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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 five
week period during May-June 1987. This project was designed to complement a broad 
strategy 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 economically attractive sites for micro and mini
run-of-the-river hydroelectric power development. This was to be done through the
design and consiriction of up to twelve plants which would provide electricity to localvillages or to the national grid. The project, being implemented by the National 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. Theremaining 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 inini-hydro sites. 
 The evaluation team consisting of two foreign
consultants, an engineer and an economist, and one Thai social scientist, spent twoweeks 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 als,)

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 Conclusiorns 

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 encourage(] the NEA ani 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 allowed both the NEA and the private 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 
specification of electromechanical equipment. 

RCG/IIagJcr, ailly, Inc. 
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4. It has provided the Thai fabrication and manufacturing sector with a limitedmarket 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 indic:iting that the NEA and Thai consultants have
continued to refine their capabili ,is as the project evolved. The replicability of thiseffort is clearly established and dcji:onstrated by parallel efforts to develop mini-hydrofacilities 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 project 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 requi,'enents in the procurement and contracting process. The financial mechanismused by AID required special arrangements by the RTG to fund the project until plaidsbega.1 to produce electricity. The perdiem rates estabjished for project personnelrequired coirsiderable time to negotiate. The procurement of electromechanicalequipment became a complex problem because the design of specifications, the lack ofenough firms to bid and with the changing rules of the proposal evaluation processes.Once these problems were resolved and constnction began, the project was able to
 
move along rapidly.
 

The project objectives have evolved since the time of the drafting of the Project Paperwhen a range of hydropower options were considered, including isolated microhydro,
isolated mini-hydro and grid-connected mini-hydro. 
 The evolumion has been to siteswhich are mini-hydro and grid-connected. This was a reasonable progression, given thatthe NEA already had considerable experience in the construction of micro-hydrofacilities and that the national electrical grid was being rapidly expanded to reach themore remote areas of the country. The project participants therefore took on the morechallenging task of designing mini-hydro units for which there were only twoprecedents, a 6 MW facility constructed by NEA in 1964 in Sakon Nakhon and a 1 MWfacility constructed in the early 1970's in Mae Hong Sorn. Unfortunately, the PP's siteselection model was developed for isolated micro-hydro and did not undergo a similarevolution, although the scope of work called for its refinement. 

The economic environment in which the project was originally designed is radicallydifferent from the current situation. Not only have fuel prices and exchange ratesundergone rapid fluctuations over the last few years, but Tha1iland's energy sector hasbeen radically altered. 'The exploitation of domestic supplies of natural gas, lignite and 

RCO/ilagIcr, Blailly, Inc. 



EXECUTIVE SUMMARY 3 

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 under this pioject was focused on developinga site selection model and assessing local manufacturing capabilities. Most of thisassistance went towards implementing the model as originally proposed, rather than
developing a more appropriate model. 
 The 	assessment of local capabilities formanufacturing electromechanical equipment appears to have provided relatively littlenew 	information while assistance was badly needed in preparing technical specificationsfor 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-iydro 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 1lternatives.
 

The 	sustainability of the mini-hydro development in Thailand is currently unclearbecause 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 ofmini-hydro facilities has been established. In addition, the role of NEA iscurrently
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
Authority 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: 

1. 	 USAID should continue its involvement in this project through the

completion of at least the first six mini-hydro sites. 
 Since the benefits faroutweigh the marginal cost necessary for completion. The two remainingsites 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 theUSAID loans and they may meet social and political objectives which are

important to the Thai government.
 

RC/ilagler, Baily, 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 projectimplementation by limiting the monitoring requirements of USAID and
provides some form of financial performance incentive by limiting the totalfunds 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" andmechanical equipment should set as its primary objective choosing the bidwhich represents the least economic cost to Thailand. The current cf'orts to 
di*;scount taxes and duties paid to the government is a necessary step '.o meetthis goal. It also takes into account the competitiveness of local and foreignsuppliers. 

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

5. 	 In addition, 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 models to be followed. 

6. 	 Priority should be given to producing an agreement betwee'n NEA and
EGAT on the terms innder which the latter will assume responsibility for themini-hydro facilities trice they are operational. This agreement should setthe basis for NEA's further work in the development of grid-connected mini­hydro and should contain the basis for establishing a revolving fund or otherfinancial 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: 

RCO/ilagler, 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 !'Mtermine any potential
problems which might arise 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 for 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.

Th;s model would include separate cornponents for micro-hydro, isolated

mini-hydro, grid-connected mini-hydro and grid extension. The 	latter should
incorporate tde methodology 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 evaluation techniques proposed in 
the Project Paper. 

Lessons Learned 

The principal lessons 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 economics of micro-hydro, isolated mini-hydro and grid­
connected mini-hydro as applied to rural electrification should be
established and methods for quantifying their benefits should be agreed
upon. This issue continues to plague the development community. 

3. 	 Projec" evaluation of energy projecfts 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 so'fware have greatly reduced the la*;or required for such analysis. 

RCG/Ilagler, 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 will complementexisting institutional capabilities and be coordinated with the activities of 
other donors. 

5. 	 USAID needs to develop a more effective approach to contracting andmonitoring of technical assistance to insure that the personnel provided andtheir 	scope of work will provide useful inputs given that these requirements
may change over ',he life of a project. 

6. 	 In t'ie design of energy projects, a certain flexibility mus;t be built in. Aseconomic, financial and natural resource constraints change, projectimplementors should have some flexibility to change project goals. Negativecriticism of a project because its original goals were not met is not anappropriate response in situations where the underlying economicconditions and the resulting rationale for a project have been altered during
the life of the project. 

RCG/ilagler, ailly, Inc. 



CHAPTER 1: INTRODUCTION 

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 electricity 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 development of up to twelve micro/mini hydropower plants with an amou nt of
$4.7 million equivalent, as the RTG contribution. The implementing agency is the

National E-Inergy Administration (NEA). 
 The present project completion (late was
September 1, 1987 but because of delays, that (late was riot met. An extension was 
requested by the RTG !o continue for another two years. 

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

Purpose of the Evaluation 

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

a) 	 An assessment of the progress of the physical work and trends at each of the
 
six sites under construction through document review an 
 field 	visits. 

b) 	 An asse:ssmcnt of the relationship of this project to other power projects in
 
the country.
 

c) 	 A review of the appropriateness of the site selection model and its
 
effectiveness as a tool for analysis.
 

d) 	 An assessment (if the environmental impacts of the physical work at each
 
site as constructed and during ope ration.
 

e) 	 An assessment of NEA institutional capacity to perform and sustain mini­
hydropower planning and project iniplenientation.
 

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
USAI D/Thailand's Office of 1Engineering. The assignment was carried out through 
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interviews, a review of project-related documents and field vi,,its to the six sites
currently under construction. 
 The team began its work in Bangkok by meeting withofficials of USAID, NEA and other government organizations and by visiting severalprivate sector firms involved in planning, design and equil',rnent procurenient. 

The interviews at NEA were with members of the Project G; terations Unit (PCU.)[),which was created to implement this project. ()ther government organizations whichthe team visited included the Electricity Generating Authority of lihailand (FI'(;AT), theProvincial Electricity Authority (PFA) and the Na ional Economic and SocialDevelopment Board (NESI)l ,). The e\,al ati ,i team also visited "IILAM ('onsultants,the project's principal design firm andil(Layne &lBowler. the manfLtacturer of the
turbine-generator which will be installed at tile first site. 

Among the d(ocuments reviewed were 	the Project Paper, the site selection modei,reports prepared by consultants, site dravings and various files in the USAID offices. Acomplete list of contacts and references is given in Appcdix 1.. 

Project Creation and (;overnnient Objectives 

This 	project was created during 198 1-I982, a period ol great uncertainty in world oilmarkets with petroleuum prices above the $30 per barrel level. With consideJable fearabout the futu re of fossil fuel prices, and a consensus that they wo, id surely continue torise, utilities the world over were searching for energy sources based on indig-nousresources. Small hydropower was known as an old and mature technology which had
fallen into disfavor because of high unit costs compared to fossil fuel generated
electricity. liowever, with fossil fuel prices on the rise, small hydropower was,, once

again of interest to conmomic planners.
 

Under Thailand's 5th National Plan, renewable energy resources were to be givten
special emphasis and NIA was f)rally made responsible for all malcro and miniI
hydropower planning an(d implementation in Thailand. 
 The NIFA nandate had tile

following principal elements,
 

a) 	 to replace existing dicsel generation plants in rural areas with iiicio or
 
minihydr( plants
 

b) 	 to provide additional power to the niational grid inl Order to re(lice oil

consumption iat large thermal p 
 wer plants, 

c) to supply electric power to newly dtevcoped or rural areas. 

USAIl) developme nt policy diriring this peri od was consistet wvith Thai energy goals,namely those of accelerating rural devchopimicnt, increasing tile involvement of theprivate sector and pr mloting rural electrification. Because these goals matched, the
Micro/Minil lydroelectric Project ca rue into being. 

R(i/liagicr, Bailly, lac, 



1.3 INTRODUCTION 

Project History 

The Micro/Mini Hydroelectric Project (493-0324) was formally initiated on September16, 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 National Energy Administration, and to plan
and constrv.uK, 12 micro/mini hydropower plants over a five year period. Funding of $12.8 million 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 RTG was to provide the remaining $4.7 rniiiit _.USAID funding was 
to be made using the Fixed Amount Reimbursement Agreement (FARA) a pproach.
Under this method, the funding would only be forthcoming when the hydropower plantsbegan 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 byNEA. However, for a variety of rea:ons to be discussed later, this has not happened. 

Tae minihydro plants were to be built in remote areas to service rural energy
consumers. Some plants would be grid-connected while others would serve remotevillages. 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 selection 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. Thewinner of the competition was the Association of TEAM Consulting Engineering Co.
Ltd., K. Engineering Consultants Co., Ltd. and Stanley Consultants, Inc. (TEA M-KEC-
SCI). TEAM was to design the plants, K. Engineering was to carry out the su.rvey 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 6people. These wereprofessionals 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 
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and new sites added. Currently, there are six active sites, all in various phases ofconstruction and two addit;onal sites for which detailed designs are being prepared by
TEAM.
 

The assistance providied by Stanley was clearly helpful but not crucial. Their approachtended to be academic, with emphasis on studies and computer modelling rather thanproject 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 after 6 or 7 
months. 

Reasons for slow implementation of this project tended to be bureaucratic. Ear:yproblems centered around contractual problems between NEA and the Ministry of
Finance over such issues as contractor overhead. 
 There was also some weakness in theinitial 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 he more Iprocess tha aa series of discrete accomplishments.
It was to be a process of analysis followed by field implementation. The PI) was notclear on this point. As a process, changes in objective or scope should be expected sincethe heart of the activity was the site selection and evaluation procedure When thesetasks 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 aregeographically distributed, two in the North and three in the South, and one in the
Northeast. 
 They range in size from 500 kW to 1,182 kW and are at various stages ofcompletion (see Fxhibit 2.1 ). They are scheduled to be operating by April i89
(Appendix N). 
 Over the last six months, there has been a flurry of activity as various
bureaucratic impediments nave been removed. 

Currently, Stanley Consultants has completed its contract. TEAM is designing the
plants withowjt 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 national grid. Although anearly objective vias to construct isolated plants the grid-connected projects are morefinancially viable because they can sell their power to the grid and therefore have a 
100% capacity facor. 

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 long­term economic and finrrcial viability of mini-hydro in Thailand, given PEA's vigorousexpansion program. These 2oncerns are all addressed further on in this report. 

The scope o' work indluded in Annex K (ailed for a range of services including management, aslstance in ,:ontracting for 
corstruction antidevelopment and implementation of the Site Selection Model. 

RCG/I !"ller, Badly, Inc. 



1.5 INTRODUCTION 

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 withtechnologies using domestic sources of energy, 2. the exploration for and exploitation ofdomestic reserves of energy, especially petroleum, natural gas, lignite and hydropower,
3. the extension of the electricity distribution system to the more remote areas of
 
Thailaid.
 

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 withthe result that the development of domestic energy resources and the extension of thenational grid is expected to proceed with more attention to economic viability. With
the drop in the price of petroleum fuels and the increasing amont 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 animpact on the development of smaller scale mini and micro-hydro. As yet there has notemerged a clear policy with regards to development of these technologies. There ishowever, a national rninihydro plan being developed by NEA. It is therefore likely thatthe development of micro-hydro as a source of energy in areas which are too remote forextension of the grid will continue. Htowever, the development of mini-hydro facilitiesto serve a cluster of remote villages has yet to be proven economically viable. The
development of grid connected mini-hydro will also be problematic because of thereluctance of EGAT to take on responsibility for the management and staffing offacilities which add very little capacity to the national electricity system. 

Organization of the Report 

This report isorganized 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 inherent in this project as well associal issues. Chapter 5 considers the institutional issues. Chapter 6 describes the
environmental impact of the six sites currently tinder construction and Chapter 7 gives
the findings, conclusions and recommendations. 

Several Appendices are included to support the text and Executive ';ummary. 
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CHAPTER 2. CURRENT PROJECT STATUS 

Site Characteristics 

All six project sites currently under construction were visited by the evaluation teamand project components from weir to 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): 

1. Lam Pra Plerng 
2. Nam Kha Mun 
3. Nam Mae iat 
4. Khlong Duson 
5. Khlong Lan Plok 
6. ttuai Laim Sin 

All these plants are in the minihydro category vamying in capacity from
approximately 500 kW to 1200 kW. The construction details for each site are verysimilar 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 it 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 agroup of villages vhich may or may not have electric power. The critical physical
element is to have a stream that las 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 chm;en where a weir or inut can he constructed onbedrock or other solid foundation. This structure diverts it portion of the flow intothe headrace by controlling a large gate valve. P'rovisions are made to be able tosluice 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. Theweir 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 excess stream flow can be
discharged viai another gate valve located on the downstrea:n side of the weir. 

The weir is usually made of reinfo rced concrete an(d generally has an access roadgoing to it so it can he serviced. Only the I luai L.an Sin site does not have an access
road because of tile difficulty of the terrain. All the weirs were well built with

provisions for flood mitigation, sediment removal and easy gate operation.
 
The intake guides the flow into the tpv pw'jil¢¢_ which brings it along a slight grade to 
the lagJoa near the plant. I ieadraces are commonly designed with an open 
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Exhibit 2.1
 

MICRO/MINI HYDROCELECTRIC PROJECT
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EXHIBIT2.2: TYPICAL MINIHYDRO PLANT
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channel, similar to an irrigation canal. However, the Thais have used steel pipesuspended 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 andalluvial 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 inlength and usualy followsthe existing topography. The road to the weir generally follows the headrace forservice and construction convenience. Inmost cases, the headrace construction wassound. At one site, however, l-luai Lim Sin, we found the concrete anchors to besupported by large boulders which were cracked. This may be a problem, and it is
recommended that a geotechnical engineer inspect the site. 

At Nam Mae IFat, 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 alluvial soils. The project personnel at the site informed us that the site had been through two rainy seasons so far, and no serious erosionproblems 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 pointwhere 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 indesign to the intake structure. The water level in the forebay is essentia!ly the headavailable to the turbine (minus small friction losses in the penstock). 

The pgnstock design is critical because of high pressures. It connects the forebaywith the powerhouse and con'eys the water to the turbine. The penstock is made ofsteel 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 tie penstock work was complete at the six sites. In some cases the pipe wasburied but the tendency wa.', to keep it above ground for servicing. Down near thepowerhouse, the penstock tc,,nes a "Y"and the flow is split between two turbines. 

The PJigj1 gener.'I y contains two turbines and all control equipment. Sincethese are high head sites, above 50m or so, they have either lPelton or Francistu rbines. After the water has inmparted its energy to the turbines, At exits via a sunip
tinder the powerhOuse to the airace. 

The uiljltr ,; is iSuaIlly located to one Side of the powerhouse and directs tile flowback into the stream. It is designed o that most of the energy left in the flow will be
dissipated before reaching the stream. 

The electricity that is )rodticcd by he ge nerator is usually stepped u) to 22kV in tile
Lwilciyrd located adjacent to tie powerhou.se. This voltage is considered optimal 

R((u/Ilaghfr, Ilailly, Inc 
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because it is high en(dgh to minimize losses but low enough so that reduction to 
220. Isnot 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 withroads 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 them had been only recently constructed. At one site, FI-uaiLam Sin, the terrain was too steep to 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 Jle 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 tokeep the Project Manager heavily involved. Some procedure to streamline field
decision making should be considered. 

Construction Progress to Date 

hIm 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 870 kW andcost is approximately $ 1550 /kW installed. The plant should come on line late1988. The area it will serve is not remote, but has had PEA supplied power for 
several years. 

Nam Kha Min:
 
This site is located in a highland, forested area the city of Phitsanulok. This was a

region of great political turmoil 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 electrified. The

plant is about 30% complete and should come on line in late I988.
 

NNdjdInt
This site has been under construction since 1985 and was the first, of the six sites to 
came on-line in October 1987. Construction is 95% complete with
electromechanical equipmentinstalled in June-August 1987. The plant is located in a remote area of (hiang Mai Province near the lurmese border. The PEA grid hasbeen extended to witliin six kin of the plant. Plant costs are $ 26050/kW installed. 

Kbi lg_!uim Pjvj:
This site is located near the city of Trang, in Southern Thailand. It is a 1.2 MW
facility. '[he site is approximately 80% complete and should came on-line by mid -
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1988. The missing element is the powerhouse, electromechanical equipment andtailrace. PEA lines are also within 2 km of the plant and the grid has been extendedto most of the villages in the service area. Plant costs are $ 1900/kW installed. 

Khlong Dtuson:
 
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. 

1-pai LAm Sin: 
This site is located near the city oti Phathalung, in Southern Thailand in a hilly,
forested area. The PEA grid extends to within 2 km of the plant and most of thevillages in the area have had electricity 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 vill cost approximately
$ 1600/kW. 

Thai Private Sector Capabilities in Minihydropower 

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

The PP stressed the need to develop indigenous manufacturing capability and jointbusiness ventures with U.S. manufacturers. Therefore, under the technical
assistance program carried out by the consulting group (TEAM-KEC-SCI), anassessment was undertaken to determine private sector capabilities to implement
small hydro. The assessment sought to determine the capability for equipmentmanufacturing rather than for project management or for civil engineering. Severalmonths were devoted to the study and selected manufacturing facilities were visited.
The general conclusions indicated tiat there is a wide range of manufacturing
capability in Thailand made up of companies ranging from small "cottage scale"machine shops lo several !ar;'e nimlti-coml)any organizations which can des;ign andmanufacture mii ii ,dre coinl,one rt. ('apabilities exist for casting, machining andfabrication. Ilowe, er, much of the work is done on a custom basis rather than for mass production. 'i ere is also little quality control diring fabrication, but eachcomponent is usually 'iorouighly checked after production. 'lulere is an emphasis onquality but this is balanced against cost savings through use of existing resources. 

'liere are few automatic or tape controlled machine tools. Again much is left to theskill of the operators who pride theimselves 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. 

R('(C /i agler, Itailly, Inc 
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The TEAM-KEC-SCI study indicated that Thai manufacturers were not yet ready tobuild turbines in the mini range, above 100 kW,or generators above 500 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 equipment (less than 1 MW) and provide amarket for U.S. manufactuLrers 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 Imanu1facturing facilities of Layne & Bowler, the
fabricators of the electromechanical equipnent for the Nam Mae Hat site. Thai
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 incudes
the governor, valving, casing and balancing is rm|anufactured at their Bangkok plant.The generators for this site, both inthe 500 kW range, are also being inanutactured 
locally. 

While at l~iyne & Bowler, the evaltiati()n tean saw turbines in the ()ie to three MV-/
range leing assembled for other N1, A mini hydro projects. These units 'w'ere of the
Francis type also with imported Bouvier runners. I lowever, the casing.,, wicket 
gates and other turbine c( nipmnerits were manu factu11red in ThaikIland. '.alancing and 
installation is also being l(me by 'hai firms. 

Clearly, the most important issue for lhai equipmeint manufacturers is the
dimensions of the market. There are basically two, segments of the 'arket thiat Thai
industry could handle, "lihi fir',t is the micro rang,, less than INU) kA. This is
already is being well taken care of by a variety of local manufacturers. The only
exception being modern g(vernors or hn)ad control technology based on
 
microprocessors.
 

The second fiarke . segment is betwee n 10) kW and p,rhaps 5 MW. The
dimensions of this larger market will depend on N '.Asplans for building more
minihydro plants. If N -A builds on, to two dozen plants year, dhen there is a small
but sufficient market to enco urage ,tevelopmenit of local |nantitacturing capability.

olwever if only three or four are built, then the market is insufficient to justify such 
a local capability. In either case, the current approach of importing the turbine 
runner should be continued. I() 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, 

Another re;,on toimove cautiously is that t.( ;AT has tended to favor large plants,
whether hydro or tiermal, and may not support a program to buil dozens of
minihydro plants which they woild have to operate. Although these large plants

have a high foreign exchange componntfim on per, kW basis, their total costs
 
compare favorably with an 80% locally nianufacnired turbine genertor unit.
 

K(C(i/ll,*gltr. 118illy,.
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One of the goals of the PP was to assist in the development of an indigenousmanufacturing base in Thailand, not only for the national market but also for
neighboring Malaysia and Indonesia. 
The skills base, management talent andenthusiasm certainly exist today in Thailand, but there are a 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 opportunit,,s in the neighboring countries? 
 The second issuewhich needs to be resolved is the role of U.S.-based firms in supplying equipmen, tothe Thai market. Efforts to encourage Thai industry to manufacture its ownequipment while simultaneously developing opportunities for U.S. manufacturers appears inconsistent. Artificial bonnds can be set, on the basis of size for example,but generally they do not work. A national policy should be established regardingU.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., Ltd., and Stailey
Consultants, Inc. (TEAM-KEC-SCI). 
 KEC had the responsibility of surveying thesites, TEAM had the responsibility of design and engineering and SCI for training,
Technical Assistance and implementation of die site selection methodology.
 

The evalt~ation team visited TFAM Consulting Engineering Co., Ltd. to review
design work on 
the six plants. The firm is made up of approximnitely 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
CompaUter Aided )esign (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. I lowever, they had only a 
minimal capability in the small
 
hydro ficld.
 

It is our undei ,tanting that there ire 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 available design services in Thailand.
 

The construction of the six sites has been moving along radier briskly. There aresufficient 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 s) as to r.jaximize local participation. T"laicontractors are familiar with these methods. Construction capability is not a
limitation to the iilx|l)le mentation of this project. 

Procurement listory 

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

U(('/J agler Badl, Inc 
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However, each procurement initiative had to be approved by AID, although 1o
funds were to be forthcoming until power was generated. The PP also
recommended that AID direct contracting procedures be considered to 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 be
considered, Design, Construction, llectromechanical and Technical Assistance. 
Each is discussed separately: 

I)esign: 

Contracting of the design process has been relatively smooth. ThroLghout 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
deternitning it the design is appropriate. If ,, particular design feature is bad, then
all six plants will have it. Ilowever, there has been some evolution in tile design 
process, for exaimiple, chariging fron the concrete pipe headrce to steel pipe.
Currently. '11AM ', in the design tl)ase f the last two projects. 

Const rucI i j: 

The civil ,.)rks and trainsmissi(n line contracting were carried out according to PP
requireinert,. NFI A prepared the bid ,docurrv-nts aid invitations to bid were 
pub ished b th locallv and i the (J.S. in moi't ca:;es, there were between three and
six bidders hbr the construction (irk, all Thai. tjpon winning, through negotiation, 
a new, linker price wa, generally ;agrecd Lttpm. Fach ,el) of tle construction 
procurement iroc,,,,e was omujitre( by All) technic:1>otfices and all d(ocumtlerts(spccilfioatimos, drawings, bid tiT est. ) ,ere sent to All) for approval prior to 
formal action i1w NI£A. 

