project Organization, Procedures and Monitoring

The procedures developed for design and construction of the mini-hydro sites appears
to have been relatively complex. This complexity was in response to three issues:

1. the number of participating organizations,

2. the fact that very few of participants were familiar with mini-hydro civil
works and none were familiar with the electromechanical equipment, and

3. the need for interaction with the Technical Assistance Group (TAG) and
both NEA and TEAM.

The resulting organizational structure (see Exhibit B.1) lacked clear lines of authority,
however, in the process of implementing the project, NEA was gradually able to
establish effective control over the project.

The procedures for site selection, design, contracting and construction were also
complex. The site selection procedure required the participation of different divisions
of the NEA, and all of the members of the Technical Assistance Group. The design
activity was undertaken largely by TEAM consultants, but a complex set of review
procedures, as described in Annex B, was developed to permit NEA to closely monitor
this design project. This multiple review process slowed the progress of the project but
was useful in insuring good design work.

The contracting activity suffered from the mix of conflicting objectives, procedures and
regulations of the RTG and USAID. The FARA method of financing and the process
of bid evaluation cansed significunt delays. Now that the project has reached the
construction stage, the rate of implementation has accelerated as NEA applies its
considerable experience with hydropower construction and as contractors push to meet
their contractual deadlines.

The Project Operations Unit

At the start of this project, a Project Operations Unit (POU) was established at NEA.
This unit was exclusively responsible for implementing the mini-hydro project. The
POU provided a focus for project activities during the first 22 months of the project but
lacked either leadership from the project coordinator or line responsibility within NEA,
The staff was relatively junior and most of the design review responsibilities were
maintained in the NEA's Design Division,

The level of staffing of the POU has now been reduced as the project enters the
construction phase. The scaling down of this unit appears to have had little impact on
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the construction of the project o the credit of the project manager. It appears that the
NEA arid its consultants have developed the skills necessary to sustain this project and
have prevented these skills from being limited to the participants in the POU.

Institution Building

Technical Assistance:

One of the questionable objectives of the project was that of strengthening NEA'S
capabilities in implementing mini-hydro development. At the time the project began,
NEA hud already constructed two mini-hydro facilities. During the last four vears it has
constructed an additional three units and has threr more under construction in addition
to these being developed under this project. NEA's experience in this area ailowed it (o
provide much of the technical support for the design, engineering and supervision for
this project. The foreign technical assistinee provided under this projeci served as o
focus for project activities, but the scope of work provided for relatively linle
technology transfer.

NEA working with the Thai consultants appear to have been technically self-sufficient
with only two exceptions, the preparation of specifications for the electromechanical
equipment for a 0.5 10 1.5 MVY hydro-power plant and the design of civil works so as to
minimize negative environmental impacts. Neither area was the subject of technical
assistance. Difficulties in producing equipment specifications cansed serious delays in
the procurement of the cquipment so that the power houses at several sites witl be
completed before the equipment is available, The significance of the problem of
developing these specifications was not identified untibit represenied the critical path,
An NRECA consultant was brought out under another source of funds to assist the
POU with preparation of the cquipment specifications, but in the end TEAM
Consultants used Thai clectrical engineers from outside NEA were eventually
employed to prepare the specifications. The need for techinicai assistance in the area of
effcctive environmental design was not identified in the PP, Unuil recently no effort has
been made 16 look at the environmental effects of the construction activity and the
potential effects from operating these facilities.

The need for technical assistance from abroad for the balance of this project should be
minimal. NEA and the Thai privite sector can plan, construet and operate these
systems. Specific areas in which assistance would be helptulare ini review of geo-
technical and environmental conditions of the site and an engineering review of the
facilities once they are operational. The first two tasks are within the capabilities of the
Thai consulting community, but the third 1ask might benetit from the experience of a
foreign expert familiar with the design of mini-hydro facilities in ditferent countries,

The recommended method of fimancing, the FARA method, cncouraged a hands-off
approach to the project becanse NEA already had considerable experience in the
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design and construction of mini-hydro plants. Nevertheless, the considerable delays at
the beginning of the project, the rather protracted problems with the specifications for
the electromechanical equipment and the current lack of knowledge regarding the
status ot the remaining two sites, should have been a signal that this method of
financing may not have been appropriate. However, many of these carly institutional
problenis have been overcome,

The quality of the physical construction does not appear to have been aproblem nor
does the role of the Thai participants. The problems arose in the provision of technical
assistance and i the design and application of the site selection model. These are
arcas which USATD should have been monitoring,

Training:

The training provided under this project wiis limited to two activities. The first was the
on-the-job training provided to the staff of the POU the second was the forngal triining
provided by the proiect consultants on site selection methods. The tormer was
relatively imited because the project coordinators leadership of the POV was reiatively
effectual. On the other hand, the two-week training course on site selection
procedures, which was attended by about 30 NEA staff, was considered cffective,

NEA’s Changing Requirements:

One of the issues which should now be addressed as partof the institution huiiding
process concerns the future role of NEA and ity abihty to fund its futare activities,
Despite o larpe number of highly qualified staff, NEA s facing o RIOWING manpower
shortage. Senior staft are 1etiring or leaving for higher paving jobs with parastatal or
private organizations. Junior staff are obtimng hands-on experience with NEA and
then feaving for "more mteresting” jobs. This turnover has been oceurring for
number of years and has reduced the number of projects which NEA cin desipn and
construct. “The NEA hus been able to mantain s project load through the use of local
consultants and foreign assistance.

The transition of the ot pamzation’s function from cngineenng and construction to
project management and administration has been praduds but mevitable. s suecess in
cazlicr projects was based on its ability to work i technical wreas together with provate
sectar consultants and contractons and to provide effective techmeal review of the
private sector activities. This ability contnues to be the underlving strength of the
organization, but now i preater emphisis on effective project manayement and ethicient
use of technical personnel is necessary. The rather heavy time commitments placed on
the preject manager for this project pomntout the need for a better allocation of support
staff as well as o need 1o develop management technigues which will increase the
cfficicncy of NEA'S top technical staff.
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Replicability and Sustainability
The replicability of this project has never been in doubt. The NEA has considerable
experience in the design and construction of micro and mini-hydro facilities as shown in
Annex N Nearly SO microhydro plants have been constructed in the Last eight years
and five mim-hydro plants have been constructed. mostly over in the Last few vears. The
microhydro prograny s currontly Aty to buld about s units wovear. The mini-hvdro
program s less clear although there are three other sites under constructton i addition
to those being budt under this project. The ticertanty regardimg mine-hydro has more
todowith the chimpes in the econonies of the cnerpy sedtor than with any Guestion of
NEAS Ghility o mterestan undertabime these projecis,

The NEA W canremby preparing o Natonad Mini-hidr o Master Pian o vunde
development v tns area orer the nes 20 vears Hhis planos based onen analvas of
peneratin costs tor seme S sates which would be connected 1o the pods The method
ot anidvars s based o a comparon with the least cos couree of cleanaty peneration,
Adratt ot this planwas recenty cabimitted to NEA bt was notavarbable gt the tume of
this evidoation However, only arelatively il proportion ot the sites wppear to he
viahle mothe carrent envitomment of Tow o1l prices. Winde the yoverment pohey
towards this tope mve et bas et to be inaheed. ther Appears to be aocertioe fack
elbenthosem anthe pant ol § G o opctate amall hvdro power talines

Amagor focor attectne the Sotanabaling of the - bvdro progiam activiny s the
source of tandiny Al Gtes carrenthy under construction e bemy binanced with donor
assistance foee Appendiv Q) The NEAS ol budpetis set by the Burean of the
Budpet biuced on previous Tevels of cvpendimure rather than on a detined <ot of DLOJECIN,
Since the i hyvdro progedts hine mosthy been ot budpet tems, the NEA does o
currenthy bt suthaent povernment tandiny to maantion s Jevel of ettorr. Al the
wits curremth under consttucion will he attached to the erdand, aspomied out i the
previous chapter wall not venctate thiaent resenues under the carrent clectniany
!

tardt to o for hath then o iehatid and capatal ot
i t

In prnapie atwauld be et v e tab e b g tevolvingy tund mewhncohe s oime froan
presious prrojects o the salue of the aoels caonmnstracted, coald be rotlc foner 1o tunid

new projects, howeser thin apson s untbibely 1o oconr because

I The NEA DGy Laled toread an apiccmentwith FGAT onthe tenms under
which the Litter wdl aearme responsthility for the mi Iivdro ares berny
constructed

2. The revenues fron the cperation of these faaliies would normally be
treated s peneral tevenue while new tunds would have 1o come from the
budpet
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3. There are few examples of such funds being used within the government.
The current attempt to setup a retatively simple equipment fund in the
Highway Department appears to be experiencing considerable difficulty.

4. Asthe better sites are developed, the marginal cost per installed kilowart
will increase and the amount generated per installed kilowatt will decrease
thus reducing the number of projecis which can be undertaken without
constantly adding to this revolving, fund.

Faced with these ditticult tinancial constraints, NEA cannot continue its mini-hydro
program without both an imcreasing commitment of funds by donors and the supporting
commitment from the povernment,

Naticnal Energy Planning

Recemt'vothe RIG ecornized the need for @ more coordinated approach o energy
plantome was required. The Nationa Encrgy Policy Committee was formed under the
chairmanship of the Prime Minister, It includes among its members the Minister of
Science, Technology and Foerpy, and the seeretary Generals of NEAD A National
Energy Policy Cthice has also been established in the Prime Muisters Ottice which will
eventuadly assume responabihty for prepaning the encrgy component of the Five-Year
Plin.

Previcushv, NEA had attempted to undertake snerpy plannimy as well as the
development of enerey production systems, butysofar, it has tuled o produce
National Fnerpy Plan, Given the departure of the head of s Plannimy Division, the
reorpamization of his Division and the etforts of the Prime Minister's office to redefine
NEA™ tunctnon towirds implementation, i is unhikely that NEA will have a significant
role i nicro enerpy planmng in the tuture., Fstead, itwill be tnolved in cnergy
planniny o moch more detined role.

One ol NEA™S carrent tshs s to prepare plans for the development ot hynite in existing
mnmy corcessions and 1o conduct research o promate the use of lyrnite, Another task
s the preparation ot o nationad plan for the development ot nni-hydropower,

Withants role asan inplementing aveney, NEA will contimue to concentrate on:

Lo the development of micro and s hvdro facilines,

to

the promaotion of renewable enenoy e,
3o enerpy convenvation, and

4. thenstallation of electnic ponet PUumparngation systems,

[T e
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The relationship between NEA and other ag :ncies involved in energy related activities
is mixed. The experience of NEA in the Non-Conventional Renewable Energy Project
was relatively positive in its refationships with the Royal Forestry Department. On the
other hand, it seems to have assumed a competitive role vis-a-vis the PEA. PEA has
encouraged this competition by extending its grid into remote areas which have little
attraction other than the presence of NEA hydropower projects.

There v also the question of the role of PEA onee the national grid has been extended
to-cover 950 of the country. If it were 1o hecome active in the electricity generation
area, then small-seale hydro would be o logical sector for it 1o be involved in. NEA has
clearly responded to this pressure in it microhydro projects by setting the cost at a leve]
which is competitive wirh PEA rates but in no way adequate to cover capital and
()pt‘f;llill;! CONS,

The relatonship between FGAT and NI-A appeits to be better because there is no
arca of direct compention. However, the tailure of NEA to reach an agreement with
EGAT onthe terms ander which the latter will assume responsibility tor the mini-hydro
tacilities pomts 1o a Lack of coordination between the arganizations. The situation
could become acute in the tuture due 1o NEFA'S nterestin developing more grid-
connected mmi-hvdro sites and T GA'TS Lick of interest in managing small generating
facilities,

The rolc of min-hvdio providing electricity i isolated arcas remains unresolved.
The current poal of the povernment is to 1merease the percentage of villages electrified
from an extinited 7077 i 1986 10 95 by 1991 This will involve considerable
expenditure and will sipmbicantv merease PEA'S operating ratio. Therefore, it is
expectdithiat over the next tive vears i mived strateyy of prid extension and isolated
powerssstems will hane to be donelaped and that NEA and PEA wil] participate in
implementation ot thiy strateyps.

For the NE-A, the strateyy should be baeed on the tollowing hve pencrating options:

Lo Villipe-operated diesel renctators ot o 10 EW swath low voltige
distiibution (220 vol).

2. Village-operaied micra-nvdro of S 1o 20 LW with low or high voltage
distritbution (22 by 1o werve o villace,

3. PEA-operated dieeel penctators 100 200 kW with high voltage distribution
toserve aproup of contruous villayes

4. Villape operated nucro hndio of 4010 100 bW with lngh voltage distribution
toserve one Lipe villaye o up 1o thiee contiruous villapes.

N

Isobted tmanehvdro of 05 10 15 Mw wils hiph voltupe distiibution 1o serve
severad vitlages within a 20 kilometer radis,

e . e e aow
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This strategy should consider the differences in quality of the service provided by these
alternatives and compare the benefits of improved service with the costs. The
implementation of this strategy would be separate from the development of the grid-
connected mini-hydro facility as addressed in the national mini-hydro plan.

Conclusions

The organization of the Mini/Micro Hydroelectric Project was relatively complex and
the procedures for planning, design and procurement were relatively cumbersome,
After an appropriate level of delay, the NEA has been able to simplify the lines of
authority and the procedures, with the exception of procurement of electromechanical
equipment.

The POU, while not performing its anticipated role, did provide a focus for project
activities. "The gradual scaling down of its activities will in no wiy reduce NEA'S ability
to undertake similar projects.

This project was suceesstul in supporting the government’s effort to develop mini-hydro
facilities. Tt was less suceessful in providing technical assistance for this activity. In the
future, more attention must be given to monitoring the quality and appropriateness of
the foreign technical assistance provided. Given the overall sophistication of Thailand's
private scctor, the skills of Thaj professionals in engineering and science and the
contributions of other donors, this will become an creasingly difficult task.

The ability of NEA to replicate this project was never in doubt, since most of the
technical capabilities existed prior to the project and other donor agencies were
involved in similar projects. The sustainability of this project presents a more difficult
problem because of national funding prioritics. The success of the country in weaning
itself from imported fuels has reduced the incentives for further construction of
hydropower facilities. Also the econamics of alternative clectricity sources currently
favors traditional forms of generation.

The role of NEA in the planning and development of the national energy sector isin a
state of flux. The macro-planning responsibilities are being shifted into the political
arena. The competition between PEA and NEA is expected to inerease and become
increasingly detrimental to the nation. NEA's technical staffing problems are expected
to inerease as long as there are significant pay differentials with the parastatals and
management is unable to develop satticient projects to keep its staff busy. ‘The need for
anactive, well-defined role for the NEA in the national energy sector needs to be
addressed. NEA, in turn, needs to develop better management procedures to
accommodate anincreasing range of projects to qualified project managers.
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CHAPTER 6: ENVIRONMENTAL IMPACT OF MINIHYDRO PLANTS IN
THAILAND

.

The negative environmental and social impacts of large hydropower projects is well
documented and remains a controversial topic among development planners. Poor
countries have need for irrigation water, flood control and clectricity, but the large
hydropower plunts permanently altered, large sections of river valley ecosystems by
floading, increased sedimentation problems and the displacement of rural families.

The negative consequences associated with such large schemes should not be confused
with the environmental inpacts of mini or microhydropower plants. There is the
tendency among environmental groups to condenn all hydropower construction on the
basis of popular perceptions associated with the large projects. The environmental
impacts which will be described here are those associated with minihydropower plants
of the type currently being built in Thailand and visited by the team. These plants are
between 700 and 1200 kW and located in forested, hilly areas, with a low population
density and scattered villages.

Construction Impacts

The most significant environniental impacts occur during the construction phase. To
build the weir, headrace, penstock, powerhouse and access roads, wide swaths of land
have to be cleared. This is aenerally done with large earthmoving equipment and little
manual labor. Prior to land clezring, a limited environmental survey should have been
undertaken at each site. Such pre- and post- surveys would have given NEA planners a
better idea of how the environment is affected and how to avoid any serious impacts in
the future through improved construction techniques. However, USAID did stress its
concern over the erosion that will take place on roadways, headrace and powerhouse
arcas, and in particular the penstock trench. As a result of this concern, NEA was given
a paper that highlighted measures that should be taken to mitigate the effects of
erosion. NEA aceepted the paper and added an additional recommendation on the
necd for riprap to be constructed along the penstock trench.

NEA has awarded small subeantracts to construet conerete chamnels in the penstock
treuches to divert ranoff to natural watercourses, and to install concrete blocks to break
the rapid flow until it can be diverted. The subprojects are Nam Kha Mun, Khlong
Lam Plok, Huai Tam Sin and cventually Khlong Duson. Each subproject cost NEA
between Baht 100,000 1o Baht 200,000, Some action, therefore, has already been taken,
and more will be done after the construction has been completed.

All the sites are iocated in somewhat remote areas having little direct impact on
villagers, but some on the wildlife in the immediate vicinity. ‘The evaluation team noted
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that wildlife did not appear to be plentiful although some of the sites are located in
national parks, forest reserves and wildlife sanctuaries.

As mentioned, the most significant impact is the possibility of soil erosion oceurring
during the rainy season. Two rainy seasons will pass during the construction of each
plant. The soils in these areas are alluvial, thin and of low bulk density. They tend to
wash away if not held in place by vegetation. When visiting the sites, the team did not
notice any significant erosion, but many of the sites are relatively new and have not
endured a rainy season. The Nam Mae Hat site has gone through two rainy seasons but
no serious rosion problems had oceurred.

Atother sites, there were fallen trees acrose the access roads and collapsed roadway
sections. We do not consider this serious since the access roads will always be subject
to the vagaries of the weather. Hewever, these roads must be well maintained so as not
to contribute to the sediment load. Replanting in adjacent areas should be considered
in areas that do not recover on their own. After two or three years, stability should
return to the ecosvsten,

Operational Tmpacts

The cavironmental impacts of minihydro plants after construction is completed, are
minimal. In some cases, increased land clearing for development may result in the
watershed because of the existence of the power plant. This will add to the sediment
load and endanger the area’s stability. ‘The watershed must not be altered since it could
lead to an increase in sediment load and « decrease in flow due to decreased runoff or
increased upstream consumptive water use. Therefore, careful and thoughtful
management of the catchment area must be practiced.

Often, the biggest problem with minihydro plants is the temporary withdrawal of water
from the reach of the stream between the weir and the powerhouse. None of the six
plants will divert more than 407 of the stream fAlow during periods of normal flow and
power generation. The greatest danger will occur during the dry season, when 1009, of
the flow may have to diverted. This reach of the stream is usually not more than one or
two kmvin length but the ecological chain will be broken. "This impact is described in
more detail in Appendix H.

Mujor negative impact of plants which have water storage, such as the Nooding of good
farmland, thermal stratification and anoxic conditions in the benthos do not gecur in
run-of-the-river plants such as the Thai minihydro plaats.

Conclusions

The environmental impact of the minihydro facilities is minimal. There is little
agricubtural development in the upstream catchment areas therefore few problems with
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sedimentation are anticipated except during extreme hydrological events. The major
disruption to the ecosystem oceurs curing construction. There was significant
disruption during construction as large swaths need to be cleared. However, these
areas should stabilize in two to three years after completion of construction. Some
erosion problems may arise along the access roads and art the overflow spillways,

Long-term environmental impacts are expected to be niinimal during the operational
life of the plant. Sediment poses the only real problem, but its impact will be on the
equipment rather than on the environment. On occasion, during the dry season, most
of the flow in the stream will be diverted for electricity generation. This condition will
last for relatively brief periods and is not expected to be harmful to flora or fauna.

Although the environmental impacts of these projects are expected to be minor, the
project has not given sufficient attention to this issue during the design phase.
However, in 1986, a paper on ways to mitigate against negative environmental impacts
was passed on to the NEA. It would seem that the recommendations are being
seriously considered and implemented. In addition, an environmental specialist
familiar with conditions in Thailand should be engaged to review the sites for potential
impacts and to develop a simple procedure for incorporating this type of analysis in
future site selection surveys.

The evaluation team recommends that brief environmental analyses be undertaken of
the last two sites currently being designed (Huai Mae Sot and Nam Ya Mo). This
would involve placing a biologist at the site for one or two days to catalogue the
ccosystem and provide some guidelines for mitigating negative impacts during
construction. This short report would be submitted to the Royal Forestry Department
and the National Environmental Council by the NEA staff in order to obtain
permission to develop the site. After the plants have been in operation for a year or
two, a follow up environmental survey should be carried out to determine how the area
has changed as a result of the plant’s existence. Only a long look through time will
answer the question of environmental impact of these sites.

One member of the POU should have clear responsibility on environmental matters
through interaction with the civil designers and construction contractors. This
individual would travel to the site and provide guidance on cost-cffective techniques for
avoiding environmentatly harmful construction approaches,

If tunds are available, a brief guide for civil contractors shouid be prepared which will
sensitize them to environmental concerns. ‘Fhis guide should point out the economic
impact of bad natural resource management. Any major minihydro effort in Thailand
must have an crivironmental component. As natural resource constraints became more
important to Thailand’s development, environmental consideration must become part
of all project design.

RCG/Hagler, Bailly, Inc.



CHAFTER 7: FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

NE——

In this chapter, the major findings, conclusions and recommendations are given,

Findings

The principal findings of this project, are;

—

The project has provided a broad institutional setting for the development of
mini-hydro within Thailand, both at NEA and the private sector.

It has encouraged the NEA and the Thai private sector to refine their
abilities in the selection an assessment of mini-hydro sites based on
econvmic, financial and social variables,

[t has allowed both the NEA and the privite sector to develop capabilities
for the engineering design of hydropower facilities in the 0.5 to 1.5 MW
range, including the design of civil works, construction supervision and the
specitication of electromedhanical cquipment,

It has provided the Thai fabrication and manufacturing sector with a limited
market for the provision of electromechanical cquipment for mini-hydro
plants.

It has resulted in the construction of six mini-hydro facilities in the rural
areas of Thailand, with p'. - ng underway for an additional two sites.

Conclusions

1.

The revised economic and financial analysis indicate that the viability of the
minthydro projects is questionable given current fuel prices, However,
taking into account the marginal costs to complete the projects versus the
marginal benefits, itis clear that the six sites currently under construction
should be completed. The remaiing two sites which are being designed
should be reviewed for economic and financial viability. While it is likely
that both the financial and economic internat rate of return from these
projects will e below the hurdle rate of 1264, this does not mean that they
would not be tinancially justified given the terms of the Toan for USAID
financing,

The foreipn technical assistance provided under this project was in general
appropriate but not crucial to meet the requiremen’s of the project or the
NEA. This is partly due to the scope of work which wits defined in the
Project Paper. Monitoring was encumbered by having to deal with
administrative matters instead of technical sulistance, Also, the difficulties

RN
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of the USAID Mission in Thailand in providing good technical assistance is
in part due to the high quality of technical input required as well as the
difficulties of replacing experts who do not perform well.

3. Thesite selection model as presented in the project paper and as executed
by the TAG is insufficient because it does not distinguish between mini and
micro hydro and between isolated and grid connected systems, The grid
connected mini-hydro model would compare the hydro facility with other
grid connected methods of power generation. The isolated micro-hydro
model should examine the hydropower operation with other local
generation systems including diesel generators. The isv'ated mini-hydro
model should take into account the limitation on output equal to the
dependable capacity and should compare this system with other multiple-
village generation and distribution systems and with the extension of the
grid. Since the project placed special emphasis on this development and
implementation of this model, it seems appropriate that some effort be
made to finalize the model.

4. The NEAis currently limited in its approach to the development of isolated
power systems. A more general strategy is needed in which the NEA can
respond to the needs of isolated enclaves with several alternative isolated
power systems depending on which is more financially viable.

5. NEA's institutional role has shifted from being primarily an engineering
organization to being a project management organization. The different
managerial skills implied by that transition need to be addressed through
development of the managerial capabilities of and the supporting staff for
the project managers.

6. The sustainability of the mini-hydro program in NEA faces a serious
problem. While there is no question that NEA has the technical capability
to manage these projects and to deliver working systems, there is a serious
financial question as to the source of funds for continuing this program. At
present most of the funding for this project comes from off-budget funds and
in particular from foreign aid and central government funds. The cash flow
analysis in Appendix I indicates that the sites will produce sufficient
revenues to meet the debt service and provide a small surplus. However, a
similar analysis assuming no USAID loans but rather commercial loans
indicates that the projects would nst generate a surplus until 15 years into
the project. No operational budget exists to support similar projects in the
future. The only apparent option for NEA given the declining interest of
donors in hydropower is to develop a revolving fund which would receive the
value of the asset at the time it is transferred to the operating agency,
presumably EGAT, and make those funds available for further investinents,
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R M

The RTG is currently in the process of revising its procedures for energy
planning. This revision is most obvious in the transfer of responsibility for
preparing the energy component of the five year plan from the NESDB to
the Office of National Energy Policy. However, the government needs to
deveiop a more rational approach to the selection among alternatives for
clectricity generation which takes into account the uncertainties related to
the relative costs of fuel and labor over time and the real costs of exploiting
domestic energy resources.

Little environmental analysis was carried out at the six sites. There is some
negative environmental impact which can be noticed during the construction
phase. Permission from the Royal Thai Forestry Department to proceed
with construction has also been slow in coming, in part due to an initial lack
of concern for environmental issues. More recently however, both USAID
and the NEA have given new attention 10 this issue and itis expected that
some sort of environmental analysis will be done at the remaining two sites.

Recommendations

)

W

i

The first six sites currently under construction should be completed. The
remaining two sites should be reviewed by the RTG to determine whether
factors other than the simple economic and financial analyses justify
construction of these facilities.

USAID skould review its procedures for monitoring foreign technical
assistance to insure that the quality of the consultants and the scope of their
ssistance is approprizte to the requirements of Thailand,

The site selection model should be revised beginning with adoption of the
model developed by TEAM, for analysis of grid connected minihydro and
adding to tnis more standard procedures for evaluating isolated mini-hydro
and microhydro.

NEA should develop a mixed strategy tor developing isolated power systems
and should request autherity from the government to assist those villages
waich are 100 remaote to be conneeted to the gird by installing the most cost
effective power systems,

NEA's truining activities should focus on the development of the
management capabilities of its project managers. The focus of this training
should emphasize skills in project scheduling and maonitoring, preparation
and enforcement of contractual agreements, stalf reporting systems, ete, If
requested, USAID might consider providing support in these training
efforts,
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6. A permanent funding mechanism needs to be developed to allow NEA to
continue the development of mini-hydro projects where they are
economically and financially justified. Part of this financing might be a
revolving fund into which the net operating income from existing facilities is
placed for use in future capital investment. Alternatively, if EGAT is willing
to assume responsibility for the facilities and to pay NEA for them, then the
receipts from transfer of the assets can be used to fund additional
investments,

7. The arrangement with EGAT for assumption of sperating responsibility for
the mini-hydro facilities, after the period of initial operation, rieeds to be
resolved. Discussions with EGAT indicated that if a large number of plants
were built, a major staff increase and training effort would be required.
With current control technology, such staff increases may not be necessary.
An examination of this issue might be considered since labor is the largest
component of O&M costs,

8. The RTG should develop a general screening model for selection among
alternatives for generating electricity for the grid and for choosing the
method of delivering power to remote villages. This model should focus on
the least cost alternative while taking into account any differences in the
quality of the power provided.

9. The last two sites, Huai Mae Sot and Nam Ya Mo, should have
environmental impact studies prepared. These need not be major studies,
but an inventory of the natural resources and the conditions at the site. This
could be done using local university and private sector professionals,
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APPENDIX A: THAILAND’S ENERGY SITUATION
“‘_ﬁ‘“

The Electrical Power Sector

Electrical power generation experienced strong growth over the last decade as shown in
Exhibit A.1. Average growth was 9.5% in the period 1977 to 1985. Most of the growth
in capacity to meet this demand has been through public sector expansion, almost all of
it developed by EGAT. Because of the increasing cost of petroleum fuels during the
1970’s and in response to the discovery of major supplies of gas and lignite in Thailand,
there has been a dramatic shift away from the use of fuel-oil fired plants as shown in
Exhibit A.2. Fuel oil currently accounts for less than 1/7 of the electricity generated in
Thailand while natural gas provides nearly 1/2 and lignite almost 1/4. In all cascs,
these fuels are used in thermal plants or more recently in combined cycle plants. Gas
turbines are used to generate of about 2-1/2% of the electricity generated and diesel
generators provide less than 1% of the power,

The expansion plan for EGAT calls for an increase in capacity of 1.32 GW by the end
of 1991 as shown in Exhibit A.3. This increase will be derived 1/3 from large hydro
facilities, 1/2 from lignite and the remainder from natural gas. The domestic supplies
of natural gas and lignite are such that the role of these fuels will continue to be
significant for the next several decades.

Hydropower

Hydropower contributes slightly less than one of sixth of the total electricity consumed
in Thailand. Although the hydro capacity has increased dramatically over the last
decade, it has not kept pace with the rate of growth in overall demand for electricity as
shown in Exhibit A4. A number of additional sites for large hydro facilities have
already been identified. Currently EGAT has about 420 MW of hydropower facilities
under construction with an additional 840 MW planned for development by 1995,

Many of the existing facilities have been constructed in conjunction with irrigation and
flood control projects, and therefore the generation of electricity is treated as a by-
product. Other facilities are constructed without storage capacity. As a result the
annual load factor for the hydropower system is relatively low, averaging below 30%
over the last decade and hitting a low of 12% during the severe drought of 1980. The
limited availability of power due to the mixed use of these facilities has caused the RTG
to treat hydropower as a source of cnergy to meet peak demands.

Currently there are a number of small scale hydropower facilitics in the country. NEA
has been in charge of the development of many of these sites but upon completion,
most have been turned over to EGAT for operation. Altogether 5 mini-hydro sites and
46 micro-hydro sites have been constructed by NEA (see Exhibit A.S). If these are
added to the estimated capacity of the cight mini-hydro sites included in this project

RCG/Hagler, Bailly, Inc.
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Exhibit A2

Electricity Generation by
Source of Energy in 1974
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Exhibit A.3

Planned EGAT Expansion

—Project (_&_.&‘;1“ Avitilabiligy Fuel Source
Chiew Larn 240 mid 1987 hydro
Barge #2 75 mid JUSS natural gas
Mac Moh #8 300 mid 198y lignite

Miae Moh #9 300 mid 1990 lignite
Srinagarind #5 180 fate 1991 hydro
Khanmo* #1 150 Late 1991 nat gas
New R # 75 late 199] lignite

* Combined Cycle

Source: "Annual Report:  1985", Electric Generating Authority of Thailund



1977
Nationzal Consumpt (GWh) QU2
Generation (GWh) 11691
Hydro
Geaerating Capacity (MW) “i0
Annual Output (GAWh) 3203
Average Load Factor 41.00%
“¢ Capacity from Hyvdro 29.5¢¢
€c Generation from Hyvdro 32.8%

Exhibit A4

National Hydro-Power Ene. 2y Profile

1978 1979 1980 1981
11306 12433 13139 13837
13204 14067 IS112 16125
910 910 1270 1361
2110 3263 1273 2974
20.5¢¢ 30.9¢¢ 114¢¢ 21.9¢;
28.4¢¢ 27.4¢¢ 33.0¢¢ 30.5¢%
18.6C¢ 26.2¢¢ 9.7%% 21.5%

Svurce: “Electric Power in Thailand 19857, NEA
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and the other three sites currently under constriction then the total accounts for abowt
1-1/2% of the hydropower capacity planned for 1989, The NEA is currently in the
process of developing a Nutional Mini-hydro Development Plan which examines 800
potential sites, evaluates their economic feasibitity and attempts to schedule their
development according to anticipated budget limits,

Rural Electrification

‘The Provincial Hlectrical Authority (PEA) provides clectricity o all areas of the
country with the exception of the Bangkok Metropolitan area. 1t generates very little of
its own electricin and instead buys power from FGA'T for distribution through its own
transmission network, The aumber of cistomers and the sales of electricity have
mcreased rapidiy for all sectors over the st IS vears as shown in Fxhibit A 6
However, as the netwark has cxpanded there his been a deercase in the level of
consumption ot the mareinal customer readimy to a drop o the averge consumption
Bigures tor all sector except poevernment, s dropwas alvo aresalt oo the inerease in
the real price ot clecttiaty durimy the (9791984 pertods Phe iverape consumption per
hookup is expected 1o be relatis cly stable over the ne iy e sears assuming that tantfs
arcadusted i ine with inthtion and the Tow ey level ol use by new costomers s
balanced by the yrowth in HYCrre consimpron tor users i the provineral capitals and
the amphoc towns

During the Tast two decades, there as been an aceelerated etort i rural
clectritication. A< rcsult the numner of clectried vitliages has inereased from 267 of
the total villiges in 1961 10 7077 1t the end of TU86. This percentage is scheduled to
inerease steadily throuph 1991 as shown in Fabibit A7 The poad of the Sixth Economie
and Social Development Plan (1957-1991) 1 1o clectrty 957 o all villages in Thailand
by 1991, However, this coabisunlikely to be reached because of the mereasing marginal
cost of electrifying remote areas and the mereasingly ditticult inancial situation of
PEA. The rate of returm on PEAS raral clectntication projects was only 57 1 1985
and'is thousht to have decreasea 1o 475 in 1980,

Despite these ditficulties, PEA continues 1o mantaim an active schedule of projects not
only for rural clectritication but o diewcl replacement and upgrading of the system as
shown in Fixhibit A8 These projects e benp funded from a variety of sources but
primarily from the povernmen budget (see Fyhibit AY),

National Fncrpy Palicy

The formuliation of Fhaland's cnergy policy as presented in the annual hve year plians
has traditionally been prepared by NESDB from inputs supphied by the relevant
governmentauthorities including, FGAT, PEA, MIEA, PEE and NEAL Inpeneral, the
plans iand policies are deveioped as a composite of these submissions without much

L e oo e i s e e g e e T G s stk smn e " e ———
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Exhibit A.§

Existing NEA Micro and Mini Hydro Facilities

Size (kW) Number Total Capacity (M)
5-20) 24 0.38
21-50 15 0.56
51-100 3 0.26
101-500 4 0.70
501-1000 2 1.86
1001-1500 2 2.56
1501-2500 0 -
2501-6000 4 18.60

Source: NEA



Category

Residential

Smuall Business
Industry & Commercial
Agricultural
Government

Other

Total

Residential

Small Business
Industry & Commercial
Agricultural
Government

Other

Total

Exhibit A.6

PEA Power Sales, 1970 - 1985

1970

240.9

501.9
0.6
8.1

17.9

769.4

1970
470.6

0.1

1.6

1.2

e

479.0

Total Consumption (GWh/yr)

197

N

547.2
311.7
1194.4
4.5
14.1
48.1
2120.0

Total Number of Customers (000°s)

1978
981.3

677.1

1889.6

0.9

19.1

72.6

3649.6

1981
1582.1
S528.6
2990.3
18.4
19.8
70.5

5209.7

1985
2912.0

684.9
4760.5
55.6
30.7
113.4

8557.1

1975

768.2
8.5
0.7
(.0
1.8
2.3

781.5

(1) includes government hospitals and schools

Source: NEA

1978
1324.2
18.5
1.0

0.1

to
t2

1349.3

1981
2230.2
28.1
3.7
0.3
2.6
5.6

22704

1985
3990.5
45.3
1.8
0.7

6.1

4053.6



Exhibit A.7

PEA Village Electrification Forecast

No. of Village Accumulated Percentage*
Year Electrified No. of Villages Electrified
1980 3,966 18,600 34
{081 4,600 22,600 41
1982 3,800 26,400 48
1983 3,986 30,386 56
1984 2,598 32,984 61
1985 4,110 37,094 68
1986 4,096 41,190 76
1987 4,543 54,733 83
1988 2,431 48,164 87
1989 1,564 49,728 90
1990 1,564 51,292 93
1991 1,464 52,756 95

* There are 54,492 villages in 70 provinces in PEA service area,

Sources: PEA



Exhibit A.8

PEA Rural Electriciation Under the
Sixth Economic and Social Development Plan

(No. of Villages Electrified)
8

Project 1987 1988 1989 1990 1991  Total

Continued Projects from Sth Plan

- Normal Rural Electrification 1,000 1,000
Project: Phase |

- Village Electrification Project: 1,276 1,000 2,276
Phase T & 11

- Accelerated Electrification 2,160 754 2,914

Project: Phase 1

- Replacing Existing Dicsel 63 63
Generator

- Mini-Hydroeleetric Project 13 13

Subtotal 4,499  [,767 6,266

New Projects for 6th Plan

- Normal Rural Electrification - 600 500 500 400 2,000
Project: Phase 11

- Village Electrification Project: - - LOOO  LOoO 1,000 3,000
Phise M1

- Kuli Rong Tai Village 44 64 64 04 04 300
Electrifcation

Total 4,543 2431 1564 1,504 1,464 11,500

Sources: PEA



Project

Rural Electrification

Improve and Upgrade
System

Replacing Diesel

Generators

Mini Hydroeleetrie

Solar Generating

Electnaity (BExperiment
i’rnjul)

Wind Charger

Source: NEA

Year

Completed

1983
1985
1987
1988
1991

1982
198,
TO88
199()
1992
1982
1984
1987

1985
1991

1986

1988

Exhibit A9

Summary of PEA Projects and Sources of Funds

Number

5,070
4,507
3,000
HL,878
5300

of Villages

Households
Served

STLO00
450,000
50,000
QU0.000
V70,0000

21,700
2200000
4R0,0%)

6 70,06)
2404, (0H)

137,000

20,000
3,500

700

Foreign Aid
and Grant

T741.00
8R0.03
1,361,580
400121
22600

D639
1,607 .04)
%3600
9GY.0
2.735.00

23908
81.52
187.00

80.00
200100

52.08

5.00

Total
Cost

2,200.50
2,207.08
2332
%.103193
383400

159.37
209900
t353.00)
1,539.00)
4,500 (X)

420 .(K)

148092

24700

187.00)
472.00

60.53

10.00
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critical review. Those government policies which have had the greatest impact on the
energy sector of the country are:

1. the decision to emphasize the use of domestic commercial energy sources
for electricity generation,

2. the policy of rapid exploration for and exploitation of domestic energy
sources including natural gas, petroleum and lignite and,

3. the plan to extend electrification to rearly all of the villages of Thailand.