The evaluatim tea I tnj all l icptcdtfres sIpecified Il tile Plddhered to, if not in
fact, then in ilit. I lowever, work at the sites fell serJuusly behind schedule 
because o41 litlictilt terrain, rain and sOw decision makin in the field. Although
somewhat slow to ct un1lcr way, construction progr.ss at all six plants is progressing 
well at this timhe. 

E'lectromechanical Eq iipment: 

The c(mtactirlu d the eliquipnielnt turned out to be a very competitive process.

Tihere were tcw bi(h l.rs, in smil e cases only (iie, So that the bidding process

soietilmes .hald I') he repeatel. Ilow,.-ver, tile competition between the few firms 
turelld ot ti0 be ratier liec,. 

Several tlInnv issues ,i tacedI. A leading problem was the way that NI-A included
import duitics ard tixc:s : fle bld 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 processagreeable to both NEA and AID has never been 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 somepoint in the future, conflicts will surely arise. A more coherent policy must beestablished within USAID an(l 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 team's examination. Some firns feel theyhave new technology, particularly in the control area, and are aggressively
marketing it. For the e(Ilipment procurement for the Nam Mae Hat plant, NEAwrote very specific requirements for all components. This made it difficult for any
new or different technology to he introduced. 

This was done because NFLA was tnot familiar with performance specifications and was unsure of the methods of evaluation of low bids by performance specifications.
Also, the local Thai biddeis re(luested al)solute and detailed specifications so theywould know how to build the E-M equipment. Since the local builders had not builtequipment 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 P1 proposed that NI'A retain several long term specialists on private contract.
This approach was not strictly followed and TEAM-KEC-SCI was given theresponsibility for most technical assistance. Their task consisted primarily ofdeveloping a site selection model for NIEA and training POU staff in its use. '11AMalso participated in developing the computer and design models. Several volumesof studies were produced in conjunction with Stanley through which the six plants
currently under construction, were analyzed for thwir engineering, econonic,
financial and social viability. TFAM also performed the least cost analysis on the
last two plants, I ltuai Mae Sot aind Nam Ya Mo as well. 

Also, the TA Group performed the socio-economic and consurier promotion casestudies and the feasibility studies (economics, financial ,nd] least-cost) for I am PraPlerng, Nam Kha Mun aid Khlh ng I)tson (Finai Report, Volume 11l, Summary ofTechnical Assistance Group Activities). 'The principal 5enefit of the Stanley
assistance wv.s to get NIA to think in broader terns than had been previous

practice.
 

In st ummary, the question to ask regarding the procurement iproccs,, is to defermine
how it contributed to the overall goals of the project. It allowed T:AM to develop) 
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a capaicity for miniihydro plaining and implementation. Itencouraged severalprivate sector ianu factuii ring firms to venture into the small hydro machinery field.It will also save foreign exchange by t)hviat ing the nieed fo)r ilmitirtd fwl a nd byusing a great deal of local labor and materials. I1Iwevcr, before the list t\Ao sites ofthe project are built some further effort to streamline the picureimenlt pr)CoC5
should be made. Aming the actions to he taken are: 

1. 	 An analysis coim1paring NlI,\ and ll) procurement plroceidures to
determine which would he ire efficientl ,h,uld hc coinidcred. 

2. 	 Clarificatiom ui All ) t lic. rT z;ardiiglicthel' oiirm ci'leiit f local
 
industry hhe J J)i ll, 0 W. ' 
 Ofcof 	 " tIilii sli ld he put.. , <,iI
t'(1 rwa .l t. 

3. 	 The :".tloih/ l lilItlro l'l;mnn lei1L'prcparcd hv iLAI Imdctcrinine 
what role the pri\.le "t'djctn c",Ii pl;av in in1iylellilti li t, hitIdlll he 
circulated IId rcvi wved. 

4. 	 lettcr ietllmk Iu ,-ile he disputes and bidding issues \1.1hi have
 
arisenl l.i,,een etiin, nt coillpetitors alid NFA should be developed.
 

Conclusilis 

Construction: 

Although the pro grar:i is far he hind schedule, there has been :ign ificant progress

over the past year. Nan Mae lait is farthest along It had the clectr.omechanical

equipment instailed if] June %,ith plant "fart -chedLiled fIr ( )c ber 187. 'The othersites are scheduled lm "trirt i i intlerval, iver the lc.i ".m v ;ear. Ih d l'v, 1i1
 
the pro ject erci ','I d v c: )l ila~il iof b 'llli i!it tcla\' 
 (rc yuric'; lii,
a;)prlivci 0f ll1ilollill ,ct ciiei;iivcl,l .ld .cilic', hll 1 II 1\T 	 imliied .itco'.,, to 

i t fflt ll ()I H'h 4 1" 1( )) 
Iht'A 11,\Iit T1nIi 111)1111(11mii' 1 I 1 )((11 im i Il;e(
limi i l i it (0ltleiialf ;vliffliillhll' m 1ui I Jit a 1,tri ' lrua 	 1crr 11i, ii,' fil'ho
etlngi 	 tc r, bil iiiaij 0 ch ilc-, Iro l lil ii,il ,lli ' i1 t hii,,, lii Vt I,, ii< p it itili iheapproved Ih'Iiee mct illia.erljf.yC 1hiu, ;ippni,;l l'4mc(ciuic tbo ;i rt't(ii ilig

soiuirce Wt deliv Siil(. i ,cCte
'',i NV IIietiCiihiiiclteI i IOt1'tt a, . tlchl i"ictcviijil

IItist 1w ihiei tplei iiil.. rapidly I I,i[ ll "i\ lliil curiritlik uiili ni ls,mI tl1 ii ill
 
bei ietratIfI 1w lievcil t I91M.
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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 local manufacturing capability is not the complexity
of the technology but the size of the market. The current level of demand is 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. 
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CHAPTER 3: SITE SELECTION PROCESS 

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 initialtwo 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 to those applied in these earlier studies. The third step involved making
physical measurements 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 sie selection procedure which had not been cmp)loyed by
NEA 	in the past, were the (emand 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-a, 1oun1d flow for power production but also the selection of sites with 
special attention to: 

1. 	 Geographical 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 PEA 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 to the grid. 

RC(i/ lagler, Blailly, Inc. 



Exhibit 3.1 

Schematic for Site Selection Procedure 

~~Review Sites Already StudiedI1 
STEP:1 

Prepare Desktop Study Based on Topographical
Maps and other Available Data 

2 

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

3 

Estimate Local Demand for Elec,ricity and Preparea Preliminary Design and Cost Estimate for these 
Sites 

4 

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



3.3 
SITE SELECTION PROCESS 

The evolution in emphasis from micro-hydro to mini-hydro and from isolated to grid­connected reduced the usefulness of the site selection procedure as well as therelevance 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 formicro-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 (lid not exceed 3 kilometers. For three of the siteslocated near the grid, Khlong Lai Plok, Huai Lain Sin, and Nam Kha Mun, the savings
in additional capacity and fuel costs for not providing electricity through the nationalgrid were estimated to be significantly greater than the cost of providing power from the 
mini-hydro site (see Elxhibit 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 t,) border
 areas. The original anal'sis; for Nam Mae flat showed that an isolated system would
not be financially viable, but presumably the subsequent review of a grid-connected siteat Nam Mae Hat provided a different conclusion. In any case, the site is in an areasrecently secured by the army from intrusion by Burmese guerrillas. The site at Lam PraPlerng was not considered economically viable but was financially viable and is part of 
an existing irrigation project. 

The principal lesson derived froml 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 simplest type of facility to analyze, is the grid-connected mini-hydro because itrepresents an expansion of the national generation system. The techniques for
performing this analysis have already been developed by the TEAM consultants and arebeing applied in the preparation of the National Mini-I lydro Plan for NEA. The most
difficult type of facility to evaluate is the rnicro-hydro facility because its impacts are
largely in the form of social benefits to the user. The cost for these facilities cannot 

"]'heextent to which these pnoedures were followed in the selection of the final two sites could not be determined at the time 
Of the evaluation. 

RCG/! lagler, Willy, Inc. 



Exhibit 3.2
 

Differences Between Hydropower Alternatives
 

Isolated
Characteristic 
 Micro-hydro 
 Mini-hydro 

local participation Important less importantin constrLction1 because of scal(c 
local particilpaton essential less Importantin operation because of scale 
local demrand essential for essential for
for electricity viability vlabl lit.. 
season al 
output 

variation In determines (e-
sign capacity 

determIl es 
de's i gr capacity 

and outpu.l ard OULput. 

location of the grid Important to Important to 
be Isolated he Isolated 

cost 
grid 

of ext(nding the not Important, 
If Isolated 

Important 
economic 

to 

viall lty 
current cost for 
generatioi of power 
used In the grid 

not Import ant. not Important 

setting of tariffs essential for essential for 
viability viability 

Grid-Connected
 
Mini-hydro 

not important. 

not done 

not Important 

determines 
output for a 
given cappcity 

Importan t to 
be c loso 

Imporiant 'h'en 
site Is far 
from the mrid 

Imiport ant t.o 
economic 
viability
 

not applicable
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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
electricity generating capacity. The method for selecting alternative systems appears to
rely o 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 t1ncrgy Master Plan has left Thailand withot a
method for screening alternative electricity gencration schemes. A basis for comparison
between alternati,.(s is presented -n very .implified form in Appendix A. This analysis
emphasizes the importance of the load factor cen he average cost per kilowatt-hour.
This cons ide rat ion is normally li'n ted to the selec'ion of different sources of generation
for peak p)wcr arid for basc 'oad p)wer, how'e , :n 'hailand tile utilizatio ()f tihe
system as a whole is relatively low and the utili:tio)n of hydropower is constrained 1y
irrigation and by flood control reqtuireilents.' 

Other factors which must be considered in the selection amiong alternative generation
systems are the unccriies associated with the future costs and availability of
different fueIls. Also included should )e the relative c(sts (f labor and capital in the
future, the use ):' local resources in construction and operatiom and future changes in
technologies which will affect energy conversion efficiencie:. 

Social rImpact Sur-veys 

The pi)jcct as originally conceived was to have direct impacts (m,,the villages withir
service areas ()f thi': miiii i-hydro sites. 

the 
Now, howe'er, the grid ha bee i extended to all

of tile six sites and rmiist (f th'. villages in thIe:se service areas are aIready electrifi,:d,
The s()ci'()-contio ic survey conducted as part of the site sclection) pr()cess was to hravc
providct data f()r two purpoes; forecasting demand and evaltuairig the impact ()f the 
project on tile villa!,crs in the service area. 

'T'he f(ltllltt oft the suIrvcy in.strinnmeit was bised on )revioiisly usdcl rral encrgy survey
questiornaires, hut Iie design was iot well coric'ivc(I. 'lie cni)lhasis on c(fllccting
incomiie data for use ;a.s inpu to the rcsidential forccastin, 1ii)dels caused the ,reatest 
pr )blci. Not mily were tile forecasting in(dels J )( rly designed (see Appcitldix !F), but 
any attennil)t to c()llect inconie data is difficult. It ,encrally produces biiased results
which ne(d to bte cros,-checkcI lirohr jitntmtore subtle qucstions, AW, it callses the
respoldeit to (tuet1ion the motives of the interviewer. 'o these problems, must be 

2 In i'AM,~ NIA rri-ItrO Ih*i 41" of h it~eni impA4 ,y was dtauie as pea g-eato f~aa itY snl that the ty~tem hsai (&"()r 
Waxl I-ntl 4"r"" 

HC('O/llatitr IIA1 I y. In' 
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added the difficulties of using re.all to estimate annual income and expenditures,' thenecessity of determining income in-kind,4 and the need to account for year-to-year
fluctuations in income. The household survey also tised a relatively large sample size toincrease the accuracy (f the results (in a statistical sense). In the future, a ipler
procedure using a smaller sample needs to he develhped. 

The evaluation tearn's tric visits to villages in tile ,ervice areas of the six linii-hvdro
sites provided important insights regarding the rcsidential use of electricity and the means for ,implifying the survey i)roccdture,. iiThe first is that the initial rate of hookup
will depend o l tile total cost to the villager,, including the costs for bringing tile line tothe village (it' a paymntcn lustlbe made to) 'FA for tli ,crvice), of connecting the house 
to the line and of the cost b<r %kriingthe hoWse. 

The second i , that the ,'.ealth o> a ,i['c ar it., ill+iialtN, as m ,,easured bv theirphysical povsc,,siOns, i,, a ruore irrprrtain iIeasiire than incomic f)r predicting the rateof hookup,, and the a iswu tioirerdic.ic t per hookup. Wealth repre,,ents a floating
average id the income ot the !-iral irohold v.,hich lovide" more ii,,ilut it ahility toinvest inl 1)th the hoklp and tihe coins-,trr dtur;blcs a,srateui vitli us- of elcctricit',. 

'he third iit ihtt the demoustr ettect t,,ti ha i ',,i iaenart.' 1ih areelectrid amid the lovision (t traminr'ii ctoiceriri, the lns,= ol clctct1%ity and tihe Orill

of houses , lia impac t ,on ticr
rac a iimajor rate au ltaic offfeect icily inc tile villae.The fourth in,iht is thait the du ti i paitern' tor ':Icctriity-v is relatielv simiilar inldifferent part,,of Thaila]. lre b;tsic a)riiarCCes : id their order )f proutrement are

household ligltinip, rice cO,kcr,,. color Iteceviions, and tansA poor lloi.cho Id "ill
cowNsumc 
 or the older ot 12- 14 kWh per lonth (Mf) day, 4-5 hur, per (la', 80- I1 )Watts) priunarily tw, liyloitin, a Io.-tiar incouicl hoch<hld 'ill consmtue 35-4) kwh pcrilnorth (O N0 walt,) for ]ieh itily, . tclevisir n antd a tn , ith Jlon!'cr il(ot, of operation,
and a h.ealth,,,.(I+iiild lll i ls, r Ct- 11) kwh peCr mont1ih (5X .ilts,) hir a
 
refrigeratirt, ite li!ihtrin 
 nd I,.n t IMP,. 

Fltlure t'fliti, ;it [p'rcdlcctilii' the ieiniiil foor clcLtrici , iil ttwal area,, ,hm huldbuild upon
the Natiirl Sitati,,tl 0Imice (NY )) c'\p.'e(I1tuir stirvey data reva'rtdilig appliance
lwllcrhii (nte I hihrt 1.3) amd oin tihe ucoirnipio i data firi 1 ,)r rttecenlv
 

Connected ,llog, 'Aicih scparate font tIr, effcts ( rte' oif hookup 
ant: averi 'e
CotINItnI( per hoimkrrp. if thi , iitoo<rmitiaon ",htolol 1h". addc(! . blief "rr'CY onlhiouscholduu .cath anid ;. illayc ;ri+rir -. othe re ,ire ltctiicit , ando (.I(et tric.t aopplian.ces,. 

The oilher ihirrinou.s +oft ;u .iortllliii+, it firruIIiLilt' , t C(M t' 0.Va,, 1tl) Irrtasirc" the
hbenicits ooltaiit'l Wut the introdwltt Aunilctricity iii rutrrI are'as lIe p)sl-project 

It %Wt\fV ' :elo lhe%, t w it f' r %10!Ahtt , I.h t'16, 4 i ithe utaiil? f teti rtulih mi 40 atitIi i mo andfff*f 

Vrq titn ih," %jlrqrr%with ife in.ii tiargrr 4jh arnetheitr ".pV1C whot have fm landJ and h *iuft&bA~hiff'I I*?.uij 
o.,t tIap ie i w aii ItI 
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survey and evaluation is to be performed by NEA. This effort will be used to measureboth tile benefits of electrification and the degree of participation of the villagers in theproject. I lowever, neither is relevant since most of the villages in tile service area are 
already electrified. 

While mu111ch has been made of tile 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 electricity and other developments which promoteeconomic growth make it difficult to verify any causal relationship. Furthermore, thecorrelation between weallh and the level of cmnilmptin of electricity tenrds to obscure 
any specific imlpacts ot electricity on the quality of life other than those achieved

through fiel substittion. Towards this end, the efforts by tile World Bank, in its
evaluation Of the ARI ..2program, to 
measu re tile savings in energy costs due to the
introduction (o[electricity are in the right direction. If tie socio-economic strvey is tobe effective as a measn re of benefits from 'u tr )(Juction of isolated mini ard micro hydroihen it should perfrril measuremeints of current fuel and energy consumption pattern
to serve as a bascliie for nieasuring the change in energy utse as a reu,tjlt Of
 
electrificati( .
 

The baseline stirvey shmhild al,) have cmilsidered the impacts on women as a result of
the introduction of electricity into the villages,. 
 :)rtuiately these benefits -re relativelywell defined. 'he principle :a)lp!iainces acquired ouice a household ',electrified include
fluOre..,ent lighting, rice cookers, and televisions and less frequc|tly fans and electric
irons. The im\provement in lighting allows for the pursuit of handicrafts or other
income gierdtirig activit1e, during the evening hours. 'lie rice c(loker reduces tile
cooking cfflrt and the 
 iuel collectimi effort which is traditionally shared by men and women. The telcvision provides asc,-ice of information )ncurrent events aid fashion
wliich provide the villagers with a greater awareness of arid sense of participation in diedevelopment of the country. Since ii(ost of the villages are already electrified, these
benefits need it be measlired for url )osCsof evaluating tie project. 

Ionclusions 

This rep mt deals at s(ome length with tle prol)lems associated withl tie financial 
ara l,,is, tile ec mni ic evaluation, tile demiald forecasling ard tile design of tile socio­
eco im ic surv'ey. It is imlortant to nite that istle pr1jct evolved, parts of tile socio­ecomrioriic survey an1d1( ealuati i were eliminated because they were not relevant for the 
type (if syst ems berig drsiJgricd. 

The site clcLion proceonre devehpcd for this project contained two elemienits; a1physical survey aid d,:,igi prIocdurc which has already becl ir',,cd ly NFA on earlier
projcts rIn (cliecomilonlic sir',,''V arid evaluation procedmre, which differed Irorn

ltl a 

the apprvoachcs prCVion ly used. I !rifor innteCly., his nuCthidoo!og)y was rot well thoughtout. It !tlclnllcd to dClvhep atsin,lc simple pr Wcdume to evaluate micro-hydro arid 

PC{(/ |lll I~ lI
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both isolated and grid-connected rlini-hydro sites and resulted in a methodology which
is neither simple not correct. 

[he site selection procedure actually used, applied tile procedures outlined in the pT.However, the initial screening was done with four specific objectives in imind. The firstwas that the sites should be isolated, but in the end only the eighth site was selected tobe isolated. The first is now scheduled to be connected and it is not clear if tihe secondsite will be econoinicallv or financially viable. The second criteria. was that the hydro­power fcility should r'21lace existinrg diesel Capacity. but again this was rarely achieved.The third objective was that, if the faciltv was riot to be isolated then it should be closeto the existing grid. llw fourth objec ive was that the sites should be regionally
distributed and this ofjective appears to have been achieved. 

''he site selection procedture reconiiiended in tile ITl included a socio- ecomic survey. his survey was ineant to provide information for load forecasting and forpreparation of the baselinie data agailst which an evaluation survey could be conducted.The inmportance of this survey was diniillished by the fact thai nearly all of' the sites areto be grid connected arid that lPFA is ii th<e process of extendinig their lics to monst of'the villages the pr(ipwed 5ci\,ice areas. lhe svrvcy iistriumcrit was derived fromearlier efforts by N {A, I )SAll) aid the '[hai I"riversities. I ifortunaelv, tilequestionnaire dhoes riot appear to be ell designed for tie collection (f bIscline data.The most relevant ifrrniaktior| for such an evaluatilwould be enlrgy use and fuelconsllil1 tior pantterns alaiist \%%hih 'st savili s and ol.ittiv.e benefits chol be 
rneasured. 

Ilhe social heuieits asoci:ated with rtral ('cctrificatiii atre in io way exclusive to themini-hydro p~roje'ct a1rid il faCt are superlltjous since the villages in the service area willbe grid-connected. Ihowever, cllrts to evaluate the impact of the project should beundttakenu by NIA if for ro) other reason than to p~rovide hard data o)n the benefits of
rural electrificatioi in reiite area,s. 

4(R(h/ltl-it, It.uliy. Inc 



CHAPTER 4: FINANCIAL, ECONOMIC AND SOCIAL ISSUES 
IIi lI


'lle selection of the most appropriate technolog for expanding a nation's electricity
generation and distribution requires that a rv.nge of (actors be considered. This chapter
will focus on the economic, financial and social factors, but before proceeding, it is
important to consider some other factors. 

One such factor is the source of funds for investment. The pv rpose of economic

analysis is to allocate these investments efficientlV, but it is a less than perfect world.

Both development banks and multi-national commercial banks prefer to make large
loans to pul)1ic utilities. Bilateral dono rs t..nd to 
 favor projects in which there is a largecomponentl 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 prtit. )irect government investments are allocated through a largely
political process which responds to the size and location of that 2ollstitue rcy whichbenefits from development of the sector. ()re need not agree with these rationales in
order to accept their significance fo)r proJect selectio)j. This proj.-ct allocated funds
exclusively for the devehpment o)f micr /miii-hydr syste ins. 

Another facto,- is the sensitivity t() risk. The erierg secto)r has experienced an
unprecedented level of change intie last 15 years aid considerable uncertainties
remain regarding the future of energy Sulpplies, prices a nd conversion efficiencies. The
RTG has made ,,conscious effoirt to diversify its source of supplies for electricity
generation in the last decade as discussed in Appendix A. At the same time, it hasinvested heavily in exploration for aid exphitation of domestic sources of lignite,

ratural gas and petr( leurm. As a result, the known r -serves of these fuels have
increased dramatically. The investments have 
n it always been economically justifiable


at the time of their implementation, 
 )ut they have been effe ctive in reducing the
uncertainties ass)ciated with reliance on external sources of fieI and in minimizing thepossible impacts restiIting from sIn)rtag,_,s of a specific source (if'r".errv. Ilydrbower ik one area inl which the government has invested h-.avily in order to reduce the use of fuel 
oil. 

A third factor is the issue of increasing investments in the poorer areas of the country,
especially tliose areas ciose to tile nttional border. 'he extension of lie nationalelectrical grid to areas where tle costs far out'eigh the potential revenue will continue 
as long as 'lln I s a cleir policy of developing thoise areas. 

The ecormnilic and1(1 financial factors Ims Ile balanced against these other concerns in
the selection of invest rie nts. I [owcver, the basic criteria of economic and financial
viability should be respected when selecting projects. 

RC(i/Ilagler, Itailly, Inc. 
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Methodological Issues 

The procedures for economic analysis of projects that involve extending electricity torural areas have not been standardized because of the difficulties in estimating thebenefits from these projects. The World Bank in its evaluation of the ARE.2 projectused an estimate of the cost savings from fuel substitution as a basis for calculatingbenefits. The Inter-Anerican Bank prefers to use a calculation of consumer surplus toestimate the benefits. USAII), in this and other projects, has made use ofa least-costapproach in an attempt to avoid calculating the benefits. While the evaluation teamprefers the W()rld Bank approach and includcs s(ile exanples of their calculations inAppendix 1., the method actually selected should he tailored to the sl)ecific project

conditions and the availability of infl(nmation regarding these conditions.
 