More recently, the government has begun to encourage the development of dual-fueled
plants in order to balance the risks between increases in the real price of imported fuels
and the limits on future discoveries of usable natural gas and lignite. Also the
government has begun to develop incentives for energy conservation including the
promotion of energy efficient appliances and equipment and an adjustment in energy
prices to reflect the actual costs of providing this energy.

While the government has developed broad policy guidelines for the cnergy sector, it
has yet to develop a national plan aimed at minimizing the future cost of energy to the
nation. NEA undertook to develop such an Energy Master Plan in 1981, using a
standard macro-economic energy planning model, however, the plan resulting from this
analysis has never been formally approved.

Recently, the RTG recognized that a more coordinated approach to energy planning
was required in order to provide a more coherent energy policy. The National Energy
Policy Committce was formed under the chairmanship of the Prime Minister. It
includes the Ministers of Finance, Commerece, Industry, and Science, Technology and
Energy, and the Secretary Generals of NEA and NESDB. In addition, a National
Energy Policy Office was established in the Prime Ministers Office and the head of this
Office is also Secretary to the Committee. At present this office is in the process of
staffing up and its activities have been limited to resolving conflicts between the
d-velopment plans proposed by EGAT, PEA, PTT and NEA. Eventnally it will assume
responsibility for preparing :he energy compornent of the Five-Year Plan, a role
currently performed by NESDB,

The Role of NEA in Thailand Energy Policy

The future role of NEA in the develepment of energy policy is expected to be limited.
Previously, NEA has attempted to fill two functions, energy planning as well as the
development of energy production systems, however, it has so far failed to produce a
National Energy Plan. With the departure of the head of its Planning Division, the
reorganization and reduction of this Division and the efforts of the Prime Minister's
office to redefine NEA's function towards implementation, it is unlikely that NEA will
have a significant role in energy planning in the future. Within its role as an

RCG/ U agler, Baitly, Inc.
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implementing agency, NEA is expected to continue concentrating on the development
of micro and mini-hydro facilities, on the promotion of renewable energy systems and
energy conservation, and on the installation of electric-power pump irrigation systems.
In addition, the NEA is expected to prepare plans for the development of lignite in
existing mining concessions and (o cenduct research to promote the use of lignite

The Role of Mini-hydro in Thailand Energy Policy

‘The role of mini-hydro in the national electricity generation system has not been clearly
defined. So fai the NEA has been responsible for construction of most of the mini-
hydro facilities in the country, but most of the clectricity will be sold to PEA. NEA
plans to operate the mini-hydro facilities constructed under this project for a break-in
period of one year and then to turn the facilities over to EGAT for operatior. as part of
the national system. However, the térms for this turnover in responsibility have not
been resolved and discussions with EGAT indicate a certam reluctance to manage
smadl-seale power plants while the demands for additiornal capacity are rising at an
annual rate of approximately 250 MW per year,

The NEA is currently preparing a National Mini-hydro Master Plan which will identify
the sites to be developed and propose a schedule for construction of these facilities.
Most of these sites wre planned for connection to the grid. The capacity of NEA to
develop these sites is well established but a national commitment to their development
appears to be lacking in the current environment of local oil prices and adequa.e
domestic fuel supplics.

The role of mini-hydro in providing clectricity in isolated areas remains unresolved.
The current goal of the government is to extend the national grid to 95% of Thailand’s
viilages by 1991 will involve considerable expense. As the more remote areas are
connected, the operating ratio of PEA will increase significantly and its overall return
on investment will decline below 464,

Considering the increasing cost of the grid extension, it is important that a mixed
strategy be developed over the next five years. This strategy should irclude several
options in addition to connecting villages to the national grid. The isolated power
generating systems which should be included in this strategy are:

L Village-operated diesel generators 110 10 kW with low voltage distribution,

2. PEA-operated diesel generators 10 to 200 kW with high voltage (22 kV)
distribution to serve a group of contiguous villages,

3. Village-operated micro-hydro of 40 to 100 kW with high voltage (22 kV)
distribution to serve one to three contiguous villages,

RCG/Hagler, Bailly, Inc.
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4. Isolated mini-hydro of 0.5 to 1.5 MW with high voltage (22 kV) distribution
to serve several villages within a 20 kilometer radius.

The selection among alternatives could then be based on the costs and benefits of these
alternative relative to the extension of the grid.

Alternative Generating Costs

The decision on the mix of electricity generation technologies which should be used in
Thailand must take into account not only the issue of lzast cost but also the risks
associated with the variation in relative prices and availability of alternative fuels and
the adjustment in the relative cosis of labor and capital over time. The identification of
the least cost alternative for electricity generation should begin with a comparison of
the economic <osts for different generation systems. Some estimates of the costs for
eight different generating systems are presented in Exhibit A.10. In order to compare
the average cost per unit of electricity produced by each of these systems, it is necessary
to amortize the capital costs over the life of the system and to estimate the average load
factor.

A comparison of the costs using a 12% interest rate over a 25 year amortization is
shown in Exhibit A.11 for load factors between 30% and 60% and in Exhibit A.12 for
load factors between 60% and 100%. These results clearly indicate that the Combined
Cycle Natural Gas currently represents the least cost alternative up to a utilization rate
of about 90%. Thermal plants using fuel oil are the second lowest in cost in the range
of 50% tc 70% utilization. Hycropower (assuming an average capital cost of US $1750
per installed kW «nd a three year construction period) is competitive at levels of
utilization above 80% but is the most costly alternative next to lignite for load factors
up to 60%.

RCG/Hagler, Bailly, Inc.



Exhibit A.10

ALTERNATIVE POWER PLANT ECONOMIC COST FOR

Thermal Plant Combined Cycle Gas Turbine
Description Import. Ceal ~ Heavy Nat.GasF. Lignite F. Diesel Qil Nat. Gas Disel Oil Nat.Gas

1. Installed Capacity MW 600 550 550 150 120 120 60 60
2. Dependable Capacity % 95 95 95 95 95 95 0 80
3. Annual Plant Factor % 40-75 40-80 40-80 40-75 60 6G 5-50 5-50
4. Station Coasumption So 5 5 5 5 5 5 1 1
5. Capital Cost USS/kW 796 583 583 962 509 509 386 386
{B265 = Uss) MB/MW 21.09 1545 15.45 2549 13.49 13.49 10.25 10.23

6. Annual Expenditure
-Year 1 e 10 10 10 15 0 0 0 0
- Year 2 2 35 30 30 25 15 15 0 0
- Year 3 % 35 35 35 25 45 45 20 20
- Year 4 % 10 15 15 25 30 30 70 70
-Year 5 S 10 10 10 10 10 10 10 10
7. Annual O & M Cost % 3.0 25 25 3.0 28 28 3.0 30
8. Senvice Life year 25 23 25 25 20 20 20 20
9. Unit litre, ton, cu.ft. kg litre cu.ft. leg litre cu.ft. litre cu.ft.
10. Fuel Consumption unit/kWh 391 0.233 9.00 972 0.288 8.11 0.361 12.83
11. Fuel Cost Baht/unit 1,2115.0 2219°  0.0628 52859 32270° 00628 32270 0.0628
Baht/kWh 0.475 0.516 0.365 0.514 0.736 0.50% i.103 0.805

Note: * Fuel at Ban Pakong Site

Source: Team Consultants
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Exhibit A.11

Comparison of Generating Costs for 35% to 60%% Load Factors
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Exhibit A.12

Comparison of Generatine Costs for 63 to 95% Load Faciors
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APPENDIX B: PROJECT ORGANIZATION, PROCEDURES AND PERSONNEL

Project Organization

The organization of the project is shown in Exhibit B.1. Despite the parallel lines of
authority, the project resulted in an effective working . "tionship between the NEA
and the technical consultants, The principal activities have been the development of
the site selection model, the selection of appropriate sites, the development of workable
designs, the preparation of bid documents, the seiection of contractors and suppliers
and the supervision of construction activities.

Project Procedure

The procedure developed tor project implementation was not very efficient due to the
large number of participants, however, it did work. A step-by-step outline of this
procedure is presented below,  This procedure followed the inidal development of the
Design Criteria which were submitted in May 19841,

Lo NEA selects sites to be analvzed based on information from previous studies
and deskrop study of available data,

2. Field reconnaissance survey i pertormed by representatives of NEA and
TEAM.

3. TEAM reviews the desktop studies and submits the results to NEA for
approvad.

I3

4. KEngineering Consultants (KEC) conducts topographical survey and NEA
enumerstors under direction of NEA and THAM Consulting Engincers
SUPETVINOTS perform socin-cconomic survey.,

5. NEA reviews findings of physical survey and process data from socio-
CCONnonIC survey,

0. Preliminary desipn prepared by THAM and submitted to ‘Fechnical
Assistance Giroup (FAG) for review by PO

7. Preliminary Cost estimines are prepared.
8. Economicand linancial analysis are performed on sites selected,

Y. Detled desipn bepins,

RCG/Hagher, Baily, Ine
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10 After drawings are 15% complete they are submitted to TAG for review by
POU and NEA’s Design Department

1. A meeting is held with TEAM, POU, Stanley Consuttams’ Proj. Coordinator
(PC) and NEA Project Manager to finalize drawings.

12, Final drawings are prepared along with contract documents, Jdesign manual
and geology report submitted to TAG for review by NEA statt and PC,

13. A meeting is held with TEAM, POLU, Stanley Consultants and NEA Project
Manager to discuss final revisions,

14, Final contract documents drawings and detaled cost estimates are
submitted 1o NEA for final review and approval,

15, Bid decuments are reviewed by NEA Desipn Department (for Civil Works)
and TAG and POU (for Electrical and Mechanical Equipment).

16.  TEAM prepares S0 copies of bid documents,

7. NEA requests USAID approval,

I8, Bid Announcement is made,

19. Bid review is performed by three committees, the Bid Receiving Committee
(NLZA Procurement Depart), Bid Opening Committee (POU, NEA Design
Department, Energy Development and Promotion Division), and the Bid
Acceptance Commnittee,

20, Contractor is selected based on cost and promised efticiency.

21, NEA requests USAID approval for the selection contractor before signing,

22, Construction supervision iy pettormied by NEA Site engineer under
supervision of Project Manager and 'TEAM'S Construction Manager (CM).

23, Changes in design or specifications is reviewed by Project Manager and CM,

24, Finalapproval given by NEA.

25. NEA personnel operate plant for one year,

20 NEA turns over operation of plant 1o EGA'T

Three difficultics which slowed this process in the early stages of this project were:

RCCi/Magler, Hailly, Inc
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L. "The lack of experience in the preparation and review of the technical
specifications for the electrical and mechanical cquipment.

2. The requirement for NEA Design Department 1o approve the drawings as
well as the POU and the Project Manager.

3. The problem of conmnunications with the site and the lack of experience of
the site engineers.,

Item 2 was subsequently resolved when the NEA Design Department agreed to review
the drawings within 10 days. However, Item 3 caused delays during consiruction
because approval for significant changes in design or work orders needed 1o be
approved by the Project Manager or the Construction Manager who were both
stationed i Bangkok.

Performance of Personnel

The position of Senior Engineer/Project Coordinator was filled by Stanley Consultants,
According to the contract, this individual had a range of duties including;

. Assisting and advising NEA and the Project Manager in various matters
including contracting the construction services which conform with NEA and
AlD gaidelines,

2. Coordinating the activities of the Technical Assistanes Group with those of
TEAM and NEA,

3. Directly manuging the POU sroup,

4. Further refining of the site mnodel,

5. Reviewing final ctigineering designs, contract documents and specifications,
6. Prepanmg the plans for impact eviduation and project monitoring, and,

7. Producing piarterly and final reporis,

Fhe firstindividual assigned 1o 1his projectwas f umiliar with the construction of mini-
hydro fucilitics, however, his tenure win relatively brief and he stayed only long ¢nough
to complete a draftset of desien criterin, The secomn individual was not familiar with
construction or with the review of technical dracwingn. Since the contract documents
and spectfications werr prepared in Thai, the NEA Desipn Department assumed
responsibility for reviewing thewe docenicnss, Also, this individuat did not undertake
day-to-day supervision of the POU stalf. e primary ctiort was coordinating the
development of the site selection model nchuding the inputs of the social scientist and

Lt  p s e B Rt L JEN—— N——
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load forecasting experts to the design of the model, the efforts of the NEA and TEAM
in conducting and processing the socio-economic surveys and the efforts of TEAM in
developing the necessary software and performing the actual evaluation, He was also
responsible for supervising the production of the multiple volume final report which
provides excellent documentation of the information used in the site selection and
evaluation process. Finally, at the request of NEA, he organized together with TEAM
a two week training course for NEA personnel in the use of the site selection model.

The Construction Manager was provided by TEAM on a full-time basis to assist;

. NEA and the field engineers in preparation of construction work sites,

to

the Project Manager and the Project Coordinator in contracting of civil
works construction,

3. the Projeet Manager in procurement of the power plart equipment und to
share responsibility with the Project Manager in the supervision of the civil
works consiruction and the changing of drawings to suit the changing site
condition. The NEA felt that the time spent by this individual on assisting in
contracting and on direct site supervision was not adequate. However, there
were considerable logistic problems in visiting six, dispersed remote sites
more than once a month and the Construction Munager's contract ended
fairly carly in the construction cycle.

The Manufaciuriag Promotion Specialists included both 2 local and foreign specialist,
‘The latter was in Thailand for approximately one month. During this period most of his
cfforts were spent meeting with representatives of firms involved in the manufacture of
cquipment which could be used in the hydro-clectric facilities. Very little time was
given to assisting the NEA wnpd TEAM in the design of specifications for the electrical
and mechanical equipinent, an activity not in the scope of work, but in retrospect the
most impertant contribution that this specialist conld have made. The contribution of
the two specialists appears to have been in identifying a number of manufacturers
within Thailand. ‘Their contribution to the final report was limited to a series of
photocopies of business cards, photographs of manufacturing sites, table of contents
from publicly avuiliable reports and the unprocessed results of @ manufacturer
questionnaire,

The NEA Design Department was responsible for engineering design, cost estimating,
and preparation of all specificitions, drawings and contract documents. These services
were provided by TEAM consultants. Although TEAM had no previous experience
with design and construction of hydro electric facilities, they were able to fulfill their
responsibilities reasonably well by working in collaboration with NIEA which had the
technical expertise but not sufficient manpower. The arca in which TEAM's
performance should have beer somewhat better are the preparation of the electrical
and mechanical cquipment specifications,

ROG/agler, Hally, Inc
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The POU suffered from a lack of senior staff. The unit had a staff of four civil engineers
and various support personnel. Cnce the Project Coordinator left, the unit was
effectively disbanded although two of the engineers continue to work on the project as
site engineers.

The unit performed reasonably well, considering the normal experience with such
entities. It provided a focus for training of the civil engineers. It integrated its activities
with the established role of the Design Department in the review of project design. And
finally, its disbanding in no way reduced the ability of NEA to undertake similar
projects.

RCG/Hagler Bailly, Inc.
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LAM PRA PLERNG

Site Characteristics:

The Lam Prac Plerng s te is located within an existing irrigation project in Amphoe Pak
Thong Chai, Changwat Nakhon Ratchasima which has been in operation since 1969,
The nearest large community is Khorat, some 63 kn, away. The plantis situated at the
outlet works of i large rock and carth dam and reservoir which is operated year round
to irrigate some 89,720 rai. The irigation project hias some 75 km. of main canal and
38 kmeof distribution ¢ I serves g prosperous area where 85 percent of the
population is enpaged in agricuiture (rice, corn, cassavag) with an average annual Family
income of approximately 37000 Baht,

Construction Progress to Dite:

The Lam Prac Plemyg site iy in the carly stages of construction (7¢7 complete) with an
expected completion date of October 1988 (see Exhibit C. ] ). When the team visited
the site, a peotechnical problem was just being unearthed. Core samples revealed the
oceurrence of several large houlders some 310 7 m below the powerhouse site making it
ditticult to provide o preper toundation. Plans are now being made 1o remove these
boulders and backtill the area.

Constriction is being carned ou by Summit Grade Pariners Lid, All eivil work should
be complete by April 1985 and the clectro-mechanical equipment is scheduled to be
installed in Aupust 1988, Plan operation should begin October 1988,
The following are some detailed comments on major project components;

(a) Penstock

No construction activity has been started,
{(b) River Outlet and Sulling Basin (see Exhibit €2
\ b

Demolition of the existing river outlet is just getting under way. A
complete new outlet will be constructed.

RCC/Hagler, ailty, Inc.
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Exhibit C.1
Lam Pra
Plerng Site

Exhibit C.2
Lam Pra Plerng Site
Outlet and Stilling Basin

RCG/Hagler, Bailly, Inc.
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(c) Powerhouse

Some excavation has been done but no construction as of yet until the
geotechnical problems are solved.

(d) Tailrace
No construction on the tailrace has been started.
(e) Bypass Chute
Some excavation activity Las been stwrted.
(f) Office
The office building is cemplete.
(8) General Site Housekecping

The site is neat and clean despite the fact that it is in a very confined
area.

Environmental Impact:

Little or no negative envirenmental impacts should occur at this site since most of the
civil works are already in place. The principal impact was created when the original
dam and canal were built by removing mest of the water (959%) from the natural stream
bed. “The existence of the hydroplant will therefore have no additional negative impaclt
other than that which is already occurring,

Fish ingestion is also not a problem oecause of the screens located on the water inlet at
the dam as well as the trashtrack ai the plant. There is little upstream fishing and no
downstream fishing,

There is no occurrence of any water borne disease typically associated with reservoirs,
Since the flow originates from an existing reservoir, sediment transport into the turbine
will not be a problem. However, there is some minor sedimentation of the existing
stream frem construction site runoff. In summary, the environmental impact of this
project is minimal, the only exception being the dust, noise and excavation associated
with construction. Once complete, there should be no long term negative
cnvironmental impacts,

RCG/1agler, Bailly, Inc,
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Procurement:

As mentioned, construction on this project started very recently in February 1987. Civil
works bids were submitted in September of 1986 and Summit Grade was selected as the
winner to begin work in carly 1987,

Socio-Economic Analysis:

Most of the villages in this site are connected to the grid. While the original plan also
included connecting up the isolated remaining villages, PEA is now in the process of
extending lines to most of these villages. The hydro power which is to be derived from
an irrigation dam will be sold to PEA but the arrangement which has not yet been
agreed between the parties is for NEA to operate the facility for a year during which it
will sell the power to PEA and to the turn over the facility to EGAT which will use it as
part of their national generating system.

Two villages were visited at the site. The first, Bu Hua Chang, has had electricity for
the last 24 years. It started with a diesel unit and then connected to the grid in about
1975. The distribution system is provided by PEA using concrete poles, meters and
wiring up to the house. The villagers are responsible for wiring within the house, but
the PEA checks this wiring prior to hookup. Among the local industries which use the
electricity are a rice mill, an jce fuctory and a repair shop which uses an electric arc
welding unit. For commercial establishment, the electric appliances include
refrigerator and coolers. For the households, the principle appliances are televisions
and rice cookers. The latter have increased in popularity in recent years as the price
has decreased. In addition, about S of the 130 households in the Muban use electric
pumps for drinking water (although without pressure storage tanks). These pumps and
the electrica! annliarices must be repaired in the city of Korat as no local people have
this ability.

Village deve' . pment activities are generally organized by the village headman working
through e village council. The sources of credit are limited with most villagers

relying of their own savings or loans from friends, The only formal sources of credit are
supplier credits from the appliance stores and the Agricultural Bank. For the latter, the
farmers must apply as a group and co-sign the loan if they canrot offer farmland as
collateral.

The second village, Wang Tak Kien, has had clectricity for the last three years. About
30 of the 80 houscholds in the village are connected. These houschold pay between 50
and 80 Baht per month for light and operating rice cookers and televisions. Most of the
lighting is with 40 watt fluoreseent bulbs, About 11 of the 30 houscholds have
televisions. Five or six households use electric irons. Rice cookers have increased in
popularity since they were brought into the village fast year by a merchant, The
comimercial establishments use refrigerators and coolers.

RCG/Hagler, Bailly, Inc.
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The electricity was originally brought to the village through the efforts of the local
headmaster who felt that the electricity could be used for pumping irrigation water from
the canal to the upland areas. At present the village uses a diesel pump from the
irrigation department an pays the fuel and maintenance costs of 20 Baht per rai. Each
participating villager contributed 100 Baht per rai of land plus between 500 and 1000
Baht per household to finance the cost of bringing the line intc the village. It took
about a year to collect the money which was then paid to PEA for extension of the line
to the village. Once the line came to the village, then each househoid had to pay
between 2500 and 3000 Baht for a hookup, depending on their distance from the PEA
line. In addition, the household had to pay for wiring of the house, a track performed
by someone from the nearby town at a cost of 30 Baht per outlet. As a result of the
additional costs, many of the houscholds which had contributed for bringing the line to
the village have been unable to raise the money to connect their homes. In addition,
the village continues to use the diesel pump since they were unable to obtain a electric
pump from NEA (and cannot afford to purchse one).

About 40 houscholds are currently connected. Together they form a user’s group and if
other households wish to connect to the lines but have not previously contributed to
bringing the line into the village,then the group decides on what they should be charged
according to how much they can pay. Some of the households have borrowed money
from the agricultural cooperative in a nearby Amphoe Pak Thong Chai to pay for
connection of iheir house. The villagers did not contribute any materials or labor to the
electrification of the activity and no opportunity was offered by PEA. When making
other improvements to the village, labor is generally contributed by the villagers and
organized by the village headman.

RCG/Hagler, Bailly, Inc.
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SITE SUMMARY

LAM PRA PLERNG

Physical Data:

1. Location

Status

Catchment Area, km2
Net Head, m

Design Discharge, m3/s
Installed Capacity, kW
Dependable Capacity, kW
Annual Energy, GWh/y
9. Transmission Line, km

10. Access Road, km

XNSUnwrwN

Socio-Economic Data:

No. of villages Served

No. of Households Served
No. of People Served
Population Growth Rate, %

SN -

Principal Economic Activity

Financial Economic Data: $ U.5. (1000°s)

Transmission Line Costs
Electromechanical Costs
Admin. & Design

Total System

Cost per kW Installod

SSnPA L=

Annual Household Income, B/y

Civil Works and Powerhouse Costs

A. Pak Thong Chai

C. Nakhon Rat Chasima
Grid connected
reservoir

18.5

5.51

850

850

3.044 [3.187)

0

0

23

1,349

7,111

3.5

36,856
Agriculture, 85%

311331
(0]

863 [1,034]
136

1,310 [i,481]
$1,541(1,743]

Note: Numbers in brackets were given in May 1987, Numbers to their left were

revised in November 1987,

RCO/Hagler, Bailly, Inc.
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NAM KHA MUN

Site Characteristics:

This site is located in a highland forested area in Tambon Neon Phoem of Amphoe
Nakon Thai, Changwat Phitsanulok. The nearest major town is Phitsanulok. This was
an area of great political turmoil during the 1970's and has been made into a national
park. Waterways in the area are tew and the site is located on the only major stream,
the Nam Kha Mun, which has a catchment area of 75 sq. km. The project area has
been served by PEA since 1982. This project will make it possible to connect those
villages which have not been connected 10 the grid.

Construction Progress to Date;

The site is approximately 30% complete and work continues to progress at a brisk pace
despite the fact that permission from the Royal Forestry Department to proceed with
the project is still pending. NEA will continue work so that there will be less chance of
opposition once the plant begins to operate.

Construction Progress to Date:

The site is approximately 30% complete and work continues to progress at a brisk pace
despite the fact that permission from the Royal Forestry Department to proceed with
the project is still pending. NEA will continue work so that there will be less chance of
opposition once the plant begins 1o operate.

All civil work is scheduled for completion by approximately July 1988 with clectro-
mechanical equipment being installed October 1988 and operation to begin in
November. Specific comments on major project components are given below:

(a) Weir (see Exhibit €.3)

The weir or intake is at an carly stage of construction with some framing
for concrete work in place. Work is slated to be halted during the rainy
season which is about to start because diversion around the area would be
too costly and the flows are unpredictuble during this period. Work on the
weir will continue in November of this year,

(b) Access Roads (see Exhibit €.4)

All the roads have been censtructed but their condition remains variable.
Maintenance will be @ continuous requirement,

RCTi/Hagler, Bailly, Inc.
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Exhibit C.3 Nam Kha Mun Weir Sjte
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(c) Powerhouse

Some excavation has been done but no construction as of yet until the
geotechiical problems are solved.

(d) Tailrace
No construction on the tailrace has been started.
(¢) Bypass Chute
Some excavation activity has been started.
(f)y Office
The ottice building is complete.
(g) General Site Housckeepmg

The site is neatand clean despite the fact that it is in a very confined
drea,

Environmental Impact:

Little or no negative environmental impacts should oceur at this site since most of the
civil works are already in place. The principal impact was created when the original
dam and canal were built by remaoving most of the water (V556) from the natural stream
bed. “The existence of the hydroplant will therefore have no additional negative impact
other than that which is already oceurring,

Fish ingestion is also nota problem because of the sereens Jocated on the water inlet at
the dam as well as the rashtrack at the plant. There i litile upstream fishing and no
downstream fishing,

There is no oceurrence of any water borne disease typically associated with reservoirs,
Since the flow ariginates from an existing reservoir, sediment transport into the turbine
will not be a problem. However, there is some minor sedimentation of the existing
stream from construction site runoff. I semmary, the environmental impact of this
projectis minimal, the only exception being the dust, noise and excavation associated
with construction. Once complete, there should be no long term negative
eavironmental impacts,

RCG/Hagier, ailly, Inc,
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Procurement:

As mentioned, construction on this project started very recently in February 1987. Civil
works bids were submitted in September of 1986 and Summit Grade was selected as the
winner to begin work in early 1987.

Socio-Economic Analysis:

Most of the villuges in this site are connected to the grid. While the original plan also
included connecting up the isolated remaining villages, PEA is now in the process of
extending lines to most of these villages. The hydro power which is to be derived from
anirrigation dam will be so'd 1o PEA but the arrangerment which has not yet been
agreed between the parties is for NEA 1o operate the facility for a year during which jy
will sell the power to PEA and to the turn over the facility to EGA'T which will use it as
part of their national generating svstem,

Two villages were visited at the site. The first, Bu Hua Chang, has had clectricity for
the last 24 years. Tt started with a diesel unit and then connected to the grid in about
1975. The distribution system is provided by PEA using concrete poles, meters and
wiring up 1o the house, The villagers are responsible for wiring within the house, but
the PEA checks this wiring prior to hookup. Among the local industries which use the
electricity are a rice mill, an jce factory and a repair shop which uses an electric are
welding unit. For commercial establishment, the electric appliances include
refrigerator and coolers, For the houzholds, the principle appliances are televisions
and rice enokers. The latter have mereased in popularity in recent years as the price
has aecreased. In addition, aboun £ L0 G 130 households in the Muban use eleetrie
pumps for drinking water altiough withou pressure storage tanks). These pumps and
the electrical appliances must be repaired in the city of Korat as no local people have
this ability.

Village development activities are generally organized by the village headman working
through the villiage council. The sources of credit are limited with most villagers
relying of their own savings or loans from friends. The only formal sources of credit are
supplier credits from the appliance stores and the Agricultural Bank. For the latter, the
farmers must apply as a group and co-sign the loan if they cannot offer farmland as
collateral.

The second village, Wang Tak Kien, has had electriaty for the last thres years., About
30 of the 80 houscholds in the villzge are connected. These houseliold pay between 50
and 80 Baht per month for light and operating rice cookers and televisions, Most of the
lighting is with 40 watt fluorescent bulbs, About 11 of the 3 houscholds have
televisions, Five or six houscholds uee electric irons. Rice cookers have increaned in
popularity sinee they were brought i ihe village Tust year by i merchant. The
commercial establishments use refriperators and coolers,

S
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The electricity was originally brought to the village through the efforts of the local
headmaster who felt that the electricity could be used for pumping irrigation water from
the canal to the upland areus. At present the village uses a diese! pump from the
irrigation department an pays the fuel and maintenance costs of 20 Baht per rai. Each
participating villager contributed 100 Baht per ral of fand plus between SOO and 100
Baht per household to finance the cost of bringing the line into the village. It 1ok
about a year to collect the money which was then paid to PEA for extemion of the line
to the village. Once the line came to the village, then cach household had o pay
between 2500 and 3000 Baht for 1 hookup, depending on their distence from the PEA
line. In addition, the household had to paty for wiring of the house, 2 track performed
by someone from the nearby town at 4 cost of 30 Baht per outlet. As aresalt of the
additional costs, many of the households which had contributed for bringing the line to
the village have been unable to raise the money to connect their homes. In addition,
the village continues to use the diesel pumg: since they were unable to obtam u electric
pump from NEA (and cannot afford to purchise one),

About 40 households e currently connected. Fogether they torm a uver's proup and of
other households wish to connect 1o the lines but have not previousty contnibuted to
bringing the line into the village then the group decides on what they should be charged
according to how muci taey can pay. Some of the households hive borrow ed moicy
from the agricaltural coepesative in nearby Amphoce Pak Thong Cha o Py for
connection of their house. The villapers did not contribute any materials or kihor to the
clectrification of the activity and no cpportunity was offered by PEA. When making
other improvements to the villuge, Tabor iy generaily contributed by the vilkagers and
organized by the viilage headman,

RCG/Hagles, 1slly, Inc
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SUTT. SUMMARY

LAM PRA PLERNG

Physical! Data:

0.
7.
K.
0

AN IRV IS

Location

Status
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2
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NAM KHA MUN

Site Characteristics:

This site is located in a highland forested area in Tambon Neon Phoem of Amphoe
Nakon Thai, Changwat Phitsanulok. The nearest major town is Phitsanulok. This was
an area of great political turmoil during the 1970°s and has been made into a national
park. Waterways in the area are few and the site is located on the only major stream,
the Nam Kha Mun, which has a catchment area of 75 sq. km. The project area has
been served by PEA since 1982, This project will make it possible to connect those
villages which have not been connected 1o the grid.