In the project as originally irpomised. :he niini-hydro site., were to include mostlyisolated sites which would not he comliected to tile grid. The method of economic
analysis pnp)oscd in the Il' 
 c(mpared the costs of this alternative with costs ofconnection to the grid and of a liesel 	power plant with local distribution network. Theobjective was t)select ihe altcrnative with the lowest NPV for the life cycle costs. This
approach had five imblcis. 

1. 	Tlhe three alternatives w.<oull not provide identical benefits. 

2. 	 The iso)lated hydrop)(,er plant cann)t supply more than tle "dependable

capacity" unless there are large consumers 
that can use additional power
during the seas ;i <Of peak capacitv, 

3. 	 The proposcd diesel systems were designed to natch the mini-hydro peak
capacity and to have 	a 100<%backup, 

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

5. 	 The shadow pr c,, CMIveCriin facto is clearly favored the mini-hydro and did
lot correspond to the factors used in other studies. 

These p)ro hlems are dliscusscd in detal in ApCl1(dix (;. 

A more significant issue, was not to distinguish between the methodohgies whichshouldhc tbesed for grid-c(nnected and fo)r i5(latcd mini-hydro. The methodology in theproject paper, while far from PCrfecl, is clearly directed towards tile evalnation ofisolated systemsin tihe project as finally evolve6, all but one of tle sites will beconnected to the grid. This situatiomi was known a the time of site screening for all butone of the sites. lIroically,the project palper propsed the use f a least-cost analysiswhich is n It really appropriate for isolated sites can be used for grid-connected sitessince the benefits from alternalive investments are identical. 

RJ(i/Illaicr, 1i1ii41,Inc 
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The financial analysis as presented in tile project paper and as applied in the projectwas more carefully designed. Pro frim;_ reports fo)r sources and allocation of fluds 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 ofreturn and this figure w;,s incorrectly computed from the cash flow schedule rather than
from the schedule of income and expense. Fortunately, the disto~rtions 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 tie
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 viability to changes in the real prices of the capital cost
estimates iocluIdes con tinge ncies and an alh)wance for inflation during the construction 
period, but no tests were performed to determifne the sensitivity of the project to
variations in the relative costs of civil works, and equipment electricity and imported

Iu els. It is unlikely, that tle resuIts of such tests won1(d have altered tle decisions made,while it would have been easier to accept the change in economic or financial viability
for the remaining two sites as discussed below. An effort was iiade in the second round
of site investigations to take into account tile sensitivity of project viability to changes in
the discount rate, but other paraimeters were not tested. 

Results or the Re-evaluation 

A recalculation of the financial aid economic viability of the first six sites was

performed as part of this evaluation. The econcilic evaluation compared the mini­
hydro facility with the least cost generation alternative which is a thermal plant fired

with residual oil (see Apperdix G for details). The financial analysis used the current

buybtck rate for electricity of 1.03 l'aht/kWh as recently enacted by the RITG. The
currently forecast costs for the six sites were used (see Appendix I) for details) butrevised shadow price conversion factors were applied. The Mekong ('ommittee
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 folr labor and mat crials are very comrnpetitive.
The World Bank has suggestc(l a SCI of 0.85 which seens more reasonable. In lieu ofbetter in formation, we have comproni ised )n 0.82. The discounlt rates were left at 12%
for the econoinic analysis but reduced to 8% fo)r the finarcial analysis. A samiple inputfor this analysis is shown in Lxhibit 4. 1. The results of this analysis are shown in Exhibit
4.2. It is import;rnt to mte that these results do uio)t nie ',ure the economic or financial
viability of cortinuing these projects, but are merely resiults which would Ibe o)tained ifI proper evaluation were made today for construction of these sites Over tile next two 

ItC(;/IIajfr, IHllly, Inc. 



Exhibit 4.1
 

Basik Asumptions in Revised Analysis
 

Name of Site: Namn Kha Mun 

Financial discour.t rate 12.0% 

Economic discount rate 8.0% 

Shadow price (SCF) 0.82 

Design capacity 1,030 kW 

Dependable capacity 184 kW 

13uyhack rate 1.03 Balit/kWh 

Economic cost of capacily 15.45 (XX)'s Baht/MW 

/, O& M rate for this capacity 1.25% 

Economic cost fuel replaced 0.804 Baht/kWh 

Marginal line losses 15% 



Exhibit 4.2 

Results or Revised Economic ai]nd Finan.:ial Analyis 

iaancia. Analysij _Econc,mic Ana~ypis 
NPV NPV
 

IRR Million 
 IIR Million 
_aht B/C _ _ faht B/C 

Nam Mae Hat 7.I (3. ) 0.94 I1 . (5) 0.99
Huai lam 1;in 8.4 ,
1.1 1.0 11.1 (2. 1) 0.94 
Khlonq Iam Plok 10.4 7.6 1.19 1 1. 5.0 1.16 
Khlo cq Dl1;or1 9.1 3. ) 1. 08 11.1) (0.7) 0.98 
11,-1m Kha Murn 5.3 (8.8) . 131 7. 5 (8.5) 0.75
ILan ra Plerng 2.7 (12.0) 0.06 11p (0.2) 0.99 
Hfuai 'I'l Sot 1. 2 (18.4) 0. '9 3.1 (14 .8) 0.56 
Nam Ya Mo 1.1 (27.2) 0.56 3.0 (21.9) 0.53 
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years. As such these results are representative if the outcome to be expected for the
financial and economic analysis of the remaining sites. 

Before reviewing these results, it ;s ne-cessary to consider what changes have occurredsince these projects were first evaluated. The most dramatic change has been the dropin 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 ofelectricity dropped by approximated 25% (luring the period of the evaluation and had
fallen in terms of constant costs by about 1.2% in the four years prior Lo 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% rateused at the time of analysis. The extension of the grid, while having had an importantimpact on the selection and design of the mini-hydro sites, has had little impact on theireconomic 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 Iluai Lan Sin would be

economically feas'ble under current conditions. 
 For Huai Lam Sin the financial IRR is10.4% 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 Hatand 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 wou!d be financially viahleif the buyback price for electricity were to rise to 1.2 Baht per kilowatt-hour and all of
the projects would be 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 beeconomically viable if the price of petroleum and natural gas were to rise by 10% and
the other would be viable if the price ros,,, Dy 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 cconomic 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 theelectricity generated will be set equal to the rate which PEA pays EGAT for electricity. 

RCG/lager, Baidly, 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 site are to be constructed at isolated sites, then the question of rates
should be carefully considered. NEA's present policy 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 asimilar situation would app!y. Although the economies of scale reduce the price perkW 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 capaci:y, 

3. The growth in load will occur over a number of years as households connect 
to the system and the electricity-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. 
Thecontribution 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 contrictors. 
Tlefacility will be operated by NEA personnel for the first year and then presumably byEGAT 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 soc;,il benefits of electrification are not attributable to the project since most of thevillages within the service areas arc already electrified. Ile impacts of electrification 
on the villagers will be primarily in the form of improved lighting and increased
potential for productive night time activities. Rural industries and commercial
establishments will benefit from access to electricity but the,,e activitics are limited.Also it is unlikely that electricity by itself will riot create additional economic activity.
None of the villages which were visited had significant productive uses of electricity
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. 
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Tie 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 onhandicrafts can be undertaken at night by both men a;-id women who work in the-fieldsduring the day. Although electric water pumps were observed in some villages, thesewere usually purchased to provide irrigation for small plots and were only used duringthe rainy season to pump water to the house. However, the water generally came fromopen 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 abilityto watch color television. The access to new,s and other programs not only provides thevillager with new information but also imparts a greater sense of being part of the
 
nation.
 

Conclusions 

The economic environment affecting the selection among energy options has changeddramatically rince the project was begun. The energy sector infrastructure has beenincreased through extension of the grid, diversification of power generation systems andexploitation 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 energy sector have produced a situation in which theprojects currently underway would not be feasible to undertake because other energysources would be more attractive. However, given the large propoi tion of sunk costsassociated with the work in progress, the team believes that the six sites presently underconstruction will produce benefits well in excess of the marginal costs to complete andoperate these facilities. In contrast, the two sites not yet under construction are not
justifiable either economically or financially, except if an allowance is made for th
favorable terms of the USAID loan (see table 4.2). 
As pointed out earlier, other factorsmay 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 eachsite had some methodological problems. These problems were not fatal for the projects
selected because of significant benefits from each site with the exception of Nam Mae
Hat. 
 Ilowever, 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 localresources in the construction and operation of the sites is small and since most of thevillages in the service areas of the mini-hydro sites are already connected to the grid.I lowever, it would be quite useful to quanitify these benefits for future miniihydro
projects. 
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CHAPTER 5: INSTITUTIONAL ISSUES 

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 13.1) 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 canied sgnifiant delays. Now.v that the project has reached the 
construction stage, the rate of implementation has accelerated as NEA applies its
considerabie 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 !eadership from the project coordinator or line responsibility within NEA.
The staff was relatively junior and most of the design review responsibilities were 
maintained inthe 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 to the credit of the project manager. Itappears that theNEA arid its consultants have developed tile skills necessary to sustain this project andhave prevented these skills from being limited to tile particip.nts in the POU. 

Institutio1 Building 

Technical Assistance: 

One of the questionable objectives of the project was that of strengthening NEA'scapabilities in implementing mini-hydro development. At the time tile project began,NEA had al ready constru~ted two n ini-hydro facilities. )turing the last four years it hasconstructed an additioal three units ando has three, more under conosrlctiOn in aldditiolto thcse being deve!I pcd tinder this project. NI[A's experiencec ill this arca alh \hed it toprovide nuch ofth tech nical su ppo rt oor the desi gn, igineering an11dI supeIrpikio fo rthis project. The foreign technical assitanae provided undtr this p roJeL served ar, afocus for project activities, bii the scope ( ork provided fo r relativelv little
 
technology transfer.
 

NEA working with the Thai constiltants appear to have been technically self-sufficicnt
with only two exceptions, the preparation of specifications for tile electromechanical

equipment for a 0.5 to 1.5 MV hydro-power plant and the design of civil wo.irks so 
 as tominimize negative envi ro mmeltal impacts. Neilier area was the subject if technicalassistance. )ifficultics in producing equipment .pecificatio )s ct ,sedScriowts dclas inthe procurement of the equiprnint ,o that the power itouses at several site, will hecompleted before tile equipmient is availatble. The ,it'iificarice of the prohlem of
developing these specificati0ls was riot identified u1,il it reprcsn:cd the critical path.
An NIESCA consultant was brou,ht oult under anwther source of funds to 
 a,,ist tie
POU with preparation of the equipment specificalilns, bul in tile end '1-AM

Consultants used Thai clcorical engincers fnom ont,,sidc NI 
 ,, were cvittiallyemployed to pircpare the slpcificattion,,. l'he riced for techi'ali t tlance ill the area ofeffCctive environmental design was riot identi 'id I".the P11.I'.ortUntil recently no hasbeen made to; look at the nvirorininital effects of the construction activitv arld tie

potential effects from operating these facilities.
 

The riced for technical assistance from abroad for the balance ()f this I)roJ.ect shomld beminimal. NIFA arid the 'lhai private sector cal plan, construct ard opcrate thc'esystems. Sp>ecific are:as ir, ,vhich assistanrce wouilhd be hIcllpi il arc iii a rcv'cw of ge()­technical and envirornmenital conditions of the site trild all cal ,ineering rc,,icw o(d tilefacilities once they arc operational. The first two lasks arc whit tile capabilities of theh'lai coristlting corlnitity, but the third task might benefit fromr tihe cxprience oI aforeign expert familiar with the desigt of Tniui-hlydro faciliiles inl diftcrciticountries. 

Tl7he recommerded method o0 linancin,, theIAl ,A method, ei)onilrage a hans-ofl
approach to tle pro ject because NiFA alrcady had co nsiderable e.el)cric l.'e ill the 
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design and construction of mini-hydr, plants. Nevertheless, the considerable delay. atthe beginning of the project, the rather protracted problems with the specifications forthe electromechanical equipment and the current lack of knowledge regarding the
status ot the remaining two sites, shoUld have been a signal that ihi,, method of
financing may not have been 
 ,ppr)priate. Ih)wever, many of, these early in:titutitial 
problemfs have been overcome. 

lie quality of the physical construction does not appear t(o have been a prol'l,.m nordoes the role of the Thii participants. The prollcm, arose in the provision (o technicalassist;'nce and In tihe design and application of the site selection modLd. ""ese are
 
areas which I.,,\SA I) shi uld have been monitoring.
 

Training: 

lhe training provided under tuis project was, iited to two activi'ies. The first was theOm-the-j i) training provided to the stall of the P( )W the second ,,as the formal tr:ining
provided by the prolect coinsultants on sit,. sclection methods. The fomerr wasrelatively limited i ccause the projct coordilltors :ad,-ship (d'the i( dIJ %as reiatively
ineffectual. ( )n the other hand, the twoweck trainin, cciure om site Wl",t.io
 
l)rocc(tu.,s. vh;cti was attenelld 1 
 about 30 NIF,\ staff, %kasc)nsidcrcd flfectivc. 

NIA's (hanging iequitreme :s: 

()ne of the isucs which should now., be addressed as part ()f the institution buiiding
prmcess comccrns the utmur N[A and its ability torole ()I fund it future activities.I)espit': a large numiber )f highly qualified staff, NIA is facin, a growing manpower
sho>rtae. Senior stall are ictiring (Jr leRaving for higher payini jobs with parastatal Irprivate organi/atiors. Junior stafl are obtaining hands-on experience wii NFA and
then leaving fOr re intcresting" jobs. 
 This turnovcr has been )ccurring for a

number (o years and has rcduced !he nmber oA pniqrcts which NIA can des",n 
 andconstruct. 1 lie NIiA has beeq alec tm nian;t;win its., l,rjt lid 1ihnih litie rsc (Aohcal 
consultants, and foreigi a.ssistance. 

The transition (f the ot'ani/ation\', functii from creleIncrinl' and sl"1tict on toproject management and adnintistn di(on has, bcn grahal but inevialc. Its success inearlier Irojccts as basd on its "bylity to work ini technical areas tiohr . itfh privatesector cflmtiuiltants and centractors ard to provide effective Itthrincal review (if theprivate ectr activities. This abilitv omit+iuis hi be the undcr lviiy sten'th of theorganiizaii,i)it o(),.,,wa greater ctjhasis roneffctlivc t rii.,aiiagrileiit and rlticte usc of technical pCrsonnel is wiccssarv. The ratiLer hcav' tlite conrnitnicus plced onthe prject ianage forth l(jccl pint om tue rIced for a better lhcatomn of s(4upportstaff as well as a need h! deceh )j) managecrlenit techniques whihiiwill iricrease the 
efficiency of NI -A's tp)technical staff. 
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Replicait hlity and Sisliabil~Iiy
 

Thc f-c;icbjlity of(his pi (iJc has never 
been indoub t. Thie NFA has considerible
CXI)Cri~eICe ill the dC HIIn CotPifrjctiof of inicro and ininhlly(r() facilities as shown inlAnne.x N. Nearly 50) rticroli,,drc) plants have been consltucied in the aNst eight year.s
and fie inkith diani have Ween conistruicte(J, rniostl ()%r 
 in lte last Iek yearis. The

niicroh~ro pi t_.ra ~I.,K Ci [1 ii V dl ill l ' If )Lld A)M ix tR1111 Id \ca. 'I'l( iiii iii-hydropirgai IN li:NS clcar ilthlutll'l there are thriee othier Sitc, iinf~t cOm~ltlctiohi ill aIddition 
underthoseC biir 1)(111t1 Ow,~ jpit)1ee. Ie It-iccrrainr)to rcyrd(Iinp imilil\(r( lids itofeto do) wktli th: (haIlle ill Ille (cn~rit lR if e 1C l' Cedto hanl lktti .1l (jilsl Ior(in

aI:l iol! iii litere'r i In H(CrI~lkllh IIL*ee j)[rnjek Is, 

A Ill (1uI1ihIN ~I&VI'All "i:N \ltilIia~~l -le uii~im r( ekte( i all vuIl".the IleiI~I 

deale incoi rea'.Owe aar w IlwulnHc.. IIhINe~pYlaIN ia alICV fttierhcrlnnIf 
t(I~t(ncrall i ' il . H1C t 1llkli!l k)[i heleduIi/dIlt'I 11 )~1N I, he a ( IheII Lc km 

()I ii.IJ( II I.. I 'd(t Iu e';~a l i . kl Il I I t 1)"i) I c ( i Rl I' k i ~ 
1%limi AI IMN jdan Ykj < 1c, Ilt 1111HIndrc nf 1 tit i A lhil lka lliij 1 tllahic. a H ill) (10)I1111 Vs alI 'ile Cf ha I. 111.111ii I

\;iI I IkC fh " ' luI)il ill I)', I irajlueaii If )he
vialell 11)1hC ICIci%.I elca( pllI i'e t H i (fill~ir ther tlIt ll t ,e1 rkeII Net t pLojei
lSik~Nc rtaII h ! l.1e:,.pc i 1:illt illv l ei alu d 1Itl)jplfe apite l 11e"Ic ; (lO ' Jill',l
11i If Ix 1,, 1.1"nI 'lI t aC! It iAIT i , q iiAK' tll I IdI!,I th)yilk rie ociittni ,o h 

A II Ij ! I k ! II; I ! tA Atu'tm 1Prit n uni rW n' t1he105 LII" Tode autore 

1M cc Ai K m~I I All w. U, nW A t I I I (. [ kt)iI It I ilk, I ( IatcI lhI I Ten rnIaI(,dII Id l( 

't2. i i e t~a,Cill lcIi I the (Qef~ltlli tIP if tiiesfa lites tll ;4(n%(.I f V N( theltreate(111gcr cllk lint. i,1 hnew, funde I'1 a! toret etin slili ( ild iulltifr iti t ;11th 
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3. 'There are few examples of such funds being used within tile government.
The current attempt to set up a relatively simple equipnnint fund in theI Iighway Department appears to be experiencing considerable difficulty. 

4. As the better sites are developed, the marginal cost per instal led kiloiwatt
will increase zrtd !he aImLunt generated per installed kilowatt will decrease
thu, reducing the inumhr of projecits %Inch canl bC undertaken without 
co itaint lvaddirlr to this revlvin, fund. 

lAced wth thes ditficult financial conitrailnts, NiFA cannot continue its mini-hydroprogram with( iwt 1)1 th an CIn'Iirecnimirntcnt of' funds by donors and the supporting
Conlill it filent fri t fe l\,.[iiiitejt 

ll 

Ileceut It ( i wignivi-I the need bor a iore cooriniated appromch to energy
plaf:nirie ,,,r, uire.il. Ihe National uergy Policy (Conmittee was f(rmed under tilechair iwl', ,,hlp :ofIll'ie MIinister. It includes among its menbers the Minister ofScience, Icchi olv anii,i lilti rc't, , (ecroal f N()I-A A Nationalllicryv P ic ( 'tiic, has ;i] lw n ,iiet.1llhlili i ll, rinc Minite's ( )Mtice which wille, i allk, al,'-,uiire rc. i lm t,r, I il , thue Cue '\' ci0ni iponienit of lie. %ie-Year
 
Ilain.
 

NIA tad,1 ttei pfticd to ull(Ih.I take 'licr)'y iplailliy iig.,.ell av. tile
 
dcvch(pli'uit <fI c rdr',ll ,itofi.tioi .yvcit\,,, 
 h t w far, it has fa dt ,miled) tlce a
 
National 
 i incr'y, Plan. ( ill the ldeparturc oif the head(i it,, l'larin l)ivnigM , therCor'ani/a tiaibi hi IviOin and the efforts o, thei'rine Miitmer', offiAc t redefine
Ni,,', fiti n tlo.ards. unlilIlnenitau l, it is unlikely that NIA %killhave a significantrole in illmr) enie y plniu in th f t i ueitrc,llIc f, it %kllb :i'lel inllCriery
pla illrly' ill a liich nlimr.dlclirief r(l(. 

ltie of NI-A's "n it tasks t i pollat"rpu1(trp lansfor t hde c ochllt l oIi niAlle hciCisting
mining LoI~tessnnn and N) onduct resarch to pinotue Te ris of lgnte. Another task r oi%tieI rep. rt ni d .t niaionial il an r the elo'h l nilt (to llli-lldropmo ,cr. 

\V lhtllI its role ! . l ti v, N I A ',,,ill lttll ' tr to HLCll at' MI): 

, teo" : ,'lhyl iwiil t ti1ri(1() xno :11 lrl l nri ft llitics, 

2. thet. I ill mtlll) (d tlt"ktt 'lv +, A ~ II, 

3. enctrgy uuur .1 ofdo11 

4. the mnstallkitam of clcctricp<cr )ump1i irrigation systelll. 
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The relationship between NFLA and other ag :ncies involved in energy related activitiesis mixed. The experience of NEA in the Non-Cmnventional Renewable Energy Projectwas relatively p(.)sitive in its relationslhips with the Royal Forestry )epartment. On theother hard, it seins to have assuMld a.competitive role vis-a-vis the P :A. I)ILA hasencouraged this cotlnpettion y c, etending its grid into remote areas which have littleattraction other than the presence ftN!bA hydroplower projects. 

There is also the tus.,tiAm of the role of IOA once the national grid has been e.\tendedto .'v.r 9 ( c i tr,,.of II'th If it were to hecoiie active in the electricity generationarea, then -,all-,a!,htldrii ,ould be a logical sector for it to( be involved in. NFA hasclearly res,Iitl, to tis l)ressure in t inicruhvlr prje w vct,ttintg c st at a Ievelo the
which iscIn lpetitv,.. v Ih I1.A rates hit in io va, adeq( t , ti) cover capital ind 
o)peratn Cs\
 

lihe relatim ,.lii, 
 , 
I.Sc u I ( ;.i\ ai n l.\ ;l[ ,llar tu I lcttei h,caiu.s ifIcre is 1)area <(idfi,.,i ,Oimiltin.i I liiSoevr, the failure ()tNiA,,\ to reach *un aer,.vcetlent withI( \ ifcthel' insrlii ,er '.MuIch the latter ,,ill a.ssunl rcsl) ,ihilit or the tnini-hvdro
tacdliics po"is tm a Qk (Aohciidiiiatjin Ihet\%cc the. mgiaiiationit. Thli situnationrCmld , e.101 c iithe future fiett NLA\',, interest ind,evei g il or. grid-CollnteCd, 111ir1 hr, 'iL"Ailf ( i.,FWK lack of intorest inmanaging small generating
 
lacil ics.
 

lThe [ii(o i umuih~tli in pros idin ! electricity in ,(dauteJlhc cturrent 'o a ,lthL. 'e areas remrainis inresoflved~.i,'crnicineit i,to ilncrease the prcellti ,C(d villages electrifiedfromi an ct imati f7T 1 , in tof) i "' 1991 .lI ,,isAill invol,. considerableeCl~Ui'fitur. aniull mii-n'iiifitlv MWiaI operatin,qwA', ratio. therefore, it isexpecio' that met h cl fvA , wars, a tn xd ,tr:itc,, i grid cxcnsiin and isolatedp)wer -,st sn,ill ha c o>,to) I),..e.loped and that NL\ arid I'-A ,ill participate in 
illj)lellclttau liof this , iatc.', 

l:o+r the NIA. thw 't,t i'y 'IIild e h',o" I ,fthe,.'h fol,-llo itig e '-,11iiall )ptions: 

2. Village tr d di,, ge n, 
 . hw
f t lm with high voltage
dlistri hiti I v) ta)~ 1o)0 

3. catrii\-oqi.Idi',l geue<raior, lIn tNi20,1 MI vlih hiph v'Oltagc (listribution 
to at~.1 giiiip of(it tuiois \l~' 

4. Vill.u c ii t cuf, iliui lltm I hii i l tN Ill,V ithl uh" dlas,,c tlr i io
thi sen ye mwon Imv ",1%dlivc ,, up i hit rl<etimi io ns 'illay,.e
 

5.~~~~~~~)n'iu)~ho oi fs)luto(In 
 I ', M1 ~"kith high u(dtage tfistriunuioit),srve 
sevr .lvilac~ it im.1 20)ki h ucrti raifuus. 
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This strategy should consider the differences in quality of the service provided by thesealternatives and compare the benefits of improved service with the costs. Theimplementation of this strategy would be separate from the development of the grid­connected mini-hydro facility as addressed in the national mini-hydro plan. 