Construction Progress to Date:

Thesite is approximately 3047 complete and work continues to progress at a brisk pace
despite the facet that permission from the Royal Forestry Department to proceed with
the projectis still pending. NEA will continue work so that there will be less chance of
opposition once the plant beging 1) operate,

Construction Progress to Date:

The site i approximately 3000 complete and work continues 1o progress at a brisk pace
deseiie the fact that permission fre n the Royal Forestry Department to proceed with
the projectis still pending. NEA will continue work o that there will be less chance of
opposition once the plant begins to operate,

All civil work is schieduled 10r completion by approximately July 1988 with electro-
mechanical equipment being installed October 1988 and operation to begin in
November. Specific comments ol major project components are given helow:

(1) Weir (see Exhibit (13)

The weir orintake is at an early stage of construction with some framing
for concrete work in pliace. Work is slated to be halted during the rainy
season which is about to start because diversion around the arex would be
too costly and the flows are unpredictable during this period. Work on the
weir will continue mn November of this year,

(b) Access Rouds (see Exhibit ("4)

All the roads have been constructed but their condition remains variable,
Maintenance will be a continuous requirement,

ROCG /1 ger, Tasily, Inc
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(¢) Intake Pipe and Road
The area around the intake pipe and sand trap is ready for construction. No excavation
has been done for the intake, sand trap and tailrace but the area has been prepared
with heavy equipment. This work can start immediately despite the imminent rains,
(d) Headrace
No work on the headriace has been done, but the excavation is complete.
NEA is waiting for Royal Forestry Department permission before
continuing on this section.

(e) Surge Tank (see Bxhibit .5)

The arcafor the surge tank has been excavated and the reinforcing rods
are in place. Conerete work on tank will begin shortly.

(f) Penstock (see xhibit C.0)
All excavation for the penstock is complete. About 1/2 of the penstock is
in place and the picrs are being setalong it entire length. All penstock
pipe is at the site.

(g) Powerhouse (see xhibit .7)

Structural work on the powerhouse is complete. Floors. roof, walls and
the electro-mechanical work remain to be installed.

(hY Tuilrace

Only excavation work on the tailrace has been done,
(i) Office

All office and personnel housing units are complete.
() Powerline

The powerline is compleie.
(k) General Site Hauscheeping (see Exhibit (.8)

The housckeeping around the site is fair. e terrain is very difficult, especially along

the penstock. Some improvement conld be made around the powerhouse and offices.
‘There also should he more emphasis on safety. On February 16, 1987, there was an
explosion at the construction contractor's aunp/ oftice /store due to careless handling
of dynamite. As aresult, the administrative and store office was blown apart and

ROG/Hagier, Bailly, T
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Exhibit C.5
Nam Kha Mun
Surge Tank

Exhibit C.6
Nam Kha Mun
Penstock

RCG/Magler, Baitly, Ine
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Exhibit C.7 Nam Kha Mun Powerhouse
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burned. The construction contractor’s Project Manager (an engineer) and store keeper
were killed instantly, and four laborers were seriously injured. The dynamite between
15 to 20 kilos used for rock blasting, had been stored on the inside roofline rafter where
the roof structure joined the wall line. The explosion rattled walls in the town of

Nakhon Thai, 20 kilometers distant. The accident, however, has not been an obstacle
to the progress of the work.Environmental Impact:

The environmental impact of this project will be relatively minor after construction is
complete. However, a number of ncgative impacts caused during the construction
phase can be noted. The area near the weir and intake required a major cut and fill
operation of approximately 300 m in length. How this area will regenerate is not
known. Some replanting may be required.

The water to ve withdrawn from the stream (0.90 m3/s), constitutes approximately 20%
of its average flow. However, this flow tends to be highly variable and during periods of
low flow (0.12 m3/s), the entire flow will be withdrawn. This may cause a downstream
problem to aquatic and terrestrial life if the condition persists. However, this will only
affect the reach of the stream between intake and powerhouse, a distance of
approximately one km.

Sedimentation should not present a major problem since the area is forested and well
vegetated. There is a low bedload during normal periods but this tends to increase
during the rainy season. There is a sand trap in the flow control structure. However, a
combination of sedimentation and erosion may occur in the penstock trench and
adjacent roadway. The penstock is built on a steep incline. Since the penstock is to be
left uncovered, the walls may need to be stabilized.

In general, the site looks rather rough at this time because of major excavation work
required by the difficult terrain. Once construction is complete, vegetation will again
take over the lacerated areas and the long term negative environmental impacts should
be minor,

Procurement:

Drawing and bid packages were submitted to AID by NEA in August of 1986, and
immediately approved. The bid process began shortly thereafter and three firms
submitted proposals. By September 30, 1986 a contract had been signed with Permpol
Construction Partnership Ltd., the winner of the competition. The construction period
was 330 days and was to begin immediately. Based on what the team saw during its visit

and the imminent rain, an extension will be required.

As with the other contracts, NEA would pay Permpol on a monthly basis and there
would be a one year warranty on all work when completed.

RCG/1lagler, Bailly, Inc.
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Socio-Economic Analysis:

This site is located in a hilly area much of which has been converted to a national park,
Phu Hin Rong Khla. All except for two of the villages in the site have been connected
to the PEA grid which was extended to this area in 1982. Two villages were visited in
this site, one electrified and the other not.

The village teacher in the electrified village, Huey Tin Tang, was interviewed.
Electricity was brought to this village about three years ago. The extension of the PEA
lines to the village was originally requested by the Tambon council. Since several of the
surrounding villages already had electricity there was considerable interest at the time
and now all of the 140 households are connected. There was no charge to bring the line
to the village, but each house was charged between 2000 and 2500 Baht for a hookup
depending on its location relative to the PEA power lines. This amount includes the
payment to the electrical appliance store in Phisanulok for the house wiring. The
villagers were able to prepare for electrification by saving for the hookup costs because
representatives from this store also came to the villager beforehand to explain what t!.e
costs for hookup would be and what would be required.

The villagers u.e 20 or 40 watt fluorescent bulbs for lighting and average about 2 bulbs
per houschold. The selection is based on what the leader of their group purchase.
Many households have fans, 5 have refrigerators and 7 have televisions. The
refrigeraters were introduced by Singer. None of the households use rice cookers since
the villagers eat yiutinous rice. The only electric iron is owned by the school teachers.
Their are no industrial uses of electricity. All the rice mills are diesel powered. There
is no water pumping because gravity flow from the stream is used. The public buildings
including the school and weaving center are not electrified but the watt is.

The monthly charge per household averages about 10 Baht/month if the clectricity is
used for lighting. For households with televisions the monthly cost is on the order of 70
to 80 Baht. For commercial establishments which use a refrigerator or cooler the cost
increases to 100-200 Baht per month.

There is no local capability for repairing appliances but some of the local people know
a about house wiring. Formerly repair services were provided by the shop in
Phisanulok but now there is a shop only 20 kilometers away in Nakhon Thai which can
fix televisions and refrigerators. Short-term credit for the purchase of appliances and
for hookups was provided by the electrical supply store. Other local sources of credit
include the the Bank of Agriculture and Cooperatives in Nakhon Thai which is widely
used by the villagers,

Development activities are generally undertaken with the direction of the village
headman and the development council. The labor is provided by the different groups
(defense zones) in the village under the direction of their local leaders. This

RCG/Hagler, Bailly, Inc.
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mechanism has been used to construct fences along the road, maintain the village water
supply system and, in past times, to manage the communal animal pen.

The second village, Hauy Nam Sai, is a resettlement village for Hmong (Meo)
tribesman. The local teacher and the assistant headman were both interviewed. The
village was established only 5 years ago and still very much in transition. The village
contains about 180 households, but is not yet officially designated as a muban village.
The village is divided into defense zones and the leaders of each zone are included in
the village committee which organize the village labor for local improvements. The
principal activity is the cultivation of maize. The village has a deficit in rice production.
There u:ie no local industries other than a rice mill and very little non-farm
employment. The only non-farm skills are metalworking. The village does not have
electricity, however, the villagers are familiar with the use of electricity from the
adjoining villages or from the villages in which they previously resided.

There are difficulties with the quality of the land provided to the villagers. The
villagers previously planted in the forest land but the area has been declared a national
park and access to the area has been restricted. This constraint combined with a drop
in the price for maize, the villager's primary crop, has significantly reduced the income
of the villagers. Despite this drop in income, the villagers have considerable wealth
(savings from previous years), as indicated by ownership of 13 trucks and 6 motorcycles,
It is expected that 40%-60% of the villagers will be able to afford the hookup charges.

At present there are no sources of electricity in the village, but the soldiers occasionally
bring a battery-powered television for the entertainment of the villagers. The initial
purchases by the villagers are likely to be fluorescent lights and possibly televisions and
fans (since it is hotter in the resett’ement village than in their former homes). The
availability of credit for the purchase of the hookup and the appliances is limited. The
villagers have savings but cannot use the Agricultural Bank because they do not own
their land and many do not have identity cards.

RCG/Hagler, Bailty, Inc.
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SITE SUMMARY

Physical Data:

1. Location

NAM KHA MUN

A.Nakhon Thai
C. Phitsanulok

2. Status Grid connected
3. Catchment Area, km2 40.0

4. Net Head, m 150

5. Design Discharge, m3/s 0.90

6. Installed Capacity, kW 2x5I1S

7. Dependable Capacity, kW 184

8. Annual Energy, GWh/y 4.81[5.25]

9. Transmission Line, km 8.3

10. Access road, km 2.2
Socio-Economic Data:

1. No. of Villages Served 12

2. No. of Households Served 461

2. No.of People Served 2,246

4. Population Growth Rate, % 2.0

5. Annual Household Income, B/y 22,048

6. Principal Economic Activity Agriculture, 90%
Financial Economic Data: $ U.S. (1000’s)

1. Civil Works and Powerhouse Costs 839

2. Transmission Line Costs 39 [38]

3. Electromechanical Costs 718 [863]

4. Admin. & Design 145

5. Total System 1,741 [1,885)
6. Cost per kW Installed $1,690 [1,830]

Note: Costs in brackets were those given May 1987 numbers to their left were revised

November 1987,

RCG/Hagler, Railly, Inc.
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NAM MAE HAT

Site Characteristics:

The Nam Mae Hat site is located in Tambon Maung Haeng of King Amphoe Wiang
Haeng, an area about 185 km north of Chiang Mai and eight km from the Burmese
border. It is the most remote of the six sites and was until recently, at some
considerable distance from the national grid.

It was the first site developed under this project, with construction started in September
1985. It therefore provided a learning experience for NEA, TEAM and others. This
projzct contains a number of design issues which might cause problems during its early
operational phase.

The economic sustenance of the area is agriculture and a variety of trading activities
with neighboring Burma. This area was very isolated and has been of political interest
to the Thai government for some time and is therefore the focus of development
efforts.

This project, as originally conceived, was to be isolated from the national grid, however
for unknown reasons, PEA has exterded its power lines to within 8 km from Nam Mae
Hat. The proposed interconnection will make the project more attractive cconomically
since it should operate around the clock and able to sell power to the grid.

Construction Progress to Date;

The plant is located on a small stream, the Nam Mae Hat, which drains some 75 sq. km
of mountainous terrain. It is 90 complete, the hydraulic works in their entirety. Still
missing is the powerhouse floor and installation of electro-mechanical components.
Some of this equipment was to be shipped to the site in June.

Permission by the Royal Forestry Department has not been officially granted but some
sort of informal verbal approval does seem to exist. The site will become operational in
October of 1987.

All construction has been done by local contractors from Chiang Mai. The powerhouse
is being built by Phoonakdee Civil Engineering Ltd. and the civil works by Chiang Mai
Construction. "There i« a significant local labor content in this project.

D
Specific details of system components are given below:
(4) Weir and Intake (see Exhibit C.9)

All work on this component is complete.

RCC/Hagler, Hailly, Inc.
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Exhibit C.9 Nam Mae Hat Weir and Intake

RCG/Hagler, Bailly, Inc.
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(b)

(c)

(d)

(e)

(f)

()

(h)

Flow Control Structure
All work on this component is complete.
Headrace (see Exhibit C.10)

Constructed of round concrete pipe, this element is already in place and
covered by the access road There is some concern about cracks and
leakage at vise joints and soil stability. Should leakage occur, it could
undermine the access road which consists largely of unconsolidated <il
and sand. This would lead to pipe failure as the supporting soil is washed
away. This musi be carefully monitored when the plant is put into
operation.

Flume (see Exhibit C.11)

In several locations there is a transition to a covered elevated flume in
order to cross a gully or small stream. Structural integrity must be
determined when a water load is imposed. Also the flume covers are
occasionally stolen for their metal handles.

Forebay (see Exhibit C.12)

The forebay, where the headrace ends and the penstock begins, is
complete but lacking a proper cover. The evaluation team was told that a
mesh cover will be provided.

Penstock

The penstock is complete and buried. The team was not able to inspect
any of its design details.

Powerhouse (see Exhibit C.13)

The powerhouse is 80% complete, lacking only a floor and the electro-
mechanical coniponents. Before the floor can be finished, the turbine
must be sct in place since its casing will be placed in the concrete.
Currently, the reinforcing rods are in place.

Electro-mechanical Equipment (see Exhibit C.14)

The locally manufactured turbines, generators and governors, was to be
shipped to the site in June 1987 from Layne & Bowler located near
Bangkok. The switchgear has been ordered and will arrive at the site also
within two months.

RCG/Hagler, Bailly, Inc,
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Exhibit C.10 Nam Mae Hat Headrace ard Access Road
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Exhibit C.13
Nam Mae Hat
Powerhouse

Exhibit C.14
Nam Mae Hat
Pelton Turbine

RCG/Hagler, Baitly, Inc.
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(i) Access Roads

All access roads are complete. The road along the headrace will need to
be constantly maintained although its condition during the team’s visit
was good and it had already been through two rainy seasons.

(j) Tailrace
The tailrace construction is complete.
(k) General Site Housekeeping

The site was generally neat and tidy. No unsafe conditions were
observed.

Environmental Impact:

In addition to permission from the Royal Forestry Department, the newly created
National Environmental Board also needs to approve the project even though the
board did not exist at the time this project was started.

The only major environmental problem that requires monitoring is the stability of the
access road to the weir and intake. As mentioned, if there are leaks in the headrace,
this could cause major erosion and stability problems. Sedimentation should not be a
major problem since all hydraulic structures have been designed for easy sediment
removal. In addition, since the area in general, is well forested, there should be
minimal suspended scdiment in the stream.

Procurement:

Bid documents for the civil works produced by NEA were submitted to AID in August
1984 tollowed shortly thereafter by documents for the 22 kV transmission lines, both of
which were quickly approved. Construction on Nam Mae ITat began late 1984 when a
contract was signed between Chiang Mai Construction Co. Ltd. and NEA (September
28, 1984). The contract was for all civil works at 16.7 billion Baht to cover a 275 day
period. Work was to be completed by the end of June 1985. The contract for 34 km of
22 kV transmission lines was also signed in September of 1984 with Siam Civil
Engincering Co. Ltd. for 10.2 million Baht.

2uring a site inspection in February 1985, when civil works were well unde: way,
severzl problems were identitied. Much of the pipe used as headrace was damaged
during delivery. Apparently, many of the joints were damaged during unloading of the
pipe at the site. This could lead to leaks under the roadway. The impact is not known
until the system is put into operation,

RCG/Hagler, Bailly, Inc.
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The contract for the E-M equipment was signed July 1986, with Layne & Bowler Co.
Ltd. for 16.75 million Baht. Prequalification for suppliers was put together in mid 1985
and only one firm submitted a bid, therefore the process had to be repeated. Two firms
then submitted tids, Layne & Bowler Co. Ltd. and another firm, However, only Layne
& Bowler met the required qualifications. The other firm sought to resubmit their bid
on March 1986. However this was rejected and Layne & Bowler was finally awarded
the contract. The reason Layne & Bowler won the contract was that they were the only
one to submit a bid for the first procurement, then they were the only firm which was
responsive to specifications during the rebid and therefore according to ‘Thai
procurement regulations, they automatically won the contract. The re-bid process was
carried out again (3rd bid) and the same two firms responded and again only Layne &
Bowler was found to be responsive.

In January 1987, construction of the powerhouse as part of Chiang Mai’s contract was
canceled because of delay in acquisition of the turbine-generator, A separate contract
was given to Phoopakdee Civil Engineering Ltd. for 0.657 million Baht to construct the
power house which is now complete.

Socio-Economic Analysis

The Nam Mae Hat mini-hydro site is expected to connect to the grid but the project
also includes extending lines to seven unelectrified villages in the tambon of Muang
Haeng and Piang Luang. The only village visited at the site was the village of Piang
Luang were there is a 20 kW diesel generator which provides electricity to most of the
household.

This village is relatively prosperous because of the cross-bo, der trade with Burma. The
tamboun includes about 750 households of which about 200 are Thai Yai, 250 are local
Thai and the remainder are ethnic Chinese. The tambon is organized around the three
ethnic groups, and village improvements are organized by the local leaders of these
three groups under the overall coordination of the kamnan,

Much of the activity in the village is commercial and serves the cross-border trade. In
addition there are 4 rice mills and 2 grinding mills for corn. Local artisans have
experience in working with brick and concrete and also have experience with house
wiring and motorcycle and appliance repair. Because of the relative wealth of the
villagers and the extensive use of electricity at present, it is likely that most households
will connect to the NEA lines. Because the NEA system will provide power throughout
the day at relatively low cost, it is likely that the villagers will purchase additional
televisions and rice cookers and that the commiercial shops will purchase refrigerators.

The diesel generator has been in operation for several years. [t was brought into the
village by a private entrepreneur. It is operated from 7 to 10 pm cach day by an
operator who had previous experience with generators in Burma. A total of 260
households are connected. The tariff is 40 Baht per month for a 15 watt fluorescent

RCCGi/Hagler, Bailly, Inc.
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bulb, 80 Baht per month for a 40 watt bulb, and 30 Baht per month for a television.
Wiring of the village was done by the gencerator operator and his assistant. House
wiring is performed by seven villagers who were trained by PEA under a program
organized by the district officer. This program involved a 7 day course given to about
35 villagers from different villages. The system is relatively reliable, although outages
occur a few times each month and can last up to 7 days in the case of a major
breakdown. In addition to the large generator, there are several smaller Honda
generators used by households. One of these was observed in use at 2 house
construction site to power a hand-held planar.

RCG/Hagler, Bailly, Inc.
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SITE SUMMARY

NAM MAE HAT

Physical Data:

1. Location

2. Status

3. Catchment Area, km2

4. Net Head, m

5. Design Discharge, m3/s
6. Installed Capacity, kW

7. Dependable Capacity, kW
8. Annual Energy, GWh/y
9. Transmission Line, km

10. Access Road, km

Socio-Econormic Data:

No. of Villages Served

No. of Households Served
No. of People Served
Population Growth Rate, %

SR L~

Principal Economic Activity

Financia! Economic Data: $ U.S. (1000’s)

Transmission Line Costs
Electromechanical Costs
Admin. & Design

Total System

0. Cost per kW Installed

NE LN~

Annual Househotd Income, By

Civil Works and Powerhouse Costs

K.A. Wiang Haeng
C. Chiang Mai
Isolated (grid connected)
75

160

0.68

2x409

636 [407]

67.95 [2.84]

27.0

2.0

7

1,122

5,670

3.7

47,737
Agricuiture, 80%

682 [655)
400 [319]

657 [730]

424

2,163 [2,128]
$2,644 [2,607]

Note: Numbers in bracket; were provided May 1987. Numbers to their left were

revised November 1987.

RCG/Hagler, Bailly, Inc.



FIELD VISITS C.26
“_m

KHLONG LAM PLOK

Site Characteristics:

This site is located near Trang, in Southern Thailand in a hilly, forested region which
produces mainly rubber and rice. A PEA powerline extends to within two kilometers of
the site but is missing the conductor. Therefore, there is no electric power in the area
yet. The project is also located in both a wildlife and forest preserve,

Construction Progress to Date:

This site was one of the most challenging from a construction standpoint requiring
significant excavation. The civil works is approximately 80% complete. The missing
elements are powerhouse, tailrace and small sections of the headrace. Although the
contract for construction was signed in September 1985, actual construction did not
start until 10 months ago, but progress has been significant since then.

The Royal Forestry Department has already given its permission to carry out the
project. All civil works should be complete within three months and the request for
electro-mechanical equipment is currently in the approval process at the Ministry of
Science, Technology and Energy.

Specific comments on the major project components are given below:
(a) Weir (see Exhibit C.15)

All construction around the weir and intake has been completed. We
noted some sediment buildup behind it but were told that this is a
periodic occurrence and will be flushed out with the next rain. It is
constructed in one of the few narrow sections in the stream at
approximately 2 km from the powerhouse.

(b) Headrace (see Exhibit C.16)

The headrace is 80% complete with a missing section near the intake.,
This area is currently being prepared. Anchoring the headrace requires
blasting, excavation and fill. The headrace is above ground and made of
80 cm diameter steel pipe. Although more costly than concrete pipe used
at Nam Mae Hat it is by far easier to maintain and not subject to cracks.

(c) Forebay (see Exhibit C.17 and C.18)

The forebay is almost complete with the penstock connection being made while the
team was there. The forebay has a sand sluice and upon close

RCG/Hagler, Bailly, Inc.
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Exhibit C.15 Khlong Lam Plok Weijr and Intake

RCG/Hagler, Bailly, Inc.
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Exhibit C.17
Khlong Lam
Plok Forebay

Exhibit C.18
Khlong Lam
Plok Sand
Sluice

RCG/Hagler, {lally, Inc.
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inspection, we found the shoterete on the aprons to be rather thin and
brittle leaving one to wonder how long it would last. The area just below
the sand sluice also did not appear to be well stabilized.

(d) Penstock (see Exhibit €.19)
The penstock appeared to be close to completion,
(e) Powerhouse (see xhibit €.20)

The powerhouse excavation was just recently completed. Since the base
Is rock, extensive blasting was required.

(f) Tailrace
No work on the tailrace had been done,
(8) Access Roads

The access road was completed and s in good condition,

Environmental Impact:

Flow reduction in the stream will be approximately 3077 under average stream flow
conditions and at maximum power plant operation. However, about 406 of the time,
the stream will be entirely diverted becanse of Tow flow. “This should not have a major
impact since there s little wildiife and few people in the area.

One question which remains nnresolved is sedimentation, Certainly during the
construction phase there will be sediment problems, particularly in the stream bhelow
the weir where it should have no impact on the power plant itself. TTowever, it is
difficult to forecast what the sediment load might be upstream of the weir. Tt will be
important to keep settlers from moving into the catchment area for agriculture. Since
thisis a park area this should rot he a probiem,

Procurcment:

The bid announcements for civil works, E-M cquipment and transmission line were
released by NEA in April of 1984, The transmission line bids were opened in August of
FOBS with anly two firms submitting proposals, The winner was U-Tah Engineering
which apreed o build the 2.9 km ot 33 KV line for 1.1 million Baht,

Civil works bids were also opened in August of 1985 with four firms submitting
proposals. “The winner was Boonsahakar Stang Part. 1ad, which proposed building the
civil works in 300 days for i cost of 18.53 million Baht bepmning September 30, 1945,

e e i e et st o e s TN U
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Exhibit C.19 Khlong Lam Plok Penstock
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Exhibit C.20 Khlong Lam Plok Powerhouse Excavation
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Because of rain and Royal Forestry Department problems, the civil works contractor
has asked for a 260 day extension to the original contract. This puts project completion
well into 1988.

The E-M procurement process proved to be more complex. Since only one bidder
responded initially, the bid was canceled in Jure 1986. It was rebid and ugain only one
bidder responded. The bid again was canceled because it was over what NEA budget.
Another round of bidding followed in late 1986 with two proposals again received.
Layne & Bowler had a bid of 29.2 million Baht and won the competition. The other
firm protested, charging that NEA did not assess the bids properly by not removing the
import duties. Since a large fraction of the other firm’s equipmeri package was
imported, the duties were higher thereby raising the price. In addition the other firm

as proposing a “new technology” for speed control which was not required by the NEA
specifications. Upon further close examination oy AID and NEA, the Layrie & Bowler
bid was still the lowest with or without the duties and taxes,

Socio-Econontic Analysis

The clectrified village of Ban Toong Nua located about 1 kilometer from the site is
predominately Mushim and relatively prosperous. The villagers grow rubber trees and
toalesser extent, rice and fruit trees, They are relatively wealthy. Most households
OwWn a motoreyele.

About 69 ot the 72 households are connected 1o the grid. Although the lines only
reached the village about one vear agpo, the villagers were familiar with clectrieity from
its use inavillage S kmoawav, Alo, the PEA talked with the villagers about the use of
clectricity prior to stringing the lines to the village. The villagers were not involved in
stringing lines but three of the vitlagers were trained by PEA to do the house wIring,

The village supply is i low voltage single phase distribution. As i result, power outages
occur 310 5 umes a month although the period of outage s at most one night. PEA has
plans to upgrade the main distribution line to 33 kV.,

ROCG/Hagler, Bailty, Inc
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Physical Data:

Location

—

2. Status

3. Catchment Area, km2
4. Net Head, m

5. Design Discharge, m3/s
6. Installed Capacity, kW

7. Dependable Capacity, kW

8. Annual Energy, GWh/y
9. Transmission Line, km
10. Access Road, km

Socio-Ecow.mic Data:

No. of Zillages Served

No. e People Served

Financial Economic Data:

1. Civil Waorks and Powerhouse Costs
. TFransmission Line Costs
. Electromechanical Costs

Admin. & Design
Total System
. Cost per kW Insalled

N w0

>

SITE SUMMARY

KHLONG LAM PLOK

No. of Houscholds Served
Popu.ation Growth Rate, ¢

Anrual Houschold Income, B/y
6. Pri.cipal Economic Activity

U.S. $ (1000’s)

A. Yan Ta Khao
C. Trang

Grid connected
20

176.4

0.90

2x 590

253

7761 [7.111]
1.32

1.35

10

1,037

6,041

5.5

64,784

Rubber & Rice

784

22(17)

989 [844]

458

2,253 (2,103
$1,909 [1,779)

Note: Numbers in brackets were provided in May 1987 but revised in November 1987,

RCG/Hagier, Bailly, Inc.
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KHLONG DUSON

Site Characteristics:

The Khlong Duson site is located near Satun, in the southern part of Thailand, near the
Malaysian border. This zrea is largely Moslem and supports itself through rubber and
fruit production. Rice has to be imported into the area.

The plant is located in a hilly forested area, above several small communities which
have had electricity from one 1o three years. The area is served by PEA using a single
phase 33 kv line which will be upgraded to 3 phases.

Construction Progress to Date:

The site is only abour 10 1o 15¢; complete and was only started in February of 1987 (see
Exhibit C.21). Civil works are scheduled for completion in May or June 1988 with
operation to begin in December of the same year. No concrete work has been done but
the area for the power house, penstock and access road has been cleared. No road yet
exists up to the inlet or headrace but excavation and road building continue despite
imminent rains,

Little additional information can be given regarding the site since it is in the carly
stages of construction. One can speculate on possible future problems that could oceur,
The area around the powerhouse for example, will need to be stabilized, perhaps with
shoterete, which is quite popular in Thailand (see Exhibit C.22). If this is not done,
arcaaround tie structure may rapidly fill in with sediment. Construction so far has
been carried out by Boon Saha Karnsang Co. Fad., of Bangkok,

Several new design approaches will be featured at this site. The design evolution of
inlet, weir, flow control structures and the use of steel pipe for the headrace, show
significant progiess in the engineering design of minihydro plants since Nam Mae Hat.

Environmental Issues:

A baseline environmental survey should also have been taken “efore excavation hegan.
This would have givea planners an indication of how the enviror ment has been
affected. However, there are no people hving close to the plant vor is there any
agriculture close by. The plant is being constructed in a virgin forcst area.

RCG/Hagler, Hailly, Inc
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Exhibit C.21 Khlong Duson Access Road
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Socio-Economic Analysis

The village of Kok Sai Nua has had electricity for about 4 months. It is located along a
dirt road a few kilometers from the site, The villagers are primarily Moslem. They grow
rubber trees as their principal crop and are self sufficient in rice, They are relatively
prosperous with most households owning a motorcycle and 7 households owning pickup
trucks.

Prior to the extension of the grid to the village, there were four houscholds which used
Honda generators. Now about 120 of the 174 households in the village are hooked to
the grid. Those which are not connected tend to be located far from the grid. The large
percentage of hookups is attributed to the fact that these four houscholds had
demonstrated the benefits of clectricity. The average cost for a hookup was about 1500
Baht. House wiring was done by seven villagers who were trained by PEA.

Most houses have a rice cooker in addition to fluorescent lighting and about 40 houses
have televisions. Prior to electrification there were 12 hattery-powered televisions, but
the batteries had to be taken to the amphoe to be charged. There are no commercial
establis" ments with refrigerators, but 8 houscholds use them. The average monthly
charge per houseiold is about 55 Baht. The low volume users spend about 12 Baht per
month,

The productive uses of clectricity in this village were the most extensive observed.
There are about 10 electric water pumps used for pumping water from open wells for
small scale irrigation and household uses, Previously the village used a gasoline pump
for small scale irrigation, the pump was an award from the government, There are four
shops in the village for repairing vehicles which recently opened and which use electric
arc welding. There is a rice mill which recently replaced its old diesel engine with an
electric motor. ‘There are also some electric planers used for house construction and
the local barbers now use electric razors. Public uses of electricity include lighting for
the school house and the wat which are paid for by the teachers and the monks,
respectively.

The villagers do not like to borrow money and do not have access to a Bank for
Agriculture and Cooperatives. They paid cash for their appliances which were
purchased in the town rather than from salesman in the village. Many of the villagers
are familiar with concrete work and wood work. At present about 20 are employed at
the NEA construction as carpenters and receive 100 Baht per day.

The village leader is extremely dynamic and has received recognition for his
achievements for the last 3 years, Amaong the recent development efforts are the
installation of modern toilets, locally constructed filters for drinking water, and
construction of a village meeting hall. The village has a PA system for organizing small
events. Larger activities are arranged by a vote in the village council.

RCG/Hagter, BBailly, Inc.
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SITE SUMMARY

KHLONG DUSON

Physical Data:

1. Location A. Khuan Ka Long
C. Satun

2. Status Grid connected
3. Catchment Area, km? 29

4. Net Head, m 75.4

5. Design Discharge, m3/s 1.20

6. Installed Capacity, kW 2x340

7. Dependable Capacity, kW 145

8. Annual Energy, GWh/y 5.84 [4.29]

9. Transmission Line, km 1.24

10. Access Road, km 1.3
Socio-Economic Data:

1. No. of Villages Served 8

2. No. of Households Served 991

3. No. of People Served 6,386

4. Population Growth Rate, %

5. Annual Household Income, B/y 41,782

6. Principal Economic Activity Agriculture, 949%
Financial Economic Data: U.S. $ (1000’s)

1. Civil Works and Powerhouse Costs 918

2. Transmission Line Costs 27

3. Electromechanical Costs 490 [588]

4. Admin. & Design 142

5. Total System 1,577 [1,673)

0. Cost per kW Installed $2,319 [2,464)

Note: Numbers in brackets were produced in May 1987

November 1987,

and subsequently revised in

RCG/M agler, Bailly, Inc.
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HUAI LAM SIN

Site Characteristics:

This site is located close to Phathalung, in the Southern part of Thailand, also not far
from the border with Malaysia. It is a hilly, forested area. The plant will be grid
connected. The region is primarily a rubber and rice growing area,

Construction Progress to Date:

The site is about 907 complete missing only the power house and electromechanical
equipment. All civil work is scheduled to be finished early 1988. The upper portion of
this project, weir, headrace and forebay had 1o be built without vehicle access. This
required a process similar to building the Pyramids in Egypt, backbreaking lubor. Some
component details are given below:

(a) Intake (see Exhibit €.23)

The intake was completed within the last month (June). Its design was
unique, primarily an inlet set in bedrock at the side of the stream, without
a weir or spillway traversing the stream.

(b) Headrace (see Exhibit €24 and .25)

The headrace is complete. His an elevated steel pipe 55 amin diameter,
In some arcas, the conerete foundations do not appear to be on solid
rock. In one case we found the concrete foundation resting on a large
boulder with a crack in it.

(¢) Forebay (see Exhibit (.20)

The forebay is completed. Finishing details do not appear to be as well
done as other plants the team visited. In part, this may be due to the fact
that no aceess road to this area exists, making it difficult o carry out
construction work which depends on mobile cquipment.

(d) Penstock (see Exhibit ¢.27 and ('.28)

The penstock is completed except for the last seetion before the
powerhouse. Along its lower portion, the penstock is located in a large
trench which may have crosion problems. We were told that there will
provisions for drainage and the walls covered with shoterete (much of this
has apparently been done as of November 1987,

RCG/Hagler, Bailly, Inc.
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Exhibit C.23
Huai Lam Sin

Intake

Exhibit C.24
Huai Lam Sin
Headrace
Support
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Exhibit C.25 Huai Lam Sin Headrace Section
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Exhibit C.27
Huai Lam Sin
Penstock

Exhibit C.28
Huai Lam Sin
Penstock
and Joints
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(e) Powerhouse

The area has not been completely excavated for the powerhouse. Two
Pelton turbines, being built by Siam Tech will be installed as soon as the
powerhouse is finished.

(f) Tailrace
No work on the tailrace has been done.
(g) Access Road

There is good access to the powerhouse and site offices but no road exists
to the headrace and weir. The terrain is very rugged and Team
Consultants has not laid out a feasible road. NEA feels it can service the
forebay, headrace and inlet without an access road since it was built
without one. The cost for such a road might be prohibitive since it wil] be
rather long and located in rough terrain.