Conclusions 

The organivation of tile Mini/Micro Ilydroelectric Project was relatively complex andthe procedures for planning, design and procurement were relatively cumbersome.After an appropriate level of delay, the NEIA has been able to simplify the lines ofauthority an(! the procediir,s, with the exception of procurement of elect rimnechanical 
equipment. 

Tlhe POt, while not perforinig its anticipated role, did provide a focus for projectactivities. The gradualascalilng d(own of its activities will in no way reduce NFILA's ability
to undertake siilar projects. 

This project was su ccessftul insupporting the government's eff(,,rt to devehclo mini -hydra)facilities. It was Itc, successful in providing technical assistance for this :activity. In thefuture, more attention m1ust be given to monitoring tile quality anid appropriateness ofthe oreipn technical ,istance provided. (iven the overall sophistication of Thailan|d'sprivate sector, the skills off 'hlia professionals in engineering and science and thecontributio ,, of other donmrs, this ,ill become inincreasingly difficult task. 

The ability of NIFA 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 ploject presewts a more difficult
problem hecause )fnational funding pr i(ritics,. The success (f the counitry in weaning
itself from imrnported fuels has reduced the incentiives for fturther construction of
hydropower facilities. Also the cc n mics f aIt ernative electricity sources currently
favors traditional forns of generation. 

The role ot NILA in the plalnning a development of tihe national energy sector :s in astate of flux. '[he inacro-planning responsibilities are beirn shifted into the politicalarena. TIlhe comletition between liHA and NFI-A is expected to increase an(l becomeincreasingly detrimental to the nation. NIFA's technical staffing problems are expectedto increase as long,as there are significant pay differentials with tile plrastatals anlmanatgement is Uiahle to1 develop sufticient prIjects t keep its staff busy. The need foran active, well defined role for the NI A in tile national energy scctor needs to beaddressed. NIFA, iniirn, needs to dcveop bettCer managemuent pr cedtres toaccommodatc an increasing range of pr jects to qualified project managers. 
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CHAPTER 6: 	 ENViRONMENTAL, IMPACT OF MINIHYDRO PLANTS IN
 
THAIIAND
 

Ihe negative environmental and social impacts of large hydropower projects is welldocumented and remains a controversial topic among development planners. Poorcountries have riced for irrigation water, flood control and electricity, but the largehydropower plaots permanently altered, large sections of river valley ecosystems byflooding, increased sed ineritation problems and the displacement of rural families. 

The negative consequences associatcd with such large schemes should not be confusedwith th environmental imrlpacts otmini or microhydropower plants. There is thetendency aniotig environmenrtal grou ps to conden-in all hydropower construction on thebasis ot popular perceptions associated with the large projects. The environnmental
impacts which will he described here are those associated with minihydropower plantsof the tVpe currenly beinj' built in Thailand and visited by the team. These plants arebetween 700 and 1200 kW and located in forested, hilly areas, with a low population

density and scattered villages.
 

Construction Impacts 

The most significant envirorinental impacts occur during the construction phase. Tobuild the weir, headrace, penstock, powerhouse and access roads, wide swatls of landhave to be cleared. This is generally done with large earthrnoving equipment and littlemanual labor. lPrior to land clearing, a limited environmental survey should have beenundertaken at each site. Such pre- and post- surveys would have given N LA planners abetter idea of how the environruent is affected a1(1 how to avoid any serious impacts ilrthe future through improved construction techniques. Ilowcver, USAIl) did stress its concern over the erosion that will take place on roadways, headrace aid powerhouse
areas, and inlparticuIl.r the penstock trench. As a result of this concern, NFA was givena paper that highlighted neasires that should be taken to mitigate the effects oferosinr. NiFA accepted the paper and added an addit',,: l recoeinldation on the
need for ril,rap to( be constructed along the penst ck trerich. 

NlA his awarded small sbc.'antracts to construct concrete channcls in the penstockIrci'che, Io divert r:mn,,i to natunral watercourses, and to install concrete b)cks to breakthe rapid lhow until it can be diverted. 'fie suhl)rojects are Narn Kha Mun, Khlorglamn Hok, lI liai lan "2inand eventiualy Khlong i)uson. Ilach subproiect cost NF.Abetween Iahit I($),(X) to I alit 2(X),(XK. So me action, therefore, has alrealy been taken,
an riore will be hone after the comstriction has been comilp.ted. 

All the sites are ocated in sorewhat remote areas having little direct inpact (Invillagers, Itn t some onl tihe 	willife in tle imiediate vicinity. The evaluati ) team noted 
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ENVIRONMENTAL IMPACT OF MINIHYDRO PIANTSIN THAILAND 

that wildlife did not appear to he plentiful although some of the sites are located innational parks, forest reserves and wildlife sanctuaries. 

As mentioned, the most significant impact is the possibility of soil erosion occurringduring the rainy season. 
plant. 

Two rainy seasons will pass during the construction of eachThe soils in these areas are alluvial, thin and of low bulk density. They tend towash away if not held in place by vegetation. When visiting the sites, the team did notnotice any significant erosion, but many of the sites are relatively new and have notendured a rainy season. lhe Nan Mae Ilat site has gone through two rainy seasons but no serious .rosi(on prI lems had occurred. 

At other sites, there were fallen trees across' the access roads and collapsed roadwaysections. We (o not consider this serious since the access roads will always he subjectto the vagaries of' the weather. Ih ,vever, these roads must he well maintained so as notto contribute to the sedimie nt load. Replanting in adjacent areas should be consideredin areas that 1(o n<ot reco ver m their own. After two or three years, stabil ity should 
return to he eti)leVS eiii. 

Operraional I)acts 

'Theienviro nmrilenital impacts of ininihydro plants after construct ion is completed, areminimal. In some cases, increased land clearing for development may result in thewatershed because of the existence of the power plant. This will add to the sedimentload and endanger tile area's stability. The watershed must not be altered since it couldlead to an increase in sediment load an(l a decrease in flow (file to decreased runoff orincreased upstreain] Consumptive water use. Therefore, careful and thoughtful
management of the catchinent 
area must be practiced. 

Often, the liggest luohle m with 1inivhydro pla ts is the temporary withdrawal of water
from the reach (if tlie stream between tire weir and tile powerhouse. None of the six
plants will divert inire than 44,. of the stream flo)w during periods of normal flow andpower generation. hlhe greatest danger will occur during tile dry season, when IM0)% 
 of
the flow may have to diverted. This reach of tie stream is usually riot more than one ortwo km in lenith but the eco)logical chain will be broken. This impact is described in
 
more detail in Ap)endix If.
 

M:ijor negative impact of plants which have water sto)rage, such as t;e fl iig of goodfarmland, therrnal stratification aid anoxic conditions in tie Ient'hos d) riot (,ccur inrtn-of-the-river planls such as the Thai minihydro plaaits. 

Conclusions 

The eivirioimental impact of the rinihyiho facilities is minimal. There is littleagricultural devchpineni in the upstrean catchment areas therefore few problens with 
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sedimentation are anticipated except during extreme hydrological events. The majordisruption to the ecosystem occurs (dtIringconstruction. There was ,ignificant
disruption during construction as large swaths need to be cleared. Ilowever, these
 areas should stabilize in two to three years after completion of construction. Some
erosion problems may arise along the access roads and at the overflow spillways.
 

Long-term environmental impacts are expected to be minimal during the operationallife of the plant. Sediment poses the only real problem, but its impact will be on thee(luipment rather than on the environment. On occasion, during the dry season, mostof the flow in the stream will be diverted for electricity generation. This condition willlast fo&-- ielatively brief periods and is not expected to be !iarmftil 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.I owever, in 1Q86, a paper on ways to mitigate against negative environmental impactswas passed on to the NFA. 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 potentialimpacts and to develop a simple procedure for incorporating this type of analysis in 
future site selection surveys. 

The evaluation team recoime Ids that brief environmental analyses be undertaken ofthe last two sites currently being designed (I luai Mae Sot and Nam Ya Mo). Thiswould involve placing a biologist at the site for one or two days to catalogue the 
ecosystem and providle some guideline!' for mitigating negative impacts duringconstruction. This short report would be submitted to the Roy-l Forestry l)epartment
and the National Environmental Council by the NEA staff in order to obtainpermission to develop the site. After the plants have been in operation for a year ortwo, a follow up environmental survey should be carried out to determine how the areahas changed a-s a result of the plint's existence. Only a long look through time will 
answer the ltiestion 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. Thisindividual would travel to the site and tProvide guidance on cost-effective techniques for
avoiding ervironmentally harnful construction approaches. 

If funds are available, a brief guide for civil contractors should be prepared which will
sensitize theml to environmental concerns. 'liis guide should point out the economicimpact of bad natural resource management. Any major minihydro effort in Thailandmust have aIn crivironnlental component. As natural resource constraints became moreimportant to Tlailand's development, environmental consideration must become part
of all project design. 
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CHAPTER 7: FINDINGS, CONCLUSIONS AND RECOMMENDATIONS 

In this chapter, tile major findings, conclusions and reconimeirldations are given. 

Findings 

The principal findings of this project, are; 

1. 	 The project has pr)vided a broad iistitttional setting for the development ofmini-hydr( within Thailand, hoth at NF-A and the private sector. 

2. 	 It has e nc huraged the NI A and the hlhai private sector to refine their
abilities in the selectio n an assessment of mini-hydro ,ites based on 
econhom ic, financial and social variahles. 

3. 	It has alloved hoth lthe NtIA and the private sector to develop capabilities
for tile engineering de, gn of hydropower facililic.. ill the 0.5 to 1.5 MW 
range, including the designi Of civil w irks, construction supervision and the 
specification of electrome hanical cquiipIlleI. 

4. 	 It has provided the l'hai fahricatio arid1 ianufacturing sector with a limited
market for tile )r()isiin if elcctr mncchanical equiipment for uiii-hydro 
plants. 

5. 	 It has resulted inthe constrmCilon cf six mini-hydro facilities in tile rural
 
areas of'lhailand, with p'. 
 .ng und(erway for aIi additional twv,'sites. 

Conclusions 

1. The revi';ed ecocmiic and financiAl analysis indicate that the viability of the
minihydro projects is questiorable given current fuel prices. I lowever,
taking into accourLIt the marginal costs to complete tile projects versus the
marginal benefits, itis clear that tile six sites currently under construction
should be completed. hlie remairing two sites which are being designed
should be reviewed for economic and financial viability. While i is likely
that both tile financial and economi ic internil rate c f return froi these
projects will le below tile hurdle rate of 12%, this does not mean that they
would not )e financially jitified ,iven the terns of the l)an for I JSAII) 
financing. 

2. 	 The Iorei)pn technical a;ssistoaice provided under this project was ili generml
appropriate but not crucial to mieet 	the rcquiremln s of the ipoct or theNI-A. '[Ihis is partly due to (Ilcscope of work which was lefined in tire
Projec! Paper. Morit)rin$, was encumbered by havirig to deal with
'dniniistrative ltitters icisicad cif tchnical snllstarice. Also, the clifficulties 
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of the USAID Mission in Thailand in providing good technical assistance isin part due to the high quality of technical input required as well as thedifficulties of replacing expei ts who do not perform well. 
3. The site selection model as presented in the project paper and as executedby the TAG is insufficient because it does not distinguish between mini andmicro hydro and between isolated and grid connected systems. The gridconnected mini-hydro model would compare the hydro facility with othergrid connected methods of power generation. The isolated micro-hydromodel should examine the hydropower operation with other localgeneration systems including diesel generators. The isuated mini-hydromodel should take into account the limitation on output equal to thedependable capacity and should compare this system with other multiple­village generation and distribution systems and with the extension of thegrid. Since the project placed special emphasis on this development andimplementation of this model, it seems appropriate that some effort bemade 	to finalize the model. 

4. The NEA is currently limited in its approach to the development of isolatedpower systems. A more general strategy is needed in which the NEA canrespond to the needs of isolated enclaves with several alternative isolatedpower systems depending on which is more financially viable. 
5. 	 NEA's institutional role has shifted from being primarily an engineeringorganization to being a project management organization. The differentmanagerial skills implied by that transition need to be addressed throughdevelopment 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 seriousproblem. While there is no question that NEA has the technical capabilityto manage these projects and to deliver working systems, there is a seriousfinancial question as to the source of funds for continuing this program. Atpresent most of the funding for this project comes from off-budget funids andin particular from foreign aid and central gowrnment funds. The cash flowanalysis in Appeiidix I indicates that the sites will produce sufficientrevenues to meet the debt service and provide a small surplus. Iiowever, asimilar analysis assuming no USAID loans but rather commercial loansindicates that the projects would not generate a surplus until 15 years intothe project. No operational budget exists to support similar projects in thefuture. The only apparent option for NEA given the declining interest ofdGnors in hydropower is to develop a revolving fund which would receive thevalue of the asset at the time it is transferred to the operating agency,presumably EGAT, and make those funds available for further investments. 
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7. The RTG is currently in the process of revising its procedures for energyplanning. This 	revision is most obvious in the transfer of responsibility forpreparing the energy component of the five year plan from the NESDB tothe Office of National Energy Policy. However, the government needs todevelop a more rational approach to the selection among alternatives forelectricity generation which takes into account the uncertainties related tothe relative costs of fuel and labor over time and the real costs of exploiting
domestic energy resources. 

8. 	 Little environmental analysis was carried out at tie six sites. There is somenegative environmental impact which can he noticed during the constructionphase. Permission from the Royal Thai Forestry l)epartment to proceedwith construction has also been slow in coming, in part due to an initial lackof concern for environmental issues. More recently however, both USAIDand the NEA have given new attention to this issue and it is expected thatsome sort of environmental analysis will be (lone at the remaining two sites. 

Recommendations 

1. The first six sites currently under construction should be completed. Theremaining two sites should be reviewed by the RTG to determine whetherfactors other than tie ,,inple economnic and financial analyses justify
construction of these facilities. 

2. 	 UJSAIl) should review its procedures fo)r monito ring foreign technical

assistance to 
 iMure that the quality of the consultants and the scope of theirLssistance is,appropriate to the requiremnrets of Thailand. 

3. 	 The site selection model sloul be revised beginnigri with adption of themodel deve h)pec ,y 'liTAIM, for analysis of grid connected inifiihiydro andadding to Iufis more standard iroceduhres for evaluatting isolated rnini-hydro
and minicrohyd ro. 

4. NiFA shoul develop a mixed strategy for deveh ping isolated po)wer systemsand shoul request atnthority fr( 1 the g()Verntnlit to assist thIs villageswhich are too remote to b,-, connectel to the gird by installing tlhe most cost 
effective power sys!enns. 

5. 	 NI'A's training aclivities slhould focus onilthe development of thenlianglenient Capabllities of1 its torojcct nu|:nacrs. The focus of tlhis trainingslould emphar,ize skills in project scheduling anl monitoring, preparation
alll enfo rcenet of contractual agrecincnts, staff reporting systems, etc. Ifrequested, IJSAIl) might consider providing SU;)port in these training
efforts, 
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6. A permanent funding mechanism needs to be developed to allow NEA tocontinue the development of mini-hydro projects where they areeconomically and financially justified. Part of this financing might be arevolving fund into which the net operating income from existing facilities isplaced for use in future capital investment. Alternatively, if EGAT is willingto assume responsibility for the facilities and to pay NEA for them, then thereceipts from transfer of the assets can be used to fund additional 
investments. 

7. The arrangement with EGAT for assumption of operating responsibility forthe mini-hydro facilities, after the period of initial operation, needs to beresolved. Discussions with EGAT indicated that if a large number of plantswere 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 amongalternatives for generating electricity for the grid and for choosing themethod of delivering power to remote villages. This model should focus onthe 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 haveenvironmental impact studies prepared. These need not be major studies,but an inventory of the natural resources and the conditions at the site. Thiscould be done using local university and private sector professionals. 
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APPENDIX A: THAILAND'S ENERGY SITUATION 

The Electrical Power Sector 

Electrical power generation experienced strong growth over the last decade as shown inExhibit A.1. Average growth was 9.5% in the period 1977 to 1985. Most of the growthin capacity to meet this demand has been through public sector expansion, almost all ofit developed by EGAT. Because of the increasing cost of petroleum fuels during the1970'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 inExhibit A.2. Fuel oil currently accounts for less than 1/7 of the electricity generated inThailand while natural gas provides nearly 1/2 and lignite almost 1/4. In all cases,
these fuels are used in thermal plants or more recently in combined cycle plants. 
 Gasturbines are used to generate of about 2-1/2% of the electricity generated and diesel 
generators provide less than I% 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 consumedin 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 A.4. A number of additional sites for large hydro facilities havealready been identified. Currently EGAT has about 420 MW of hydropower facilitiesunder construction with an additional 840 MW planned for development by 1995. 
Many of the existing facilities have been constructed in conjunction with irrigation andflood control projects, and therefore the generation of electricity is treated as a by­product. Other facilities are constructed without storage capacity. As a result theannual 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. Thelimited availability of power due to the mixed use of these facilities has caused the RTGto treat hydropower as a source of energy to meet peak demands. 

Currently there are a number of small scale hydropower facilitie; in the country. NEAhas 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 and46 micro-hydro sites have been constructed by NEA (see Exhibit A.5). If these areadded to the estimated capacity of the eight mini-hydro sites included in this project 
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Exhibit A.1 
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Exhibit A.2 

Electricity (;eneration by 
Source of'Energy in 1978 
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Capacity 

C'hiew larn 240 mid 19,S7 hvldro 

l.-irge # 2 75 huIl'lt nia ral gas 

Mae Mllh #8 30()0 1id 1989 lignite 

Mae %I(oli #) 300 mid 1990 lignite 

Srirnagarind #5 180 late 1)91 hvdro 

,hanmoo # 1 150 late 199Q1 M1at gas 

New !R3 # 1 75 late 1991 lignite 

Combined C'cle 

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



Exhibit A.4 

National l,(ro-lPm cr Ene . Profile 

1977 1978 1979 I0SO 1981 1982 J983 19,4 1985 
National Consumpt (GWh) 9qo2 113to 12434 13149 l"837 15033 16832 18572 2(X32 
Generation (G\Vh) 11041 13204 14017 15 I 161>2 17450 19771) 22029 24180 

thdrn 

Generating Cipacit%(MW) '}i0 910 910 1270 1361 1519 1501 1714 1824 
Annual Output tG Vh) 32o5 21)10 3263 1273 2974 3837 30 40OS81 3692 
A er oa4~id Factor 41.0%.- 2o.5% 40.9% 11.4% 24.9c% 28.8,. 27.8c 2 .C -31 
"iCapaot\ from Ii~dro 2q}.5r 28.4 r 27.4 33.0qc 30.5,c 29.7 24.9W 25.41 ­ 25.3C 

cj Generation from Ilvdro 32.8% 18.t 26.2% 9.7% 21.5% 25.5,c 21.7%" 22.0 c 18.4% 

Source: 'Electric Po'er in Thailand 1985, NEA 
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and tile other three sites currently urder c(nst ructiOU thCI the t()tal iCCOunIts for aboiut1-1/2- of tile hydr( p),,,,er cap;lcit Ijl;lIjlee t9r 9.Ql.The N!FA is currently in theprocess o developing a National Mini-h,,dr) )evelopment PIlIn whichl exarnitncs 8()potential sites, c..'luutrc., their ectimic t:.iahilitv and attcipts t() schedule their
devehpment according,to antlicipa cd udet limits. 

Rurall Electrification 

The Pro ilcifl lIlec ical ,,\tlothorit, (P' A) provides electricity toi all areas ot the
country with the (.cet ti(o (d the 
 tiilk )k , etroi)oflital :aic . It renierates very little ofits own clcctriciv and in,,tcad hi s ps cr froi l.( ;,,iT f)r distribuitior through its owntrad lsni ,iitn i.,t' rk. 'Ihe ;miii eiite()ftct Nictm ers and the sal., t clcetricit haeinicreased i.iid , (1r;il! ,cctot,, o)cr the lit I> ,car,, ;s shown in Flihihit AJ .Ih,,ve, a, il it t,,, hasN m. nitlht reshs"e,, a dccas c ill the lccl OfL()Iitli. )tuiin 14 t tl" it;lwtl +'tl-,(1jiell e'Itl ), t( a dr(o ) in1thc dtncia'C c is,. nllptillfigures f r all c .r ecns t ,I, lt. 
t 

e .1. I ti - d np, . A ,()i ;* i ",eult )i the iuncrea,se inthe r-al pr1ce 11 IiCrilt-r" (N W 111C W.ti M'I k-io Ie e!%"iie C" i tutirip iecrhookup is c pectth to) hu Telaiclv 4 lwec tI'S,um I' c %c\t ,\t ' 11I l itl' that tariffsdre Jljti,,ted ii lilt ',,ith llltl;ttl()rl dti1( tH li" r Ii'. (dCi11, l v l Ctll.tt HCI;,j, ish)aloiiced In tic 'r ,,h iii . oII t .te0;1tin r Itpi tot -,.'n, !11[ho.- ;ro 'ilci'l c.ipitails and 
the ain h() It t,\ l'-. 

)uriig the lt,,t t,. t l es,,thte.e hasIl n iri acc.eratcd e.t'<r iii ruralelectriticaiimtt A, a t. 'tilt tthe rtit1t0 r () Clectrified villages has incrcased frorm 2'1 + (f
the tial .ll; i 1901r) toI7 0' ; "t the e i 
 (d I %W. This pcfCtac ge is ,che t led t()increase totjlvi l P/'9hr) a. -hK),,, iii I:Ohihit A.\. i' re c,(al of tile Sixtlh !conoriicanl(d S ci;tl l)evehoprictnt I'1ki ( Iq'J7- l'9 ) i , :W CClctrity 95 ; to anll i q s in Thailandy 199 1, 1hcv"r, tils oal is MNlikl t" he rc;, Ied becats )fI tic iircrc,i g marginalCost o)f clectrifv r',, eiinoic areas a nid [th nwrl ;i,in vli icult financial ,ittiation() I
PlLA. 'Ile itC (I rettur1 o] Ij A', rt1 l Clctrilication fIrojects was n(ly S ;+in lN85
adll is Itltti'ht to hivel dcrc('c 
 to I'; in 9M). 

DI)nti:s d(ICilH hC,sI Ft'niAeCWH I )umaitain ian active schedlonly for rural electrification hi;iitl, 
iit di pRojects notdiccl ncpl;cemt and upgrading of thie system asshon'r n 'hihn t A.8. I hc, tr<Ject,, ,ite i,, hfunded from a variety (if ,()irces butpritrmarily fte tiin ic )' ,,.'rnnwnrtlbnt'(.t (,ce I\hibit A.9). 