Environmental Impact:

As with the other sites, the environmental impact after project completion should be
minimal. A great deal will depend on how quickly and how effectively the vegetation
reestablishes itself. No environmental survey was made prior to starting this project.

Procurement:

Specifications and drawings for the civil works and transmission line were submitted to
AID for approval in August of 1984. AID approval came immediately and in
September of 1984, work on the administrative buildings began through Phathalung
Team Work Part. Ltd. Bids for the civil works were opened in August of 1985 with four
firms submitting proposals. Summit Grade Part. Ltd. was the winner with a bid of 9.47
million Baht and a construction period of 10 months beginning September 30, 1985.
Actual field work begun in January 1986, U-TAH Engineering won the contract to
build the transmission line at a cost of 0.445 million Baht in November 1985.

For the E-M equipment, bid documents were submitted to AID in January 1986 and
were approved immediately. Two bids were received, from Siam Tech. and another
bidder in April 1986. The successful bidder was Siam Tech., with a bid of
approximately 23 million Baht, After negotiations, the bid was reduced to 18.8 million
Baht.

RCG/Hagler, Bailly, Inc,
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Socio-Economic Analysis

The village of Baan Ton is located in the Tambon of Lamsin. The villagers are
primarily Bhuddist. The principal crop is rubber trees and the villagers must import
rice.

This village, as well as the othe, villages in the mini-hydro service area, is electrified. It
has had electricity for three years, Initially about half of the households were
connected and now 116 of the 126 houscholds are connected. ‘Those not connected
tend to be located far from the PEA lines. Five villagers were trained at the local wat
by PEA to do house wiring,

The rapid rate of connection is difficult to explain since there were no villages in the
area which were previously electrified and no generators in the village. Also the
connection charge was relatively high, 2000 1o 3000 Baht including house wiring. There
was some demonstration effect since a few villagers owned battery-powered televisions.
At present most households have rice cookers and about 20 have televisions. Also four
establishments own refrigerators and pay about 200 Baht per month,

The villagers do not like to borrow, in part because they previously had a bad
experience with a bank foreclosure. They buy their appliances in Patalun rather than
from the salesman who come to the vilage. The average houschold pays about 30 Baht
per month.

Village development activities are organized through the village development council.
Labor for these projects is voluntary. Typical projects include repairing the road and
cleaning up the area around the school and the wat. The village also has a cooperative
grocery which was recently organized. The villagers pay 50 Baht per share and receive
a part of the profits at the end of the year.

RCG/Hagler, Bauly, Inc.
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SITE SUMMARY

HUAI [LAM SIN

Physical Data:

1. Location

Status

Catchment Area, km?2
Net Head, m

Design Discharge, m3/s
Installed Capacity, kW
Dependable Capacity, kW
Annual Encrgy, GWh/y
9. Transmission Line, km

10. Access Road, km

XN hE L

Socio-Econvune Data:

No. ot Villages Served

No. of Households Served

No of Peaple Served
Population Growth Rate, €%
Annual Household Income, B/y
6. Principal Economic Activity

i A

Financial Economic Data:

. Civil Works and Powerhouse Costs
. Fransmission Line Costs

. Electromechanical Costs

- Admin. & Design

. Total System

. Cost per kW Installed

Nl )t —

-~

A. Kong Rha
C. Phathalung
Grid connected
17.0

238.0

0.53

2x479

370

6.115 [7.735)
1.58

1.98

10

1,053

5,902

1.6

36,215

Rice & Rubber

U.S. § (1000°s)

432 [462]
22 [26)

614 [747)
457

1,525 [1,682)
$1,588 [1,756]

C.43

Note: Numbers in brackets were provided May 1987 and revised in November 1987,

RCC/Hagler, Hailly, Inc.
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Ban Kum Pong

The village of Ban Kum Pong, northeast of Chiang Mai, is one of the sites in which a
microhydro facility was built as part of the NonConventional Renewable Energy
Project. The method of organization for this facility presents an interesting
counterpoint to tha, of the mini-hydro sites,

The facility was constructed about three years ago. Prior to that there were 4 household
generators (3- TkW and 1 - 4kW) being used in the village. The village sought a way 1o
electrify and look=d at other local svstems, but then NEA came to the village offering to
setup a microhydro facility.

The villagers participated in the construction of the weir and powerhiouse under the
direction of un NEA engineer. They undertook the land clearing, carth work and form
work. “They also cut the poles to be used for distribution, and assisted the NIEA
engineer in stringing the power lines, Three of the villagers were trained by NEA in
how to wire houses, Eachy Family contributed one person who was assigned to a specific
task. "The Tabor was accounted as an in-kind payment from the villagers which was
converted to a 407 ownership in the factlity. “The total cost for the facility was on the
order of 3million Baht or about S6000 perinstalled kilowatt. Onee the second turbine
iy installed this costwill full to about $4000 perinstalled kW,

The village maintains the svstent, collects the taritt and shares the profits with the NEA
through a cooperative headed by the village headman, The svstem is maintained by
three committees which are responsible for the water diversion system, the distribution
poles, and the distribution lines. The NEA sssumes responsibility for maintenance of
the equipment,

The system s operated hetween Apmoand Tam on weekdays and 24 hours per day on the
weekend. The facility is operated by ane villager who is paid 700 Baht per month, there
dre two reserve operetors, All three were trained by the NEA. The secretary of the
cooperative reads the meters. Another villager s responsible for collecting the monthly
hills.

The hookup rate tor the 168 house holds has 1eached 7200 "Fhe houses not connected
are those which were not formerly included in the boundary of the village, but now the
lines are being extended 1o reach these houses, The villiagers are charged 2 Baht per
Kilowatt-hour with a minimam of 10 Baht a month. The hookup charge included 300
Baht for the meter. The tonal charpe for two autlets and the meter was about 90 Buht

The unit was devmed for 40 kW, but at presentonly ane of the two 20kW anits his
beeninstalled. Dhictribution is by 3.5 KV, 3 phase lines, Twao phisses are sent to cach
housing cluster in an cttort to halance the Joad. The facihty serves the village and a
mushroom growing project nearby. Plans are underway to extend the line to an
adjoining village.

RCG/Hagler, Iaity, fnc
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Conclusions from Socio-Economic Su rvey

L. PEArarely provides any promotional support or advice to the villages on
the use of electricity, but does provide training in housewiring,

2. The PEA system does not use local inputs of any kind for installing the lines.
The fabrication of the poles, the land clearing and the erection are all
performed by PEA personnel although most villagers have some of the
necessary skills.

3. The basic consideration in connecting a house to the grid is the cost for
coraicction relative to household wealth. Typical costs for hookups range
from 1500 Baht 1o 2500 Baht with an additonal cost of 4 few hundred Baht
for housewiring.

4. The rute of connection is wlso inthienced by proximity to other villages which
hiave electricity, The demonstration etfect is very strong i ths regard.

S, The selection of appliances is very much determined by what other
households in a cluster purchise. For example, the decision onwhether to
use 20 or S0 watt tluorescent bulbs is penerally based on what the leader of
the vilkige or of a housimg cluster purchises.

€. There does notappear to he very pood understanding ot electricity
cconomies. Notsurprisingly, there is Hule awireness of the unit charge
while there s anawareness of the averape coct per month. More disturhing
is the Lick of understanding between the size of appliances and resulting
electriciy consumption and cnenpey charges,

7. Mostof the promotional activities with reyards tothe use of electricity in the
home, commercial establishment and mdustry is undertaken by the private
sector, espectally the supplicrs of electrical apphances and cquipment,

RCG/Hagier, faitly, Inc
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Cost Estimating

The estimates for construction of the mini-hydro sites were broken down into four
categories:

Lo Civil Works which includes power house. mobilization and site preparation
2. Mechanical ind clectrical cquipment including swirchoear

3o Transmission lines

4. Design and adminstianon

The Tatter was caleulared as 1077 ot the total of the tirst three. In addition, 2067 of the
cvil works costtenclinme of site preparation) was added for contractor's indirect costs.
Contingeney allowances were 2007 tor avil works, 2007 tor mechanical and clectrical
cquipment and 150 for tansmission Times. These contimpencies were adjusted for the
second round of sies o N0 tor el works, 15772075 for clectnical and
mechanmcal cquipment and S702000 Tor transmision Lines, dependimg on the site. The
desipn and adninistration costwas alvo reduced to between 4 and 1077 - depending on
the site.

The tirst round of Cost extimates pencrallv over-estimited the costs tor eivil works and
transmission lines but sipniicanth underestimated the costs for clectrical and
mechamcd cquipment. The result wis asenous underesamite for Nam Mace Hatand
Hluar Fain Sinversus o sheht overestimate tor Khlong Tam Plok as shown in 'xhibit
DL Par ot this dispaniny can be explaned by the delay from the time of the estimites
tothe recept of bids tor the -\ ciquipment which covered a period of stpniticant
mtlation and o devaluation of the Baht. Tn additon, Title was known about this size of
cquipment and there was no provision in the project scope for foreign technical
assistance m thisareas The detmled physical speatications prepared by TEAM
consultants prohablyv lead 1o a bipher cost of the 1520 cquipment then would have
apphed it pertormance speanications had been used

In the second ronnd o e the Thin consultants and NI-A benelited trom carhier
expertence and from the relativelv chor peniod of time between cont estimates and
recenviny bids Asaresult, the estimates total costs were remae kablv close 1o the bids,
Apamn there was o tendeney o undarestimate the costs of the 1-- M cquipment balanced
by overestimates o the costs of anvil warks and transmission hne construction. It
appears that the combination of TEAM and NEA has been successtul in improving
their cost estunating abiliy.

KOG/ bagter, Taiity, In,
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Exhibit D.1

Original and Final Cost Estimates for the First Six Sites

Cost Estimate for First Six Projects

(mn. Baht)

Nam Mae  Huai Lam Khlong Khlong Nam Kha Lam Pra
Hat Sin Lam Plok Buson Mun Plerng
Current Estimate , _
Civil Works and 10.7 118" 004 t314 214 79
Power Hlouse
Transmission Line 8.1 0.7 0.4 0.7 1.0
Turbine Generator — 18.6 18.8 21.5 15.00 220 26.4D
Admin. & Design 10.8 11.7 11.7 36 37 3.5
O00's Baht/kW 66,4 44.8 454 02.8 46.7 44.4
Ornginal Estimate
Civil Works and
Power House 17.0 18.3 49.5 23.6 229 8.2
Transmiscion Fine 114 2.5 0.9 0.3 28
Turbine Gencratog 83 7.1 11.6 11.0 14.0) 21.7
Admin. & Design 7.4¢ 0.3¢ 8.4¢
OO0's Baht /AW 449 29.2 525 62.2 44.0 45.0
7 difference 487 5400, 1407, 17 5¢ L

Current v~ oniginagl

et vt < s et wren o roren o

For current costs the administration were estimated for 1988, otherwise

bids unless otherwine noted.

a Power howers cotmmated
b Fanimates tor mechanmical and cledtrical

¢ Indudes contrenon s

all costs are based on
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Operating and Maintenance Costs

The annual operating and maintenance costs for the mini-hydro facilities were
estimated using 15¢ of the costs for civil works and 1.5% of the electrical and
mechanical equipment. Using the costs presented in the previous table, this results in
the following:

Exhibit D.2

Estimated Operations and Maintenance Costs for the Six Sites currently under
Construction, (000’s Baht /year)

Nam Mae Hat 578
Huai Lam Sin 353
Khlong I.am Plok 586
Khlong Duson 432
Nam Kha Mun 503
Lam Pra Plerng 410

Assuming a round-the-clock operation involving nine full-time operators at a cost of
2,200 Baht/month per operator, the annual cost just for Tabor would be ahout 250
thousard Baht/yvear. ‘This amount does not appear to have been properly accounted
for. 1t should be adced to the costs for repair and maintenance of the civil works,
cquipment, transmission lines and the access and O&M roads for which the estimates in
Exhibit D.2 appear reasonable, Thus the total O&M costs sre on the orde: f 750
thousand Baht per year. Since a large portion of the costs are associated with the civil
works and the operation, there would be a relatively small variation in these cost with
the capacity of the facility.

Costs of Competing Facilities

The units costs used to estimate the costs for alternative generating systems were as
shown in Exhibit D.3. “There are some problems with these costs. The capital costs for
the diesel generators appear to be low by about 15-25% but the generators were
oversized by a factor of 20007 10 30007 (see discussion in Appendix G). For the diesel
generators analyzed for the first round of sites, the estimated fuel costs viried
considerably without any clear rationale. In the second round of sites, the problem was
corrected by using a constant fuel cost per kWh for all the sites. The costs for fuel were
reasonable at the time the estimates were prepared but now they are about double the

’

current cconomice cost tor both the diesel generators and the oil-fired thermal plants,

RCG/Hagler, Baily, Inc
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The downward adjustme

relative to the mini-hydr

Exhibit D.3

Economic Costs for Alte

——

h

ntin fuel prices would clearly favor these two alternatives

0.

rnative Generating Systems °

Diesel Generator

Capital Cost
(000’s Baht/kw)

O & M st
(000’s Baht/kW/year)

5 year renewal cost
(000’s Baht/kW)

Fuel Cost -~ Phase T
(Baht/kwWh)
- Phase 11

Grid Extension

Transmission Line

Capital Cost -~ Phase I
(000’s Baht/km)
- Phase TI

O & M cost - Phase I
(000's Baht/km/year)
~ Phase II

Power Gencration

Capital Cost - Phase I
(000’s Baht/kW)
- Phase II

O & M Cost - Phase I
(000’s Baht/kW/year)
- Phase II

Fuel Cost - Phase 1
(Baht/kWh)
~ Phase I1I

Based on numbers used 1n previous economic evaluations
rather than the assumed values presented in the following text,

9.500

0.285

1.9-9
2.3

.2

370.0

336.5
2.368
3J.365

12.144
15.370
0.304
0.384
0.965
0.962

R(’(i/llaglcr. Bailly, In¢
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The Proposed Site Selection Model

The site selection model proposed in the PP involved a three stage process: preliminary
screening, feasibility analysis, and final engineering. The goal of this model was to
provide a procedure which was simple and robust so that it would make efficient use of
technical personnel to analyze a large number of sites with different conditions, The
preliminary screening was to involve 4 desktop study of alternative sites to determine
whether they met specific criteria. These criteria included:

L Appropriateness of micro or mini hydro, i.c. capacity of 1000 kw or less
based on the estimated head.

2. For mini-hvdro, the possibility of connection to the grid especially for the
larger units.

3. For micro-hydro and for mini-hydro not connected to the grid, sufficient
population within the anticipated service area.

4. The existence of diesel generating sets within the service area which could

be replaced by the hyvdro facility,

The desktop study would make use of topological maps and local census data regarding
population and commercial activitics. Criteria #1 and #3 would be used to aceept or
reject sites whereas the other two criteria would be used to set priorities for those sites
which were not rejected.

A subset of the sites which passed the preliminary sereening would then be subjected to
field studies to determine the technical feasibility of these sites. The size of this subset

would be based on the budget for development of sites and the expected rejection rate

for the sites to be studied.

The field stedies would include both physical and social surveys. They would preceded
by a review of the available data on the rainfall and hydrological conditions in the area
of the sites and of the results from previous socio-economic surveys in these areas. The
control and use of the land at the site would then be determined along with the
mechanisms for acquiring the rights to develop the site for hydro-electric powsr
generation,

These field studies would start with 4 visual inspection of the site to confirm the
assumptions which were used in the desk study. If these assumptions were correct, then

RCCG/Hagler, Bailly, Inc.
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a field survey team would be brought the site to perform simple topological, geological
and hydrological surveys. The principal data collected would be:

a. The stream flow for average, flood and drought conditions using physical
measurements of the stream bed, observations on stream velocity, rain
gauge data and the recollection of villagers.

b. The actual head for different locations of the diversion and the power house.

¢ Soil conditions at the location of the proposed ncadrace and power station
using surface observation and test pits.

d.  Potential for soil erosion along the access road, headrace and penstock
based on topology and proposed construction.,

e.  Stream bed lead.
f. Present use of stream flow between proposed diversion and tail race.

The results of these surveys would be used to compute the power generation potential
of the site. At the same time, o village survey would be conducted 1o collect data on the
expected demand in the service area. This survey would involve an initial interview
with a village leader (phuyaban, teacher, ete.) followed by a household survey to be
given to a random sample of households with a total sample size of SC2-1077 of the
village. Although sample questionnaires were presented it the PP the use of the data
obtained from the questionnaires results for determining demand was not set out in the
paper. The busis for the demand analysis, was presented in vigue terms in the PP (see
Appendix I°). PP also included sample forms to be completed as part of the power
calculations,

The field surveys were meant to conelude with an analysis of the most appropriate
organizational structure for development of the site, the most efficient method for
controlling power distribution and the proper pricing policy to insure efficient use of the
system. However, the objectives of and procedires for this analysis were presented in
vague termes.

If the ficld surveys confirmed that there was sufficient demand to justify the
development of the site and that the site could provide sufficient power to meet this
demand without backup systems, then the final phase of the site selection process, the
finarcial /economic analysis, would be performed. "This analysis would determine the
least co.t generation alternative for the site and the viability of that alternative given
the propesed tariff for residential and commercial use, The least cost analysis would be
based on & comparison of hydro-power, diesel generation and an extension of the grid.

RCG/Hagler, Bailly, Inc.
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A format for this comparison was presented in the PP in the form of a worksheet and a
fairly detailed sct of costing assumptions including:

a.  12% discount rate,

b, Constant costs net of subsidies and tixes, (for economic analysis)
¢. 30 year life for hydro generation system,

d. Capital costs incurred in the first year,

e.Annual hydro O& M costs computed as 267 of capital costs,

f. 225,000 Baht/km tor 22 bV distribution,

g. Transmission line OX M costs of 175 of caprtal costs,

h.  24-hour power avaalability which requires two diesel units,

i 450,000 Baht tor a complete SO LW umt,

J- Five year life tor diesel enpine with replacement cost of 200,000 Baht,

k. Diesel unitannual O&M equal to 37 of capitial costs,

Lo 24,500 Baht/LW capacity cost tor yrid extension and 0.7 Baht/kWh
generation cost lor prid.

m. 157 tax to be deducted trom the cost of fuel, and
n. JCerate of increase inthe real cost of diesel fuel,

The comparison wis meant to be based on cconomic costs and benefits, however, in
order to simplify the analysis, the Fenetit side wis not computed and the comparison
wis limited to the costs. The cconomic costs were determined by chminating known
taxes and subsidies and, where appropriate, by introducing a shadow price for labor,
The analys's of financial viability wis to use similar assumptions but included debt
service calenlations based on "available financing”™. The income tlow wis to be
estimated from the demand forecast and the proposed tariff. “The evaluation of viability
wiis to be based on the internal rate of return for the net cash flow with a hurdle rate of
8.

If the hydro-power alternative met both criteria, economic least cost and financial
viability, then the development of the sites would commence by identifying the
appropriate operating agency (PEA, NEA, tambon or village organization) and
proceeding to detailed design,

RCG/Hagler, Baidty, Inc
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The First Round of Site Selection

The first round of the site selection process was carried out as part of the preparation of
the PP. A set of twenty-two sites were selected based on topological data from the
NEA and the Thai Royal Forestry Department. These sites were then subjected to a
review of available physical data and topographical maps. Some of the sites were
dropped from consideration because of lack of topological or hydrological data. The
remaining sites were then visited by NEA and ARD engineers wko performed both
physical and secio-economic surveys and prepared preliminary cost estimates. These
results were then presented in the project paper in September 1982, The six
recommended sites were Nam Mae Hat, Nam Mae Suk, Nam Mae Aep, Mae Chon
Luang, Khlong Ta Riu, and Khlong Ra.

Twenty-two months later, the project contract was signed and a second effort at site
investigations began. At this time 12 more sites were added to the list for investigation.
One of these was subsequently eliminated after a review of the topographic maps and
another eight were eliminated as a result of the findings of the field reconnaissance,
four because of low discharge, poor water uality or unfavorahle topography, two
because of constraints on land use and two because of high development costs. Of the
remaining nine sites, only seven were studied in detail. These sites included five of the
six recommended in the project paper (Khlong Ra was eliminated because of poor
water quality) and two new sites Khlong Lam Plok and Huai Lam Sin. At this time the
capacity of the seven mini-hydro facilities were adjusted to reflect the more accurate
data available form the field surveys.

The results of this least cost analysis are shown in Exhibit E.1. Although four of the
seven sites did not meet the least-cost criteria, two of these four, Nam Mae Chan Luang
and Huai Mae Suk, had costs for hydro within the range of accuracy of the least cost
alternative. As a result of this anaiysis, Huai Mae Aep which had been earlier
downgraded from a 120 kW mini-hydrosite an 80 kv micro-hydro site was dropped.
The Khlong Ta Riu site was margina; but was included in the subsequent financial
analysis,

In the final phase of site sclection a financial analysis was performed this analysis was
performed using the USAID loan conditions and the "normal” loan condition of 109%
interest, 7 year grace period, principal repayment over 22 years. The results of this
analysis indicated that Nam Mae Hat was not financially viable and the Mae Chon
Luang would be viable only if constructed with volunteer labor. For Mae Suk, the
hydro and grid options are comparable.

The seven sites were then subjected to an "economic” evaluation if the mini-hydro met
the least-cost criteria. The least cost analysis used several assumptions, only some of

RCG/Hagler, Baitly, Inc.
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Results First Round "Economic" Evaluation

NPV of 3

System Costs (10 Bhat) Capacity Energy Distance to
____Site Hydro Diesel Grid _(kW) (GWh/vyr) Grid (km)
Name Mae Hat 269 84.5 4.1 2x 408 2.83 24
Nam Ma¢ Chon 123 12.4 11.7 I'x132 0.29 24

Luang

Huai Muae Suk 23.0 59.2 220 2x235 2.51 3
Huai Mac Acep 233 213 19.4 2x40 0.27 16
Khlong Ta Riu 48.6 131.6 43.6 4 x 357 6.20 0
Khlong Lam Plok 45.1 106.5 58.9 2x633 7.80 0

Huui Lam $in 204 124.7 49.6 2x37 6.12 0
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which were consistent with those included in the Project Paper. A list of these
assumptions is given:

1. For diesels twice the capacity of the hydro option, installed to allow for 24
hour a day operation

2. The economic conversion factors for the hydro facility were 0.74 for the civil
work and the transmission line, 0.77 for the electromechanical systems, (.79
for all operation and maintenance and 0.87 for diesel fuel (recommended by
Project Paper?)

3. The economic cost for a diesel generating system was 9,500 Baht per
installed kW.

4. The economic ccst of expansion of grid capacity is 12,144 Baht per installed
kW.

5. Cost for diesel fuel of 6 to 8.3 Baht per liter depending on the site.,

6.  Diesel fuel consumption 0.33 liters/kWh except at Mae Hat where
consumption is 0.79 liter/kWh and at Nam Mae Acp where consumption is
0.83 litre/kWh (probably due to input errors).

7. Grid fuel consumption 0.965 Baht/kWh.
8. A 129% discount rate.

9. Operation and maintenance costs equal to 3% of capital costs for diesel
generator, 1% of capital cost for transmission and distribution.

The sites which had the highest financial return were Khlong Lam Plok and Huai Lam
Sim. These two were selected for construction. In addition, for reasons that were
unrelated to financial concerns, Nam Mae Hat was also selected for construction. Huai
Mae Suk and Khlong Ta Riu were rejected because an extension of the grid offered a
similar economic return.

The Second Round of Site Selection

The second round of site selection occurred during 1986-87. Six sites were proposed.
These sites were selected from a total of 137 sites which had previously received
preliminary study as part of efforts by NEA’s Planning and Investigation Division, by
TEAM consultants as part of a diesel replacement study for NEA, and by a Japanese-
funded study undertaken by NEA. These studies plus additional desktop studies
performed by NEA all contained preliminary estimates of the Benefit/Cost ratio for the
projects. However, the basis for these ratios was not consistent since some were based

RCGy11agler, Bailly, Inc.
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on a comparison with diesel generators, others were compared with prevailing tariffs,
and still others with the cost of connection to the grid. The only consistent point in
these analyses was the use of a 12% discount rate. The selection was made by choosing
those sites with a Benefit/Cost ratio greater than 1.0. The resulting set of 34 sites were
then given priorities based on achieving a regional distribution and on meeting three
criteria, as follows.

1. Isolation from the grid
2. Replacement of diesel generators
3. Ifnotisolated, then close to the grid

The seven sites with the highest priority were Lam Pra Plerng (Korat), Nam Kha Mun
(Phitsanulok), Khlong Duson (Satun), Huai Mae Sot (Tak), Huai Nam Tap (Loei),
Nam Mae Usu (Tak), and Muai Mae Ping (Mae Hongsorn). These seven sites were
then subjected to field surveys to collect botl physical and socio-economic data. This
information along with the preliminary cost estimates was used to eliminate three sites;
Huai Mae Ping because of sedimentation problems and low economic return, Nam Mae
Usu because the generating capacity was too large (1.2 megawatts) and Huai Nam Phan
becuuse it lacked water during S months of the year. The remaining sites were all grid
connected. The results of the economic evaluation for all sites except Huai Mae Ping
are shown in Exhibit E.2,

Nam Kha Mun and Khlong Duson were selected for implementation because they had
favorable financial rates of return as well as the minimun ceconomic cost. Despite an
economic evaluation, Lam Pra Plerng had a very high financial rate of return, and was
included in the sites to be implemented. The economic evaluation for Huai Mae Sot
was marginal as was its financial rate of return so it was excluded. Huai Nam Tap was
not the least cost, although within the margin of error, but also had a marginal financial
rate of return and was excluded. For Nam Mae Usu, the mini-hydro option was least
cost and had a high financial rate of return but the service area was already connected
to the grid, so it was excluded.

The Third Round of Site Selection

The final round of site selection was undertaken after the contract with Stanley
consultants was completed and the POU had been effectively disbanded. In this round,
three sites, suggested by NEA, were considered. These were subjected to the site
screening process with the exception of the socio-cconomic survey. ‘Two additional sites
were found to be economically and financially feasible, however, due to budget
limitations only one was selected, Yam Muk which is also an isolated site.

RCCG/Hagler, Bailly, Inc.



Exhibit E.2
Results of Second Round "Economic" Evaluation

NPV of System Costs (108 Baht) Capacity  Energy
Hydro Diesel Grid (kW) (GWh/y)

Site

Lam Pra Plerng 28.0 80.5 245 870 3.27
Nam Kha Mun 33.9 120.3 39.8 1034 5.25
Khlong Duson 30.7 93.1 325 08() 4.29
Huai Mae Sot 222 09.5 22.6 660 3.01
Huai Nam Tap I15.8 33.1 15.4 515 2.21

Nam Mae Usu (2) 49.6 96.2 1450 10.16
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Conclusions

The site selection procedure has evolved since it was first proposed in the project puper.
The major force for change has been the fact that all of the sites are mini-hydro sites
and mos: of these are to be grid connected. Since the physical survey te shniques and
power calculations are relatively stand: =4 and already well known to the Thai
engineers, there appears to have been ijttle change in these procedures. However, the
economic analysis has evolved to include sensttivity analysis with respect to the discount
rate. In the current NEA-funded effort 1o develop a National Mini-hvdro Master Plan,
the economic analysis has been modified by TEAM to conform to the staintard
procedures for grid-connected mini-hyvdro projects (foi details see Appendix G,

The socio-cconomic survey o appeirs to have been simplified. Since demand
forecasting has little purpose for prid-connected sites, the forecasts appear to have been
dropped in the second round. The whole socio-ceonomic survey seems to have been
discontinued in the third round. Given the results of the review of the site selection
methodology process mcluded m Appendices F, G and 1, it would appear that an
unnecessarily complesand often inappropriate methodology was gradually modified
and improved through the etforts of NEA and the TEAM consultants,

RCG/Hagler, Tailly Inc.



APPENDIX F: DEMAND FCRECASTING
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Many of the mini-hydro projects were initially designed to provide clectricity to several
un-clectntied villages in the vicinity of the site, In addinon, the majority of the sites
were designed to be connected 1o the pod and to sell the surplus clectricity 1o PEA.
The forecasting of local demand for clectrnicny is not essential in the case where the
sites are connected to the prid, however, it is worthw hite 1o review the demand
forecasting procedures beciuse thev are usetul to;

I NEAwhen evaluanng nncro-hvdro projects,

!J

USAID and NEA for evadoaning a phised approach 1o the introduction of
clectric peneration, and

3o PEA o sty prianities and scheduling the extension ot the grid.

Betore exannniy speatic procedares, it e tportant to consider the nature of the
demand tor clectnian Tnothe readentil sedtor, the electiaty s used:

1 For hyhtine veneradhy thuoresees Lobmy o which teplaces herosene Fampy,

2o Torcolored telev o which purchascdtollowme the mtroduction of
clectnan orwhichreplace battery powered black and white televisions,

3o Forcookimp speaiticali with tioe coohere wlndh are purchased atter o

house s eledtnitied and whioh ~ubstitute tor (but not other toods) wood or
charcoul aved wath vaditional T NI

4. Forcooling, prnapally withsmal! clectie tans, which are purchased when
the house s clectntied and which introduce o benetit not previously
avanlable to the honsehold,

S Fortood presenation, with retnpenator apan providing o new benefit

In the public sectorn, the clectneny provides services similar to the residential sector for
the wat, the school and public patherig places Inthe commeraal sector, the
clcclrmly Is used to provide bhting of estubhinhments, refieristion/coohing tor food
and beveripes and nce cookang for villiape tood, ~hopy and restaurants, to power cutting
devices for barbers and beauty salon - 1o supplyv encrpy forare welders i anto, -
motorevele repa shops, and 1o power tools used for woud working and house
construction.

Inthe pnculturad wedon, the electnom m need for wter pomipiny and tor noiimg. In
the taralindustiies, the electiiaty s used priomanty to provide by hting but Gin also be
used to provide shaft nower tor wood cutting, metal working, immang and torming
CCLAnmCs, et

RCGi/Hagler, Natly, tne
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In order for these uses to be realized, the villager must first make the neeessary
expenditure for a hookup and for wiring the houschold or work place and must then
purchase the appliances and cquipment to use the clectricity. Oncee these cxpenditures
are made then the level of consumption will be adjusted according to the villagers'
ability to pay. Therefore, the forecasting of demand must tike into account the rite at
which hookups vill oceur, the time delay avsociated with the capital investinent in
appliances and equipment and the responsiveness of demandd o changes in prices and
income. A simphiticd formulation of this relstionship would be:

{k llk”'l’}‘i) l)k”)Ck”"'[):")f\)

where by ol comumption ol electnaty i sector k

Hy o the pereentare of potential umers in sector k which are connected

Pro- number ot potential iers mecton ks measured by number of
houscholds or numiber of commer el cnterprises

Ck = averape consumption per connedted ueer m sector k
U= perniod ot tmie tollowimge the mtroduction of clectniany to the village

= ameasure of the wealth, pross incaome or net mncome of the average
potentiad naer

Py = relative price of 4 connection
P2 relibve costor eleatnay versus substitute sources of energy
Py rchative price ot electical apphiances and equipment.

This formulation denonstrates the three tactors which should be considered in
forecasting demind

Lo Avrelevant measure of number of potential users and their projected
Liate of prowth,

ta

The time convtants waoctated with the rate of aceeptance by users
and the peniod over which capital mvestments i consumer durables
arc made, and

3 The etfects o income s prices onthe level of uee of cledniaty
alter hoobup and purclise of apphances and cquipment.

The first factor 1 peneradly the canest to forecast ance projectiogs of prowth in
population and cconomic i tvity are repularly prepared by povernments. The prowth

ROG/Hagher, Badtty, Ine
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rates of population and economic activity are generally expressed as annual percentage
increases,

The time constants are particularly important sipee the financial and ceonamic viability
of rural electrification is very much determined by the buildup in consumption in the
first few vears following the electrification of the serviee area.

The effects of income and relative prices are usually expressed in terms of elasticities of
demand. A common, though not necessanily correct assumption is that these elasticities
dare constant over a wide range of income and price levels. In the tollowing paragraphs,
the various methods of forecasting used in the project will be reviewed to determine
how well they account for these factors.

Method Proposed in Project Paper

The Project Paper proposed a general formulation for the growth in residential demand
using the exponential growth associated with population and a constant elasticity with
respectto average meome. The PP recommended an clasticity of 1.2, The baseline
data on household income was 10 be eolle sted as partof the socio-cconomic survey.
The rate of growth i income was 1o be estimated from sources such as:

“the potential tor expansion of the primary income occupation in the
village, knowledye of planned tuture developments in or near the village
(new road, trigation improvements, ete.), subjective impressions furnished
by the villige nead and households surveved, and district dita will be
particularly relevant.”™

A simita v vague preseription was provided for estimating growth in business and
public service denmand. Fhe first vear's demand was 1o be estumated from specifie,
albeit limited, dati collected in the socio-economic survey, while the growth rates were
to be formulated subjectively, Sample forecasts prepared in the Project Paper annexes
used i untorm set of assumptions for al} sites except Mae Flatwhere higher initial rates
of comsumption were used. The prowth rates were derived from acomparison of MEA
and PEA prowth rites by averape consumpuion per hookup. The relitionship between
cnergy demand and capacity requirements was derived using an PEA publication
formulation. Clearly, the torecastmy methodology presented in the Project paper wis
meantto provide o pencral approach rather than o specific procedure. As part of the
project, the projecet’s load forecasting speatalist applied three different methodologies to
forecast demand in the hopes of achieving some convergence of estimates. Fhese
methods are desenbed below,

Project Paper Anneses Micro/Ming Hydmaelectrie Pioject, Section 3 1)

ROG/Hagler, Ilaslly, Inc
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Time Series Method
The Time Series method was borrowed from EGAT which used the approach to
estimate national demand. The formulation is a relatively simple one in which
regression analysis is used to derive the constants for the following equation,

- B

E=uap+ast+ aqt-

where E = total demand in GWh

4 = regression coetficients

U= time in vears

This equation attempis 1o take Lo decount two factors:
I

Lo the expansion in the prid and thus the number of hookups as a constant
dmount per vear (i)

8%

an cconompe prowth tactor, winch is approximated by the square of the time
factor (ast-)

The demand wis separated imto tive sectars as follows: residential, small business,
industrial, street lighting, and other uses. The constants for the equation were the same
as those developed by EGAT and these were applicd to the actual energy consumption
figures for 1983, Demind wis compuied on i provineial level and then allocated 1o the
service arei using the percentige of households in that service area.