The fh lli] k t i 1 !*1lail( i , cngyp, csc1ltct iia the ;inN l five year Ildaannn
has tradiiionali tl cptct fVI,NIbI 

s 
)ll)1 imi inputs ,,iiplicd h the relevatgovcrnmcnt allthoritics includinj,, I( I'llA,AI 'i A, !i', anl NIA. i) gClcral, theplans arid polRics are devviojed :s a ,"1pos.c of thlt",(.' slhiliio i wilhml,t Imich 
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Exhibit A.5 

Existing NEA Micro and Mini Hydro Facilities 

Total Capacity ('M\) 
24 0.38 

15 0.56 

3 0.26 

4 0.70 

2 1.86 

2 2.56 

0 . 

4 18.60 

Source: NEA 



Exhibit A.6
 

PEA Power Sales, 1970 - 1985
 

Category 

Residential 

Small BLuSineC s 

Industry &,(Coimmercial 

,\ rIculttural 

Government 

Other 

Total 

Residential 

Small lBuincss 

Industry & (&'mnercial 

Agricultural 

(;()verzimcnt 

Othcr 

Total 

1 

240.9 

501.9 

0.6 

8.1 

17.9 

769.4 

MO 

470.6 

5.5 

0.1 

1.6 

1.2 

479.0 

Total Consumption (GWh/yr) 

1975 1978 1981185 

547.2 981.3 1582.1 2912.0 

311.7 677.1 528.o 684.9 

1194.4 1889.6 2990.3 4760.5 

4.5 9.9 18.4 55.6 

14.1 19.1 19.8 30.7 

48.1 72.6 70.5 113.4 

2120.0 3649.6 5209.7 8557.1 

Total Number of('tons I_)l0 

iQ7 1978 1981 1985 

708.2 1324.2 2230.2 3990.5 

8.5 18.5 28.1 45.3 

0.7 1.0 3.7 7.8 

0.0 0, 0.3 0.7 

1.8 2.2 2.6 3.2 

2,3 3.3 5.6 6,1 

781.5 1349.3 2270.4 4053.6 

(1) includes government hospit:ls and schools 

Source: NEA 



Exhibit A.7
 

PEA Village Electrification Forecast
 

No. of Village Accumulated Percentage* 

Year Electrified No. of Villages Electrified 

1980 3,966 18,600 34 

1981 4,000 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 

1900 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 Electriciatiorn Under the
 
Sixth Economic anid Social D)evelopnent Plan
 

(No. of Villages Electrified)
 

Project 1987 1988 1989 1990 1991 
 Total
 

Continued Projects from 5th Plan
 

- Normal iRural l£lectrification 
 1,000 1,000
 

Project: ilasc I
 

- Village I lectrification Project: 
 1,276 1,000 2,276
 

1Pbase I & I!
 

- Accelcrated Iicctrification 
 2,160 754 
 2,914
 

lPr)ject: 1Phac II
 

- Replacing IExisting Diesel 
 63 
 63
 

Genecrator
 

- Mini-I lydroelcctric Project 
 13 
 13
 

.................................................................. 

Subtotal 4,499 1,767 6,266 

New Projects for 6th Plan 

- Normal Rural lIlctrification - 600 500 500 400 2,000,
 

Project: lPia,,c 11
 
- Villagc FIictrihic;iton Project: 
 1,000 1,000 1,000 3,000
 

I'hawC III
 

- Kula Roig ILi Village 
 44 64 64 
 64 64 300
 

lF.lectrifcati()n
 

........... 
 m.... ......................... 
 ........
 

Total 4,543 2,431 1,564 1,564 1,464 11,566 

Sources: PEA 

!,
 



Exhilbit A.9
 

Summary or PEA Projects and Sources or Funds
 

Rural l-lcctrification 

Impnwc and ltpgradc 

.)tcni 

R,.'Icing l)ics,:l 

Gclnoralm 

Milli I '}dI,)dcctric 

NEWr (Wcn.iina , 

r"1',)it,, ( tI',,pt'rib cnt 
Plt,ick t ) 

Wind ( hargcr 

Year
Coroecm~eiwd 

1983 
1985 

1987 

1988 
191 


19,82 

14M,1%,819 () 

1992 

1982 
1984 
1987 


1985 
1991 

1986 

1988 


Numbe,r
4f Villa 

5,()7o 
4,507 

3,0(X) 
II,78 

5,(00 


Ihousdhilds 
Syny 

1711.(0's 4.( ) 
x , () 

3",3,6bI 
'90(),( 0 
;70,00, 

21,7()() 
2,200,04,M-Y),(,uI€7(),(X X) 

2,4. J,(X 

137,000 
20,(() 

3,5(X) 

700 

ioreign Aid 'rtalynd' MyI;/lL{;r~t 0 " . 

2,2()(1.5(0
" 2,207.08)K().o3l 

1,3, ,() 23-13.21 
.4 9.1 ,1.1 .93)'8.21 


.() ;,S,
 

')3') 1'). ,7 
1,071 X) 2, )X9',A)(( m 1,51.()9)9.0() 1,531).IX) 

2,735X)M N,5 

23)25 429(X) 
81.52 1419 

187.1)0 247.1x) 

80.)0 187.01) 
2MR) 472,() 

52A (40.53 

5.00 10.00 

Source: NEA 
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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 nearly all of the villages of Thailand. 

More recently, the government has begun to encourage the development of dual-fueledplants in order to balance the risks between increases in the real price of imported fuelsand the limits on future discoveries of usable natural gas and lignite. Also thegovernment has begun to develop incentives for energy conservation including thepromotion 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 energy sector, ithas yet to develop a national plan aimed at minimizing the future cost of energy to thenation. NEA undertook to develop such an Energy Master Plan in 1981, using astandard macro-economic energy planning model, however, the plan resulting from thisanalysis 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 EnergyPolicy Committee was formed under the chairmanship of the Prime Minister. Itincludes the Ministers of Finance, Commerce, Industry, and Science, Technology andEnergy, and the Secretary Generals of NEA and NESDB. In addition, a NationalEnergy Policy Office was established in the Prime Minister's Office and the head of thisOffice is also Secretary to the Committee. At present this office is in the process ofstaffing up and its activities have been limited to resolving conflicts between thedevelopment pl!ans propose(] by EGAT, PEA, IIT and NEA. Eventually it will assumeresponsibility for preparing the energy component of the Five-Year lan, a role
currently performed by NESDB. 

The Role of NEA in Thailand Energ' Policy 

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

RCO/llagler, Iljilly, 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 andenergy conservation, and on the installation of electric-power pump irrigation systems.In addition, the NEA is expected to prepare plans for tile development of lignite inexisting mining concessions and to conduct research to promote the use of lignite 

The Role or Mini-hydro in Thailand Energy Policy 

'[he role of mini-hydro in the national electricity generation system has not been clearlydefined. So fa. the NEA has been responsible for construction of most of the mini­hydro facilities in the coMutry, but most of the electricity will be sold to PEA. NEAplans to operate the mini-hydro facilities constructel under this project for a break-inperiod of one year and then to turn the facilities over to EGAT for operation as part ofthe national system. I lowever, the tornm, for this turnover in responsibility have not

been resolved and discussions with I'GAT indicate a certain reluctance to manage

siall-scale power plants whilie the demands for additicial capacity are 
rising 	at an
annual rate of approximnately 250 MW per year. 

The NFA is currently preparing a National Mini-hydro Master Plan which will identifythe sites to be developed and propose a schedule for construction of these facilities.
Most of these sites ,re planned for connection to the grid. The capacity of NEA tocevelop 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 i(le(lu,.e
domestic fuel slpplies. 

The role of mini-hydro in providing electricity in isolated areas remains unresolved.
 
hlle current goal of the government is to extend the national grid to 95% 
 of'Thailand's

villages by 1991 will involve considerable expense. As the more remote areas are
connected, the operating ratio of PA
will increase significantly and its overall return 
'
on invest me nt will decline below 4 . 

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

1. 	 Village-operated (liesel generators I to 10 kW with low voltage distribution, 

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

3. 	 Vill:ige -operated nicro-hydro of 40 to I(X kW with high voltage (22 kV)

distribution to serve one to three contiguous villages,
 

RCO/ilaler, Il141ly, 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 thesealternative relative to the extension of the grid. 

Alternative Generating Costs 

The decision on the mix of electricity generation technologies which should be used inThailand must take into account not only the issue of !east cost but also the risksassociated with the variation in relative prices and availability of alternative fuels andthe adjustment in the relative costs of labor and capital over time. The identification ofthe least cost alternative for electricity generation should begin with a comparison ofthe economic costs for different generation systems. Some estimates of the costs foreight different generating systems are presented in Exhibit A.10. In order to comparethe average cost per unit of electricity produced by each of these systems, it is necessaryto 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 isshown in Exhibit A.11 for load factors between 30% and 60% and in Exhibit A.12 forload factors between 00% and 100%. These results clearly indicate that the CombinedCycle Natural Gas currently represents the least cost alternative up to a utilization rateof about 90%. Thermal plants using fuel oil are the second lowest in cost in the rangeof 50% tc 70% utiliz:ition. Hy(Tropower (assuming an average capital cost of US $1750per installed kW and a three year construction period) is competitive at levels ofutilization above 80% but is the most costly alternative next to lignite for load factors 
up to 60%. 

RCO/ragler, Bailly, Inc. 



Exhibit A.10
 

ALTERNATIVE POWER PLANT ECONOMIC COST FOR
 

Description 
Tliermal Plant 

Import. Coal fleavy Nat.Gas F. 
Combined Cycle 

Lignite F. Diesel Oil Nat. Gas 
Gas Turbine 

Disel Oil Nat.Gas 

I. Installed Capacity MW 600 550 550 150 120 120 60 60 
2. Dependable Capacity % 95 95 95 95 95 95 90 80 
3. Annual Plant Factor %40-75 40-8 40-80 40-75 60 60 5-50 5-50 
4. Station Consumption % 5 5 5 5 5 5 1 1 
5. Capital Cost 

(B'6-5 = US$1) 
US$/kW 
MB/MW 

7% 
21.09 

583 
15.45 

583 
15.45 

962 
25.49 

509 
13.49 

509 
13.49 

386 
10.25 

386 
10.23 

6. Annual Expenditure 
- Year 1 
-Year 2 
-Year 3 
- Year 4 
-Year 5 

% 
% 

10 
35 
35 
10 
10 

10 
30 
35 
15 
10 

10 
30 
35 
15 
10 

15 
25 
25 
25 
10 

0 
15 
45 
30 
10 

0 
15 
45 
30 
10 

0
0 

20 
70 
10 

0
0 

20 
70 
10 

7. Annual O & M Cost % 3.0 2.5 2.5 3.0 2.S 2.8 3.0 3.0 
8. Senice Life year 25 '5 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 2,219. 0.0628 528.59 3.2270* 0.0628 3.2270* 0.0628 

Baht/kWh 0.475 0.516 0.565 0.514 0.736 0-5OO) i.i64 0.805 

Note: * Fuel at Ban Pakong Site 

Source: Team Consultants 
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Comparison of Generating Costs for 35% to 60% Load Factors
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Comparison of Generating Costs for 65c%to 95% Load Factors 
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APPENDIX B: PROJECT ORGANIZATION, PROCEDURES AND PERSONNEL 

Project Organization 

lhe orpania i(z) ( )f !he project is sho in Exhibit 1.1.wn 
 )espite the parallel lines of
authoritv, the pr(ject resulted inan effective workiri. I'ngi.onship hetccii the NI-Aand the tcchinical coiilltants. The priticipal activities have been the (evelopment ofthe site selection midcl, the s.+hction of appropriate sites, Jhe development of workabledesigns, the preparatio n>f buildocluments, the se jetonm ()i contracto rs and suppliers
and the ,ulletvi ioni O construction activities. 

lroject l'roced uvc 

hlie procedure vchojed t rproject imiplet ienltation was aot very efficient itle to thelarge ntndwncr of participants, howcver, it did mrk. A stCp-by-step outlinc of this
procedure is presentcd helow. 
 Tis l)rCCdUrC folhwed the iniiial dCvclpInilt of the
e)sign (C'riteriaihich wcere su uinitcd in NIav 19M. 

I. 	 NI'A sclects sites to be ana/hcd basd oin inrirmation from previous studies 
and desklop ,tld1y ofavafablc data. 

2. icl recon'iklatsalce UIrvCV i,performcd by representatives of N-A and 
I''AM. 

3. 	 'T1AM rcv'iw, tic d,,ktop stludics and submits the rIcsults to Nl,A for
 
approva!.
 

4. K l'r'ai neriug, onsutaits (KIK.( ) cn(dlUCt topographical sulvcy and NEA 
crurntertors iider directimr, o NF*A and TEAM C'oritiiig Friginccrs
super,,iors pcrifo:lm socilo-econollic IIt-CV. 

5. 	 NFI'A revievs r r.'s oii<f physical surtfvey anrid process Ialt;It fromii socio­
econiomiic sr"Ic. 

0. 	 l'relimirar) dhsiyun priepired hi 1AMIv and sIlblmite(d to Technical 
A.,,istaicc (;Ioi1 (TAt;)Ior cvic w by V()IJ. 

7. 	 p'relimninary Cot ctiraiiCs are prcJparel. 

8. 	 Fcollollic aild Iiarriil anaVksis rc petr fored on sitos sclcctcd. 

9 	 D.l)ctailed d(.(igln begins. 

1H('(s/Illr. ' ay,Inm 
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PROJECT ORGANIZATION, PROCEDUIUS AND) EIt.SONNEI, 

After drawings are 15% Ciconpletc they are suhmitted to TA(i for review by
POU and NI'A's Design )epartment 

11. A meeting ii held withT"ANI, POU, Stanley ('onsullants' Proj. Coordinator 
(PC) and NEA Project Manager to fi'mlize dJrawings. 

12. Final dra%ings are prepared alhg with contract documents, Iesign manual
and geology report submitted tOTA(; for review by NI LA ,tatt and 1'C. 

13. A meet',g is held with I'I-AM, P() I, Stanley Co(n)nstltants a id NI'LA Project
Manage,. to discuss fiinal rvisions. 

14. Final contract docu ncotsdrawings ard detai!ed cost cstiIIatc,, ar 
sLnbIliWed to NIFA for final review and approval. 

15. Bid d.cLrnlents are rcvic, cd by NI:,\ I),n gl)e;al rrent (fo r C'ivil Works)
and 'AG and NW)(I (for Flectrical and Mechanical hjuipment). 

l. TE'AMi tAcl)MCs 5SoCopics (Ithid thocuriiliit.. 

17. NI:A requcests I 'SAII) appr )vt . 

18. Bid AnrnouncerImeit is iiade. 

19. Bid review is tIef merid by three commlittees, the Bid Receiving Committee
(NI.A P'rocurement l)epart), lfid ()pening Committee (POU, NF.A Design
Department, lnergy i)evclopment and Promotion livision), anl the Bid 
Acceptance ('ommittee. 

20. Contractor is selected bascd omi cot and lrrmisec( elficiciCY. 

21. NJFA requCtss IUSAII) approval fmr the ,clecti n contractor before signing. 

Construction supervision is performed by NiFA site engineer under 
supervision of Project Manager arIII' 

o2. 


F:MA s ( 'rsttictIlol Mallagr (('M). 

23. Changes in design or sl)eoCihcatiOi s is rcvieWCd by Pur)jcct Manager aid C'M, 

24. Final approval given by NI lA. 

25. NI:A iesomnel operate plant fo nciyear. 

20. NIFA turns ov,,cr (peration o)I plan; to I:.(AT. 

l'hree diffiulItics which showed hislkprcess in the early stages of this project were: 

IA((ilfagler, Itiily, Inc 
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1. 	 Tle lack of experience in the preparatior and review of tile technicalspecifications for the electrical and mechanical equipment. 

2. 	 The requirement for NEA Design Department to approve the drawings aswell as die POU and the Project Manager. 

3. 	 The problem of comn tications with the site and the lack of experience of 
the site engineers.. 

Item 	2 was subsequLent ly resolved when the NFA Design I)epartment agreed to reviewthe drawings within I() days. Ilowever, Item 3 caused delays during consiructionbecause approval f'Ir significant changes in design or work orders needed to beapproved by the Project M hager or the Construction Manager Mho were both
 
stationed in Bangkok.
 

Performance of Personnel 

Ihe position of Senior lFngineer/Project Coordinator was filled by Stanley Consultants.According to the contract, this individual had a range of duties including: 

I .	 Assisting ;nd advising NA and th,.+ Project Manlagcr in variou, mattersincluding contracting tile constructlio seviccs Which conform with NFA and 
All) 	guidclinles, 

2. 	 Coordinatinlg tle activities of the " Asismnc Group with those of
TEAM aad N!jA, 

3. 	 Directly ma naiing the P( )( group, 

4. 	 Furthcr relining, of the silt model, 

5. ,Reviewinigiinal ,_':lgi icering dcs igns, contract docunents and specifications, 

6. Prcparmng tit p)las for impact evalaiaion aid project monitoring, and, 

7. Producing q-.iari,ry amid final rcpor,.. 

The first irdividual lv.Isignrlcd to tis proj ..ct was f minliluir with tie construction of mini­bydro facilit ic,, lim(WVcr, his Itellilr ewas me Iatiyely bri,:f ad lie slayed only log Culoughto Co lplete a draft set of ds,:itn criteria. The sco.Md individual was not familiar withconstructii~n or with tile review Of tec'hnmical (ralirm,,. Since 	the cmtract d(wutentsand specificatio , ,wcr. prepcard ill "'Iha, ith N[A I)lsi) jn I)ep)artllnlit a,1,mmedresonmsibhilityh I rcvic-ving thc, doc'nmiiCen'. 154), this ilI(Mhmididi iIot tinderrtakeday-to-day N t viio of the ' ) stall, fli-, plimarv cI<)r tV.3 Coordinatin, thedevelopment of the site selctlioM dlllnlcl .udilq, the inpu )tof th, scifal 	scientit and 

1 4 
((e/lla l l...In.trr. 
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load forecasting experts to tile design of the model, the efforts of the NEA and TEAMin conducting and processing the socio-econonlic surveys and the efforts of TEAM indeveloping the necessary software and performing the actual evaluation. He was alsoresponsible for supervising the production of the multiple volume final report whichprovides excellent documentation of the information used in the site selection and
evaluation process. 
 Finally, at the request of NEA, ie organized together with TEAM a two week training course for NEA personnel in the use of the size selection model. 

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

1. 	 NFA and the field eu;;incers :n preparation of construction work sites, 

2. 	 the Prject ,Manager and the Project (o(,rdinator in c),ntracting of civil
 
works construction,
 

3. 	 the lProject Manaiger in procurement o)f the power plairt equipment and to

share iespo .itiliity with the lmr 
 ject Nianager in tile supervision of the civil
works cons.rtiction and the changing of drawings to suit tile changing site
conditiom. Tihe NI'A felt that the time spent by this individual on assisting incontracting and on direct site supervision was not adequate. I lowever, there 
were cnsiderable logistic problems in visiting six, dispersed remote sites 
more than mce a muonth and the (Construction Manager's contract ended 
fairly early in the constrtction cycle. 

The NanIufiLaUrinlg iromo)tion Specialists included both a local and foreign specialist.
Tl7he latter was Ilri Thiailand for approximately one month. 
 During this period most of hisefforts were spent meeting with representatives of firms involved in the manufacture ofeqLiipine nt which could he used in the hydro-electric facilities. Very little time wasgiven to a.ssisting tile NIA ,iil TLAM in the design f specifications for the electrical
and In|echaniical eqn ipnent ' an activity not in tie scope of work, but in retrospect tie 
most 	imp( )rtant contribution that this specialist could have made. The contribution oftle two spCcialists appears to have been in identifying a number of nanufactnrerswithin Thailand. 'lheir contribution to the final report wa.s limited to a s-ries of
photocopies of b)tisincnss cards, photographs of mantfactu1ring sites, table of contents
from puil)icly av;I,.iable report, and tile Unlprocessed results of a manufacturer 
questionnaire. 

The NFi LA I)cs.Ti, l)cpart me lit was rcspmisible for engineering design, cost estimating,
ain( preparat ion of all specifications, drr;,s and contract dohucnts. These services 
were provided by "!IAiM cismtiItants. Although TILAMI had no previous experiencewith desipi ard cn)Irlictim o)f hydro electric facilities, they were able to fulfill theirresponsibilities rea,,,mably well by woirking in collaboration with NI LA which had thetechnical expertise but not 'dutticicit ni;nuplower. The area ill which TI'LAM's
performance should havc kvrn.: smncwhat botter are the preparation of the electrical 
and mcchanical equipllnt :,pcCiicItiiMIs. 

H('(1/italerl, Iliil, , 
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The POU suffered from a lack of senior staff. The unit had a staff of four civil engineersand various support personnel. Once the Project Coordinator left, the unit waseffectively disbanded although two of the engineers continl,. to work on the project as
site engineers. 

The unit performed reasonably well, considering the normal experience with Iiuchentities. It provided a focus for training of the civil engineers. It integrated its activitieswith the established role of the Design Department in the review of project design. Andfinally, its disbanding in no way reduced the ability of NBA to undertake simnilar 
projects. 

RCO/ ,lagIcrIlally, Inc. 



APPENDIX C: !I!I,) VISITS 

I.ANI PR¢A PI.IEING; 

Site 	( 'liaracterislics: 

'[he 	I.an lra l'lerng ste is lo.ated within an existing irrigation project ill Aiphoe Pak'hong ('hai, ( 'halr ,wat Nakho iRatchasi ia which has b'een in olerati() since 1969.'The 	niarest large co)mmunitv is Khorat, some 03 kil. away. The plant is situated at them)]illet wo)rks ()f a large i(ick aid earth darn ind rce rv(;ir whitich is ite rated year roiundto irrigate smnic s9,720 ii. 	 The irrigmaion prqlx has 	sortie 75 kL.4oiairn cinand3S 	kill. f itrihlMji c;. . 14. 	It scrves a )rl-peo)Iis area where 85 Jlercernl of thetopltiii i , eriiua-d iii agrih uiturc (rice, corn, casava) with an average ainual family
inicoeie t alltro~riiratlv 37,t00o iBalit. 

(C'olistructijun1,riiesst l)act,: 

Ihe 	Willr i'l iinlv se is int tire early stages of (nstruction (7%( complete) with anexpected cohp etjoni (late (A ( )ctobr 1988 (see Eixhibit (.1). When the learn visitedtile 	site, a gcolecriic~il p;!)lcln was jlust being unearthed. ((ore saiiples rev aled the(wceirrcrce (0 ,everal large boulders sornre 3 to 7 ini below the powerhouse site making itditicult toj piovhc , I)myr Imolationi, Plais are irow heing inide ro remove these
holdlers anl hacktill th,, area. 

(C(l'trilctioi is il)rlg 	 carired it by illlzlim Grade PiartrersL .td. All civil w(rk shouldbe 	cplllete by Aplril 1988, arid tile c tlecro-iichanical (iiilrericl is scheduled to einstalled in Auysl 1088. ll l oeration should begin ()clIer 1988. 

the 	folhlwing are or'e clailed co(mlrents (o major project components: 

(a) 	 I'eristock
 

Ni) cumrl lltctioni aciivity has been st,irted.
 

(b) 	 River ( )ilt aid tillin, lHarir (%cc lExhtibit (.2)
 

i)ernolitin (dii i e cxist rrg river 
 iutlet is just gettrhg under way, A
comlpleth new 	(oitlet will be co istructel. 

RCIilagllr, illy, Inc. 
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Exhibit C.A 
Lan Pra 
Plerng Site 

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

BCG(/IIjcr, Ilailly, 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 has been stLrted.
 