The power requitements were determined assuming an nitial load factor (1.1°) which
increases 1o 85 using an exponential tate of growth. The cquation used for this
calculation is shown below. “The initial constant and the rate of increase were
determined by using provincial constants derived by LGAT.
3 t a5t
\ 1 2
LF =~ 0.8%(1 - ¢ )

This methodology is clearly inappropriate for computing the demand in a newly
clectrified area. Itipnores the ‘ime constants assoctated with increasing hookups and
investients in appliances in a newly connected area. It also ignores the clasticities
associated with the per capita (or perhousehold) income and the relative prices of
alternative sources of cnergy. The projections produced by this method should
overestimite demand in the service area since the equation is derived from data on
relatively mature markets.

RCG/ agler, Daitly, Ine.
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ARE.1 Method

The second method used to forecast the village demand was the same as had been used
to predict the demand in the first phase of the Accelerated Rural Electrification Project
of PEA, which was directed at clectrifying villages in the Northeast. This method
identified five sectors, residential, commercial, rice mills, irrigation pumping and water
supply. For each sector a typical consumption pattern was developed which described
the consumption and power demands for the average user over a 30 year period starting
when the village is electrified. The increase in constmption per typical customer was
approximately linear for all four sectors with the initial loads and annual increases
shown in Exhibit F.1. These typical consumption patterns were applied to all sites. The
number of users was determined as follows:

I. For households - the number of households was determined in the socio-
cconomic survey; the percemage of hookups was expected 1o be 42¢ in the
first year, 637 in the 10th vear and 100% in the 20th year after
clectrification; the population was expected to grow at o rate decreasing
from 2.5 per annum o 207 perannum over the 20 years;

2. For commercial establishments - the number of existing establishments was
used without any allowances for an increase in their numbers and with the
assumption of 100 hookups from the first year,

3. For rice mills - the consumption a.xd power demands were computed on a
per village basis and the number of users was set cqual to the number of
villages in the service area; and

4. Forirrigation and water supply pumping - an approach similar to that for
rice mills wits used.

The weakness of this method is readily apparent. No allowance was made for the
difference in income between villiges or even between scrvice areas. The rate of
hookups wis assumed standard without regard to the marketing data collected as part
of the sacio-cconomic survey. Elasticities with respeet to income and price were not
treated. The effect of number of houscholds on the requirement for water supply was
notincluded. Rice milling and irripation requirements were assumed equivalent
without regard for the p mcipal fo.m of agriculture in the region or the number of
housciiolds in the villag

While this approach is directed niore towards newly electrified villages, then the
previous method, it ssumes that all villages will have a similar demand regacdless of
their geographic lociion, major form of agricultural activity, princip:! sonree of income
or relative wealth, With the exception of the residential demand. This methodology
has little to recommend it and even the residential demand assumes i uniformity of

ROCG/Hagler, Radly, Ing




ARE.2 Constant Load Growth Factors

Residential
Commercial

Rice mills
Irrigation pumping

Water supply

Exhibit F.1

Annual
Growth

(kWh/mo)

25
115
17.4
40.7

59

Initial
Load

(kWh/mo)
10
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consumption which the other methodologies do not. Considering that the base data for
the consumpticn and power demand estimates was obtained from villages in the
Northeast while none of the sites were locaied there, further reduces the usefulness of
this approach.

ARE.2 Method

The third forecasting methodology was derived from the second phase of the
Accelerated Rural Electrification Study (ARE.2) which was concerned with the
extension of rural electrification to areas in southern, central and northern Thailand.
The demand forecasting methodology was much more detailed than that used in
ARL.1. First, the demand was estimated separately for seven sectors, the five used
previously plus power tools and social Facility loads. Next, the consumption and power
requirements for individual sectors were forecast using data collected from the service
areas as part of the socio-ecorHmic survey.

The forecast of the residential demand was made using predictive equations derived
from a regression analysis of demand as a function of various components of household
income. Unfortunately, the linear regression was done incorrectly. Not only are the
resulting coefficients illogical (e.g. a negative correlation between electricity
consumption and total income) but the expianatory variables are themselves correlated
(e.g. total houschold income and income by component, total expenditure and
expenditure by component).’ These cquations were used to compute the base-year
consumption. An annual rate of growth of 9% decreasing to 4.6% over the next 30
years was assumed for all provinces. The percentage of households connected was
assumed to be 33% in the first year and to increase at 5.85%% per year reaching 1004 in
the 13th year.?

The initial consumption in the commercial sector was estimated based on the average
annual total cash income of the village shops. The predictive equations, which were of
the form

E=a+ il
where I = average income/shop /year

were computed separately for each area of the country using linear regression and the
data collected as part of the ARI: 2 project. The percentage of hookups wis not

e e e o e et v e oot s s e mem e

2

This 18 a common errorin which the pursint of a high regresaon coefficent i substituted for a more carcful examination of
model rahonale and a closer examination of the related reygression statistics in luding the corredted R, the t statistic and the
degree of auto correlation

While this relationshup wiss derrved from the ARJ: 2 survey data, it monot cdear why a consstent caleulation of house hold
conneciions was not apphicdan the second and third forecasting methouds

RCG/Hagler, Bailly, Inc



DEMAND FORECASTING F.8

——

forecast separately and the annual growth in average consumption was assumed to be
3.5% per year for the first 20 years and 1.5% thereafter.

For rice mills, the rate of conversion from diesel engines to electrical motors was
assumed to increase at a relatively constant rate r aching 1009% after 30 years. The
dverage consumption per rice mitl was estimated assuming a 7.5 hp motor for 869 hr/yr.
However, the comparison between eleetric and diesel rice mills on which this estimate
was based, does not seem consistent.

For portable tools, portable water pumps and irrigation water pumps an average
consumption per user was caleulated to be 0.134 MW-hr, 0.136 MW- hr, and 0.448 MW-
hr respectively. The percentage of households owning an electric power tool was
assumed to increase from 1.5 at the end of the first year to 5% at the end of the 25th
year. For portable water pumps, the number of users appear to have been computed
based on the average number of pumps per houschold as measured in the ARJED?
survey. Forirrigation pumps, the number of pumps was also determined on a per
household basis from the ARIE.2 survey. The rate of conversion from diesel to electric
pumps was assumed to increase from 3% at the end of the first year to 187 at the end
of the 30th year. The ARE.2 method is likely to underestimate the total demand
because it does not allow for new activities and the initial household consumption
appears to be relaiively low. !

Comparison of Forecast Results

A comparison of the results from the three forecasting method- .+ 1own in Exhibit F.2
for three potential sites. “The duta indicate that the time series  .thod produced
estimates which were higher by a factor of 3 relative than the nexy highest forecasts
which tended to be the ARE.T forecasts. The fact that the time series data is based on
consumption in a4 mature market explains the overestimates produced by this method,

The ARE.2 method produced the Towest estimates except for the residential sector in
Nam Mae [at. This is due in part to the relatively conservative growth rate in hookups
and the limited rate of growth in ownership of equipment and machinery which could
be electrified. The wide discrepancy between the results of these models and the
weaknesses in the causal relationships used in these meels suggests that significant
improvements could be made. A review of the forecasting efforts of PEA and EGA'T
provide some insight into the direction which improvements could be made.

Inthe AREL2 project paper, a 1S hp diesel engine operating 1,159 hours per year was compared with a 7.8 hp motor operating
875 hours per year

RCG/Hagler, Baiily, Ine



Site

Nam Mae Hat

Nam Mae Chon

Huai Mae Suk

Sector

Time Series
ARE.1
ARE.2

Time Series
ARE.1
ARE.2

Time Series
ARE.1
ARE.2

Exhibit F.2

Alternative Demand Forecasts, (GWh)

Residential Commercial Total
1986 1992 2002 1986 1992 2002 1986 1922 2002
043 0.78 1.57 .52 0.96 2.04 1.09 1.93 3.93
0.11 (L2 0.607 0. 1S .23 0.32 0.40 0.65 1.28
0.16 041 0.96 (.6 0.07 0.11 (.27 59 0.13
0.13 0.23 046 (.15 (.28 0.60) .32 (.56 1.135
0.03 0.07 0.20 0.03 0.06 0.09 0.11 0.18 0.35
0.01 0.03 0.06 0.02 0.03 0.04 0.04 0.07 0.14
0.09 0.16 0.33 0.11 .20 0.43 0.23 0.41 0.82
0.02 0.05 0.14 0.035 0.07 0.09 0.11 0.17 0.32
0.01 0.04 0.08 0.01 0.02 0.03 0.04 0.08 0.17
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EGAT and PEA Forecasting Efforts

EGAT produces load forecasts in which it incorporates the projections of PEA, MEA,
and the large customers who purchase clectricity together with its own macro modeling
effort. Separate macro models have been developed for the five s¢ ‘ors, residential,
industrial, commercial, street lighting and other. The expressions used are listed below.

Residential
InE =a; + aln P + azln N
where E = clectricity consumption in the sector
P = price index for average rate (GDP deflator)

N = number of customers

Industrial, Conimercial

InE = a1 + asIn P + a3InN + a4ln 1

where I = Gross Domestic Product

Street Lighting

InE = ap + HN

E=a, + I+ ER(t-1)

where ER[t-1] = residential energy demand lagged by one year

Clearly these formulas are more logical than those originally obtained from EGAT by
project personnel. They require a separate for.cast of growth in hookups and, at least
in the case of industrial and commercial demand, they treat the clasticity with respect to
price and with respect o income.

The PEA, on the o'her hand, appears to have adopted the c:&rlicr EGAT formulation
using time series analysis and the predictive variables t and t“. Five separate equations
are used for the residential, small business, large business, small industrial and large
industrial sectors,

While the EGAT and PEA methods may provide useful results fo; understanding
system-wide energy requireraents, they do not provide a useful approach for estimating
demand for arcas which are newly clectrified.

RCG/Hagles, Bailly, Inc.



Exhibit F.3

Appliance Ownership in Selected Locations

Nakhan Khan

Surin Ratchsima Kaen
94.7 Radio 96.4 Radio 95.3 Radio
0.8 Television 8.7 Television 3.7 Television
0.1 Telephone 0.4 Telephone 6.2 Telephone
1.0 Refrigerator 5.0 Refrigerator 2.5 Refrigerator
2.4 Eleetrie-fan 12,1 Electric-fan 7.7 Electric-fan
.7 Airconditioner 1.1 Airconditioner 0.7 Airconditioner
ST Bieyele 42.3 Bicycle 45.3 Bicycle
7.5 Motor-cycle 9.8 Motor-cycle 9.4 Motor-cvele
1.7 Motor-car 3.9 Motor-car 2.3 Motor-car
0.1 Motor-boat 0.3 Motor-boat 0.6 Motor-boat

Source: 1980 Population and Housing Census. National Statistical OfTice.
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Conclusions

The project has made a start in developing a reasonable model for forecasting
electricity demand in the early years of electrification. However a more careful analysis
of the relationships involved and a better selection of predictive variables is required,
A simplified measure of income, to include cash and in-kind income and a supporting
measure of houschold wealth should be used for predicting both the initial values and
rates of growth for hookups and the average energy consumption per hookup. Separate
analyses of appliance ownership as a function of income and period of electrification
and energy consumption as a function of appliance ownership should be prepared as a
basis for desigring demand forecasting models (see sample data in Exhibit F.3). These
analyses could be combined using two-staged leased squares or be used tc develop
categories of use with the Box-Jenkins method.

Clearly a more careful research effort should be undertaken if this type of forecast is to
be useful in evaluating isolated minihydro facilities and in setting priorities for PEA’s
planned extensions of the grid. In order to reduce the overhead costs associated with
the planning for these projects, a directed marketing study involving discussions with
village leaders and small electrical product review groups should be used to provide the
basic data. Also a standard analysis procedure formulated for use on the micro-
computer should be developed to reduce the time and effort required for evaluation of
individual villages.

RCG/Hagler, Bailly, Inc.



APPENDIX G: APPROACH TG ECONOMIC AND FINANCIAL ANALYSIS

The financial and economic analyses used in the site seleetion process were set out in
some detail in the project paper. This procedure was then followed in the first round of
site selection. In the second round, this procedure was simplified in rccognition that
most of the sites would be connected to the grid; however, the caleulations performed
were similar to those used in the first round.

This annex considers the methodology used for these analyses with a view to correcting
certain conceptual problems. A general objective of developing a simplified procedure
for financial and economic analysis is well worth pursuing considering the size and
dispersed nature of the investments in micro-hydro and mini-hydro facilities. In order
to achieve this objective, it is necessary to set out the basis for the economic and
financial analyses used in project evaluation.

Tenets of Economic Analysis

L=conomic project evaluation provides a means for establishing if the resources used for
a project could be better used in other activities, Although the frame of reference for
the evaluation can vary, the viewpoint most frequently used is the national one,
Therefore, the measure used to determine if one allocation of resources is better than
another is the resuiting change in the welfare of society.!

In practice, the process of cconomic project evaluation involves three steps. The firstis
to define what would happen if the project were not undertaken. The second is to
determine the benefits achieved and costs incurred from undertaking a project rather
than continuing on without the project. “The third is to rank alternative projects
according to their nei benefits relative to the “no-project” seenario and then to select
the project or projects which produce the greatest net benefits,

For electricity generation projects, the definition of the benefits depends on the
definition of the "no-project” seenario. If the result of not undertaking the project is
that the additional electricity would not be available, then the benefits of the project are
determined by the willingness-to-pay of the final consumers who would othe rwise not
have access to electricity. If the result of not undertaking the project is that existing
capacity would be more fully utilized to provide the additional electricity, then the
benefits of the project are the savings in operating costs resulting from using the new
facility rather than the existing system. If the result of not undertaking the project is

The measure of the welfare of society tatself based on the Paretocnterion which states that an activity s worthwhile  f if
makes at least one member of society better off .n by own judgraent and none worse ol For projeat analyus, thiscrtena s
modified to the allow for a traner of moncy between thoee who benefut from the project and those who incur a com (loss of
benefits) in order to meet the Pareto criveny cxen though this trander may net oncur Thus, the Critena becomes that those
better off from the investment would be walling to compe naate these wha are worse off as w result of the investment Crven
this criterion, the “ utingness to pay of the ganers and the willingness 1o accept comarnsation of the loeers are the measures
which should be used to evaluate a project

RCG/Hagler, Baly, inc
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that the final consumers would provide their own capacity, then the benefits of the
project are the savings in construction and operating costs which would be incurred by
the consumers,

The evaluation of electricity generation projects frequently skips this first step and
begins with a determination of the least-cost method of expanding the electricity
generation system capacity to meet the project demand. Alternative methods of
generation, different size facilitics, and different sources of fuel are considered and
their relative capital and operating costs are compared. After the least-cost alternative
has been identified, then the evaluation returns to the first step and the issue of what
would happen if additional capacity of this type were not provided is addressed.
Normally it is assumed that without the project, the increase in electricity would not he
available and therefore a simple estimate of the willingness-to-pay is produced hy
estimating the revenues from the additional clectricity generated.

Tenets of Financial Analysis

The objective of the financial analysis is to identity projects in which the assets
purchased are worth more than their cost. The worth of 4 project is measured in
terms of the discounted flow of net reventies resulting from implementation of the
project. ‘The discounting is done using a discount rite which reflects the opportunity
cost of capital to the investor.? This rate includes an allowance for inflation and for
the riskiness of the project.

The normal approach is to discount the expected stream of incremental costs and
revenues resulting from the project and then to sum these in order to determineg the Net
Present Vildue (NPV) of the project. When the NPV iy positive, the project has a worth
inexcess of its costs, If alternative projects are being compared, then the project with
the Targest NPV is preferable,

When comparing projects using financial analysis, two additional factors should he
considered. First, if there is budget constraint, then the selection of projects must
consider not only the respective NPV's but also the size of the required investments,
Capitad budgeting techniques can be used 1o select those projects which in combination
will yield the highest NPV piven o specific budget constraint, Second, if the source of
financing and resulting cost of funds is different for individual projects, thean this
difference should be reflected in the rate used to discounted the revenues and costs,

Problems with the Economic Analysis

The cconomic analysis as applied in this project has several conceptual problems, In
order to be more speeitic in identifying these problems and in presenting the correct

2

The expected gt of teturn on comparabile investme nta

S o e . e VO
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procedures for evaluating mini/micro hydro-power projects, we need to consider the
differences between projects involving grid-connected mini-hydro, isolated mini-hydro,
and isolated micro-hydro. The following discussion points out the major differences in
the application of economic analysis for these three types of investments. The principal
failing of the economic analysis performed for this project was that it did not
differentiate between these three types of systems.

Grid-Connected Mini-Hydro

The project components, in their final form, were almost exclusively gridconnected
mini-hydro facilities. The relevant ‘no-project” seenario for the economic analysis
would be either the increased use ot the existing system or the unavailability of
electricity for a certain portion of the national demand. However, given the pattern of
growth in demand and the relatively small size of the proposed tacilities, it can be
assumed that additional capacity would be provided. Theretore a comparison should
be made with the construction of additional capacity based on i least-cost expansion
plan which excludes mini/micro hydio. “The economic cost tor this alternatve included
both the long-run marginal costs for addition! capaaty plos the short-run marginal
operating costs tor the plant which would otherwise have been used.?

The determination of the long-run marginal cost depends on whether the tacilny s to
be treated as a baseload or a peaking plant. There s a widespread belief in Thiiland
that the hvdro-electric facilities are peaking units, These facilities units are bemyg used
for multiple purposes and are available only partof the time for electricity peneration,
They are used, whenever possible, to penerate electricity during the broad period of
high demand. If, however, the rule of ecconomic dispateh were applied, the existing
hydro-clectric facilities would be treated as biseload capacty. Since the mini-hydro
facilities being constructed for this projectare not multiple-purpose units and do not
have storage, they will be operated continuously. Therefore, they should be treated as
bascload units. The long-run marginal cost for baseload generation capacity in
Thailind was developed from EGA'T data desenibing typical generating plants.* ‘The
amount of baseload capacity provided by these minihydro facilities is their depi_adable
capacity. Thisis equal to the minimum amount available from the facility during the
year,

This approach has been intieaduced by TEAM consultants in the preparation of the National Mini hydno Master PPlan [he
use of the short run marginal Coats for a single substitute plant wonot entrely correct The short run marginal comt shiouid be
eshimated by compunng the total Lyatem comts of Kencrating the requied electnoty when the syvatem indlude g the mini/micro
hydro facihty and when it does not Heoaose ths Project s beangundettaben by SEA tather then T GAL the variation in

total systern coats could not be determined and a sunpler approach was used

The least comt cxpancion Hans with and without muny bydro were not avadable  An estimates] cap tal comt G 1E 0 o uaand
HBaht peeinntalicd kW the economn comt for a the ral Prwerplant using fuel el an dewnbed i Fatibiit A 30 wan uved for
the long tun marginal comts A combined cyde plant uning navatal gas wah cconoms capital comt of PV thoucand flaht per
iatalled AW could have be e noused 1t this woahd presumea goncrnment peolicy o continue increasing the use of domests

supplies of natural gas for electnaty Eencration
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The mini-hydro facilitics gencrate more clectricity than would be generated by a
thermal plant with a capacity cqual to the "dependable capacity”, The additional
amount of electricity would be produced by the existing system’s baseload plants, The
cost for this additional electricity includes the costs for fuel, operations and
maintenance and transmission losses, In order 1o estimate the costs, the same fuel-oil
thermal plant has been used that was used for the long-run marginal cost. This plant has
a fuel consumption of 0.233 1it per kilowatt-hour. At costof 3.45 Baht/liter for fuel
oil, the resulting fuel cost would be 0,804 Bubt per kilowatt-hour.(see Fxhibit A8)S

The transmission losses could be determined by comparing the distance 1o the service
arca from the mimi-hydro and from the nearest Large power plant on the grid and the
relative fosses i the 22 ky distribution used at the mini-hydro sites versus the 230 ky
distribution used in the prid. Because the output of the mini-hydro facility will be sold
to EGA'T at the bushar, theretore the analysis can be simplitied by assuming that the
losses in disiribution are the <ame tor any rencrating unit attached to the prid including
the mint-hyvdro tacilities,

The final format tor the cconon: Nalysiv of the pnd-connected minthyvdro systems is
presented i annexy Fopether woa, s results, A shghdy ditferent format was
developed by the TEAM consultants as shown in Exlibit G This analvtical model,
which is i considerable improvement over the methodolopy presented in the PP will be
made avianlable to NEFA i the near tuture,

Isoliated Systems

There are two types of isolated hydro-electric systems considered in this project, the
mini-hydro tacility serving several villages and the microhydro taaility serving a single
village or it most two adjoining villages. For isolated hydro-electric systems, the "no-
project” seenirio tor the economie analysiv i be one of the following;

a. the village(s) continue to uve herosene and batternes tor Liphting and
apphiances,

b, the villagers) intoduce some torm of auto-generation, presumably using
diesel generators, or

C.  the gridis extended to the villipe(s).

In the first case, the henefits of the hydro-clectric facility are not only the cost savings

A bt el 1t . ot e et

s The ure of thus plant may (ause o slight under-estimation of benefits pince marpinal baseload unit would probably have a

highet fuel tonvumpiion rate

st e e
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from substitution of electricity for kerosene and batteries but also the benefits
associated with:

a.  anincreased use of lighting and appliances and,

b. the new activities which are undertaken because of the availability of
electricity.,

While the cost savings can be estimated directly, the benefits from the new activities
and from the increase in existing uses must be determined through a forecast of future
consumption,

In the second case, e benefits are the lower costs of using mini-hydro rather than
diesel generators to provide electricity to the consumer. I this lower cost is reflected in
i lower average price per kilowatt hour, then there would be additional benefits due to
the higher level of consumption. In order 16 estimate these benefits, separate forecasts
of consumption would be required for the projected prices of the two alternatives.

Additional benefits would be realized because of the greater avatlability of electricity
from the isolated hydro-electric systems. “The proposed diesel generators would be
relatively large units which would provide service to a nunmiber of villages through
medinm voltage distribution. Some similar, publicly-operated svstems already exist in
Thailand but these tend 1o be less than 0.5 MW with Joad factors of 2007 or less. While
it would be possible to have Larger units operated by agencies such as NEA or PEA that
would distribute power to several villages, 24 hours-per-day, a restricted period of
operation is more likely given the absence of significant loads between 10 pom. and §
am. These fucilities would have sufficient capacity and reliability to supply most light
industrial and commercial uses. They would have an advantage in terms of capital cost
because the generators could be sized for the expected demand and the capacity could
be added to over time as demand increases.

In the third case, the benetits are the savings in costs of extending a transmission line to
the villages and maintaining service for o relatively low level of demand.® The option of
extending the grid requires more than caleulations of economic costs for the extension
of the grid. "The marginal costs for generating the electricity and the change in
transmission losses must also be determined. Tn addition, the benefits of electricity
provided by the grid would be greater than for clectricity provided from an isolated
system becanse the former provides a more reliable supply and is able to handle
industrial and peak loads at lower costs (because of the peaking units included in the
national system). Also the grid provides 24-hour-per-day service, whereas the isolated
systems cannot because of the marginal costs of operating during the late night and
carly morning period. Refrigeration loads could be introduced if electricity was
provided from the prid.

There wonrd be upnificant loases assoxiated with ‘encryining® this extension 10 the ayntem

ROG/ agler, Bailly, Inc
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The "no-project” scenario in which villages continue without electricity or with small
household generators is the most difticult to analyze because it requires information on:

& the current patterns of energy consumption,
b.  new uses which would oceur if clectricity were introduced, and
¢.  theviliagers’ willingness-to-pay for clectricity for different uses.

The first item is determined through rural energy use surveys. The latter two items
require forecasts based on the results of the user survey and experience from other
rural arcas where electricity was introduced. This seenario must be considered because
the two previous "no-project” seenarios involve some form of investment. Therefore, u
comparison wis being made between alternative vestments. itis necessary o
establish the cconomic viability of making any investment by comparing the proposed
investment with “no-project” seenario involving no investment.

The ditferences between the alternative forms ot generation lead to o difterence in the
types of users which can be served and the amonnt of local resourees used in the
construction, operation and mantenance of the system. While it is possible 1o
conceptualize diesel, mini-hydro and prid exstensions which would provide the same
level of service, one or more of the resaltig systems would be inetticient, 1t cach
alternative provides a different level of service, then it is necessary to caleulate the
incremental benetits and costs associated with cach. The demand forecasts should
provide information not only on the future clectricity consumption but also on the
beriefits which would be realived from clectrification,

Isolated Mini-hydro Systems

The methodology presented in the PP for isolated mini-hydro facilities compared the
costs and benefits of these facilities relative to those associated with a multiple-village
diesel generating system operated by a public agency. There were four serious errors in
the application of this approach,

The first crror was that the proposed isolated mini-hydro facilities were designed with
excess capacity. Since anisolated system cannot sell excess clectricity o the prid, it
should be sized to provide a “dependable” capacity throughout the year, The solated
systems are all run-of-the-river units so the period of low low determines the
deperdable capacity. FFor example, the dependable capacity for Nam Mace Hat is 407
kW. Although the pPp proposed i capacity of 340 kW, this figure was subsequently
revised to 818 kW 1o take advantage of peak flows, even though it was to he an isolated
system. This increase in capacity cannot be justified unless there are extremely Jarge
loads which occur only during the period of peak generation. A similar problem was
experienced with the design of other isoloted systems (see Exhibit (5.2).

RCG/itagler, Bally, Inc.
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The second error is related to the excessive design capacities. It was assumed that all of
the electricity which was generated could be sold, but no seasonal demands were
identified that could have used the additional capacity during the high water season.
This caused an overestimate of demand. Now that the plans have been changed to
allow for grid connection at all sites, this problem has been eliminated and the first
error is much less significant. However, the evaluation methodology should be revised
to insure that the analysis of future isolated mini-hydro systems avoids these two
problems.

Exhibit G.2

Comparison of Design and Dependable Power
For Isolated Systems

Design Dependable
Site (kW) (kW) Percentage
Nam Mae Hat 817 407 50%
Nam Mae Chon Luang 132 84 649
Huai Mae Aep 79 57 72%
Nam Mae Usu 1,450 587 40%

The third error was caused by the assumption that the diesel generating system in the
"no-project” scenario should be equivalent in size to the mini-hydro’s peak generating
capacity. Instead, the diesel plant should be designed to match the "dependable
capacity” of the mini-hydro facility. In addition, the assumption that the diesel plant
should be provided with a 1009 backup capability is clearly not realistic, Supply
reliability is acenmplished by having multiple generators with a standby unit which can
handle the load if one or two of the generators drops out* As a result of this er-or, the
diesel option had # capacity and capital cost which was 2.5 to 3.5 times greater than
would be required to provide comparable service,

The fourth error was that the level of consumption was assumed unchanged for the
isolated mini-hydro project and the diesel generator system. The operating regime for
the two systems would be different as discussed above and, therefore, the level of
consumption would differ. Also the price charged for electricity from the mini-hydro
facility would, presumably, be lower leading to a higher level of eonsumption. Both of
these Tactors would argue for an increase in the benefits to coasumers with the
investment in & mini-hydro facility rather than a diesel “ating system,

More recent estimates for Nam Mac Hat indicate a dependable capacity of 63 kW, but the baus for this revision was ot
clear.

This is not 14 say that a reasonable backup 1s not required, in fact, the hydro fac thty should ulvo have a backup capability. la
both cases, a bulance must be siruck between level of rehability and the coat of the backup

RCG/Hagler, Bally, Inc.
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Isolated Micro-Hydro

For micro-hydro projects, the "no-project” scerario was again assumed to involve the
installation of a diesel generator or the extension of the grid. If an isolated micro-hydro
facility is to be compared with these two alternatives, then it is necessary to consider the
difference in benefits of introducing electricity to the service area using the three
alternatives,

Micro-hydro facilities are, per force, stand-alone units. They are constructed by a
public agency but with a significant input of local labor and resources. Because of their
size, they are operated collectively by the villagers rather than by a public utility. They
can be operated more hours per day with greater reliability than a diesel generator
while remaining financially viable, They tend to be larger capacity systems but are
limited to serving household needs and light commercial and industrial loads. They
cannot be used for refrigeration since the cost of labor is too great to permit round-the-
clock operation. This type of facility has a large initial cost and requires a large base
load from the time it is brought on-line if it is 1o be financially viable. The generating
capacity of these systems can he expanded over time but only if the civil works have
been designed to accommodate this expansion,”’

Village-level diesel units would probably operate for 4 to 6 hours a day because of the
higher cost of labor and fuel, They tend to be smaller generating sets limited to serving
only houschold needs and light commercial loads. Such a village-level unit was
observed in one of the villages within the Nam Mae Hat service area, but most villages
that have autogeneration are limited to small diesel or gasoline generators which serve
only a few houses during the night time.

Alternatives Not Considered

Another problem with the economic analysis performed for this project was the limited
number of options considered for each site. The economic analysis compared the mini-
hydro with a full-scale diesel system or a grid extension, but this all-or-nothing upproach
leads to an ariificial limitation on system design. In fact, there are a range of options.
A logical option for the diesel generator plants would be to initially install a smaller
unit sized to the expected level of demand over the first five years of operation. At the
end of the economic (though not necessarily phyeical) life of the diesel engine, it would
be possible to replace this unit with a larger generating plant, Alternatively,
complementary generating units could be introduced as new service areas are opened
up. It would also be possible to replace the dissel generating system with a mini-hydro
facility or with connection 10 the grid after the consumer base had been established

Such aaystem would generally have the cvil works including weir, headrace, peastock, pewerhouse and tailrace designed for
the full capacity but the generators and turbines would be installed as the demand required. Ilere the decicion to purchase
the generaton and turbines in stages would have o be justified in terms of the savings from delaying capital investment
refative to the higher costs incurred threugh sepatate contracts for each turbine-generator set.

KCG/Hagles, Baly, Inc
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using the diesel generator and after the villagers had become familiar with the various
uses of electricity. This would insure a higher level of benefits once the hydro-electric
facility was installed. Considering that the time required for design and construction of
a mini-hydro facility involves several years, the option of building up demand through a
diesel system would appear attractive.

The all-or-nothing option also leads to an overestimate of the costs for the grid
extension. Although the cost for transmission lines would be incurred initially, the
introduction of additional generating capacity and the installation of the step-down
transformers could be done over time as the demand builds up.

Finally, the all-or-nothing approach ignores the marginal costs and benefits of
constructing a mini-hydro system which will be connected to the grid. Many of these
systems include the construction of power lines from the hydro facility *o un-electrified
villages as well as from the facility to the grid. From an economic viewpoint, these
projects should be analyzed as two separate projects. The first is the addition of the
mini-hydro facility to the national generation system. The second is the extension of the
grid to the un-electrified villages. The first project would be evaluated relative to the
cost for alternative forms of power generation used in the national system. The second
project would be evaluated relative to the cost of installing and operating village-level
generation systems.

Shadow Pricing
The shadow prices introduced by the consultants were determined using

standard conversion factors provided by the Mekong Committee. These factors were
meant to account both for taxes and subsidies and for market distortions. The
resulting numbers are on the order of 0.76, considerably lower than those determined
in an earlier study' which had factors closer 1o 0.88 as shown in Exhibit G.3. Because
this project makes very little use of rural labor, and since most of the civil works use
local materials, it is not be reasonable to use such low conversion factors. Assuming
that iocal inputs account for about 40% of the project costs and the remainder are
imported, a median conversion factor of 0.82 was selected.

*Shadnw Prices for Economic Appraisal of Projects: An Application to Thailand®, IBRD Working Paper 609. Sadiq Ahmed,
1983.

RCG/Hagler, Hailly, Inc,
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Exhibit G.3

Standard Conversion Factors

Mekong Committee IBRD Working Paper
civil works 0.74 construction
transmission line 0.74 -public utilities 0.92
electrical equip 0.77 - general 0.88
oO&M 0.79 - machinery 0.85

imported capital goods  0.83

Problems with the Financial Analysis

The problems with the financial analysis are less complex, since the benefits are limited
to the revenues from sale of the clectricity. The financial analysis performea as part of
the site evaluation did have a major weakness. The consultants appear to have
confused financial analysis with cash flow analysis. The latter involves calculating the
net income for each year after allowing for direct operating expenses, debt service and
taxes. This analysis is generally used to determine the ability of the borrower to meet
the debt service and to calculate the loans required to meet operating expenses during
the period of construction and the first few years of operation. The financial analysis,
on the other hand, determines whether the project is a good investment relative to
other available alternatives. To answer this question, the discounted costs and revenues
must be compared.

For the financial analysis, the costs and benefits are reported in the year they are
incurred. The method recommended in the PP and applied by the consultants did not
use this approach. Instead they capital costs were amortized over the life of the
expected loan using the rate of interest for the USAID loan. This procedure distorts
the flow of costs and produces an over-cstimate of the net present value of the project.
It will also produce an incorrect value of the internal rate of return.!* The rate of
return will be lower if the actual IRR is below the rate of interest and higher if the
actual IRR is above this rate of interest.

n To see this one need only consider the million situation in which a project involves a first year capital cost of $1 million and a

total income of $1.2 million received in the following year. Clearly the internal rate of return is 2%, however, if the capital
cost is amortized over 20 years at a 107% rate of inlerest then the internal rate of return on the cash flow will be 12.8%.

RCG/Hagler, Bailly, Inc.
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Sensitivity Analysis

The economic analysis as presented in the project report failed to consider the
sensitivity of project viability to changes in costs, primarily those for fuel and capital.