(f) 	 Office
 

The office building iscomplete.
 

(g) 	 General Site llousekecping 

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

Environmental Impact: 

Little or no negative envirmnmental impacts should occur at this site since most of the
civil works are already in place. The principal impact was created when the originaldam and canal were built by removing mst of the water (95%) from the natural streambed. The exj';tcnce of the hydroplant vwIl therefore have no additional negatie impact
other than tha: which is already occurring. 

Fish inge:tion is also not a problem occause of the screens located on the water inlet at 
the dam as well as the trashtrack it the plant. There is little upstream fistiing and no 
do)wnstream fishing. 

'llere is no occurrenr.e of any water borne disease typically associated with reservoirs.Since the flow originates from an existing reservoir, sediment transport into the turbinewill not be a problem. I lowever, there is sonic minor sedimentation of the existing
stream frcnm construction site runoff. In summary, the environmental impact of thisproject is mininial, the only exception being the dust, noise and excavation associatedwith construction. ()nce complete, there should be no long term negative
environmental impacts. 

RCO/ilagkr, f1tlaly, Inc. 
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Procurement: 

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

Socio-Economic Analysis: 

Most of the villages in this site are connected to the grid. While the original plan alsoincluded connecting up the isolated remaining villages, PEA is now in the process ofextending lines to most of these villages. The hydro power which is to be derived froman irrigation dam will be sold to PEA but the arrangement which has not yet beenagreed between the p:irties is for NEA to operate the facility for a year during which itwill sell the power to PEA and to the turn over the facility to EGAT which will use it aspart of their national generating system. 

Two villages were visited at the site. The first, Bii I Ilia Chang, ias had electricity forthe last 24 years. It started with a diesel unit and then connected to the grid in about1975. The (listributiol system is provided by PEA using concrete poles, meters and
wiring tip to the house. The viliagers are responsible for wiring within the house, but
the PEA checks this wiring prior to h,)okup. Among the local industries which use the
electricity are a rice mill, an ice factory and a repair shop which uses an electric arc
welding unit. For commercial establishment, tile electric appliances include
refrigerator and coolers. I-or the households, tile principle appliances are televisionsand rice cookers. The latter have increased in popularity in recent years as the pricehas decreased. In addition, about 5 of the 130 households in the Muban use electric
pamps for drinking water (although without pressure storage tanks). These pumps and
the clectrc.. -ppliarces muSt be repaired in the city of Korat as no local people have
 
this ability,'. 

Village dcve',.0nent activities are generally organized by the village headman working
through tile village council. 
 The sources of credit are limited with most villagersrelying of their own savings or loans from friends. The only formal sources of credit aresupplier credits from the appliance stores and the Agricultural Bank. For the latter, thefarmers 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 electricity for the last three years. About30 of the 80 households in the village are connected. These household pay between 50and 80 laht per month for light and operating rice cookers and televisions. Most of thelighting is widi 40 watt fluorescent bulbs. About II of the 30 households havetelevisions. Five or six households use electric irons. Rice cookers have increased inpopularity since they were brought into the village last year by a merchant. Thecommercial c tablishments use refrigerators ain( coolers. 

RCO/IIAgJer, ILmilly, Inc, 
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The electricity was originally brought to the village through the efforts of the localheadmaster who felt that the electricity could be used for pumping irrigation water fromthe canal to the upland areas. At present the village uses a diesel pump from theirrigation department an pays the fuel and maintenance costs of 20 Baht per rai. Eachparticipating villager contributed 100 Baht per rai of land plus between 500 and 1000Baht per household to finance the cost of bringing the line into 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 household had to paybetween 2500 and 3000 Baht for a hookup, depending on their distance from the PEAline. In addition, the household had to pay for wiring of the house, a track performedby someone from the nearby town at a cost of 30 Baht per outlet. As a result of theadditional costs, many of the households which had contributed for bringing the line tothe 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 purchise one). 

About 40 households are currently connected. Together they form a user's group and ifother households wish to connect to the lines but have not previously contributed tobringing the line into the village,then the group decides on what they should be chargedaccording to how much they can pay. Some of the households have borrowed moneyfrom the agricultural cooperative in a nearby Amphoe Pak Thong Chai to pay forconnection of their house. The villagers did not contribute any materials or labor to theelectrification of the activity and no opportunity was offered by PEA. When makingother improvements to the village, labor is generally contributed by the villagers and
organized by the village headman. 

RCG/IIagler, lilly, Inc. 
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SITE SUMMARY 

LAM PRA PLERNG 

Physical Data: 

1. Location A. Pak Thong Chai 
C. Nakhon Rat Chasima2. Status Grid connected

3. Catchment Area, km2 reservoir
4. Net [lead, m 18.5
5. Design Discharge, m3/s 5.51
6. Installed Capacity, kW 850
7. Dependable Capacity, kW 850 
8. Annual Energy, GWh/y 3.044 [3.18719. Transmission Line, kin 010. Access Road, km 0 

Socio-Economic Data: 

1. No. of villages Served 23
2. No. of Households Served 1,349
3. No. of People Served 7,111
4. Population Growth Rate, % 
5. Annual Ilousehold Income, B/y 

3.5 
36,8566. Principal Economic Activity Agriculture, 85% 

Financial Ecoaomic )ata: $ U.S. (1000's) 

1. Civil Works and Powerhouse Costs 311 [331]
2. Transmission Line Costs [0]
3. Electromechanical Costs 863 11,034]
4. Admin. & l)esign 1365. Total System 1,310f i,481]6. Cost per kW 1nmtalled S1,54 [1,743] 

Note: Numbers in brackets were given in May 1987. Numbers to their left were 
reviscd in November 1987. 

R(+J(l'/Ili , I~Willy, Inc. 
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NAM KHA MUN 

Site Characteristics: 

This site is located in a highland forested area inTambon 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. kin. The project area has
been served by PEA since 1982. This project will make it possible to connect those

villages which ha'e not been connected to the grid.
 

Construction Progress to )ate: 

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

Construction Progress to )ate: 

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

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

(a) Weir (see Exhibit (.3) 

The weir or intake is at an early siage 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 arould the area would be
too costly and the flows are unpredictalc duriog !lhis period. Work on tile
weir will continue in November of this year. 

(b) Access Roads (see E:xhibit (.4) 

All the roads have been constructed but their condition remain-, variable. 
Maintenance will be a continuous requircment. 

Rro/; Igcr, ililly, Inc. 
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Exhibit C.3 Nam Kha Mun Weir Site 

Exhibit C.4 Nam Kha Mun Access Road to Weir 

4
 

RCO/IIgJcr, I illy, Inc. 
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(c) 	 Powerhotuse 

Some excavation has hecen done but no construction as of yet until the 
geotecli.ical problems are solved. 

(d) 	Tailrace
 

No construction on tie tailrace has been started.
 

(e) 	 Bypas Chute
 

SomW cx(.avati(1 activity has been started.
 

(f) )ffice 

The OtfiCe Puilifh!,is 'ompletc. 

(g) 	(;eneral Site I l 1i ,s6ec-pin 

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

Environmental Impact: 

Little or no negative environmental impacts should occur at this site since most of thecivil w(rks are already in place. The principal impact wa:. created when the originaldam and canal were hi ltby reof(ing,, most of the water (051 ) from the natural streamhed. Tihe exi.te rce: of tliehvdr( planit will thcrcfore have no additional neative imrpact
other than that which isalready occurririv. 

lish 	ingestion is lso riot aI lrhlein because of the screens lwated on tile water inlet atthe 	da] Iswell as the traslitrack at the plai. 'lhcre I.litfle t'pstreanii tist0ir1P and rio 
downistrea It ishi,. 

There Is110 ()CcturrCnCC Of aily water b rie di'ase typically ass(ciated with reservoirs.Since tile flow originates from an existin, reservoir, edilnielnt transport into) tire turbinlewill not he a prob)len. I lowever, there is sonic iminor sedinitat ior of"Ihc existing
stream from omitractior site runoff. hlr-niriary, the ervironmental irmpact m,this
project is minimal, tile only exceplion bei rlithe dust, noise and excavation a.,sOciated
witi 	construction. ()rice complete, here should be no In g term negative 
envirotnenital irpacts. 

RJU 	/I [okr, 11ui1ly, Inc. 
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Procurement: 

As mentioned, construction on this project started very recently in February 1987. Civilworks 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 villages in this site are connected to the grid. While the original plan alsoincluded connecting up the isolated remaining villages, PEA is now in the process ofextending lines to most of these villages. The hydro power which is to be derived froman irrigati(m dam will he s1)kd to 11:A hut the arrangement which has no1t vet been
agreed betweei the parties is fo)r NLA to 
 operate the facility for a year during which itwill sell the power to PEA and to the turn over the facility to FA1'b which will use it as 
part of their national generating ,system. 

Two villages were visited at the site. The first, lu I hua Chang, has had electricity forthe last 24 years. It started withi a diesel unit and then connected to the grid in about1975. Tle distribution s\,stenm is provided by PEA using concrete p)les, meters and
wiring up to the house. The villagers are responsihle for wiring within the hiuse, but
the PEA checks this wiring prior to 1101)ktup. Among the local industries wlich use the
electricity are a rice mill, 
an ice tactory :ini a repair shop which uses an electric arcwelding unit. For commercial establishfent, the electric appliances include
refrigerator and coo lers. 
 For !h? hoiiot>2.holds, tlie principle appliances are ielevisionsand rice c.:)ok r ,. The latter h.e incr,eased in popularity inrecent years as the price
has ,,:creased. 
 "1 additiom, abot, 5 - ,, !30 househholds in the Muban use electricpumps for drinki.g water alti oujgh wit hout pressure storage tanks). These pufiips and
lie electi ical appliarices must be repaired in the city of Korat as no 
 )cal people have
 
this ability.
 

Village develhpment activiiies are generally organized by the village headtiiat workingthrough the village comncil. Tl*he sources of crelit are limited witi mo)st villagersrelying of their own savings or loais from friends. 'l'he only formal s)urces of credit aresupplier credits from the appliance stores and the Agricultural lank. For tie latter, tilefarmers must apply as a group and co-sign tilie h'l if they caniit )Ifer farmila id as
 
collateral.
 

'le second village, Wang Tak Kien. has had electricity for tlie last thre'.- yca ,.Aiout30 of the 80 household in tile village are connected. These lioseh ld pay hetween 50and 80 Bahlt per orith f(or light anid operating rice cookers, anl tlevisilo,. %(),t of thelightihg is with 40 walt fluorescent bulbs. About I I of the 3) Iihohlds havetelevisions. Live or ,iXhi(useil h ls 1,?" vlectric irons. Rice c()kers have ifl ,:,,:d illpopularity since they were brotglit ,ii: ihtc village last year by a tmerchant. 'Ilie 
commercial establishfilcnts Lc rc hipiati rs and ct'oolers. 

IW(( lb/IiaIr, Iadly, In( 
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The electricity was originally brought to the village through the efforts of the localheadmaster who felt that the electricity could be used for pun;)ing irrigation water fromthe canal to the upland areas. At present tile village uses a diesel puimp from theirrigation department an pays the fuel and maintenance costs of 20 laht p.,r rai.participating villager contributed 1() 
'ach 

Baht per rai of land pl;u between 5(X) and I(X)OBaht per ho)usehIld to finance the cost of bringing th line into the village. It tookabout iyear to col!ect the mnlnrev which wa, then paid t', !IA for extensiO!: ot the line
 
to the village. Once the line came 
to the village, then ch household had to paybetween 25W and 3(X) laht for a ht)okii p,dependinug on their dista.-nce frin the J)J LAline. In addition, the household had to pay for wiring ()f tile house, ;,.track perfrrnedby someone from tile nearby town at a cost of 30 Ilait pcr outlet. As a re.,ult (dthe
additional costs, many of the households which had contributed tm brringn, the line to
the village have been unaible to raise the money to co~mcct their imnes. In
hmldition,the village c)ntinuis to 1,t the iumi Mlieselsince they.were unable to) o)tain a electric 
pump from NI:A (aid cannot atft)rl t(o ()m).)Lptchase 

About -()h)usehol(ls ;rc currently connected. )ge,.tcOie they IMIII a n'icr\,, ,I)1 and ifother hotsi.holds wish ti)('oiictn to the line", but hiavc 1I(t p)gcrvimly ((m itrI!ittctl to)bringing the Iine into the villaye,then the group (l.:lcides )I)what they should hc h:argedaccording to how mnnu.cn 1.ev can pay. Some of tie househihcs have d nly-Yrro,
fro)m the agoriculturaMl c1))clive illa nearhy Aupihue l'ak liog ( 11. t();).,v fIrconnection of their ho)use. 1he villager,,di(d not co)ntribute Jivnyiarrials 0) labo)r to theelectrification o' the activily and I()(pp ()rtunit\ wa,,s offered by l)I.LA. When iakngother improvements to the villac, l;b)or is g;enerally contributed by tile vill:iers and
organized h)y tile village hrcadinan. 

R((I l ef~j, Inc...
INafy, 
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SITE SUMMARY 

LAM PRA II'RNG 

Physical )ata: 

!.lA)ation 
A. Pak "lihngChai 

2. Statw, C. Nakhon R,at (hasima
(;rid conntctcd3. Ca;tc~hintcrt Arca, kin2 reservoair
 

4. Nc't I Ic"d, i;1 18.5 
5.l) , , I )\chlh t)'.', 1.1/s0. 11.lrlcdl'l(;l; t, k\V 5.518R50
 
7. i)yc i,,bIlh ( ;)tdacti. kW'' 

8, , IuHticrv. ( ,\Y h/v 

850 
3.04 3.187]9., l ar I rinriJ,,I III, km 0IM . ,',,R o.;d, kill 

soci<)l.f.lolic D~ata:
 

1. Noi .It'tit;:'C\ )Cf\t'1 23
2.No, )I I t l!VhwJJ ci', cd 1,349 

4.P'opiil.ini, ( ,,,l%h I<atc , 3.5 

0. I'f Ilk ,.'I ,.,Ii, \X:Rit, Agriculture, 85% 

I',lL . .ij. ( , \'., i''+crtnj.,c , 311 [33ij 

2 ]1' Il in I nc 1013 ,i'+i ,I0,l1 rnr( 81013 1,I,
 
5 i n~t 'v+'1,310'41.1:~rYW-.f. Ij 1.,48l.1]II i) 1,1
 
, ( p',i; 'rI,.W I 
 $1,'4 111,7.111
 

Nwec: ,it IcIhr ,I rc'av i, n i .ay ,)87, Nijihibm if)their Icfl wcrcfcvi,,c4I r Nt,,c hc liqIrTI'J/ 
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NAM KIIA MUN 

Site Characteristics: 

This site is located in a highland forested area in Tambon Neon Pboem of Amphoe
Nakon Thai, Chanigwat Phitsanulok. 
 Ihe nearest major town is Phitsanulok. Tlis was an area of great political turmoil during the 19 70's and has ,een made into a nationalpark. Waterways in the area are few and the site is located on the only major stream,
the Nam Kha Munr, which has a catchmcnt area of 75 sq. ki. The project area has
been served by li',A since 1982. 
 This project will make it possible to connect those

village;; which hat , 1()t been c(niected to the grid.
 

(onstruction Progress to Date: 

Tihe site is approximatealv 3(W; co mplete and work continues to progress at a brisk pacedc.,pite the fact that perniissnim from the Royal Forestry Department to proceed withthe project is still penoding. NI LA will cmltinue work so that there will be less chance of
pposition ()ce the l)lalft beI".ijs U)(opcrate. 

('onstrudtior Piogr, ,sto )ate: 

The site i,.1pprimill'itecV 31)i complete and work continues to progress at a brisk paced(c'.,,ic the fact that )Crmissi(n fr..ii the Royal Fores: ry Departmcnt to proceed withtie p: iject is still pemling. NIlA will contintie wo)rk v,,)that there will be less chance of 
opposilion onee the plant egin.O operate. 

All civil work is schedtulcd i;,r c( t)let i(ci bv al)proxinately July 1988 with electro­
mechanical equipiment bcing Installed ( )c.)ber 1988 and operation to begin inNovember. Specific co)ments (,l maj r pro ject components are given below: 

(at)Weir (see E'xhibti (U.3) 

The weir or intake is at ain early stlige of construction with ,miie franir,
for c( ncrcte work if place. W)rk is slated to be halled durilig the rainy
seasMm which is a b)ot t (()start because diverslv )nr )timid the area would be 
too costly and the fl( ws are ui[predictable (itiring this peri(o(. Work on the 
weir will comitmc miNovember of this year. 

(b) Access Ro jds (see !Lxhilbit ('.4) 

All the road.s have Ibecii c(nstructed but their condition remains variable. 
Maintenanlce will be a colntimious rcquircment. 

RC(i/Ih 1 Jer, uilty, Inc 
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Exhibit C.3 Nam Kha Mun Weir Site 

Exhibit C.4 Nam Kha Mun Access Road to Weir 

• p
 

K ( l(/lIxgl r,Witlly, Int 
"* "
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(c) 	 Intake Pipe and Road 

The area around the intake pipe and sand trap is ready for construction. No excavationhas been done for the intake, sand trap and tailrace but the area has been prcparedwith heavy equipment. This 	wo)rk can start inimediately despite the imminent rains. 

(d) 	 Ileadrace 

No work on the headrace has beii dome, but the cxcavati(o is complete.
NEA 
is waiting I'm- Royal [orestry Department )ermission before 
Continting oi this sction. 

(e) 	 Surge Tank (see I xhibit U.5)
 

The area t)r the trirg
ta ik has been excavated and the reinforcing rods 
are in place. ( oricrete work on tank will begin shortly. 

(f) 	 Pensto)ck (st',+ 1-l£ihit 	(C.0)
 

All 	excavation for the pcistock iscomplete. About 1/2 of the peristock is
in 	 )lace and the pics are being set along it entire length. All penstock
pipe 	is at the tle. 

(g) 	 Powerhoine (,.-c lxhihit U.7)
 

Structural .vrk omt the powerhouse is complete. 
 Fhoors. roof, wIalls and
the 	electrJ-ntiechanical work remain to be installed. 

(11)Tlailrace 

Only excavation w)rk on the tailrace ha_, been done. 

(i) 	 Office
 

All ()ffice arnd pers(omcl h )using units are comnplete.
 

() 	 l'owci:llc
 

The p(Ak.t lilt- is corn'!;ic.
 

(k) (encratl )IiteI hm,ekccpli, (scc lU fihit ('.8) 

The housekeepinlg, aromirld thc site ihfl,. 'The tei rain is very difficull, especially alongthe 	penstock. Sone tnproerfiermIIncmil be rila.de atutl the powcrho,e and ofIices.TYherc alo shlde I)e mre ll)hasis M!: sfety. ()n Februrary 16, 1987, there was ane:xplosionlal the comstlnlctioni contractor's camp;)/ officc/storc dic to carclc,, haldlingof dynanititc. A., ,aresult, the adininhiralive anidl(sre office was 	hh)wi tpart ald 

IWi( 11Ally, Ih 
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Exhibit C.5 
Nam Kha Mun 
Surge Tank 

1'7 

Exhibit C.6 
Nam Kha Mun 
Penstock
 

R()/I|i:~, |leily, ihv 
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Exhibit C.7 Nam Kha Mun Powerhouse 

/-r 

Exhibit C.8 Nam Kha Mun General Site Conditions 

RCG/Ilagler, Bailly, Inc. 
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burned. The construction contractor's Project Manager (an engineer) and store keeperwere killed instantly, and four laborers were seriously injured. The dynamite between15 to 20 kilos used for rock blasting, had been stored on the inside roofline rafter wherethe roof structure joined the wall line. The explosion rattled walls in the town ofNakhon Thai, 20 kilometers distant. The accident, however, has not been an obstacleto the progress of the work.Environmental Impact: 

The environmental impact of this project will be reiatively minor after construction iscomplete. However, a number of negative impacts caused during the constructionphase can be noted. Th. area near the weir and intake required a major cut and filloperation of approximately 300 m in length. How this area will regenerate is notknown. Some replanting may be required. 

The water to t~e 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 oflow flow (0.12 m3/s), the entire flow will be withdrawn. This may cause a downstreamproblem to aquatic and terrestrial life if the condition persists. However, this will onlyaffect the reach of the stream between intake and powerhouse, a distance of
approximately one kin. 

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 increaseduring the rainy season. There isa sand trap in the flow control structure. However, acombination 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 beleft uncovered, the walls may need to be stabilized. 

In general, the site looks rather rough at this time because of major excavation workrequired 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, andimmediately approved. The bid process began shortly thereafter and three firmssubmitted proposals. By September 30, 1986 a contract had been signed with PermpolConstruction Partnership Ltd., the winner of the competition. The construction periodwas 330 days and was to begin immediately. Based on what the team saw during its visitand the imminent rain, an extension will be required. 

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

RCG/iaglcr, flailly, 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 gild 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 PEAlines to the village was originally requested by the Tambon council. Since several of thesurrounding 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 lineto 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. 
 Thevillagers were able to prepare for electrification by saving for the hookup costs becauserepresentatives from this store also came to the villager beforehand to explain what Cie 
costs for hookup would be and what would be required. 

The villagers ti.,e 20 or 40 watt fluorescent bulbs for lighting and average about 2 bulbs per household. The selection is based on what the leader of their group purchase.
Many households have fans, 5 have refrigerators and 7 have televisions. 

refrigerators were Introduced by Singer. 

The
 
None of the households use rice cookers sincethe villagers eat ,iutinous rice. The only electric iron is owned by the school teachers.


Their are no industrial uses of e!ectricity. 
 All the rice mills are diesel powered. Thereis 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 electricity is
used for lighting. For households with televisions the monthly cost is on the order of 70to 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 inPhisanulok but now there is a shop only 20 kilometers away in Nakhon Thai which canfix 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 creditinclude 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/Ilagler, IWilly, Inc. 
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mechanism has been used to construct fences along the road, maintain the village watersupply 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. Thevillage was established only 5 years ago and still very much in transition. The villagecontains 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 inthe village committee which organize the village labor for local improvements. Theprincipal activity is the cultivation of maize. The village has a deficit in rice production.
There ,e 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 haveelectricity, 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 thc quality of the land provided to the villagers. Thevillagers previously planted in the forest land but the area has been declared a nationalpark and access to the area has been restricted. This constraint combined with a dropin the price for maize, the villazer'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 initialpurchases by the villagers are likely to be fluorescent lights and possibly televisions andfans (since it is hotter in the resett!ement village than in their former homes). Theavailability of credit for the purchase of the hookup and the appliances is limited. Thevillager's have savings but cannot use the Agricultural Bank because they do not own
their land and many do not have identity cards. 

RCG/ilaglcr, ailly, Inc. 
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SITE SUMMARY 

NAM KHA MUN 

Physical Data: 

1. Location A.Nakhon Thai 
C. Phitsanulok2. 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 2 x 515
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 Served3. 	 N). of People Served 461
 

2,246
 
4. Population Growth Rate, % 2.0 
5. Annual Household Income, 13/y 22,048
6. Principal Economic Activity Agriculture, 90% 

Firancial Economic )ata: $ U.S. (1000's) 

1. Civil Works and lowerhouse Costs 839 
2. lransmission Line Costs 39 [381
3. Electronechanical Costs 718 1863]
4. Admin. & Design 145
5. Total System 1,741 [1,885]
6. Cost per kW Installed $1,690 11,830] 

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

RC(i/llager, Radly, Inc. 
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NAM MAE HAT 

Site Characteristics: 

The Nam Mae Hat site is located in Tambon Maung Haeng of King Amphoe WiangHaeng, 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 September1985. It therefore provided a learning experience for NEA, TEAM and others. Thisproject contains a number of design issues wh:ch might cause problems during its early
operational phase. 