The capital costs estimates for the first round sites were off by about 50% (see Annex
C) due to delays in construction and the rapid rate of inflation in the intervening period.
In the second round, the cost estimates proved to be much closer to the final costs. This
was due to a decline in the costs of civil works caused by competitive pressures in the
industry and to the short time which clapsed between the preparation of the estimates
and the start of construction. It is important to consider the effects on project feasibility
of changes in construction costs of at least +25%. This range allows for the potential
inacecuracics in preliminary site surveys as well as the variation in unit costs due to
changes in the supply and demand for contracting in the country.

The sensitivity of project viability to fluctuations in fuel prices was ignored despite the
fact that at the beginning of the project there was a widespread expectation that
petroleum prices would continue to escalate in real terms. In fact, by the end of the
project, the real price had fallen by nearly 50%. While it is not clear that the magnitude
or direction of the change in prices could have been predicted, an awareness of the
sensitivity of the project’s feasibility to changes in fuel prices should have been
established. An assessment of this risk could then have been included in the decision
regarding the priority to be given to the project.

Since the economic evaluation of the project was based on the Net Present Value of the
casts for alternative clectricity supply schemes, it is important to perform a sensitivity
test on the discount rate. In the first round, a 129 discount rate was used, but no
sensitivity test was performed and no attempt was made to contirm that this was an
appropriate rate. In the second round, a sensitivity test on the discount rate was
performed. This test indicated that the non-hydro options were preferable at higher
discount rates, because of the high initial costs for mini-hydro relative to diesel
generators or extension of the grid.

The financial analysis performed for the mini/micro hydro project failed to consider the
sensitivity of project viability either to capital costs or to the electricity tariff rate. For
grid-connected mini-hydro, the buyback rate for electricity is set by EGAT at a rate
equal to that charged PEA for supplying clectricity to the grid. This rate has declined
steadily in real terms and was reduced by 249 in nominal terms in early June 1987,

For isolated mini-hydro facilities, the setting of the tariff would not be constrained by
EGAT or PEA rates. However, the NEA proposces to use i uniform rate for all projects
even where the cost of atternative sources of energy is much higher. In fact, the cost of
lighting using kerosene is considerably higher than the charge levied for the use of 40w
fluorescent lamps. In those villages visited by the evaluation team which were supplied

RCG/Hagler, Hailly, Inc.
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by existing micro-hydro facilities or diesel-generator units, the average price for
electricity was considerably higher than the PEA tariffs on a per kilowatt-hour basis. 2

For the cash flow analysis conducted as part of the project, sensitivity tests were
performed on the discount rate and tariff. However, these tests were limited. For the
discount rate, two separate cash flow statements were prepared assuming a USAID
loan and a normal commercial loan. For the wriff rate, the results of the USAID loan
calculation were computed separately for tariffs of 1.46 and 10.6 Baht/kW-hr.

Revision of the Financial/Economic Analysis

The problems associated with the ceonomie, tinancial and cash-flow analysis are
relatively easy to fix. The evaluation procedure as used by NEA and TEAM could be
revised to produce separate procedures for microhydro projects and for isolated mini-
hydro projects.” A further revision would be required where the project is being
undertaken by a utility rather than an organization which would setl power to the utility.
The correctuse of cash flow and Fnancial analysis is a simple procedural adjustment. On
the other hand, correct shadow pricing and the proper use of SCUSIVILY analysis requires
more thought.

‘The correct procedure tor estimidmg the benefins resulting from alternative investments
would also require greater eftort. However, it should be possible to introduce rough
caleutation of the benefits associated with the mtroduction of different sources of
clectricity into a village. The ARE.2 Project provides some guidance on how 1o estimate
such benefits although some of the assumptions used in their analysis are questionable,

The major problem that has to be overcome in the upplication of the financial and
economic analysis is one of substance rather than form, The financial and econumie
analysis his been used ir this project (s in most projects) to aceept or reject a certain
type of investment. Clearly, the mitations of the project scope argue for this approquch,
However, to the extent that the site selection model is used to determine if a mini-hydro
facility would provide the most ceonomically efficient source of electricity, it shonld also
be able to identify the most cconomically efficient alternative. In a situation where the
executing agent has greater latitude in it nvestmeats, this model could then serve as
useful planning tool for screening alternative investments, The issue of identification of
logical altcrnative investments is one that can be resolved by applying a broader
spectrum of technical skills.

12
1

For a discunsion of these villages see Annex 1

The development of & proper methodology has already begun with the effort performed by THAM.

RCG/1Tagler, Bailly, Inc
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Revised Financial and Economic Evaluation

For this review, we have revised the financial and economic analysis by taking into
account some of the previous comments and by updating the information regarding the
costs and benefits of the project components, A summary of this analysis is presented
in Exhibit G.4. A more detailed presentation is given in Annex I along with a
discussion of the results.

Exhibit G.4

Results of Revised Economic and Financial Analysis

Financial Analysis Economic Analysis
IRR NPV B/C IRR NPV B/C
e 109 Buht 100 Baht
Nam Mae [Hat 7.1 (3.6)  0.94 118 (.S) 099
Khlong I.am Plok 8.4 1K 1.03 1. (2.5 094
Huai Fam Sin 10.4 7.6 1.19 14.9 S.0 1.16
Khlong Duson 9.1 3.5 1.O8 Lo (0.7) 098
Nam Kha Mun 5.3 (BR)  0.81 7S (RS) 078
Lam Pra Plerng 27 (12.0)  0.66 L8 (0.2)  0.99
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General Development Strategy

Of special concernin rural arcas of Thailand is the carly establishment of productive
land use which is sustainable and non-exploitative of the natural resource base (soil,
water, forests, fish, wildlife, cte.). Incertain areas, local development should be based
on agriculture, while in others, resources make them most suited for forestry or mining.
However, inadequate consideration of an appropriate development strategy could, in
the long term, cause problems that would negate many of the benefits of rural
electrification,

There is a common tendency in many developing countries 1o colonize forested
hinterlands and to expand the agricultural frontier in order to improve economie
conditions and reduce rural-to-urban migrations. When neither adequate analysis is
made of the potential productivity of these areas nor dppropriate orientation given to
the colonization process, the new frontier frequently turn into degraded and croding
wastelands that take their toll on small tarmers. In their wake, itis normal to find
depleted forests, fish, and wildlife (upon which the colonists have had to subsist) and
perhaps the initiation of watershed imbalance thai will likely get worse if land nse
practices do not iraprove,

Rural electrification can play @ decisive role in the promotion or deterrence, success or
failure, of a raral village. Land use capabilities and general resource potential must he
determined on a reconnaissance level for those areas where development is desired. In
Thailand, some areas are rich agricultural and/or forest resouree areas and should he
opened up. Others are oo steep with poor soils or too wet, and should best be keptin
protected forests. Many of the minihydro sites are located in these marginal areas.

Forall sites, the availability of adequate year-round stream flows to ensure cfficient and
reliable hydroelectric power generation is a fundamental criterion that must be satisfied
at the prefeasibility stage. Ideally, recent, accurate records, of stream flow and sediment
discharges for a minimuam 2.3 year period (preferably longer) should be available in
order to determine 1he appropriate size and type of turbines and to predict the daily
and scasonal sipply of water for generation of electricity, Stream flow and sediment
recording installations, suitable to the conditions of cach particalar site, should be
mstalled as carly as possible for all sites that are being considered. In Thailand
however, at nany of the data sites being developed, little stream flow is available and
often unit hydrographs for Larger catchment areas are used.

Ideally,eve.  effort should be made at the prefeasibility siage to identify all cxisting or
potential public and private water users (including minimum flows necessiry to support
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fish and other aquatic organisms) that affect flows in the stream. The location of all

water intakes and discharges in the affected area, as well as the respective flow rates
and nature of the cffluents, should be determined also. At the sites, the team visited,
no other competitive uses for the water exist,

If a protected river or area (for example, 4 national park, forest reserve, wildlife
preserve, sanctuary, or refuge) is threatened by constructiorn of a mini-hydro plant, it
may be legally impossible or inadvisable o develop at that site, whatever the projected
benefits. Twao of the sites currently under construction are in such protected areas,
Nam Mae Hat and Nam Kha Mun, As carly as possible in the planning and
development, it is important that natural resource management agencies be in
agreement with the project and provide lands for the project site and road rights-of-way,
For certain projects, a protection watershed may need to be established and the local or
national government may have to provide these areas.

Potential Impacts

This section deals with environmental considerations that should be taken into account
during the feasibilivy study. On global basis, mini-hydro plants will encompass a wide
range of facility designs and environmental settings. For example, the basic criterion of
a mini-hydro plontin Thailand is o generation capacity up to 6,000 kW. Fhis can be
satisfied by cither high head/low flow or low head/high flovs installations. The
environmental impacts for these two designs are likely to be quite different. Five of the
Six sites visited by the team are in the high head category, with Lam Pry Plerng being
the exception,

Similarly, the creation of a reservoir 1o store water for reliable, year-round generation is
only required at Lam Pra Plerng and not at the other sites. “This single factor iy of
fundamental importance 1o the assessment of environmental effects, since
impoundment of water can result in g number of physical, chemical, and biological
changes in the stream that will not oceur if « run-of-the-river design is used. However,
impacts associated with impoundments have already occured at Lam Pra Plerng since
the dam was built in the 196,

The magnitude of environmental impacts is generatly related to the size of the facility,
Thatis, & 100 kW facility is likely to cause fewer problems thin a 1,000 kW facility,
simply because the amounts of construction matcaal, watershed disturbance grading,
and diverted water are less for the smaller facility. Of equal importance, however, is
the amount of water diverted relative to the total flow i the stream. A HO KW plant
may have a greater impact if it withdraws o proportionately Luger amount of the flow
from a small stream than a 100 Kw plant located ona larpe river. The sipificance of
environmental impacts can vary scasonally; o 100 kW plant may have litle adverse
impact during high stream flows in the rainy season but may represent i sipniticant
stress to the aquatic system during times of tow flow. These variable conditions, must be
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considered during the conduet of the feasibility study in order 1o arrive at a reliable
evaluation of environmental impact.

The following are the basic impacts the planner must consider during the feasibility
Study process.

Flow Disruption:

All mini-hydro installation will ¢ wse a disruption of the natural stream flow,
Depending on facility design, the amount of runoff available, and the extent of
groundwiter recharpe, the impact may involve a complete stoppage of low for a certain
distance downstream to the powerhouse where the flow is returned fo the stream. In
fact, this is the sinnion at several of the sites the team visited, particularly during
periods of low flow,

Operation and design tactors have o mpaor intluence on the extent of tlow distuption,
The potential tor low reyalation s preatesttor nnne-hvdro plants that uniize mainstem
HDPGENAICITS for water Stotipe, since down <team fow may be cortaled onadaily or
seasonal basis oy the reservoir s tilled, However, this s not the cose - Thaeland sinee
most mini-hydro plants are tun-ot-the-nver, have no water storay e teservoir, and return
diverted water to the same stream o lower elevation, There s no net pam oz losy of
water with this tvpe ot instadlation, aed the only stretch of nver atfected by reduced flow
is the reach between weir and powcerhouse.

Site-specitic topopraphical teatine s - o alho modity Hlow distuption impacts, For
example, substantiad proundwater 1o charpe and/or tnbutary inflows downstream from
animpoundment can reduce the potertial adverse mpacts of flow cessation. In
seneral How distuption smpacts will be preater for drier regrons or smaller streams and
less for wetter climates o Larpe streams,

Scedimentation:

The sediment discharge of sowatershed basin is related 1o several fuctors, including
chimate and peolopy. Proper land use is of utmnst HIPOTLANCe in maintaining ¢rosion
rates as close to their natural peologic rtes i possible When inproper land nse
occurs, espectdly the deferestation of steep Lindsand sabuequent establishiment of
Brazing o apniculture, croson tates e yeneraily aceelesated amd cediment ttansport in
the stream s pencrally mereaoed

Sedimentation impacts are important from two pomt. ot viesw Myl soopended
sediment Toads urthe stream can atfet operation and mantenance of the turhine and
the raceway (e, sediments canse turhine pitting and accelerated wear)  Second,
sediment Toads resnlting from project construction and operation can have adverse
Hpacts on the aguatic system,
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Turbines are subject o excessive wear ang pitting when coarse-grained sediment is
entrained in the water. In general, it is most desirable to maintain as high a physical
water quality as possible. "This can be attained by proper watershed management and
strict control of project construction impacts (road building, excauation, etc.).
Information on sediment loads should be an important criterion for both feasibility
determination and the design of the engineering structures, however, this infornation
was notavatlable tor the sites in this project.

Sediment transport affects both the physical characteristies of water quatlity and the
biotic community in the stream. Where impoundnicnt or decreased water velocities
oceur, sediment loads will drop out and fill up cngieering structures (irrigation canals,
reservoirs), thereby inereasing maintenance costs or decreasing their useful life, For
this reason, all the plams in this project have adequate sediment removal provisions
through desisn and peodic mantenanee.

dSedunentation can hinve adserse HOPACES OIS UALIc Organisms by burying rock or gravel
fish-spawning areas, and smothering clams, mussels, other bottom-dweling organisms,
fish epes, and rooted aquatic plints. By changing the texture and cemposition of the
substrate, sedimentation will Guise o shittin the composition, abundince, and
distribution of aquatic biota, genctallyin a negative manner. The severity of these
inpacts are moditied by (1) the amount and rate of sediment transport, (2) the veloanty,
turbulence, snd tHlow rates of the strean, and (3) the frequency and magnitude of
naturally occurimyg eroston and sediment deposition.

However, atadl the sites visited, i appears tiat sediment transport is not i severe
problem because the watersheds are well covered with vegetation. Only during the
ramy scason (June-September) does sedimentation pose athreat. As mentioned above,
the hydraubic stractures in the projects are designed to remove a major portion of the
sediment.

Alternative Witer Flses:

Stiice the operation of a run-of-the-river, no-impoundment mini-hydro plant does not
comsume water or signiticantly alter its quality, the major iipact with regard to
alternate water uses will result from the fact thint water is temporanly diverted from the
stream. This rses the possibility that ather users which withdraw water from that
section of the stream will not obtain adequate quantities during all or part of the yer.
The atected section could serve s i source of water for opaaon, an and livestoek
consumption. However, the distances that water diverted from the stresm s nunimal
and i all caven. At the plants the teanvisted there were o other uses between the
mtike and taliace, <o this ivonof an seoe

Under certam conaumatanc e, proundswater resources can he depleted by wich diversion
Where diveraon ocours trom an eftluent stream (one that s above the water tabie and
theretore contibutes o proundwater suppies) s ikely that proundwater rechurge
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will be diminished in that stream reach between the points of diversion and discharge.
This could affect water availability in wells and in the stream channel. The t :am could
not determine if such circumstances exist at the project sites.

Flood Control:

A small hydro plant which temporarily diverts a portion of streamflow for power
production can be expected to have little or no effect on either diminishing or
increasing the quantity of flood flows. The plant however, must be designed to
withstand tloods,

Water Quality:

Operation of run-of-the-river, non-impoundment minihydro facilities will have little or
no etfect on water quality. Such water quality paramenters as temperature and
concentrations of dissolved pases and minerals will not be altered by diversion and
passage through the penstock and turbines, While turbidity and suspended solids levels
in the diverted waters may be reduced in those plant designs which incorporate sand
and sediment traps, in most cases tiis will ot have o Hepative impact on receiving
witlers.,

Direct water quality impacts, could occur, however, at those sites whose designs include
creation of a substantial impoundment of water above the intake structure. Most of the
plants in this project have a weir and the impoundment will tend to be small, without
the problems of thermal stratification and anoxic benthic conditions associated with
large reservoirs,

Impacts to Aquatic Organisms:

There are impacts to aquatic organisms that should be considered when evaluating the
feasibility of a site. Some impacts, such as turbine-related fish mortality can be a
potential problem. Taterference with upstream migration of fish is penerally of concern
when wateris impounded for i store-and-releise type of operation. Upstrem fish
MUPEAtion s notan issue at the sites under consideration i Thatland.

Turhine mortahty occurs when orpanisms are carried into the intake structure along
with diverted water and prass through the turbines before bemny discharged back into the
receving stream. These oranisms, mcluding drifting aguatic inseets, zooplankton, and
fish epps, Jarvae, and juveniles, are subjected to sudden and extreme pressure changes,
turbulence, shear forees, abrasion against the wails of the penstock and contact with the
turbine hlades.
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Organisms which are too large to pass through the intake debris screen, yet cannot
avoid the flow, may be trapped against the screen in a process called impingement.
These animals, conimonly downstream-migrating fish, eventually suffer mortality due to
asphyxiation and physical damage if not removed or by passed.

Temporary diversion or impoundment of water for hydroclectric power generation
results in decreased flow in that portion of the river downstream from the intake
structure and upstream of the turbine discharge. Under low streamf{low conditions, this
can resultin a significant decline in the natural flow available to support fish and
bottom-dwelling animals in that stretel of river, In ex:reme cases the river may dry up
due to complete diversion or impoundment for power generation, resulting in a loss of
these bottom organisms and a potential blockage for upstream and downstream
migration fish.

Maintenance dredging, 1o remove sediment deposits from the sand tap and the area
around the intake structare, may result in temporary mereases in suspended material
and turbidity, low dissolved osyeen, high concentration of dissolved minerals and toxic
contaminants. It dredpged material is allowed o enter the receiving strean, silt and
sand deposition and the alteration of substrate and bottom habitat will result.
However, tie design of the intake structures are such that little maintenance dredging
should be required. ‘They are essentially selfeleaning,

Witerborne Diseases and Parasites:

As with water quality tnipacts, the operation of mini-hydropower fucility per s¢ is not
expected toattect the transmission of waterborne dincuses, Although the self-purifying
capacity of water moving quickly in a non-turbulent flow through & headrace and
penstock may be reduced refative to movement of that same parcel of water over the
natural steeambed, thes factor will probably not be signidicant in most cases, The
impoundnient of water in i hvdro-clectric reservoir could enhance survival of disease
organisms, since those factors which are critical 1o self-purification of water in a stream
(turbulence, sunlight penctration, oxypenation) are reduced or eliminated in o
reservoir. Finally, water impoundments provide increased habitat for Mosquitoes
(which are vectors of such diseases s malaria, encephalitis, yellow fever, and dengue)
and snails (which are ablternate hosts of animal and human parasites such as
schistosomiasis). Flowever, at these sites, the amount of impounded water will he
limited to that behind the weir and therefore these consequences should not oceur.

Construction Impacts:

The effects of mnthydro construction on the aquatic enviromment fall into two
categories: (1) turbidity and sedimentation, and (2) water quality degradation,
Construction of a road to provide access to the site, dams for water impoundments, and
on-site construction of the vatious components of the factlity, will resalt in the
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disturbance and movement of erodible soils. Unless mitigative measures are taken,
such as the construction of dikes to retain stormwater runoff, this soil will eventually be
washed into the streams. The effects of the resultant increases in turbidity, suspended
solids, and sedimentation on aquatic organisms have been described.

In addition, oils, greases, and chemical wastes from the construction of the conerete
canals and turbine building may be carried into the streams and seriously degrade water
quality, especially under low flow conditions. The toxic effects of these chemical wastes
would cause stress or death o aquatic animals,

Road construction providing access to the site is normally responsible for much more
earth movement and disturbance than site preparation activities. ‘The magnitude of the
siltation impact, which wil] principally effect stream hydrology and agquatic
communities, can be reduced bty sound engineering practices of road construction.
When propeiiy constructed and stabilized, a road may cease to produce significant
amounts of sediment in a short time period (2-5 years) At the sites the team visited, all
the above negative impact were evident. Planning in this arca was not well carried out
and some negative conequences could have been avoided. Perhaps the biggesi problem
wis construction of the access road.

The passage of transmission lines between facility and points of energy consumption
may give rise to aseries of impacts relating to boih land use and wildlife resources. The
establishment and operation of transmission lines requires the clearing and
maintenance of relatively vegetation-free corridors, resulting in exchision of alternative
land uses that would be incompatible with transmission line uses. Such devegetation
and land use restrictions may imply limited but nonetheless significant impacts under
certain circumstances. However, the lines going to these sites are only 22 kV on
concrete poles. Noserious negative impacts are envisioned,

Potentially, the most detrimental long-term impact of road and mini-hydro construction,
is the opening up of forest protection and eritical watershed areas to spontaneous
human colonization. For example, a common experience in water resource
development projects has been that colonization has resulted in erosion and torrential
flooding. Spontancous colonization of marginal protection areas produces innumerable
impacts on soil, water, forest and wildlife resources, both on-site and downstream.
However, in the arcas where these plants are located the hydro units serve existing
villages. Development has already taken place and appearsto have stabled.

Land Use and Development:

Proper Tand use in the watershed is critical 1o the avoidance of a complex series of
inpacts that could far outweigh the total dircet impacts of mini-hydro construction and
aperation. These long-term impacts, which basically bave to do with improper land use
and deforestation of steep uplands and watershed degradation, will lead to erosion and
sediment discharges, torrential flow regimes, and decreased dry season base flows.
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These impacts will have negative effects on plant operation and maintenance costs and
will thereby affect the mini-hydro’s useful life.

The promotion of proper land use in the project area is an activity that offers multiple
opportunities for benefits. Potable water supplies, recreation areas, forest reserves with
certain restricted possibilities of wood product extraction, anc other compatible uses
could be promoted so that the community appreciates and takes advantage of
environmentally-sound multiple use possibilities, It is extremely important that the
community develop both (1) an understanding of the relationships between proper land
use and the maintenance of good water quality, quantity and timing, and (2) a feeling of
responsibility toward the management and protection of "their own watershed."

Nutrient and Sediment Trapping:

Smal' hydropower facilities with reservoirs are sediment and nutrient traps. However,
the sites we are considering, do not have water storage since they are run-of-river
facilitices.

Aquatic Weeds sind Eutrophication:

This problem is also associated with impounded water and trapped nutrients in
sediments. The team does not envision such problems developing at the sites which
they visited.

Wildlife Impacts:

Mini-hydro install“tions will also have some impacts on terrestrial habitats and wildlife,
although these etfects have been less well studied than aquatic imr acts. Construction
and maintenance will involve some land disturbance through clearing for access roads,
transmission lines, and on-site structures, The resultant alteration in vegetation and
habitat may have nepative or positive impacts on wildlife, depending on the particular
site. For example, site clearing may be detrimental to wildlife by climinating critical
habitat, whercas in other cases it may be beneficial by creating greater habitat diversity
in homogencous environments, Construction noise and activities may interfere with
nesting activitics of birds or migratory movements of terrestrial animals.

Secondary Impacts:

In addition to the primary, direct impacts on environmental resources thial have been
discussed i previous section, the provision of clectricity to rural areas is likely to have a
number of secondany effects. For example, establishment of new roads, smali
industrices, irrigation capabilities, and immigration into undeveloped areas are all
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potential social benefits derived from rural clectrification which could, in themselves,

have effects on the environment of greater magnitude than the mini-hydro facilities per
se.

The development of the mini-hydro plants will impose restrictions upon land use at the
construction site and ideally also in the catchment area above the intake structure, i.e.,
watershed protection. On the other hand, it will create resource opportunities (hunting,
recreation, alternative water supply uses), the extent of which depends upon the manner
in which the area of influence of the project is managed.

Secondary impacts of rural electrification may have great significance to aquatic
resources in the project area. Regional developments following elecirification could
include increases in the human population (either by promoting immigration or
stemming emigration), agricultural (irrigation) activities, livestock production, and
industries, any of which could have important consequences to the water and land use
patterns in the region. Population increases in the regions served by electricity wiil
create a greater demand for potable and/or irrigation water and water treatment.

Small communities that presently have no drinking or waste water treatment facilities
may encounter increasing problems with wateborne diseases as the population increases
and the ability of the environment to assimilate their wastes decreases.

Irreversible and Irreparable Impacts:

Irreversibie and irreparable impacts will occur most commonly when mini-hydro
development involves impoundment of water. Irreversible commitment of soil
resources will result from impoundment and consequent flooding of river valley
hottoms. Depending on the site, geological, archacological, historical, and cultural
resources may also be lest to flooding. In addition, the creation of an impoundment
will normally result in s Itation in the reservoir and an irreversible alteration in the
topography of the valley bottom.

Construction of mini-hydro plants without imporaaments will normally not result in
irreversible or irreparable commitments of resources exceptin cases of alteration of
unique waterfalls or wild rivers. With adequate planning and project designs, these

impacts can usually be avoided or minimized.

Again, the sites which being constructed in Thailand, have no irreversible impacts
because they are small and run-of-river.
Checklist of Eavironmental Information
This section describes the types of potential environmental impacts that should be

considered when evaluating the feasibility of mini-hydro site for development. The
checklist in this section provides suggestions for the types of information rhat should be
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collected and analyzed in order to assess the relative significance of these impacts at a
given site. Most of the necessary information is at the reconnaissance level, that s, it
can usually be obtained quickly by examining existing maps, reports, and publications.
The items requested by the checklist are intended to represent a broad spectrum of
information needed to cover a wide range of potential sites and environmental settings.

(1) Are topographical maps available (1:25,000 if possible) which show the
location of the facility components and, if a water impoundment is planned,
the bathymetry of the future reservoir?

(2) Are low-level aerial photographs of the site and watershed available?

(3) Are stream flow data available for a number of years in order to ensure both
the maintenance of minimum flows in the stream and reliability of mini-
hydro operation?

(4) What rainfall data exist for the study area? Do rainfall intensity values also
exist?

(5) How much water will be withdrawn for mini-hydro operation and where will
the intake and discharge structures be located?

(6) If a water storage impoundment s pait of the project design, what will be
the timing of reservoir releases on a daily basis? Seasonal basis?

(7) What are the alternative water uses in the area, the location of all water
intakes or discharges in the affected areas, and determine flow rates and
nature of effluents.

(8) Are there important wetlands that could be affected (for example, drained
or filled with sediment) by construction and operaton of the plant?

9) Are there important alluvial floodplains that will no longer be seasonall
. [ 0
flooded due to reservoir flow regulations?

(10) What other water bodies (lakes, reservoirs, etc.) are associated with the
surface waters of the study arca? What special geologic (geomorphologic or
tectolinear) relationships might exist beiween these?

(11) According to the Life Zones (Izcological) map of the country, what Life
Zones occur in the watershed under study? What runoff distribution could
naturally be expected from each Life Zone (or other appropriate ecological
classificaton unit) according to water balance estimations? How many
cffectively dry months are there in each water year?
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(12) Is there a map of actual land use for the area? What are the predominant
land uses? If not, can the information be obtained from aerial photographs
or field reconnaisance?

(13) Are there land use capability or land use potential maps developed for the
general study area? What resource use potentials exist for the watershed of
concern?

(14) What land use and watershed protection plans can be developed in order to
minimize adverse secondary impacts?

(15) Are there any important soil, geological, historical, cultural, or
archaeological resources that will be lost by site construction? Access road
construction? Transmission line construction? Impoundment?

(16) Is the site near a protectzd area (preserve, sanctuary, refuge dedicated area)
that may require special consideration?

(17) Are stream waters near the site used for fish spawning, nursery, or feeding
areas, or as fish migration routes?

(18) Are any rare, endangered, or commercially or recreationally important
species present in the region?

(19) What are the principal aquatic species present in the area affected by
construction and operation?

(20) What species are harvested for sport or commercial purposes in the area?
What is the harvest level snd seasonality of harvest? What fishes or
shelifishes are harvested from the stream for food by the local community?

(21) What waterborne discases or parasites are endemic to the area? What is
the possibility of spreading or accentuating disease problems by mini-hydro
development?

(22) Are there species of aquatic plants in the area that could interfere with
hydrocelectric’ty production and alternate water uses?

(23) Are there any pre-existing (natural or man-induced) environmental stresses
in the arca? Are any future developments planned for the area that might
add additiona! stresses? Characterize and, if possible, quantify these
stresses,

(24) What is the nature and size of suspended sediments in the stream? What s
the bedload of the stream?
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(25) Are any water quality data available, especially regarding temperature,
dissolved solids, salt, nutrieat, and dissolved ox ’en levels, or the presence
, . g
of toxic materials or disease organisms?

(26) What projected or active mining activities occur in the study area? Are
these oper: pit or tunnel mines and how are wastes handled?

(27) Are there any unique plant design features (impoundment, trans-basin
diversion) which would necessitate special consideration with regard to
environmental impacts?

(28) What are the possibilities for avoiding, reducing, or mitigating
environmental impacts of mini-hydro site development by adequate prior
planning?

Summary

Small-scale hydroelectric facilities have & number of advantages over other sources of
power as a means of providing electricity to rural areas in developing countries

As with other energy technologics, however, there are potential environmental impacts
associated with the construction and operation of mini-hydro facilities. Discussions of
impacts ranging from land use changes to water quality degradation have been providea
along with a checklist of the types of information that should be gathered at an carly
stage in site selection and project planning in order 1o judge the significance of these
impacts. It should be noted that the discussions are intended to cover a range of sites
and designs which are appropriate for Thailand.

Since decisions ubout the significance of environmental impacts at a candidate site will
be largely judgemental, both the prefeasibility and the feasibility stages of site selection
should be conducted by individuals with formal training in 2n environmental field (e.g.,
natural resources management, ecology, forestry) and experience in impact
assessments.

In summary, the principal objective of incorporating environmental concerns into
overall site sciection methodology should not be to hinder the provision of electricity to
rural areas, but rather to orient development in an cnvironmentally sound manner. To
the degree that mini-hydro plants promote the intensification of rural industries and
improve the lot of the small farmers without entering into conflici with basic
environmental resources, they will assist in the rural development process.
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L ———
This viability of the eight proposed mini-hydro facilities can be examined from three
different perspectives. At the simplest level, a cash flow analysis can be performed to
determine if the NEA will be aole to meet its debt service requirements as a result of
these investments. At a more detailed tevel, a {inancial analysis of the individual
facilitics can be performed to determine if the expected revenues are greater than the
expected expenditures and if these projects will provide a reasonable rate of return on
the investment. From a national perspective, an economic analysis of each project can
be performed to determine f the rescurces allocated to each facility could have been
better used for other projects in the cconomy,

Of the cight facilities being constructed as part of the NEA programine, only six were in
astate of final planning at the time of the field visit and only these have been described
in the text. Since this section is being prepared several months later, planining data is
available on the other two sites. The basic physical description of the eight projects is
show in Exhibit L1 based on the current NEA engineering data. The total proposed
capacity is 6.92 MW and the expected average annual output at the busbar is 42.2 GWh,
The operational dates for these facilities are based on NEA's schedule as of November
1987.

Exhibit 1.1

Physical Characteristics of Mini/Micro Hydro Facilitles

Nominal Dependable Expected Transmisslon Start of

Capacity Capacity Qutput Line Length Iperations
Facility (kW) (kW) (MWh) {km) month/vear
Nam Mac Hat 818 63 6795 27.0 2/88
Khlong Lam Plok 1182 253 7761 13 3/89
Huai Lam Sin 058 30 6115 Lo 7/88
Lam Pra Plerng 850 8N) 3044 0.0 4/89
Nam Kha Mun 1030 184 4809 83 4/89
Khlong Duson 680 145 5838 1.2 5/89
Huai Mae Sot 660 143 3359 5/89
Name Ya Mo 738 212 4434
Total 6916 2793 42155

The total capital costs for the cight facilities is currendy estimated to be US$12.8
million exclusive of administration, technical design and import duties as shown i
Exhibit 1.2. "The capital costs for the first three facilities in this table are baved on the
bids of the selected contractors. The capital costs for the next four facilities are also
based on the contractors' bids with the exception of the costs for the elero-mechanical

RCG/agler, Bailly, Inc
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The total capital costs for the cight facilities is currently estimated to be US$12.8
million exclusive of administration, technical design and import duties as shown in
Exhibit L2 The capital costs for the fi.st three facilities in this table are based on the
bids of the selected coutractors. The cupitai costs {or the next four facilities are also
based on the contractors’ bids with the exception of the costs for the electro-mechanical
equipment. The capital cost for the final facility is based on estimates provided by the
NEA, but their recent estimates have proved reliable,

The economic and financial analyses were limited to the original six sites which the
team wisited and for which reliable data is available. 1t is assumed that the capital costs
for these six sites will be incurred in equal amounts over the two year period preceding
the operational date. The economic life of these fucilities is assumed 1o be in excess of
40 years. Itis also assumed that major renewals of equipment or facilities will not be
required during the 25 year period ised in both analyses.

Exhibit 122

Capital Costs for the Eight Mini/Micro
Hydro Facllities

(000's USS)

Civil Truns- E&M Admin,

Facility Works mission Equipment Design® Total
Nam Mae Hat 682 400 657 424 2163
Khlong Lam Plok 784 22 989 459 2254
Huai Lam Sin 432 22 014 459 1527
Lam Pra Plerng 311 () 863 137 1311
Nam Kha Mun K30 37 718 145 1736
Khlong Duson 918 27 49() 141 1576
Hua: Mae Sot 1045 3) 562 164 1801
Name Ya Mo 149() 110 785 239 2624
Total 0498 648 L6748 21648 14992
’ estimated

The operating and maintenance (O&M) costs for these facilities were estimated
assuming a repair and maintenance cost cqual to 194 of the cost of civil works and 1.5%
of the equipment costs. “The operating costs for cach site were assumed to be 250
thousand Baht per year for a three-shift, two-man aperation. The O&M costs for the
cight sites are summarized in Exhibit 1.3

RCG/Magser, Iastty, Inc
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Both the cash flow analysis and the financial analysis assume that all of the clectricity
generated by the mini-hydro facilities wil] be purchased by EGAT at the standard
buyback rate of 1.03 Baht per kWh. It is assumed that this buyback rate will be
adjusted annually in proportion to the rate of inflation. Eich facility is assumed to
require a six-month break-in period during which the total output will be limited to
70% of the expected level,

Exhibit 1.3

Operating Costs
(000’s Baht/Year)

Facility Operating Labor 0O&M Costs
Nam Mac Hat 250 578
Khlong Lam Plok 250 86
Huai Lam Sin 250 353
Lam Pra Plerng 250 310
Num Kha Mun 250 503
Khlong Duson 250 432
Huai Mae Sot 250 483
Name Ya Mo 25 708
Total 2000 4053

Cash Flow Analysis

The cash flow analysis compares the revenues from sales of electricity to EGAT with
the sum of the OM expenses and the debt service for the entire project. No effort was
made to estimate changes in accounts receivable or payable during the period of
operation,

The debt service requirements are based on the current arrangements between USAID
and RTG. "These stipuate that USAID will lead up te USSE million to cover 50% of
the costs for the electro-mechanical work and technical assistance. Disbursements of
the USAID loan are made on 2 facility-by-facility basis at the time each facility
becomes operational. ‘The costs of construction are borne fully by NEA prior te the
time these disbursements are made. The NEA will cover its share of the construction
costs through its annual budget. ‘The USAHD loan has a 10 year grace period during
which an interest of 29% is paid and then a 30 year period during which the principal
must be repaid and an interest rat of 364 s charged on the outstandico balance, The
loan is repayable in USS.