The economic sustenance of the area is agriculture and a variety of trading activitieswith neighboring Burma. This area was very isolated and has been of political interestto 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, howeverfor unknown reasons, PEA has exte1ided its power lines to within 8 km from Nam MaeHat. The proposed interconnection will make the project more attractive economically
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. kmof 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 etljipment was to be shipped to the site in June.
 

Permission by the Royal Forestry l)epartment 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 (lone by local contractors from Chiang Mai. The powerhouseis being built by Phoopakdee Civil Engineering Ltd. and the civil works by Chiang Mai
Construction. There i'- a significant h)cal labor content in this project. 

Specific details of system coil)n(lcnts are given below: 

(a) Weir and Irncake (see i -xlhil)it (C.9) 

All work ,m this COmil,, ientis complete. 

RCO/Iilajler, Ilaily, Inc. 
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Exhibit C.9 Nam Mae Hat Weir and Intake 

RC/lIagler, IBailly, Inc. 
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(b) 	 Flow Control Structure
 

All work on this component iscomplete.
 

(c) 	 Headrace (see Exhibit C.10) 

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

(d) 	 Flume (see Exhibit C. II) 

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 flumne covers are 
occasionally stolen for their metal handles. 

(e) 	 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. 

(f) 	 Penstock 

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

(g) 	Powerhouse (see Exhibit C.13) 

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

(h) 	Electro-muechanical E:quipment (see Exhibit C. 14) 

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

RCO/llagler, lNlilly, Inc. 



C.19 
FIELD VISITS 

Exhibit C.10 Nan, Mac Hat Headrace and Access Road 

RCU;/Ilagler, Ilailly, Inc, 
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Exhibit C.11 
Nam Mae Hat 
Flume 

U. 

Exhibit C.12 
Nam Mae Hat 
Forebay 

.| I 
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Exii C.2 

Nam Mae Hat t 9 
Powerhouse 

Exhibit C.14 
Nam Mae Hat 
Pelton Turbine 

I 
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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 reqluires 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 sediment in the stream. 

Procurement: 

Bid documents for the civil works produced by NEA were submitted to AID in August1984 followed shortly thereafter by documents for the 22 kV transmission lines, both ofwhich were (luickly approved. Construction on Nam Mae hlat began late 1984 when acontract was signed between Chiang Mai Construction Co. Ltd. and NEA (September28, 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 of22 kV transmission lines was also signed in September of 1984 with Siam Civil 
Engineering Co. Ltd. for 10.2 million lBah t. 

During a site inspection in February 1985, when civil works were well undelway,several problens were identified. Much of the pipe use(d as headrace was damagedduring delivery. Apparently, many of the joints were damaged during unloading of thepipe at the site. This could lead to leaks under the roadway. The impact is not known 
until the system is put into operation. 

RCG/lIlagler, ILMlly, 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 1985and only one firm sul)mitted a bid, therefore the process had to be repeated. Two firmsthen submitted Fids, Layne & Bowler Co. Ltd. and another firm. However, only I.ayne& 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 I-ayne & 3owler won the contract was that they were the onlyone to submit a bid for the first procurement, then they were the only firm which wasresponsive to specifications during the rebid and therefore according to Thaiprocurement regulations, they automatically won the contract. The re-bid process wascarried 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 wascanceled because of delay in acquisition of the turbine-generator. A separate contract was given to Phoopakdee Civil Engineering I td. for 0.657 million Baht to construct the 
power house which is now complete. 

Socio-Economic Analysis 

The Nam Mae I[at 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 !o most of the
 
household.
 

This village is relatively prosperous because of the cross-ho) der trade with Burma. Thetambon includes about 750 households of which about 2(X) 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. Lcal artisans have
experience in working with brick and concrete and also hav.e experience with housewiring and motorcycle and appliance repair. Because of tie relative wealth of thevillagers 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 commercial shops will purchase refrigerators. 

The diesel generator has been in operation for several years. It was brought into thevillage by a private entrepreneur. It is operated from 7 to 10 pi each (lay by an 
operator who had previous experience with generators in Burnma. A total of 260households are connected. The tariff is 40 Baht per month for a 15 watt fluorescent 

RC(i/ilagler, iRailly, 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 generator operator and his assistant. Housewiring 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 about35 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 majorbreakdown. In additi,n to the large generator, there are several smaller Hondagenerators used by households. One of these was observed in use at a house
construction site to power a hand-held planar. 

RC/llagler, hailly, Inc. 
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SITE SUMMARY 

NAM MAE HAT 

Physical Data: 

1. Location 
K.A. Wiang Haeng 

2. 	 Status C. Chiang Mai
Isolated (grid connected)3. Catchment Area, km2 754. Net Head, m 

5. Design Discharge, m3/s 	
160 
0.68

6. Installed Capacity, kW 2 x 4097. Dependable Capacity, kW 636 [407]8. Annual Energy, GWh/y 67.95 [2.84]9. Transmission Line, kin 27.0
10. Access Road, km 2.0 

Socio-Econornic Data: 

I. No. of Villages Served 72. No. of Households Served 1,122
3. No. of People Served 5,670
4. Population Growth Rate, % 	 3.75. Annual HouecWd Income, B/y 47,7376. Principal Econocic Activity Agriculture, 80% 

Financdal Economic Data: $ U.S. (1000's) 

1. Civil Works and Powerhouse Costs 682 [655]2. Transmission Line Costs 400 [319]3. Electromechanical Costs 657 [730]
4. Admin. & Design 4245. Total System 2,163 [2,128]6. Cost per kW Installed $2,644 [2,60-Z, 

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

RCG/llagler, lBailly, Inc. 
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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 thc 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 headiace 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/lagler, Bailly, Inc. 
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Exhibit C.15 Khlong Lam Plok Weir and Intake 

pr9 

Exhibit C.16 Khlong Lain Plok Headrace 

Rry 

RCG/flagler, flailly, Inc. 
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Exhibit C.17 
Khlong Lam 
Plok Forebay 

r71
 

Exhibit C.18 
Khlong Lam 
Plok Sand 
Sluice 

RCI/lagler, IWilly, Inc. 
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inspection, we found the shotcrete 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 )e well stabilized. 

(d) Penstock (see -xhibitC. 19) 

The penstock aplpea red to be close to completion. 

(e) Powerhouse (see Ilxhibit ('.20) 

The p)owerhouse excavation was just recently completed. Since the base 
is rock, extensive blasting was require(]. 

() Tailrace 

No work m the tailrace had been done. 

(g) Access Roalds 

The acccss road was completed and is in good condition. 

Environmental Imal)act: 

Flow reduction in the stream ,iIl he approximaitely 3(01. under average stream flow
conditions anni at Ill:txutiinpower plant opcratiom. Ihowever, about 4(.,0 of the time,
the streat willI entirely (livcred bcca,,e ()I low flow. 'ihis should not ha,ve a major

impalct since there is little wildiife md tnc p iplc in the trea.t
 

One qucstion which remainis I.nwc"Adved is ,edincitatiin. ('ertainlv duirin, the 
construction phase there will he , (liueilt problems, particularly in tie streamIbelow
the wcir where it should have no imn)act m the pover plant itself. Ihowcver, it is
difficult to forecast what the sediment load iight he upstream of tihe weir. It will be
important to kee I) settlers fromi moving into the catchinent area for agriculture. Since 
this is a park area this should not be a )roblemil. 

Procuremnenlg: 

'The bid a tim unenlcnis f (r civil w irks, I .-M equipment and transmission line were
released by NI LA in April of 1Q84. 'he transmission line bids were opened in August of1985 with Mly two firmls submittinp t)ro()sals. The winner was I-Tah FLnginecring
which agrccd t) build the 2.A km oft 13 kV line fo(r 1.1milliom Tlahlt. 

( 'ivil ovrkls bids wrce aklm open.1ed in Allust of 1985 with four firms uhibiiitting 
ptopmsals. 'lhe- willlel w; s looan,,hakarn Sl ta, l'ant, lt (. which l)ip)oed bu|ilding tiecivil w()rk, in 3W)(lay" for a cost)f 18.53 million lBahit beginning September 30, 1Q85, 

ro' ( /i galer, Ilslts,, Im 



C.30 
FIELD VISITS 


Exhibit C.19 Khlong Lam Plok Penstock 

will, r " 4r,- " . 

- - a 

- -
.,-
 -


Exhibit C.20 Khlong Lam Plok Powerhouse Excavation 
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Because of rain and Royal Forestry Department problems, the civil works contractorhas 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 bidderresponded initially, the bid was catnceled in June 1986. It was rebid and -,gain only onebidder 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.LIyne & Bowler had a bid of 29.2 million Balht and won tie competition. The otherfirm protested, charging that NI LA did not assess tie bids properly byrnot removing theimport (Irties. Siice a large fraction fthe other firm's equ ipmer", ptckage wasimported, the druties were higher thereby raising the price. In addition the other firm was proposiig a "new technology" for speed control which wits not required by the NE-A 
specifications. llpon further close examination Dv All) and NI'A, tie Lavne & Bowler
bid was still the lowest with or witholut the duties and t.Lxes. 

SoCio- I,' l)ific Ana sis 

The electrified villagqe otf Han 'onmg Nmi localed abott I kilometer from [tic site is 
predomiatelv Muslim and relatively prosperotus. The villagers grow rubber trees andtoia lesse r extel, rice antI fruit trees. 'hev are relatively wealthy. MNost households
 
)wn a m)totrcycle.
 

Abotut 9)t the 72 households are cmnected to the grit]. Althotugh the lines onlyreached the village about one ye'ar ago, the 'fillag.ers wcre lamiliar with electricity fromits use in a ills, e 5 km away. Alsko, the PlFA talked wkith tile villagers about the uise ofelectricity p~rior to stringingi the liies to the villa e. The villagers kkere riot involved instringing lines but three of the vrillagers ,r trained by iIA to do the house wiring. 

The village supply is a l)w voltage sir ile phae distribtitiorn. As a resultl, puwer otutagesoccur 3 od) .i t es a mnmth although the period of olutage is at [liost o le night. PIA has
plans to uJ)grade the main distribution line to 33 kV. 

I((//IAgler, Itailly, Inc 
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SITr1E SUMMARY 

KHLONG LAM PLOK 

Physical Data: 

1. Location A. Yan Ta Khao 
2. Status 2. SatusGrid C. Trangconnected 
3. Catchment Area, km2 20 
4. Net I lead, in 176.4 

5. Design l)ischarge, m3/s 0.90
6. Installed Capacity, kW 2 x 590
7. l)eperldaic Capacity, kW 
8. AnnuLd l'ncrjy, GWh/y 

253 
7.761 [7.111]

9. 'Transmissio;, Line, km 1.32 
10. Access Road, km 1.35 

Socio-Econ,,mmic Dlata: 

1. No. of /iilages Served 10
2. No. of Households Served 1,037
3. No. a People Served 6,041
4. Pojjation (ro'th Rate, §.
5. Anrual ilhousehold Income, B/y 

5.5 
64,7846. Pri' .cip onll'comic Activity Rulber & Rice 

Financial lEconomic Data: IU.S. $ (1000's) 

1. ivil Wo)rks and I'( )crh ('ostsme 784
2. Transmission l.i oc ( "',ts 22 [17]
3. Flectromechanical Costs 989 [844]
4. Admin. & l)ciygn 458
5. Total System 2,253 12,103]
6. Cost per kW iw;alled $1,909 11.7791 
Note: Numbers in brackets were provided in May 1987 but revised in November 1987. 

KUC/IIagJer, Ilailly, Inc. 
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KHLONG DUSON 

Site Characteristics: 

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

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

Construction Progress to Date: 

The site is only ahoL, 10 to 15( complete and was .mly started in February of 1987 (seeExhibit C.21). Civil works are schrcdulcd for completion in May or June 1988 withoperation to begin in December of the same year. No concrete work has been done btthe area for the po)wer house, penstock an(1 access road has bcen cleared. No road yetexists up to the inlet or headrace but excavation and road building continue despite
imminent rains. 

Little additional itlformation can he given regarding the site since it is in the early
stages of colI:truction. (One can speculate on 
possible futuirc problems that could occur.The area around the p()werho)use for example, will need to be stabilized, perhaps withshotcrctc, wiich is quite popular in 'Thailand (see Exhibit C.22). If this is not done,area around th structure may rapidly fill in with sediment. Construction so far has
been carried oit bv Boon Salha Karusang C'o. 1.td., of langkok.
 

Scv'erl uc,'Ct' dign :ipproaches will he featured at this site. The design evoltion ofinlet, weir, flow contiol structures and the tise of steel pipe for the headrace, showsignificant 1)rg, css in the cngincering design of rninihydro plants since Nam Mae I lat. 

En ironmentai Issues: 

A bascline envirmi;wntal survey should also have been taken '-,,fore excavation began.'his wonul have giv, planners an indication of how the enviror ment has beenaffected. Ih)wcvcr, .here are no people living close to the plant ,'or is there any
agriculture close by. Tlhe plant is being constructed in a virgin for-,,t area. 

R(C(i/Ilola er, Jaly, Inc 
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Exhibit C.21 Khlong Duson Access Road 

Exhibit C.22 Khlong Duson Powerhouse Site 

RCO/flgler, lhilly, Inc 
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Socio-Economic Analysis 

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

Prior to the extension of the grid to the village, there were four house holds which usedIlonda generators. Now about 120 of the 174 households in the village are hooked tothe grid. Those which are not connected tend to be located far from the grid. The largepercentage of hookups is attributed to the fact that these "our households had
demonstrated the benefits of electricity. 
 The average cost for a hookup was about 1500Baht. I louse wiring was done by seven villagers who were trained byv PIA. 
Most houses have a rice cooker in addition t)fluorescent lighting and abut 40 houseshave televisions. Prior to elect rificat ion there were 12 hattery-powered televisions, huttle batteries had to he take[i to the amph(c to be charged. There are no commercialestablis' ments with refrigiratirs, but 8 households use then. The average monthlycharge per house;hold is aho~u t 55 .lit. The 1W V)lunme users spend ,bout 12 Blaht per
nionth. 

The productive uses o' electricity in this village were the most extensive observed.There are atbout 10 electric water punips used for punpinlg water from open wells forsmall scale irrigation and househo(ld uses. Previou,;ly tile vilIage used a gasoline pump
for small scale irrigation, 
 file purnp was an award from the government. There are fourshops in the village for repairing vehicles which recently opened and which use electricarc welding. There is a rice mill which recently replaced its old diesel engine with anelectric motor. There are also some electric pIaners used for house const ruction an(J
the local harbers 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 t(ft like to borrow nney and do n )t have access to a Bank forAgriculture and ('ooiperatives. 'lThey paid cash fir their appliances which werepurchased in the town rather than from salesman in the village. 
 Many of the villagers
arc familiar with cncrete w rk and woo(d woirk. At present about 20 are employed atthe NI .Aconstructiin as carpeliters and receive I() Balit per (lay. 
The village leader is extremely dvam ic and lha.1 received reci,,nitin 1i()rhisachievements for the last 3 years. Amrng tle recent dcvelhpment efforts are theinstallation of n odern toilets, locally constructed filters for drinking water, andcornst ruction of a village iieeting hill. h'lie village has a PA system fo)r o rganizing smallevents. I lrger activities are arranged by a vote in the village council. 

R('O/Ilglcr, Ilmilly, Inc. 
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SITE SUMMARY 

KHLONG DUSON 

Physical Data: 

1. Location A. Khuan Ka Long 
C. Satun2. Status Grid connected

3. Catchment Area, km2 29
4. Net Head, m 75.4
5. Design Discharge, m3/s 1.20 
6. Installed Capacity, kW 2 x 340
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 )ata: 

1. No. of Villages Served 8
2. No. of louseholds Served 991
3. No. of People Served 6,386
4. Population Growth Rate, % 
5. Annual lhousehold Income, 13/y 41,782
6. Principal Economic Activity Agriculture, 94% 

Financial Economic Data: U.S. $ (1000's) 

1. Civil Works an(d Powerhouse Costs 918 
2. Transmission line Costs 27
3. Electromechanical Costs 490 [588]
4. Admin. & Design 142
5. Total System 1,577 [1,675]
6. Cost per kW Installed $2,319 [2,464] 

Note: Numbers in brackets were produced in May 1987 an(d subsequentfy revised in 
November 1987. 

RC(/Iagler, Badly, 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 farfrom 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 90 complete missing only the power house and electromechanical
equipment. All civil work is scheduled to he finished early 1988. The upper portion ofthis project, weir, headrace and forebav had to be built without vehicle access.required a process similar to buihli ng the 

This 
vramiids in Egypt, backbreaking labor. Some 

component details are given belmv: 

(a) Intake (see Iixhibit ('.23) 

The intake was c mnpleted within the last tmo1th (June). Its design was
unique, primarily an inlet set in bedrock at the side of the stream, without 
a we ir or spillw)vay traversing the stream. 

(b) I leadrace (see Fxhibit (.2-1 ad C'.25) 

The headrace is co)plete. It is an clcvatcd steel pipe 55 cm in diameter.
In some areas, tihe concrete fLindations do n()t appear to be on solid
rock. In one case We t'(ld the co)ncrcte foundation rest iig on a large
boulder with a crack in !t. 

(c) Forebay (see tExhibit (.2 ) 

The forebay is completed. Finishing details do not appear to be as well
donoe as other plaints the tearn visited. In part, this may be due to the fact
that no access road to this area exists, making it diffictilt to carry out
construction work which deplends oi mobile cl,ipient. 

(d) Penstock (see Exhibit C'.27 amd ('.28) 

The peinstock is compl)leted except for the last sctiom before the
powerhouse. Along its lower portion, the penstock is located in a large
trench which mnlay halve er)simi prblems. We were t(ld that there will 
provisions for drainage and the walls covered with shotcrete (much of thishas apparently been dmie ,as of November 1987. 

RCGi/llaglcr, llaily, Inc. 
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Exhibit C.23 
Huai Lam Sin 
Intake 

Exhibit C.24
 
Huai Lam Sin
 
Headrace 
Support 

RC('f/Iagtler. I14dly, Inc. 



C.39 FIELD VISITS 

Exhibit C.25 Huai Lam Sin Headrace Section 

r .l
 

Pt 

.,e4 

A. 

Exhibit C.26 Huai Lain Sin Forebay 

- .Inc u* 
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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. TwoPelton 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 theforebay, headrace and inlet without an access road since it was built
without one. The cost for such a road might be prohibitive since it will 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 vegetationreestablishes itself. No environmental survey was made prior to starting this project. 

Procurement: 

Specifications and drawings for the civil works and transmission line were submitted toAID 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 fourfirms submitting proposals. Summit Grade Part. Ltd. was the winner with a bid of 9.47million Baht and a construction period of 10 months beginning September 30, 1985.Actual field work begun in January 1986. U-TAI-I Engineering won the contract tobuild the transmission line at a cost of 0.445 million Baht in November 1985. 

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

RCO/Illagler, Bailly, Inc. 



C.42 
FIELD VISITS 

Socio-Economic Analysis 

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

This village, as well as the othei villages in the mini-hydro service area, is electrified. Ithas had electricity for three years. Initially about half of the households wereconnected and now 116 of the 126 households are connected. Those riot connectedtend 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 ro villages in the area which were previously electrified and no generators in the village. Also theconnection charge was relatively high, 20(X) to 30(0) Baht including house wiring. I herewas some demonstration effect since a few villagers owned battery-powered televisions.At present most households have rice cookers and about 20 have televisions. Also fourestablishments own refrigerators and pay about 200 Blaht per mnonth. 

The villagers do not like to borrow, in part because they previomsly had a badexperience with a bank foreclosure. They buy their appliances in I'atalun rather thanfrom the salesman who corme t( the 1fage. Ile average household 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 andcleaning up the area around the school arid the wat. The village also has a cooperativegrocery 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/Ilagler, Badly, Inc. 



C.43 
FIELD VISITS 

SITE SUMMARY 

HUAI IAM SIN 

Physical Data: 

1. Location A. Kong Rha 
C. Phathahung2. Status Grid connected 

3. Catchment Area, km2 17.0 
4. Net elead, m 238.0 
5. Design )ischarge, m3/s 0.53 
(). Installed Capacity, kW 2,(479
7. Dependable (Capacity,kW 370 
8. Annual lncrgy, (;VII/y 6.115 [7.735]
9. Transm ission Line, km 1.58 
10. Access Road, km 1.98 

Socio-lcn'. nmc Data: 

1. No. oI Villaiges Served I0
2. No. off 1oLsehold, Served 1,053
3. No of lcoplJe Served 5,902 
4. Population (irowth Rate, %,', 1.6 
5. ,/\nialllIuischold Income, l/y 36,215
6. Princi)al Economic Activity Rice & Rubber 

F"in'ncial i-:colomic Data: U.S. $ (10)O's) 

1. Civil Work alld P)owc li ISe Costs 432 [402)
2. Transmission Linc ('osts 22 126]
3. 1Electromechanical ('osts 614 17,71
4. Admin. & I)esi.n 457 
5. 'Total System 1,525 11,082]
0. C'ost per kW Installed $1,588 11,7561 

Note: Numbers in brackets were provided May 1987 and revied in November 1987. 

RCO/litagler, l lly, Inc. 



C.44 
FIELD VISITS 

Ban Kurn Pong 

The village of Ban Kurn Pong, northeast of Chiang Mai, is one of the sites in which amicrohydro facility was built as part of the NonConventional Renewahle ['nergyProject. i'he method of organization for this facility presents aIn interesting

col rite rt)oit to thal,. ( the niini-hydro sites.
 

The facility was c(,nstructcd ab it three years ago. Prio)r to that there were 4 householdgenerators (3 - IkV and I - 4k\V) being used ill the village. The village sought away toelectrify aid look,d at other local s.sterns, but then NIFA came t) the village offeririg to 
set up a ruicrohydro facility. 

Ihe villagers participated in the constructionl of the weir aid po(werhtl),,c unler thedirection 4 an N1A engineer. irey tundcrtok the land clearin,, marth work and formw=rk. Thev alm) cut the ipoe]totu)e used for ditribution, ant! assistel the N[/Aengineer in ,triuei ii the l ,,cr i4ne,. 'ehrcee i the villapers were trained by NI-IA inhow to wire h(mses. Iiach fhirrily crint ibted (me lierson who wa-s assigned to a specifictask. Ilie labr "as acco umted is an i-kind pamen t rom the villages which wasconverted to a 4MY ownevrhii ) in the facility. Ii:': total cost Aor the lacility was on theorder of 3 Wmillio iaht or about Wd()00 per installed kilowatt. ()ce the second turbineis instal!,:d tim cost will fall to ab )tr, $41M)1 1)er installed k '.
 

The village maintaill tile systcr, c dlects tire tarif and 
 hares, the prfits with the NEAthriph a c()peralivc headed hy villagevh healmran. 'l'he ,vstern is inaintained bythree co'mul itte1,, which are rc,ponsible f(r the water diversion ,svteni, tie distribtitionpoles, and tile (litribrtion lies,. TIhe Ni-A.,\ am c,, rc,, )n,,ii iliti, for maiitenacice If
the equtiiplmenit. 

The sys cill is (qprated betwecen 4pi aid 7;li11ml cekday, aid 2.4 hlors per day on tieweekend. 'lhe facility ik()craltd hw one villager who) is laid )(1) BIaht per tim ih. thereare two) reservc oper;,lrs. All three were trained Iv the NlA.,\. "'hc secretary ()f thecoopcrative rcalo, tie rtccr,,. Another villagcr i%rcsp ,,iblc fr co)llectirgt the montihly
bills. 