RCCGi/Hagles, Haily, Inc
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Interest during construction was assumed 1o be paid by the contractor and included us
part of the capital cost to the NEA. The contributions of the RTG to the project are
made through NEA as part of the normal budget process and are assumed 10 form part
of the project’s equity.

Since the loan repayment schedule for USAID is set and repayment must be made in
USS, itis necessary to include the effects of inflation and changes in exchange rate in
the cash flow analysis. An average rate of inflation of 4% has heen assunied over the
life of the project. This is in line with published estimates of the increase in consume
price index over the last five years. There is no reason to assume that it will, on
average, greatly exceed this amount in the next 40 years. The general rate of inflation i
assumed 10 affect the costs for O&M for the facilities. An additional 14 4 year
increase has been included in the costs of labor to account for cconomy-wide increases
in productivity which will affect the rates paid to the operators of the mini-hydrao
facilities. No inflation adjustments were included for the capital costs of the
mini/micro hydro facilities since nearly all these costs are hased on bids and reflect the
contractor’s own expectations regardmg inflation,

The exchange rate for the Baht is maintained in a small trading range relative to the
US$ and major revaluations are made by government po icy. The exchimge rate
relative to the dollar had been refatively stable vp until 1962 when the first of two
devaluations was introduced. Currently, the Baht's value relative 1o the USS is about
probably undervalued. Nevertheless, a conservative position has been taken in which
the Baht is assumed to decline relative 16 the USS by 197 a year over the life of the
project. While an inerease relative 1o the USS could just as casily oceur, the net effect
the cash flow is relatively minor.

The cash flow analysis records the change in cumulative surplus over the life of the
project. During the final years of construction of the cight sites, this surplus will be
negative for a few years. It is assumed that government borrowings will be used o
cover the deficit during this period. "Therefore an interest charge equal to the
government borrowing rate is charged during this period. The acerued interest as well
as the deficit are paid off USINg net operating revenues,

A summary of the assumptions used in the cash flow analysis are shown in Fxhibit 1.4,
The results of the cash flow analysis are shown in Exhibit LS. ‘T'wo peneral comments
are inorder:

First, the deficits shown for 1986 and 1987 vere covered by the NEA out of previously
allocated funds. Since the USAID dishursements and R1G cquity contnbartions are
assumed to be dishursed at the time of project completion, the NIEA will have 10 cover
the cost of the progress payments in 1988 and 1989, while the twn rennining sites are
under construction. This is assumed to be aone through government borrowings, and,
therefore, interest on short-term loans ure incurred during the period 1984 through
1990,

RCG/Hagler, Nailly, Inc.
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Exhibit 1.4

Assumptions Used in Cash Flow Analysls
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EXHIBIT 1.5 (continued)

2009

[
g
'~

2004

:
’
.

ash Flow Analvsi s Baht 1998 1999 2000 2001 2002

uzs from Buvback 66.843 69.51¢ 72,297 75189 78190 81324 34,577 87,960 91,479 95138 98943 102901
mwangs - Commeraial Loans
al 66,843 69.516 72297 75,189 78,196 81,324 84,577 87,900 91,479 95,138 98943 102.w)1
Expendrtures
Moorks

E ‘! Eguipment

Admin and Design
Debisenice Pavments

Primaral oa LT loans 25,014 4,406 0 00 0 0 0 0 0 00

[nrerest on LT loans 138 352 Q) 0 0 0 0 0 0 0 0 0

[nie on 8T loans 4% IXIM 13928 8,754 2,989 0 0 0 0 0 0 0
Opcrating Expeaditures

Mamnlznance 6,159 SN aKIRD 6917 7.194 7482 7,781 8092 8416 8,753 9.103 9467

Labar 3433 RXSIN 37w 3,081 4,182 4392 4614 4 846 5.091 5347 5617 5,900
Sahteal ST R2In 22w 10653 14364 ] LS74 12395 12030 13507 14100 12719 15,367
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Averagze Overdral (AR357) (ISLE40) (139276)  (R7.544) {2V.83%) 0 0 0 0 0 0 0



ECONOMIC AND FINANCIAL SENSITIVITY ANALYSIS

L

the surplus. The results would be only slightly affected if there were a ch
exchinge rates as shown in iixhibit L7, n effect, this project is profit
because of the largest of the RTG and USAID.

ange in
able primarily

Exhibit 1.6

Bulldup of Cash Surplus
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Exhibit 1.7

Sensitivity of Cash Flow 10 Changes in Exchange Rate

Exchange Rate
annual chunge

n$vy, Baht

4
2

1%
0%
1%
2%
¥

Surplus

1990

415
1.4
414
41.3
41.3
41.2

Established
.| .

518
sS4
S10)
500
h1)]
495

(105 Bahg)
_2010

1,217
1,200
1,180
1.156
1,129
1,008
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An important question s whether it would be viable using commercial tinancing. The
cash flow analysis was repeated for the same cight sites, assuming that:

. the interest rate on the short-term loans used o cover temporary deficits is
109 per vear (slightly below the current prime rate),

. long-term loans are uscd to finance the capital investment at a rate of
interest of 8¢,

. the repayment period for the long-term loans is 10 years with cqual annual
payments and without an initial grace period.

The results as shown in Exhibit 1S indicate that the project would tinally breakeven in
2003, The overdraft would rise to 205 million Baht in 1999 but would then decline as
the long-term debt service decreased, With the tong-term debt paid off in 2000, the
annual net operating surplus of 69.5 million Baht (in 1993 value) would quickly
chminate the overdraft and then build up i considerable surplus us shown in Exhibit 1.9,

RCCG/NHagler, ailly, Inc



Cash Flow Analysis (000’s Bah

Receipts
Revenucs from Buyback
Sorrowings - USAID Loans
Government Equity Contribution

Sub-total

Payments
Capital Expenditures
Cnil Works
Transmission
E/M Equipment
Admin and Design
Debt Service Payments
Principal on LT loans
Interest on LT loans
Interest on ST loans
Operating Expenditures
Maintenance
Labor

Net Operating Revenues
Investments Expenditues
Crmulative Borrowings
Outstanding Principal (begin year)
Outstanding Principal (end year)
Change in Net Working Capital
Cumulative Surplus (begin of year)
Cumulative Surplus (end of year)
Average Overdraft

Exhibit L8

Cash Flow Analysis for Commercial Loans

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
0 0 9004 35557 48841 50,795 52,827 54940 57,137 59423 61,800
0 0 81,083 122917 0 0 0 0
30,828 155,09
0 0 120914 313,59 48,841 50,794 52826 54,939 57,137 59422 61,799
10,457 64675 72415 18,198 u 0 0 0 0
4,411 7312 3868 966 0 0 0 0 0
11,545 60,668 60,840 11,717 0 0 0 0 0
16,575 16,575 32,088 1,050 0 0 C 0 0
82 1,793 4080 4080 4,080 4080 4080 4080 4,080
18,114 10,425 0 0 0 0 0 0 0
0 0 761 3526 4493 4673 4860 5054 5257 5467 5686
0 0 416 1839 2318 2435 2,557 2686 282 294 3113
42988 149,230 189328 49514 10,891 11,188 11497 11,821 12,158 12,511 12879
0 0 7827 30192 42020 43687 45409 47,199 49059 50992 53,001
42,988 149,230 169211  31.93! 0 0 0 0 0
0 81083 201000 204000 204000 204.000
O 8LOS3 204000 204,000 204000 204000 204,000 204,000 204,000
SLUS3 204000 204,000 204000 204000 204000 204000 204,000 204,000
(42,988) (149230) (63.414) 264056 37950 39,607 41,329 43,119 44979 46912 48,921
(42,988) (192,218) (260.632) 3424 41373 80981 122310 165420 210408 257320
(42,988) (192,218) (260,632) 3424 41373 80981 122310 165425 210408 257320 306240
(21,494) (117,603) (226,425) (130,316) 0 0 0 0 0 0 0

1997

64,272

64,271

4,080
0

5,913
3,270

13,263

55,089

204,000
204,000
51,009
306,240
357,249
0



Cash Flow Analysis (000’s Baht)

Receipts
Revenues from Buyback

Borrowings - USAID Loans
Government Equity Contribution

Sub-total

Payments
Capital Expenditures
Civil Works
Transmission
E/M Equipment
Admin and Design
Debt Service Payments
Principal on LT loans
Interest on LT loans
Interest on ST loans
Operating Expenditures
Maintenance
Labor

Net Operating Revenues
Investments Expenditures
Cumulative Borrowings

Outstanding Principal (begin year)
Outstanding Principal (end year)
Change in Net Working Capital
Cumulative Surplus (begin of year)
Cumulative Surplus (end of year)

Average Overdraft

Exhibit 1.8 (continued)

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
66,843 69,516 72,297 75,189 78,196 81,324 84,577 87960 91,479 95,138
66,842 69,516 72,296 75,188 78,196 81,324 84,577 87960 91,478 95,137
6,800 6,800 6,800 6,800 6,800 6,800 6,800 6,800 6,800
4,080 4,080 3,944 3,808 3,672 3,536 3,400 3,264 3,128 2,992
0 0 0 0 0 0 0 0 0 0
0,149 6,395 6,651 6,917 7,194 7,482 7,781 8,092 8,416 8,753
3,435 3,608 3,790 3,981 4,182 4,392 4,614 4,846 5,091 5,347
13,665 20,884 21,185 21,506 21,848 22210 22,595 23003 23435 23892
57,258 59,513 61,85 64290 66,821 69,450 72,182 75022 77,972 81,038
204,000 204,000 197,200 190,400 183,600 176,800 170,000 163,200 156,400 149,600
204,000 197,200 190,400 183,600 176,800 170.000 163,200 156,400 149,600 142,800
53,178 48,633 51,112 53,682 56,349 59,114 61,982 64,958 68,04 71,246
357,249 410,427 459,060 510,171 563,854 620,202 679,316 741,299 806,256 874,300
410,427 459,060 510,171 563,854 620,202 679,316 741,299 806,256 874300 945546
0 0 0 0 0 0 0 0 0 0
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Exhibit I.9

Annual Change in Working Capital
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These results are sensitive to the assumptions regarding level of income. If the average
buyback rate is less by 10%, then the project would not bread-even until 2007 and the
maximum overdraft would be 290 million Baht. A 10% higher income would mean that
the project would breakeven in 200 and the maximum overdraft would be only 130
million Baht. The results of the cash flow for commercial loans are also sensitive to the
assumptions regarding the rates of inflation. The sensitivity to both buyback and
inflation are shown in Exhibits .10 and I.11.

Financial Analysis

The financial analysis assumes that the NEA is investing in generation capacity and is
selling the output to EGAT or PEA. The price of power at the busbar is fixed by the
utility which will purchase all of the electricity generated regardless of the time of day
or the season.

RCG/Hagler, Bailly, Inc.
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Exhibit 1.10 Effect on Project Breakeven Date

!
2015 of Change in Buyback Rate

2014
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Exhibit I.11 Effect on Project Breakeven Date
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The financial analysis compares the stream of revenues from the sales to EGAT with
the stream of O&M and capital costs on a facility-by-facility basis. Reverues and costs
are computed in constant value. These are discounted at 1 rate of 8% to determiue the
Net Present Value for each facility. Capital costs are expensed in the year in which they
occur. For the benefit/cost ratio, the benefits are the revenues for electricity sold at the
busbar. The analysis for each facility is shown in Exhibit 1.12 through 1.17.

The financially viable projects include Khlong Lam Plok, Huai Lam Sin, and Khlong
Duson.

Khlong Lam Plok is tinancially viable with an internal rate of return of 8.4% and a net
present value of 1.8 million Baht. The facility is very sensitive to the discount rate as
shown in Exhibit 1.18. "The project would require only 1 Baht per kw-hr or a load factor
of 70% in order to breakeven as shown in Exhibits 1.19 and 1.20.

Huai Lam Sin is financially viable with a net present value of 7.6 million Baht, The
internal rate of return is 10.4¢% and the effect of discount rate on viability is fairly
significant as shown in Exhibit 1.24, The project would require only 0.9 Baht buyback
rate or a ioad factor over 60% in order to be financially viable as shown in Exhibits 1.25
and 1.20.

Khlong Duson is also financially viable with an internal rate of return of 9.1¢% and a net
present value of 3.5 million Baht. The results are relatively sensitive to changes in
discount rate as shown in Exhibit 1.30. The facility would be feasible with a buyback
rate of only 0.95 Baht per kw-hr as showit in Exhibit 31. However, the load factor is
assumed to be very high and the facility would not be financially viable when the load
factor drops below 909 as shown in Exhibit 1.32.

Nam Muae Hat is almost financially viable assuming a relatively high load factor. The
internal rate of return is 7.1% and the net present value is -3.6 million Baht. The
sensitivity of the results to the discount -ate is shown in Exhibit 1.36. The project would
require a 1.1 Baht buyback rate to break even as shown in Exhibit 1.37. "The results are
relatively sensitive to load factor as shown in 1.38. At a less optimistic load factor such
as 0.75, the facility would have a net present value of -14.7 million Baht,

Lam Pra Plerng is not financially viable because of the relatively low output compared
to the available capacity. The internal raie of return js only 2.79 and the e~t present
value at the 8% discount rate is -12 million Baht. The sensitivity of the results to
discount rate is shown in Exhibit 1.42. the project would require o 1.7 Baht buyback
rate or a load factor over 60% in order to breakeven as shown in Exhibits 1.43 and 1.44.

Nam Kha Mun is not financially viable and has an internal rate of return of only 5.3%.
The net present value of the project using the 8% discount rate is -8.8 million Baht.
This loss increases with the discount rate as shown in Exhibit L48. ‘The project would
require a 1.3 Baht buyback rate or a load factor over 65% in order to break even as
shown Exbibits 1.49 and 1.50.

RCG/Hagler, Bauly, Inc.
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Economic Analysis

The economic analysis assumes that some investment in additional electricity
ger.erating capacity is justified based on the growth in national demand for electricity.
This analysis compares the investment in mini-hydro facilities with investments in
alternative generating capacity, specifically oil-fired, large-scale thermal plants. The
dependable capacity of the mini-hydro facility is assumed to substitute for a similar
amount of oil-fired thermal plant capacity, with an estimated capital cost of 15,450 Baht
per kW,

The electricity generated by the mini-hydro facility is assumed to substitute for
electricity which would be generated using the same type of thermal plant, therefore,
there is a savings in fuel and variable OwM costs. The rate of fuel consumption is
assumed to 0.233 kg per kWh and the marginal O&M costs are assumed to be 1/2 of
average O&M costs. The latter are estimated to be equal to 2.5% of capital costs per
year. The marginal lines losses are assumed to be 15% for remote areas relative to an
average system-wide loss of 119,

The estimated market costs for construction and maintenance were adjusted to
economic costs using a uniform conversion factor of 0.82. This factor assumes that
about 60% of capital costs involve direct purchase of imports and that the remaining
40% have some component of imported material and equipment. The economic costs
for the labor used for construction and for operation and maintenance of the facilities
were assumed to be equal to the market prices. The economic cost of the fuel was
determined by taking the estimated CIF price for fuel oil delivered to Thailand at the
end of 1987 of 3.05 Baht per liter and adding a land transport charge of 0.4 Baht per
liter.

All of the facilities are cconomically viable, or nearly so, with the exception of Nam
Kha Mun and Khlong Lam Plok. However, for all projects taken together the net
present value is -7.5 million Baht.

Khlong Lam Plok has an internal rate of return of 11.1% but the net present value is -
2.5 million Baht. The economic viability of the system is very sensitive to the -2.5
million Baht. The economic viability of the system is very sensitive to the discount rate
as shown in Exhibit .18, The facility breaks even with a fuel price 0.86 Baht per kw-hr
or with a load factor of 80% (see Exhibits 1.20 and 1.21).

Nam Kha Mun has an internal rate of return of only 7.5% and a net present value of -
8.6% million Baht. The net present value is relatively sensitive to the discount rate as
shown in Exhibit 1.48. The facility would not be cconomically viable unless the fuel
price rosc to 1.1 Baht per kw-hr or the load factor increased 1o 2% (see Exhibits 1.51
and 1.50).

Nam Mae Hat is not cconomically viable although the internal rate of return of | 1.8%
and the net present value of -0.5 million Baht are casily within the range of error.

RCG/1lagler, Bailly, Inc.
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These results are, however, very sensitive to the discount rate as shown in Exhibit 1.36.
The effects of fuel price and load facior on economic viability are shown in Exhibits .38
and 1.39. The facility breaks even with a load factor of 91% or a fuel cost of 0.§2 Baht
per kw-hr.

Lam Pra Plerng has the same internal rate of return as Nam Mae Hat and the net
present value is only -0.3 million Baht. The net present value varies with the discount
rate but not as much as for Nam Mae Hat as shown in Exhibit .42, The breakeven
point for the fuel price is also the same but the hreakeven point for the load factor is
only 45% (see Exhibits 1.44 and 1.45),

Khlong Duson is also very close to being economically viable with an internal rate of
return of 11.6% and « net present value of -0.7 miilion Baht. The net present value is
relatively sensitive to the discount factor as shown in Exhibit [.30. The facility would be
econemically viable if the fuel price increased to 0.82 Baht per kw-hr. On the other
hand, if the expected high load factor were not achieved, then the net present value for
the facility would drop significantly (see Exhibits 1.32 and 1.33).

Huai Lam Sin has the highest internal rate of return, 14.99%, but only a S million Baht
net present value, These net present value remains positive for a wide range of
discount factors as shown in Exhibit 1.24. The project would be economically viable
even if the fuel price dropped to 0.66 Baht per kw-hr or the load factor was only 62%
(see Exhibits 1.26 and 1.27).

RCG/Hagler, Baiity, Inc.



Exhibit L12

Results of Financial Analysis for Khlong Lam Plok

Assumptions

financial discount rate
cconomic discount rate
shadow price (SCF)

design capacity

dependable capacity

buyback rate

cconomic cost of capacity

% Q&M rate for this capacity
economic cost of fuel replaced
losses

load factor

Year 1 2

Financiai Costs
(000’s Baht)

capital 28720.0 287200
R&M

operations

Subtotal 28720.0 28720.0

Financial Return
(000’s Baht)

power generated

(MWh)

price (Baht/kWh)

Total Revenue 0.0 0.0

Economic Costs
(000’s Baht)

capital 23550.4 23550.4
R&M

operations

Subtotal 23550.4 23550.4

Economic Benefits
(000’s Baht) *

capacity savings 3908.8
O&M savings

fuel savings

Subtotal 0.0 3908.8
* based on oil fired thermal plant

Financial and Economic Analysis of Current Projects

Resuity - Khlong Lam Plok

Financial Economic
NPV 1,804 (2,402)
IRR 849, 11.1%
B/C 1.03 0.94

8.0%

12.0%

82%

1182 kW

253 kW

1.03 Baht/kWh
15.45 000’s Raht/kW

1.25%

0.804 Baht/kWh marginal lines
15%

15.0%

-3 —4_
586.0 586.0
250.0 250.0
836.0 836.0

7765.7 7765.7

1.03 1.03

6798.9 6798.9
480.5 480.5
250.0 250.0
730.5 730.5

48.9 48.9

6243.7 62437

6292.5 6292.5



Exhibit 113

Results of Financial Analysls for Huai Lam Sin

Assumptlons

financial discount rate
cconomic discount rate
shadow price (SCF)

design capacity

dependable capacity

buyback rate

cconomic cost of capacity

% O&M ratce for this capacity
ccouomic cost of fuel replaced
losses

8.0%

12.0%

82%

958 kW

369 kW

1.03 Baht/kWh

15.45 000’s Baht/kW

1.25%

0.804 Baht /kWh marginal lines
15%

load factor 72.9%,

Year 1 2 — -4
Financial Costs
(00)'s Baht)

capital 19465.0 19465.0

R&M 353.0 353.0
operations 2506 250.0
Subtotal 19465.0 19465.0 603.0 603.0

Financial Return
(X0's Baht)

power gencrated

(MWh) 61178 6117.8
price (Baht/kWh) 1.03 1.03
Total Revenue 0.0 0.0 53562 5356.2

Economic Costs
((XXrs Bahy)

capital 15961.3 15961.3

R&M 289.5 289.5
operations 250.0 250.0
Subtotal 159613 159613 539.5 539.5

Economic Benefits
(000's Baht) *

capacity savings 5701.0

O&M savings 713 713
fucl savings 4918.7 49187
Subtetal 0.0 5701.1 4990.0 4990.0

* based on oil fired thermal plant
Financlal and Economic Analysis of Current Projects

Results - Huai Liun Sin

Financial Economic
NPV 7,552 4,954
IRR 10.4% 10.1%

B/C 1.19 1.16



Exhibit L.14

Results of Financial Analysis for Khlong Duson

Assuinptions

financial discount rate
cconomic discount rate
shadow price (SCF)

design capacity

dependable capacity

buyback rate

economic cost of capacity

% O&M rate for this capacity
cconomic cost of fuel replaced

8.0%

12.0%

82%

680 kW

145 kW

1.03 Baht/kWh

15.45 000’s Baht/kW

1.25%

0.804 Baht/kWh marginal lines

losses 15%
load factor 98.0%
Year 1 2 R) 4

Financial Costs
(000’s Baht)

capital 20100.0 20100.0

R&M 4320 4320
operations 250.0 250.0
Subtotal 20100.0 20100.0 682.0 682.0

Financial Return
(000's Baht)

power generated

(MWh) 5837.7 5837.7
pricc (Baht/kWh) 1.03 1.03
Total Revenue 0.0 0.0 51109 51109

Economic Costs
(000’s Baht)

capital 16482.0 16482.0

R&M 354.2 354.2
operations 250.0 250.0
Subtotal 16482.0 16482.0 604.2 604.2

Economic Benefits
(MK)'s Baht) *

capacity savings 2240.3

O&M savings 28.0 28.0
fuel savings 4693.5 4693.5
sSubtotal 0.0 22403 4721.5 4721.5

* based on oil fired thermal plant
Financial and Economic Analysis of Current Projects

Results - Khlong Dyson

Financial Economic
NPV 3,536 (736)
IRR 9.1% 11.6%

B/C 1.08 0.98



Exhibit L.15

Results of Financial Analysis for Nam Mae Hat

Assumptions

financial discount rate
cconomic discount rate
shadow price (SCF)
design capacity
dependable capacity
buyback rate

cconomic cost of capacity

80%

12.0%

82%

818 kW

636 kW

1.03 Baht/kWh
15.45 000’s Baht /kW

%o O&M rate for this capacity 1.25%

cconomic cost of fuel replaced 0.804 Baht /kWh marginal lincs
losses 15%

load facter 94.8%

Year 1 2 3 4

Financial Costs
(000’s Baht)

capital 27565.0 27565.0

R&M 578.0 578.0
operations 250.0 250.0
Subtotal 27565.0 27565.0 828.0 828.0

Financial Return
(000’s Baht)

power generated

(MWh) 6793.1 6793.1
price (Baht/kWh) 1.03 1.03
Total Revenue 0.0 0.0 59473 59473

Econoniic Costs
(000’s Baht)

capital 22603.3 22603.3

R&M 474.0 4740
operations 250.0 250.0
Subtotal 226033 226033 724.0 724.0

Economic Benefits
(000's Baht) #

capacity savings 9826.2

O&M savings 122.8 1228
fucl savings 5461.6 5461.6
Subtotal 0.0 9826.2 5584.5 5584.5

* based on oil fired thermal plant
Financial and Economic Analysls of Current Projects

_Results - Nam Mae Hat

Financial Econamle
NPV (3,637) (160)
IRR 7.19%, 11.8%,

B/C 0.94 0.99



Exhibit L.16

Results of Financial Analysis for Lam Pra Plerng

Assumptions

financial discount rate
cconomic discount rate
shadow price (SCF)

design capacity

dependable capacity

buyback rate

economic cost of capacity

% O&M rate for this capacity
economic cost of fuel replaced
losses

load factor

Year 1 2

Financial Costs
(000’s Baht)

capital 16720.0 167200
R&M

operations

Subtotal 16720.0 16720.0

Financial Return
(000’s Baht)

power generaled

(MWh)

price (Baht/kWh)

Total Revenue 0.0 0.0

Economic Costs
(000's Baht)

capital 137104 13710.4
R&M

operations

Subtotal 13710.4 137104

Economic Benefits
(M0's Baht) =

capicity savings 131325
O&M savings

fuel savings

Subtotal 0.0 13132.5
* based on ol fired thermal plant

Financial and Economic Analysis of Current Projects

Results - Lam Pra Plerng

Financial Economic
NPV (11,978) (233)
IRR 2.7% 11.8%

B/C 0.66 0.9

8.0%

12.0%

82%

850 kW

850 kw

1.03 Baht/kWh

15.45 000's Baht/kW

1.25%

0.804 Baht/kWh marginal lines
15%

40.9%

3 -4 _
4100 410.0
250.0 250.0
660.0 660.0

30454 3045.4

1.03 1.03

26663 26663
336.2 336.2
250.0 250.0
586.2 586.2
164.2 164.2

2448.5 2448.5

2612.7 2612.7



Exhibit 1.17

Results of Financial Analysis for Nam Kha Mun

Assumptions

financial discount rate
cconomic discount rate
shadow price (SCF)

design capacity

dependable capacity

buyback rate

economic cost of capacity

% O&M rate for this capacity
economic cost of fuel replaced
losses

load factor

Year 1

Financial Costs
(000's Baht)

capital 221900
R&M

operations

Subtotal 22190.0

Financial Return
(000’s Baht)

power generated

(MWh)

price (Baht /kWh)

Total Revenue 0.0

Economic Costs
(000’s Baht)

capital 18195.8
R&M

operations

Subtotal 18195.8

Economic Benefits
(000's Baht) *

capacity savings

O&M savings

fuel savings

Subtotal 0.0

* bascd on oil fired thermal plant

22190.0

22190.0

0.0

18195.8

18195.8

2842.8

28428

Financial and Economic Analysls of Current Projects

8.0%

12.0%

82%

1030 kW

184 kW

1.03 Baht/kWh

15.45 000’s Baht/kW

1.25%

0.804 Baht /kWh marginal lines
15%

53.3%

3 4
503.0 503.0
250.0 250.0
753.0 753.0

4809.2 4809.2
1.03 1.03
4210.4 42104
412.5 412.5
250.0 250.0
662.5 662.5
35.5 35.5
3866.6 3866.6
3902.1 39%02.1

Results - Nam Kha Mun

Financial Economic
NPV (8,829) (8,552)
IRR 53% 1.5%

B/C 0.81 0.75
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Net Present Value vs Discount Rate
tar KHang Lom Aahk

]

m <

15 h
o ~\
AN \\
E \ b
s 3 \\
3 \\
o 0
g \,
¢ L —
b \\
z -10 Bty

-15

=20 t p

4.0% 7.0% a.0x 9.0% 1Q0% 11.0% 120% 130% 1 40% 180% 180%
Discourt Molas
J Finandal [+ Boonomic

[.23

RCG/Hagler, Bailly, Inc.

<=
1



ECONOMIC AND FINANCIAL SENSITIVITY ANALYSIS

Exhibit 1.19

Exhibit 1.20

Net Present Value vs Eleactricity Price

Financial Analysis for Khiong Lam Plok
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Exhibit .21
Net Present Value vs Fuel Price
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Exhibit 1.22 IRR vs. Electricity Price
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Exhibit [.24 Net Present Value vs Discount Rate
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Exhibit 1.26 Net Present Value versus Load Factor
for Hual Lam Sin
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Exhibit .28

Exhibit 1.29

IRR vs. Electricity Price

Finanical Anatysis for Hual Lam Sin
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Exhibit .30

Exhibit .31
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Exhibit 1.32

Exhibit .33
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Exhibit [.34

Exhibit 1.35
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Exhibit 1.36

Exhibit 1.37

Net Present Value vs Discount Rate

for Nam Mae Hat
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Exhibit 1.38 Net Present Value versus Load Factor

20 for Nam Mes Hat
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Exhibit 1.40 iRR vs. Electricity Price
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Exhibit 1.42 Net Present Value vs Discount Rate
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Exhibit J.1

Financial and Economic Analysis of Current Projects

Hame of Site Hual Lam Sin

financial discount rate 8.0%
econoinic discount rate 12.0%
shadow price (SCr) 82%
design capacity 958
dependable capacity 369
buyback rate 1.03
coonomic cost ot Capacity
v OLM rato lar thir Capadiitly

economic cost of tuel replaced
marginal lines losses 15%
lcad tactor 72.9%
year 1

Financial Costs (000’s Baht)

capiltal 19465.0
R&M
operations
subtotal 19465.0

Financial Return (000’s Baht)
power generated (Mwh)
price (Baht/kWh)
total revenue 0.0

Economic Costs (000‘s Baht)

capital 15961.3
RIM
operations
subtotal 15961.3

Economic Benefits (000's Baht) »
Ccapacity savings
0&M savings
fuel savings
subtotal 0.0

* based on oil fired thermal plant

Financial and Economin Analysis of Current Projects

Results -

R e e R T

Financial

NPV 7,552
IRR ERR
B/C 1.19

kW
kW
Baht/kWh
15.45 000’s Baht/kW
I .2%4
0.804 Baht/kWh
2 3
19465.0
353.0
250.0
19465.0 603.0
6117.8
1.03
0.0 5356.2
15961.3
289.5
250.0
15961.3 539.5
5701.1
71.3
4918.7
5701.1 4990.0

Huai{ Lam Sin
Economic
4,954
14.9%
1.16

353.0
250.0
603.0

6117.8
1.03
5356.2

289.5
250.0
539.5

71.3
4918.7
4990.0

353.0
250.0
603.0

6117.8
1.03
5356.2

289.
250.
539.

Lo,

71.3
4918.
4990.0

~J



Exhibit J.2

Project Zorstants

Inflation rates
* ave. domest:c ‘mflation (CPI)
Thariand retative to u$
labor costs relative to (P
USAID lcan terms
3race per'od {(year,)
grace periad interest (X)
© payback pericl (years)
© payback peri1ixy interest (%)
© max. lcan amount (C0Q's USS)

- coverage of civil worns

cocoverage of E/M equipment
* CCverage of transmission
T coversge of Adm and Ces'gn
technical assistance
Goverrment firancing
trterest rate fir Svercraft
Base Tear lucstants
coeschange cate (8ant - USS)

DUyDack rate (Laht,/kwh)

Project Detarty

Project wame

Compieton Sate

Lcan Drsbursement Date
Nomirgl Caracity (kv)
Relrable
[spected

Capactty (&w)

Arvaal Output M)
Civil Worky (mn Baht)
Czet for Tramsmisgion (m Beht)
r Eaipment (o0 daht)
AgnindDesign (mn Saht)

Cast tor

P Y

]

[ R IAY

ost

CASH FLOW ANALYSIS FOR THATLAND MINI/MICRO WYDRO PROJECT

6.0
1.0%
1.0%

10
2.0%
10.0
1.0%x

8,000
50.0%

100.0%
SC.0%
$0.0%

100.0%

8.0%

25.%
1.03

Nam Mae
Nat
12/87
2/88
81a
407
2843
17.38
10.20
16.73

Khlong

Lam Piok
12/88
3/89

1182
293
7761
19.94
0.5%
B0

cpPt
INFBANT
INFLAD

GRACEY
GRACE!
PAYBACKT
PAYBACK]
MAXLOAN
PCTCIVIL
PCTEQUIPM
PCTXMIS
PCTADMI M
PCTTA

GOVNT INT

EXRATE
BUYBACK

Kual Laa (e Pra Nam Khe
Mun
2/89
/89
1030
184
[3.%5]
21.38
0.99

8.5

Sin
9/88
7/88

Plerng
/89
“/89
Lel] 8%0
pr A 290
6113 1044
11,02 7.94
0.%%

15.66 2.0

Khlong

Duson
3789
5/89

¢80
i)
13|
25,41
g.70
12,49

Hus) Mae Nam vy w-

Sot
3/89
5/89

o>
>
<o

"oy
3354
26.4)
6.7
%

"
22

N

PN
A
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CASH FLOW ANALYSIS FOR THAILAND MINI/MICRO HYDRO PROJECT

............................................................

Project Cost Stream 1986 1987 1988 1989 1990 1991 1992 19¢

Civil Works (mn Baht)

NAM Mae NMat 7.24 8.69 1.45
Khlong Lam Plok 9.9 9.99
Kuat Lsm Sin 3.2 5.51 2.30
Lam Pra Plerng I.n 3.97 0.66
Nam Kha Mun 8.9 10.49 1.78
Kkhiong Duson s8.78 11.70 2.93
Nam Mae Sot v.7 13.3¢ .33
Nam Ya Mo 9.50 19.00 9.50
Total 10.46 64,67 72.42 18.20
Transmisston (mn Baht)
Nam Mge Mot 4.2% 5.10 0.85
Khiong Lam Plok 0.28 0.28
MLa) Lam Sin 0.16 0.28 0.n
Lam Pra Plernyg
Nam Kha Mun 0.41 0.49 0.08
thlong Duson 0.26 0.3% 0.09
Nam Mae SOt 0.29 0.8 0.10
Nam Ya Mo 0.70 1.40 0.70
Totsl 4.4 .. 3.87 0.97
Equipment (mn Bant)
Nom Mae Mat 6.98 8.37 1.40
Khiong Lam Plok 12.60 12.60
Huai Lam $in ¢.57 7.83 31.26
Lea Pra Plerng 2. 11,30 1.8)
Nem Khg Wun 7.3 9.1% 1.93
thlong Duson 4.69 6.2 1.96
Nam Mae Sot $.37 r.17 1.9
Norm Ta Mo $.00 10.01 5.00
Total 11.99 60.67 60.84 1. n
Design and Admin (mn Baht)
Nam Mae Nat
Khlorg Lea Plok
Hual Lam Sin
Lo Pra Plarng
Mam Yha W
thlong Duson
am Mee 3ot
Nam Yo Mo
Total
Labor Operating Costs (000's Baht)
bese rata with infiation 250.0 262.4 ars.e 209.7 304.3 319.7 331%.8
Nam Moo Mat 282.6 238
thiong Law Plok .8

Hual Lem tin 153.2 27%.8



Lam Pra Plerng
Nam Kha Mun
Khliong Duson
Nam Mae Sot
Nam Ya Mo
Total with inflation

CASH FLOM ANALYSIS fOR THATLAND MINI/MICRO HYDRD PROJECT

............................................................

415.8

137.9
1838.9

2317.9

2634,7

J.5

2557.¢4

2686.3



CASH FLOW ANALYSIS FOR THAILAND MINI/MICRC WYDRO PROJECT

.............................................................

Nam Mas Hat
Khiong tam Plok
Huai Lam Sin
Lam Pra Plerng
Nam Kha Mun
Khlong Duson
Nam Mae Sot
Nem Yo MO
Total with inflation

Eligible Foreign Loan Disbursements (mn Baht)
Nam Mae Hat
¥hiong Lam Plok
Huai Lam Sin
Lam Pra Plerng
Nam Xha Mun
Khliong Duson
Nam Ma2 Sot
Nam Ya Mo
Technical Assistance
Total eligible
Total Disbursements with mex. Limit

Goverrment Ofibursements

Energy Generated
Nam Mae Hat
Khlong Lam Plok
Huai Lam Sin
Lam Pra Plarng
Nam Khe Mun
Khlong Duson
Nam Mee 30t
Nam Ya Mo
subtotal
Buybeck Rate 1.03
Exchange Rate 3.3

0.76

30.54

21.64

17.83
&9.83
69.83

19.58

2,07

2,629

5,044
1.0
3.5

0.53
0.58
0.35
0.34
0.42
0.32
0.37
0.35
3.53

35.47

25.97
29.49
24,53
28.03
40.42

183.94
134.17

121,33

2,843
6,597
6,118
2,070
3,270
3,503
2,018
1,952
27,943
1.114
2.8

o o

s$ O OO0 0o o o
e e e e .
l al
(%]

=
©

2,843
7,761
6,115
3,044
4,809
5,838
3,359
4,434
18,203
1.1%9
26.0

18,203
1.203
26.3

J.6

4.86

38,203
1.253
26.5

18,203
1.30%
26.8



CASH FLOW ANALYSIS FOR THAILAND MINI/MICRO HYDRO PROJECT

............................................................

ll!llx:x:::nlllll:ll:::l:a:a:::lxlllllﬂlllllllllll.lllll.ll.l......:l-I-Illlllx:xxlv!ll:!:allll::!l‘l:lx::tl:::zx:I

Cash Flow Analysis (000's Saht) 1986 1987 19838 19469 1990 1991 1992 1993
Receipts
Revenues from Buyback 5,409 31,15 44,262 46,033 47,874 49,789
Borrowings - USAID Loans 69,833 134,167
Government Equity Contribution 19,578 121,344
Sub-total
Payments
Capital Expenditures
Civil works 10,457 64,675 72,418 18,198
Transmission 4,611 7,312 3,858 966
E/M Equipnent 11,945 60,648 60,840 1,717
Admin and Design 16,575 10,578

Nebt Service Payments
Principal on LT {oans

Interest on LT loans (/] 1,636 4,162 4,204 4,266 6,288
Interest on ST loans 17,839 10,821 651

Operating Expenditures
Maintonance 761 3,926 4,493 4,673 4,860 5,054
Labor 416 1,859 2,118 2,638 2,557 2,684

e B T

62,988 149,230 156,87 48,703 11,625 11,311 11,863 12,929

Net Opersting Revenues 4,229 25,790 37,451 18,925 60,457 42,948
Investments Expenditures 42,988 149,230 137,124 30,281

Cunulative Borrowings 69,833 204,000 204,000 204,000 204,000
Outstanding Principal (begin year) 69,83 206,040 204,100 210,181 212,283
Outstanding Principal (end yesr) 69,833 205,040 208,100 210,181 212,283 214,406
Change 1n Nat working Capitsl (42,988) (149,230) (62,031) 237,964 32,634 36, TN 36,21 37,780
Cunuiative Surplus (begin of year) (62,988) (192,218) (254,249) (16,285) 16,353 $1,074 87,285

Cumulative Surpius (end of yeer) (42,988) (192,218) (254,249) (16,285) 16,353 51,074 87,285 125,045
Aversge Overdraft (21,494) (117,603) (223,234) (135,267)  (8,143)



Exhibit J.3

Cash Flow Model for Commercial Loan

Project Constan:s
Inflation rates

- ave. domestic inflation (CPI)

- labor costs relative to CP]
Commercial loan terms

 short term rate of interest (X)
- long term rate of interest
 payback period - long term locans
Base Year Constents

< exchange rate (Baht : Uss)

- buyback rate (baht/kwh)

Project Details

Project Name

Completion Date

Loan Disbursement Date

Nominal Cepecity (kw)

Relisble Capecity (kw)
Expected Annual Output (M)
Cost for Civil Works (mn Baht)
Cost for Trasnsmiseion (s Baht)
Cost for Equipment (an Saht)
Cost for AdmintDesign (sn Baht)
Totst Capital Costs (mn Baht)

CASH FLOW ANALYSIS FOR THAILAND MINI/MICRO HYDRO PROJECT

--------------------------------

6.0%
1.0%

10.0%
8.0%
10

25.5
1.03

Nom Mae
Kat
12/87
2/88
818

6773
17.38
10.20
16.75

64,33

Khiong
Lem Plok
12/88
3/89

1182
253
7761
19.99
0.55
25.21

45,74

CPI
INFLAS

INTERST
INTERLT
PAYRACK

EXRATE
BUYRACK

Huai Lem Lam Prg

Sin
5/88
7/88
958
%9
6118
11.02
C.3%
15.66

7.3

Plerng

850
830
3044
7.94

2.0

29.%

Mam Kha
Mun
2/89
4/89
1030
104
4809
21.38
0.99
18.31

40.68

Khiong
Ouson
/89
5/89
680
149
5838
23.41
0.7
12.49

36.60

Nem Mae Nam va Mg
Sot

3/89 6/89

5/89 8/89

26.63 37.99
0.77 2.81
14.33 20.02

41.73 60.82



CASH FLOW ANALYSIS FOR THAILANO MINI/MICRO HYDRO PROJECT

Project Cost Stream 1986 1987 1988

...................

Civil Works (mn Baht)

Nam Mae Hat 7.24 8.69 1.45
Khlong Lam Plok 9.99 9.99
Huai Lam Sin 3.2 5.51 2.30
Lam Pra Plerryg 3.3 3.97
Nam Khe Mun 8.9 10.89
Khlong Duson 8.78 11.70
Nam Mae Sot 9.99 13.32
Nam Yo Mo 9.50 19.00
Sub-Total 10.46 64.67 T2.42
Trasnamission (mn Baht)
Nem Mae Hat 4,28 $.10 0.8%
Khlong Lem Plok 028 0.28
Huai Lem $in 0.16 0.28 0.1
Lam Pra Plerng
Nem Kha Mun 0.41 0.49
Khlong Duson 0.26 0.3%
Nam Mae 3ot 0.9 0.38
Nam Ya Mo 0.70 1.40
Sub-Total 4,41 7.5 3.87
Equipment (mn Beht)
Nem Mas Hat .90 8.37 1.40
Xhlong Lam Plok 12.80 12.60
Hual Lam 3in 4,57 7.83 .26
Lam Pra Plerng 9.17 11.00
Nem Kha Mun 7.33 9.5
Xhlong Duson (.0 8.3
Nem Mas Sot 5.37 7.17
Nem Ya Mo 3.00 16.01
Sub-Total 11.53 60.67 60,684
Design and Adain (mn 8al.T)
Nem Mae Hat
Khlong Lem Plok
Huaf Lem Sin
Lem Pra Plerrg
Hem tha Wun
Khlong Duson
Nea Mas Sot
Noam Ta Mo
Sub-Total
Total Capital !rivestment 26,41 132.64 137.12

Labor Operating Costs (000’'s Baht)

0.66
1.78
2.93
.13
9.50
18.20

0.08
0.09
0.10
0.70
0.97

1.8
1.33
1.36
.M
5.00
n.n

1993



CASH FLOW ANALYSIS FOR THAILAND MIMI/MICRO HYDRO PROJECT

buse rate with inflation 250.0 262.4 2rs.8 289.7 304.3 319.7
Nom Mae Hat 262.% 275.8
Khiong Lam Plok 2738
Huai Lam S$in 153.2 2rs.8
Lam Pra Plerng 229.9
Kom Kha mn 229.9
Khiong Duson 206.9
Nem Mae Sot 206.9
Nem Ya Mo 137.9
Total with inflation 415.8 1838.9 aNre A7 29587.4

335.8

2685.3



CASH FLOW ANALYSIS FOR THAILANO MINI/MICRO HYDRO PRGJECT

-----------------------------------------------------------

Domestic Maintenance Costs (mn Bsht)

Nam Mse Nat

Khiong Lam Plok
Husi Lem Sin

Lem Pra Plerng
Nam Kha Mun
Khlong Dusun
Nem Mae SOt
Ham Ya Mo
Total with inflation

Energy Generated
Mam Mae Hat
Khiong Lam Plok
Huai{ Lem $in
Lam Pra Pleing
Nem Xha Mun
Khiong Duson
dNem Mse Sot
Mem Ya Mo
subtotal
Suybsck Rate 1.3
Exchange Rate sS.3

0.20

0.76

5,776

2,629

8,403
1.0n
5.5

0.53
0.58
0.35%
0.34
0.42
0.32
0.37
0.3
1.53

6,795
6,597
6,115
2,070
3, 2n0
3,503

28,330
1.114
ERQ

0.53
0.58
0.3%
0.41
0.50
0.43
0.49
o.n
449

6,795
7,761
6,115
3,044
4,809
5,838

U, 382
1.139
ERR

4.67

3,382
1.20%
ERR

4.86

34,382
1.253
11}

J.11

5.05

34,362
1.303
ERR



CASH FLOW ANALYSIS FOR THAILANO MINI/MICRO HYDRO PROJECT

------------------------------------------------------------

Losn Repayment Catculation

19848 borrowings . 6,406 6,406 6,406 6,406 4,406 6,406 6,406
1987 borrowings 22,240 22,240 22,240 22,240 22,240 22,240
1988 borrowings 20,438 20,438 20,435 20,435 20,435
1989 borrowings 4,602 4,602 4,602 4,602
199C borrowings

1991 borrowings
1992 borrowings

Total Repayment 6,406 28,644 49,082 53,684 53,684 53,684 53,684

Interest Payments

1986 borrowings 3,439 3,202 2,48 2,668 2,389 2,046 1,698
1987 borrowings 11,938 11,114 10,224 9,263 8,225 7,106
1988 borrowings 10,970 10,213 9,395 8,512 7,558
1989 borrowings 2,470 2,300 2,116 1,917
1990 borrowings '
1991 borrowings
1992 borrowings
Sub-total 3,439 13,140 25,029 25,576 23,327 20,899 18,276
Principal Payments
1986 borrowings 2,967 3,208 3,461 3,738 4,037 4,360 4,709
1987 borrowings 10,301 11,18 12,018 12,917 14,018 15,136
1788 borrowings 9,466 10,23 11,041 11,924 12,878
1989 borrowings 2,132 2,302 2,486 2,68%
1990 borrowings
1991 borrowings
1992 borrowings
Sub-total 2,967 13,508 26,092 28,108 30,357 32,788 35,408
SeaEsaEsr --BIIIIIIIII-IIIIIIIl.lllllll
Cash Flow Analysis (000’a Baht) 1984 1967 1988 19e9 1990 1991 1992 1993
Receipts
Revenues from Buybeck 9,004 3.5¢0 39,812 41,408 43,061 44,783
Borrowings - Commercist Loans 42,988 149,230 137,124 30,881
Sub-total 42,988 149,230 146,127 62,484 3,812 61,408 43,061 4,783
Paymants
Copital Expenditures
Civil Worka 10,457 64,673 72,418 18,198
Transmission 4,41 7.312 3,868 L, 3
E/M Equipment 11,548 60,668 60,840 1,17
Admin end Design 16,373 16,573

Debt Service Payments



Principsl on LT loans

Interest on LT loans

Interest on ST (cans
Operating Expenditures

Msintenanca

Labor

Sub-totsl

Net Operating Reverues

[nvestmonts Expenditures
Cumulative Long Term Borrowings
Outstanding Principsl (begin yesr)
Outstanding Principal (end year)
Change in Net Working Cspital
Cumylative Surplus (begin of yeer)
Cusuletive Surplus (end of yeer)
Aversge Overdraft

CASK FLOW

42,988
42,988

42,968

ANALYSIS FOR THAILAMO MINI/MICRO HYDRO PROJECT

155,974

149,230
192,218
42,968
189, 251
(6,744)

6,764)
(3,37

7,827
137,124
329,342
169,251
312,848
(22,62%)

4, 764)
(2v,348)
(18,03%4)

25,210

30,881
360,223
312,048
319,607
(27,138)
(29,348)
(36,527
(42,9%48)

360,223
319,697
291,589
27,722)
(36,327)

30,357 32,788 35,408
23,327 20,899 18,276
9,089 12,899 16,083

.....................

X%, 297 35,643 37,043

360,223 340,223 340,223
291,589 261,233 228,447
261,233 228,447 193,039
(29,276) (30,%40) (32,72¢)
(84,248) (113,524) (144,464)

(84,248) (113,324) (144,464) (17T7,188)

(70,387)

(98,.886) (128,994) (160,826)
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The ocroject orcanization for the umolementation of this
Project shall oe as delineated 1n Figure 8-3.
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Table 1: ANNUAL BENEFITS IN LIGHTING COST PER ELECTRIFIED HOUSEHOLD

Lighting Source (Baht)
Item Uneiectrified Electrified
(kerosene)

Connection Cost:

Blue-wire connection (by PEA) - S0
Meter deposit (by PEA) - 120
Inspection fee (by PEA) - 40
House wiring with light fixtures and
receptacles (by private contractor) 1,340
Total Connection Cost - 1,550
Annual Fuel or Energy Cost 481 151 (1)
Annual Connection Recovery Ccst - 192 (2)
Total Annual Lighting Cost 481 343
Average savings in annual lighting cost = B 138

per electrified household

(1 Assuming 3 fluorescent tubes that use 40 W each and burn 3 hours a day
for 365 days per year at l1.15 per kWh.

(2) Using a 122 o ortunity cost of capital and a 30-year life.
pp Y p )

Average annual gavings In Hghting cost are eatimated at B 138 per
electrified household without taking into consgi{deration benefits due to the
superior quaiity of electric lighting.

B. Housechold’s agricultural labor saving benefite trom electricity lighting
are attributable to additional working hours available during the peak
agricultural season ag evaluated below:
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Table 2: ANNUAL BENEFITS DUE TO LABOR SAVINGS
Assumntion Unit
Peak agricultural labor season 30 Days/year
Additional agricultural labor available
during the peak season 1.5 Hours/day
Marginal value product of agricultural
labor during the peak season 20 B/8-hour day
Percent of village households whose major
occupation 13 agriculture 79 Percent
Average annual rural electr{fied household = B 88
peak agricultural season labor savings -
30) (1.5)
(8) 20) (0.79) - ss

C. Household’s lighting benefits from handicraft activities aire attribut-
able to productive labor lnput available during the evening hours.
Syntresized average annual benefits from handicraft activities are
estimated at B 58 asg analyzed in Table 3:
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Table 3: ANNUAL BENEFITS OF RURAL ELECTRIFIED HOUSEHOLD
FROM HANDICRAFT ACTIVITIES

Average annual benefits Weighted annual benetits

Case study per household Weirght per household

(1) B 720 1/6 B 120
(2) B 480 2/6 B 160
(3) B 80 3/6 B 40
Weighted average annual benefits - B 320
per householt involved ip handicrafe
acrivites
Percentage of households having people
wvorking 1n nonagriculture fields 182
Annual bhenefits per hougehold = B 58
(1) Case 1: Basker Making (Village of Tachamung, Province of Songkhla)

(2) Ca

Without electritication: 7 tamilies engaged together i1n a rattan
basket corrape industry work until 19.00 or 20.00 hours making
bagkets.

With electrification: The same 2 families now work util 22,00 hours
because of high quality electric lighting. Given ? productive workers
per family, each tamily now makes 2 extra baskets per day. The
tamilies acll the haskets for B 8 each and each family makes a profit
of B 3 per basket.

Annual Lenetits = (B 6 per day x 120 days) = B 720,

8¢ _2: Syl Weaving (Village of Phumriang, Province of Surat Thani)

(3)

Without electritication: a tarp family engaged 1n s1lk weaving part-
time does not work in the evening hours.

With electrification: The same tarm tamily can now productively
work an extra 2 hours each night because of high quality electric
lighting. The family 19 able to make 1.6 extra meters of g1lk per
day. The tamily sells the a1lk tor B 40 per meier and makes a
profit of B 2.5 per meter.

Annual benefitn = (B 4 per day x 120 dnya) = B 480.

ae 3 H”‘_ﬁihLﬂﬂ_ﬂﬂﬂmﬁLLlﬁﬁwﬂlKUEl(Vlllnﬁ" of Bantum, Province o*

Falaasin)
Without electritication: No cottage 1ndustry activitiesn.

With electritication: The wame farm family makes straw mata and
stufted pillows ot nipht becaunse of high quality electric lighting.
The tamily makea 4 profit of B 20 per wonth with these cottage
Induatry activites.

Annual bhenefitn = (B 29/wonth) (4 mentha /year) = B 80.
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D. Household’s cooking benefits are due to cost savings for not having to

buy or gather fuel for cooking. Average annual cooking benefits are
estimated at B 146 per household as below:

Table 4: ANNUAL BENEFITS DUE TO COST SAVINGS TN COOKING

Cooking Source (Baht)

Item Unelectrified Electrified
Rice cooker - 850
Annual fuel cost 457 (1) 257(2)
Equipment recovery cost 30 171(3)
Total annual cooking costs 487 428

Average savings in annual cooking costs = B 59
per electrified household

(1) Average household expenditures for charcoal and
firewood.

(2) Assuming a 750 W rice cooker used 0.5 hours per day for
365 days per year at B l.15 per kWh and a supplemental
fuel cost of B 100 per year for other cooking purposes.

(3) Using a 12% opportunity cost of capital and an 8
vyears life.

E. In summary, total average indirect surplus benefits per electrified
household are estimated at B 343 per year. Of this total, 40X (B 138)
18 due to lighting savings, 267 (B 88) due to agricultural season
labor savings; 17Z (B 58) due to handicraft activities; and 172
(B 59) due to cooking savings.

4. Surplus Benefits from Rural Shop Electrification

Indirect benefits from rural shop electrification include cost
saving benefits and 1increased productivity benefits. Three different types

of shops were analyzed with the following results:
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Average Average annual Weighted annual
Type of shop percentage of shops benefits per shop benefits per shop

General goods 657 B 1,003 B 652
Food 259 B 1,247 B 312
Tailor 10% B 1,467 B 14]

Total B 1,105
Less connection fee recovery cost B 150
Average annual benefit per electrified
shop B 855

5. Surplus Berefits from Rice Mi1l Conversion

The major benefits arising from rice mi{l. conversion are stemmed
from cost savings in annual maintenance and crpital recovery, and improve-
ment in the rice recovery. A synthesized case study is shown in Table 5.
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Table 5: ANNUAL BENEFITS FOR RICE MILL CONVERSION
Itenm Rice M1]]
Unelectrified Electrified Unit

Horsepower 15 ~( - 7.5 gp
Capital cost 25,500 ' 7,700 B
Life Expectance 10 15 Years
Hours of operation pes year 1,159 -7 - 869 Hours
Consumption of fiel per hour 1.8 5.6 Liters/kw
Annual fuel cngt 14,123 /a 7,825 /b B
Annual maintenance cost 3,609 385 B
Annual caprral recovery cost (4,512) 1,131 B
(? 12X cost of capital)
Annual connection recovery cost - 1,210
Total annual cogt to the mller 17,732 10,551 B
Paddy-rice converaion ratio 60.0 60.5 Percent
Paddy requirement per capita 275 273 Kilograms
(165 kg of rice per ca.ita)
Cost ot paddy 1o consumer 1B 2.7/kg 743 737 B
Cost ot paddy Pr o rice orll service

area (K00 persons per mill) 445,800 442,200 B
Savings 1n annual costs ro operator B 7,181
5avings 1n rice cogts to j0c1ety B 3,600
Total Average Annual Surplus Benefitgs B 10,781

/a

/b

—

1,159 x 1.8 x 6.77 2/1l1ter = B 14,123,

4,860 x B l.61/kWh = B 7,825.

Not taking 1uto account tor rice millsg already in operation.
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Surplus Beuefits from Use of Power Tools

Indirect tangible benetity from power tools include cost-savings

benefits and {ncreased productivity benefits. The case study 1ip Table 6
demonstrates cost-savingy for a rural private house bullder from substitut-
ing a power plane for addittonal labors.

Table 6: ANNUAL BENEFITS OF POWER TOOLS

Item Unelectrified Electrified Unit
Wood planning labor cost B 100.00 B 35.00 B/day
Portable power tool recovery cost - 3.40(1) B/day
Fuel cost - 3.50(2) B/day
Connection recovery cost - 1.70 B/day
Total Cost B 100.00 B 43.60

Average annual portable power tool cost-savings benefits = B 2,820 (3)

(1)

(3)

-

Asauming a 121 opportunity cost of capital and an B-vear life for a
I HP , 3" electric plane with an initial cost of B 2,000.

(1.30 B/kWh) (3.6 hours/day) (1 hp) (0.746 kW/hp)

{(B 100) - (R 43.60)) (50 days/year).
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7. Surplus Benefits from Electrification of ‘gricultural Pumps

Average annual cost savings {s estimated at B 2,132 per pump as
shown {n Table 7.

Table 7: ANNUAL BENEFITS OF FLECTRIFICTION OF AGRICULTURAL PUMPS

Item Source of Power
Unelectrified Flectrirtied Unit
Fuel cost per year 2,745 (1) 582(2) B/year
Annual capital recovery cost 486 167 B/year
Annual connection recovery cost - 150 B/year
Total Annual Cost 3,231 1,099 B/year
Average annual cost-g9aving beneflts per B 2,132

elecertfied private agricultural water pump

(1) Usting a henze ut ot B O8.R0 per llter after deducting a 15T excise

tax and a 1T municipal vax; [(2 hr/day) (120 daya/year) (1.3 liter/hr) -

(B 8.80/ liter)].

(2) Average cogt of 8 1,30 kWh, [(3 1.30/kWh) (2.5 hp) (0.746 xW/hp)
(2 hr/day) (120 days/year)].

ANNEX 14
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Existing NEA Hydroelectric Projects

Microhydro
roject Province Installed Year of

Capacity Kw. Completion
Doi Pui Chiang Mai 7 1979
Khun Kong " 12.5 1980
Nam Dang " 50 1980
St. Paul Chum Paorn 15 1980
Mae Tia Mae Hong Sorn 15 1981
Pu Muen Chiang Maj 15 1981
Khun Wang * 20 1982
Thung Luang " 20 1982
Bo Keo " 200 1983
Pang Bong " 12 1983
Kam Pongq " 40 1983
Mae Chon Luang 4 40 1983
Mae Ton Luang " 35 1984
Huai Pui " 50 1984
Tung Lakorn " 35 1984
Mae Hae " 50 1984
At Kapoh Na Ra Thiwat 100 1984
Pa Pae Mae Hong Sorn 10 1985
Ban Mae KhunWang Chiang Mai 10 1985
Huai Mo " 20 1985
Nam Mae Mae " 12 1985
Huai Nam Kun Chiang Rai 25 1985
Nam Mae Loei Chiang Mafi 12 1985
Huai Nam Rin Chiang Raf 15 1985
M2e Sa Chiang Mai 15 1985
Ban Long ¥od . 120 1985
Hua1 Sat Yai Prajuab Kiri Kan 130 1985
Ban Kud Chang  Chiang Kai 40 1985
Ban Gae Noi " 20 1985
Ban Knhun Lao Chiang Raf 15 1986
Ban Pang An Chiang Mai 10 1986
Huai Pong Pao - 5 1986



Under Construction Project

Project

Mae Tuen Noi

Long Khod
Mon Ngo
Muang Konq
Doi Lang
Pang Hai
Jae Chon
Mae Pai
Ban Pok
Mae Pae
Ngae Sai
Pang Chang
Mae Kleun
Nong Hoi

Total

Province

Chiang Mai

Lam Pang
Chiang Mai

Chiang Rai
Chiang Mai

46 units

Installed
Capacity KW.

Year of
Completion

1987
1987
1387
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987



Minihydro
Project Existing

Nam Bung Sakhon Nakon
Mae Hong Son Mae Hong Son
Mae Khun Luang Chiang Mai
Huai Mae Pong Pha Yao

Mae Sarieng Mae Hong Son

Under Construction

Mae Sap
Mae Mao

Mae Sa Nga

Planned for 1988 start

Huai Prathao

Total 9 units

Capacity

(MW)

6.0

1.0
3.2
.86

1.2

1.36
4.4
5.0

4.0

27.0 MW
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PDC-5730-1-00-7022-00
Work Order No. 3

&RUCE L - TIIE

Micro/Mini Hydroelectric Project
(Project No. 493-0324).

ARTICLE II - CGBJECTIVE

The Objective of the Project are to assist the KIG to improve the
institutional capacity of the implementing agency, the National Energy
Administration (NEA), to develop an analytical capacity and methodology
to better their small hydroelectric generation and site selection
planning, analysis, construction methods and procedures.

1. Proposed Evaluation Tasks:

Describe the status of the progress made to date indicating
reasons for delay of implementation. Indicate tne changes made
in response to days and project schedule for completion of the
Project. Assess the changes made to date and the question of

Provide recommendations to assure campletion of the Project and

What process vas followed that resulted in the replacement of

viability, tariffs and local institutional issues such as the

Assess the NEA capabiiiry to evaluate lessons learned fraw
existing Micro/Mini Hydroslectric sites (including previous AID
Renewable Non-Carventional Energy Project) with respect to:

ownership/operation arrangements including local organizational

Al
campletion of the Project by the proposed extended PACD.

B,
attainment of objectives including the newly proposed
campletion date.

2. Site Selection/Application of Criteria:

A.
some of the initial sites? How were the sites selected?

B. Assess the development, effectiveness and use of the site
selection methodology (including attention to finsncial
coommnity role in collection).

C.

== gite selection

== tariff rates arnd financial viability of systems
involvement and NEA/PEA or EGAT roles.

Dl

Assess NEA capability and performance regarding the collection
of socio-econanic badeline data on proposed sites and the
evaluation of existing sites.
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3. Design/Procurement/Construction:

Describe the i{nitial and current processes for design,
procurement and construction of systems. Identify changes and
how they have or will improve site selection, timing and cost of
construct’on.

4. Institutional Development:

A.

F.

G.

Describe and assess the institutional development that has
occurred to date and provide recammendations for remainder of
the Project.

Rydroelectric Project identification: Has the
change/{mprovement in site selection methodology been
institutionalized? What was the role of the consultants and NEA
in its developmenc?

Micro/Mini Hydrolectric Program: The fifth five year plan
included Micro/Mini Hydroelectric Development. How has this
Project, particularly the site selection/snalysis effort,
affected national planning and investment in the latest plan?
Have the methodologles developed improved NEA and RIG capability
to plan in this energy subsector?

NEA Project Management: (1) assess the institutional
relationship of NEA to PEA, EGAT, RFD, RID, local communi ty
organizations and private entities; (11) assess NEA's role in
the development of the Micro/Mini Hydroelectric energy plan and
investment program; (iii) for proposed grid-commected
systems. Indicate the work proposed or dme to define the
relationship (i.e., establish power sales agreements) between
the hydro system and PEA.

Private Sector Capabilities: assess the institutional
developoent of the consulting, exi‘meerixg end manufacturing
firmg that have participated in Project. Agsecs the Thai

manufacturing capability to build hydroelectric syatems up to 1
M4 compared to US, ASTAN, and other regional systems available.

Local Commnity Capebilities: describe the local commmity
roles to date and enticipated for the future; describe and

evaluate the ownership/operation modes proposed for the initial
systems.

Indicate the training done to date and assess the impact on NEA
institutional development.
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5. Econamic/Financial Issues:

A,

Site Selection Methodology: Review the integrated analytical
site selection model developed by the POU from the guidance model
prepared by the Project Paper team. Assess the quality of the
model and its applicability to the goals of site selection, in
lieu of EIRR or economic benefit-cogt ratio method of site
selectlon. Is this still the most attractive method? What can
be said on a preliminary basis about the sites with respect to
actual vs. projected costs?

Wrat will be the result of efforts to foster higher load factors
through jroductive demand promotion programs? Describe programs
and iheir application to USAID projects and other projects. To
what extent have efforts been made to integrate the Hydroelectric
Projects with other rural development activities?

Has there been on-going program and project assessment 1in 1{ght
of o1l price uncertainty (cost of carpeting diesel fuel) and
budgetary restraints that may affect grid extension? What are
the results of such assessment?

6. Sub-Projects to be studied:

Al

The evaluation will cover the following subprojects:

1. Nam Mae Hat

2. Khlong Lam Plok
3. Hual Lam Sin

4. Khlong Duson
5.
6
7

. Huai Mae Sot STmtn't'iveg

In addition to the assessments and exsminations listed in Part
11, Purpoee of the Evaluation, following are some {llustrative
questions to be snswered for each of the subprojects listed above:

(1) 1s each Sub-Project cost-effective relative to diesel
powered electricity generation?

(2) 1s there cawpatioility with other resources of the area such
&6 water resources, figh, wildlife, agricultural production,

etc.”

(3) Are there identifiable social or ecolog’ :al problems
attached to the various subprojecta?
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(4) Will there be any effects on employment in the areas by
virtue of the new power supply?

(5) Assess the results to date of the attempts made through
this Project to:

a). formalize institutional development
b). provide an edequate site selection mdel
¢). improve construction procedures and practices

d). influence or change other elements, such as the design
of the subprojects, procurement practices, fleld
supervision and construction managemen. and
supervision. Were public safety measures adopted for
transmission and distribution? Have arrangements been
completed between NEA and PEA for comnection of those
subprojects that will be hooked to the grid?

(6) How were the Interests and role of women taken into account
at the deaign and appraisal stages? Did their
participation or non-participation affect project
achievements?

(7) Were gender-specific data available or have they been
developed since? How has such data been used in goal
setting and resource allocation?

(8) What will be the effects, positive or negative, of the
project vis-a-vis women's access to forseen production
inputs and marketa, division of workloedr, income,
ecucation end training, role in household and commmity,
and health conditions

(9) Though the initial envircomental examination was negative,
did experience show that there were detrimental impacts

during implementation?

In addition, the Team will provide USAID with their recommendations
concerning appropriate Project modificationa they believe will assist in
obtaining maximsn overall effectivensas of the Project. The Team is to
examine Hydro Energy Policy Plamning moasures {mplemented so far, their
assesspent of the adequacy of the measures, ard their recummendations
conserning issues to be addressed.
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The Evaluation Team 1s to imvestigate those questions and
provide:

1) findings - (facts)

11) conclusions - (underl reasons)

111) recommendations - problems may be solved
and by wham),

Recommendations must be implementable. They should be keyed towards
replication and pramtion of micro/mini hydroelectric activities as well
ag to developing RTG institutional capacity to perfurm and sustain hydro
energy policy planning and further implementation.

METHODS AND PROCEDURES:

1.  Review of Project literature =--- existing reports, monitoring
reports, Project flles, etc. which are available at USAID Nffice
of Project Development and Support, Engineering Division and NEA.

2.  Bagukok interviews with NEA and USAID personnel concerned.

3. Fleld interviews with site engineers, resident inspectors,
affected villagers, etc.

4.  Trips up-country to observe hydro installations being
conatructed under the Project.

Progress to [ate:

The Loan Agrecment (LA) was signed in mid-Septewber, 1982, and
Expressions of Interest were received fram U.S. Architect/Engineering
(A/E) firms in Octcber. Ba%esta for Technical Propceals were received
from 9 firms on March 31, 1 3, and were rank-ordered by the end of
April. Negotistiors with the selected A/E, Strnley Consuleants, Inc.,
TEAM-KEC, began Mzy 31, 1983, end contirmed until mid- 1, 1984, when
the TA Contract was finally executed, 1.5 years after 1A was
effected. The Contract period called for the TA to cu?plete the Site
Selecticn Model in 22 months (February 1986) in 1lieu of the 3.75 person
years (1 irdividual) envisioned in the Project Paper.

Fleld surveying and detailed engineering design began as the Project
Operaticna Unit (FOU) was formed, and daaifl msa was in line with
t
al

expectationa. Snags begen to sppear when clear that the POU
had i twen given coatrol over the 8 of the designa,
since NEA regulations required that ir Deamvhim had to

the civil works designs as well as the KOU, resulting in an additional
time losas of an average of four months per Sub-Porject.

' -
)/ K
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