The hooikup rate for the 168 hous hols has reached "2';. The house, 11)t cmtir)r'cdtelare lhose which were iot forerly included in the lmoindary of tile village, but low tihelines are bein, exticl(Il to reach these homse. [he villaget are charged 2 liaht perkilowatl-hmr with a minimuum if 10 lhlta irirllh. lihe irokuip chary included 3(W)Bahl fo r tIhe meter. 'hc totl chiar'c for to outllets anti tihe meter was about ,( ) Balit. 
The uit was deg r),cd fir 40)kW, but at pie,,cit only ome io the to 20kW unit,, hasbeen installe . I )1iribiltion isby 3.> kV, 3 phase lines. 'Iwo phasesc are ',ctll to eachhousing cluster ini inu 1h)nt to balancc thl, IO)a.lie facility ,crve, Ithe village alld aIluishroo) rowingpr) hani)j(ct neallr)y, ale underway to exten tei linie to an 
adjoining village. 

R(i/llggler, I6111y In( 



C.45 
FIELD VISITS 

Conclusions from Socio-Econoirnc Survey 

1. PEA 	rarely provides any promotional support or advice to the villages on 
the u.Se (,f electricity, but does provide training in housewiring. 

2. The PE£'A system (doesnot use local inputs of any kind for installing the lines.The fabrication of the poles, th,: land clearing and the ci ection are all
performed hy PFl', personnel although most villagers have ,mne ot the 
necessar-y skills. 

3. 	 The hasic consideration in connecting a house to the gid is the cost for

coir;cction relative to household Aealth. Typical costs fo'r ho 
 ,kups 	range
from 	 15W Baht to 250() Ilahit wkith an additional cost o" a fc, hun1ldred alWht 
for houscvirin',. 

4. 	 The rate of cmvl'ction is al,, inilierced prminlit, to oiher villages whichhave 	electricity. le dciminstrat,,n ettect isvery strt n, in this regard. 

5. 	 Ihe selectiMon A appliaces is very toch tderermiid hvwhat oher
itoslhlds iii a clue,,tcr piurhase. 1:r eaminiple, the decision n ,hether to
"se 20 ( 40 Vi.rtt ltrecen blhs is generally bNo;d on Mlhat the leader of 
the village mi t a hmusiri, ci, ster p rchtcs. 

t. 	 There does not appcat t,, be a ver, god tniderstanidig, od electricity
conom~nics. Not turrising!ly, there is little avarenes ()I the tunit charge

%hile there is an awarmness ilkthev,,ra c pt 	per itinoth. More disturbing
is the lack )Inrldcrtalkfill, bet\%cer the suie o( allliances and resulting
electric v consumption nin(! char),e,. 

7. 	 Most oW the pronotunial actieties "ih regard, to the use of electricity in the
home, commercial establishmuent and itidnstiv is utidertaken by the private
sector, especially the supplicrs (I clctrical applancc,, and equipmietnt. 

R(CO/Hootjgoi 11411aY,Io 



APPENDIX I): PROJECI (COSTSAND COST ESTINIATINC PROCFI)URES 

Cost I'Stimrliing 

Tile estinllate,, lr c( htruction of the mini-hydro sites were hr )ke n down into four
 
categorics:
 

1. ('ivil Wiork,, v, ich incltudes p( )owcrh(ouse, ntmlloilizati and site preparation 

2. ,", cha cnhal ar! elettrical cqli[)nlent includini, ,.'c th,,:r 

3. 'Iranrr1Nmis iii lirc:' 

4. "leigrn ijid aJr1nrjiiqrl lalr 

The lattcr 'a.l\ CILiud as o; the total if the first three. Iln addition, 2W ; ofthe 
k l)ritl; ration)civil %,,I[k \, ,t (c.\cI;\ if +il Was ahld fthr cntractor's indirect Costs.('otinypnc, alhmjn.ii vl.-vt.e AV1 ; fin civil rk., A'; fo)r tMcihaNica'l arid clctrical

Ct liipic.lit aid K ' ,i + lifll "'miriivx l line.. I il ,.e colntill'Cl'ie C [' adI'justed 1h r theCLoirdr a! til t."i NHW -2(' ;,,,mirk, 1W' elctrical' Hr c-AVl ; -2(; I rIndiiiecharnical Cqullill> kluc ;. art aind i ; irrnt ,,,illn lilies, it ).lidir !, Mn t sit,. 'the
(hc:ipll arnd alni illa', ti , ' a;t. aJ; t [tV,, t' 1red"cM h4tt; . 1 W'I ;i, pc.i ing, on 
til e."1C. 

'ihe first liiillint t I.to t rl tc y,'( laHli'l, 
sn'Lc-c stic ;ilw.,df te c ts for cWvi x irks and


1%"t8 l,-Iin Il1( \
IM) IIll iiLt.'lr,',,le laet dftle OU t , f()r clctirical aiti
 mec lli'il ai 'ttiijrie , lir e leiilt ',',a a seio s t"Iatrat,",elitte for Namill ae Ilit fin(.
I luai I .11 S i sns.i'i't ov).tstiI ICafo)r MKhilor.m irni 11 k ;a ,hirwn ill ['xhihit
I).] Part (I thiOu, t,. an h c-,, hvto lr le ite t."ler'laytrin tie toine (if tile Ctitliates
ti I-M 
rothilllt ii and a t; in (dl,ni the 

ite receipt (f hid" for the I eluipirinit which Co .eret a;a)crii)i(4 initidti nt 
.t In ;adliti ul little vki5 ktio ,,,l "Iithitthi. 5i/. ofeqiuip i e t and thcr. ,,r l ,,iii ill tire liriijc-t ,copc for toreiyn lechnical

asstancc iii thI , area. Ihe detailel p0i.,ical ,1peificatiln prepare Id hy '[AMci ,tiillsit,.l i;kr l, lead to a higlher c 'ot of tire F'-M te(.ltiilrieCIlt then ','onld have 
aplieid it per Hrrianrce vpcw f iatiimihsaid Ween "Novid. 

in thconcdm rIo(iin o ite,, the Ihaiciiritltarr, ard NA hcrielite., frIntarlier
experierl(c and!frol the rel;itivelv siror tiperiod of tirl bet.ween tl (-timlt' andreceriln bid", A" .1 eOsrlt, tile tilll;t., total c rit-v cc rc ,ia:kablclose to.tfile Ihls.
Agail there was a tel.d rc-", if)i rirrik stinte11." ir oni, o)f tire I -, Clqiptirent halancedhI ,'rtiii.rt( .,ot the (dtsof tivl \, anid tran lli, lllsohue c iNsrult'lio n It
apIpears that the tirlrnatni iof1i"A1 adrid NA has1 hCCe ICIu0c,,t Ilini itupro,,ing
the.ir cot st",illtlatirg .bility. 

141'i11/!I rjI1,Latiy,In, 
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Original iid Fllal ('ost 1:sinIiagts for the First Six Sites 

('C.hi F.thilatc for lirmS ixl'rojccls
(rlilht)df
 

Nan Mat Iluai L.am Kilong Klilo g Nim KIlia Laim Pralat SillI Inmi Po1 l)uson N..in Plernal 

Currcnt Eslinialc
Civil Works and 1(,,7 lI.w 2o,0a 7.93.4 21.4 

tO''r I hlloc
 

"ransnivoionl [il:C s. 1 (.7 0.4 0.7 1.0
 

Turbinc (;cncrhmor 18.0 18.8 21.5 15.0b 22.0 
 26.4b
 

Admin. & I)csign 11.8 11.7 11.7 3.6 3.7 3.5 

O()l's IlthII/kW 6.4 44.8 45.4 o2.8 40.7 44.4 

()riginal 1:,1irn, 1c
Civil Wm{)kn and
 

hmcr Ihopc 171) 18.3 49.5 23.6 22') 
 8.2 

Trll'rIIIV.I( I 11.4 2.5 0.9 0.3 2 8
 

"Ilrliliw( tifwl.lItl 
 s. 7.1 11.6 11.0 14.) 21.7 

Admilin. ,c )c ,n c7.4 0.3c 8.4c
 

IMO\' iht,/k\V 44.') 29.2 52.5 62.2 44.0 45.0 

"; d ficrri' 4,4'; 541';, - 14;, IU; 5";. "1% 

IFor ith clitw41% Ow ,1til ntli,, iti)n I98., , olha k'isc allcosts arc based on\,r'c cstinl,:tcd fr 
bids J .n,-t' Iflicr'c I' ' l 

h, I Ah11 ,11cnt IIkI .1 1 c It a 



D.3 
PROJECT COSTS AND COST ESTIMATING PROCEDURES 

Operating and Maintenance Costs 

The annual operating and maintenance costs for the mini-hydro facilities wereestimated using 1%of tie costs for civil works and 1.5% of the electrical andmechanical cquipmenlt. 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 lat 578 

Iluai l;rm Sin 353 

Khlong I. m Plok 586 

Khlong l)uson 432 

Nam Kha MUn 503 

ILainra l'erng 410 

Assuming a round-the-cl)ck operati()ni Involving nine full-time operators at a cost of2,2(X) Ilaht/month I)er operator, tile ainnatl cost just for labor would be about 250thousarJ Ilaht/year. "'Ihis am(Uit d()Cs n()t appear to have been properly accountedfor. It sh uld he (Ic:d to the costs for repair and maintenance of the civil works,equipment, tranihsion lines ad tlie acccss and O&M roads for which the estimates inIExhibit 1).2 appear reasonable. Thus the total O&M co,,t,, ire m !e . orde! (f 750thousand ialit per year. Since a large portion of the costs are associated with the civilworks and the ope rati n),there w)o(ld be a relatively small variation in these cost with 
the capacity of the facility. 

Costs of (oimilptin g Facilities 

ihe units costs ised to estimate the costs for alternative generating systems were asshown in E-xhihit 1).3. 'I]iere are some problems with these costs. The capital costs forthe diesel ,'e ierato rs appear to be h,)w by about 15-251, ut lhe generators wereoversized by a factor of 2(Xf, to 3(XV2 (see discussio n ll Appendix (;). For the dieselgencrators aiuily/e(l for the first round of sites, the estimated fuel costs variedconsiderably without any clear rationale. In the secomd round ()f sites, the )roblem wascorrected by using a coistarit fuel co st per kwh for all the sites. ll costs fIr fuel werereas)nal)le at thC time the cstiniates wec prepared hill now they are abmt (I)ijl)le thecurrent econiiic (),t or )()th the diesel leelrtors an(l the oil-tired thermnal plants. 

(ei/lIngrr. Bly, Int l 



PROJECT COSTS AND COST ESTIMATING PROCEDURES D
 

The downward adjustment in fuel prices would clearly favor these two alternatives
relative to the mini-hydro. 

Exhibit D.3 

Economic Costs for Alternative Generating Systems 

Diesel Generator
 

Capital Cost 

(000's Baht/kw)
 

0 & M C st 
(000's Baht/kW/year)
 

5 year renewal cost 

(000's Baht/kW)
 

Fuel Cost - Phase I
(Baht/kWh)

- Phase II 

Grid Extension
 

Transmission Line
 

Capital Cost 
 - Phase I 

(000's Baht/km)
 

- Phase TI 


0 & M cost - Phase I 

(000's Baht/km/year)
 

- Phase II 


Power Generation
 

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 I 
(Baht/kWh) 

- Phase II 

9.500
 

0.285
 

4.27­

1.9-9.2
 

2.3
 

370.0
 

336.5
 

2.368
 

3.365
 

12.144
 

15.370
 

0.304
 

0.384
 

0.965
 

0.962
 

Based on numt)rs uwd in previous economic evaluations 
rather than the a.&.umcd value4 pre-.ented in the following text. 

RCO/l1aglcr, lWilly, Int 



APPENDIX E: SITE SELECTION PROCEDURE 

The Proposed Site Selection Model 

The site selection model proposed in the PP involved a three stage process: preliminaryscreening, feasibility analysis, and final engineering. The goal of this model was toprovide a procedure which was sinple and robust so that it would make efficient use oftechnical personnel to analyze a large niumlber of :,ites with different conditions. Thepreliminary screening was to involve a desktop study of alternative sites to determinewhether they met specific criteria. hliese criteria included: 

1. 	Appro)priateness ot micro or mini hydro, i.e. capacity (ofIWO( kw or less 
based on tile estimated head. 

2. 	 For mini-hydro, the plssibilitv of connectlon to the grid especially for tile 
larger units. 

3. 	 For micro-hydro a tdF)r mini-hvdro n()t c(nnected to the grid, sufficient 
population within the anticipated service area. 

4. 	 The existciice 4o diesel gencerating sets within the service area which could
 
be replaced by the hydro facility.
 

The desktop study wi)uhl make use (iftopol()gical maps and local census data regarding
popi lation and c(mnmercial activities. Criteria # 1 and #3 would be used to accept orreject 	sites whereas ilie iher two criteria would e Lised to set priorities for those sites
 
which were not rejected.
 

A subset of the ,ites which passed the preliminary screening would then be subjected tofield studies to determine tihe technical feasibility of these sites. The size of this subsetwould be based (i the budget 'rdevelopment )fsites atl the expected rejection rate

for the sites to be studied.
 

The 	fiehi sit'dies would include both physical and social surveys. They would precededby a review of the available data on the rainfall and hydrologic.'d conditions in tile areaof tile sites and of the results from previous socio)-econoimic surveys inlthese areas. Thecontr(l and use of the land at the site would then be determined along with tiemechanisms for acquiring the rights to devel)p tile site for hydro-electric powr
generation. 

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

RC(G/Ilaglkr, tailly, Inc. 



E.2 
SITE SELECTION PROCEDURE 


a field survey team would be brought the site to perform simple topological, geologicaland hydrological surveys. The principal data collected would be: 

a. 1he stream flow for average, flood and drought conditions usinlg physicalmeasurements of the stream bed, observations on stream velocity, rain 
gauge data and the recollection of villagers. 

b. Tle actual head for different locations of the diversion and the power house. 
c. Soil corldititms at tile l)catio o)f the p)()oed 

using surface ()bservatin and test pits. 
ieadrace and p()wer station 

d. Potential f()r s)i Cr)(si()n halong the access road, headrace and penstock
based on to)p)hiy 1ar1d pro)p)sed construction. 

e. Stream bed had. 

f. Present use of stream H)w between pro)posed diversi)n amd tail race. 
The results of these survevs w)uld be used to compute tile power generation potentialof the site. At the same ti rlme, a village survey w()Uld be Collducted to collect data on tieexpected demrlanid in the service area. 'I'his survey wt]Uld involve an initial interviewwith a village leader (phi vahan, tcacher, etc.) ftllowed by a l)IsehldiC survey to begiven to a1ran(lom sample of households with a total sample size o)f 5o- % of thevillage. Although sample questionnaires were preseted inl the PP!)the use )fthe dataobtained from the utestit nnaires results f tr determining demand was not set out in thepaper. The basis for tile demand analysis, was presented in vague te rms in tle 1P1) (seeAppendix F). PP also incltuded sarmple ft rms to be ccomiipleted ispart of tile potwer 
calculaticls. 

The field surveys were metant to) c(ncldte with iarin amlyis of th iemost appro)priateorganizatiotnal structure for deveItprinent t)f tie site, the most efficient method forcontrolling power (listribl)tion anl tile )ro)er pricing policy to insure efficient use of tilesystem. lhowever, the objectives t)f aiid pro)cedures for this analysis were iresented in 
vague terms. 

If the field surveys confirmed that there was sufficient demand to)justify thedevelopment of the site and that tile site coul provide sufficient ptower to neet thisdemand without backup systems, then the final phase c)f the site selection prtocess, thefinas:,'ial/econornic analysis, would tbe perforned. This analysis woul dIetermine tieleast co..t generatioi alternative for the site and tile viability c)f that alternative giventhe prtpc sed tariff for re'sidential and commercial use. The least Cost analysis wo)ul bebased on a c)mparison of hydrc).)power, diesel generatit n and 8n exteiisini)f tile grid. 

RCO/ilagler, Ilailly, Inc. 



E.3 SITE SELECTION PROCEDURE 

A format for this comparison was presented in the 1P in the form of a worksheet and a 
fairly detailed set of costing assumptions including: 

a. 12% discount rate, 

b. Constant costs net of subsidies and tLxes, (for economic analysis) 

c. 30 year life fo r hvdro getnerati(l Systemin, 

d. Capital co ts icLIrred in the first year, 

e. Annual hvdro ()& ,.I ctt,, c niriputed a" 2"4 of capital costs, 

f. 225,)() l itht/krrr t()r 22 kV t11,tr but[tim , 

g. lransli.sul liI ( )( i d It (dClital c. ts, 

h. 24-hour P1m tcf, M iat vii l uc,.irich k%() diesel units, 

i. 450,j)X ) B ht to a t llcie >0O ['\1lit, 

j. Five ycal l ii.t) Ci,,cl.1'I, r .w111C1Ct l .1c c n: c ,)t of 2(o),( ) Blaht, 

k. )iesel unit a'11rotal ( )&NI." lul l1) 3,; ( Capital cl'tS, 

1. 24,50) Halit kW cuptil cot 1r rid Altcrlm-,ird 0."7 liaht/kWh 
generatimin co),t 1im) rild. 

in. 15(; N IX to ibC (Ifdi t l t in tiicH o',lOf I11l, ari 

n. 3Y% rate od Mlrccac iithe ical ct of tdiel fuel. 

The corilparisoli Ua's lcant to lbC ,'ed (I)nccmi (iliC c(,sIs and benefits, however, in
order to( sinplify the anlalyis, tIhc bcnelit idte was not omnuted anid the comparison
was limitend to the Costs. lhe CCMli oliriCCots were detcrmined by elimninatiing known 
taxes and suibsidis and, where appropliate, tv iilrdicig ishaidow price for labor. 

The arialys:s of financial viability wa:Is to tx.sirul1ir asI npririi s but iriclided debt
service calculations based )n "availaile tilrirCimrg". lhe iicormie flow was toi be
estinatcd from the deiand forecat and the iropsed tariff. 'lhc evaluation ot viability
was to be based oi the internal ralc ()Irtlin for the ict cash flotw wilth a hurdle ratc of 

If the hydro p vcr aliternative iricltroth critcria, economic least cost aiid financial
viability, hen the devchlpient of the sites would commence by identifying the
aplpropriate o'perating agency (iIA, NFA, tambonn or village organiatiol) and 
pirocceding to delailed design. 

W( ( /idLgh"r, I laiIIy, In, 



E.4 
SITE SELECTION PROCEDURE 

The First Round of Site Selection 

The first round of the site selection process was carried out as part of the preparation ofthe PP. A set of twenty-two sites were selected based on topological data from theNEA and the Thai Royal Forestry Department. These sites were then subjected to areview 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 who performed both
physical and sccio-economic surveys and prepared preliminary cost estimates. 
 Theseresults were then presented in the project paper in September 1982. The sixrecommended sites were Nam Mae l at, 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 siteinvestigations 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 andanother eight were eliminated as a result of the findings of the field reconnaissance,
four because of low discharge, poor water quality or unfavorable topography, two
because of constraints on land use and two because of high development costs. Of theremaining 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 poorwater quality) and two new sites Khlong lhim Plok and !luai Laim Sin. At this time thecapacity of the seven mini-hydro facilities were adjusted to reflect tie more accurate

data available form the field surveys.
 

The results of this least cost analysis are shown in Exhilbit E.I. Although four of theseven sites did not meet the least-cost criteria, two of these four, Nam Mae Chan Luangand Huai Mae Suk, had costs for hydro within the range of accuracy of the least costalternative. As a result of this analysis, I luai Mae Aep which had been earlierdowngraded from a 120 kW mini-hydrosite an 80 kW micro-hydro site was droppt-d.The Khlong Ta Riu site was marginal but was included in the subsequent financial 
analysi:;. 

In the final phase of site selection a financial analysis was performed this analysis wasperformed using thle USAID loan conditions and the "normal" loan condition of 10%interest, 7 year grace period, principal repayment over 22 years. The results of thisanalysis indicated that Nam Mae I lat was not financially viable and the Mae ChonLuang would be viable only if constructed with volunteer labor. lor Mae Suk, the
hydro and grid options are comparable. 

The seven sites were then subjected to an "economic" evaluation if the mini-hydro metthe least-cost criteria. The least cost analysis used several assumptions, only some of 
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Exhibit E.1 

Results First Round "Economic" Evaluation 

NPV of 

Site 
System Costs (10" 

Jldro Dies 
11hiat) 

(;rid 
Capacity 

(kW) 
Energy 

(G I/yrK) 
Distance to 
Grid (kin) 

Name Mac Hat 26.9 84.5 44.1 2 x 408 2.83 24 

Nam Mac Chon 12.3 12.4 11.7 1x 132 0.29 24 

Luang 

I luai Mac Suk 23.0 59.2 22.0 2 x 235 2.51 3 

1luai Mic Acp 23.3 21.3 19.4 2 x 40 0.27 16 

Khiong Ta Riu 48.6 131.6 43.6 4 x 357 6.20 0 

Khhong Lam Plok 45.1 l6.5 58.9 2 x 633 7.80 0 

I lai Lan Sin 20.4 124.7 49.6 2 x 371 6.12 0 
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which were consistent with those included in the Project Paper. A list of these 
assumptions isgiven: 

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 civilwork and the transmission line, 0.77 for the electromechanical systems, 0.79for 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 cost of expansion of grid capacity is 12,144 Baht per installed 
kW. 

5. 	 Cost for diesel fuel of 6 to 8.3 Blaht per ];ter depending on tile site. 

6. 	 Diesel fuel consumption 0.33 liters/kWh except at Mae Hat where

consumption is 0.79 liter/kWh and at Nam Mae Aep where consumption is
0.83 	litre/kWh (probably due to input errors). 

7. 	 Grid fuel consumption 0.965 Baht/kWh. 

8. 	 A 12% 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 LaiSim. 	 These two were selected for construction. In addition, for reasons that wereunrelated to financial concerns, Nam Mae lat wais also selected for construction. HuaiMae 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 receivedpreliminary study as part of efforts by NEA's Planning and Investigation Division, byTEAM consultants as part of a diesel replacement study for NEA, and by a Japanese­funded study undertaken by NEA. These studies plus additional desktop studiesperformed by NEA all contained preliminary estimates of the Benefit/Cost ratio for theprojects. I lowever, the basis for these ratios was not consistent since some were based 
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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 inthese analyses was the use of a 12% discount rate. The selection was made by choosingthose sites with a Benefit/Cost ratio greater than 1.0. The resulting set of 34 sites werethen 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. If not isolated, then close to the grid 

The seven sites with the highest priority were Lam Pra Plerng (Korat), Nam Kha Mun(Phitsanulok), Khlong )Lson (Satun), Iluai Mae Sot (Tak), Huai Nam Tap (Loei),Nam Mae Usu (Tak), and Mluai Mac Ping (Mae Ilongsorn). These seven sites werethen subjected to field surveys to collect both physical and socio-economic data. Thisinformation along with the preliminary cost estimates was used to eliminate three sites;lIuai Mae Ping because of sedimentation problems and low economic return, Nam MaeUsu because the generating capacity was too large (1.2 megawatts) and Ituai Nam Plianbecause it lacked water during 5 months of the year. The remaining sites were all gridconnected. The results of the economic evaluation for all sites except Ilaui Mac Ping
 
are shown in Exhibit E.2.
 

Nam Klia Mun and Khlong Dusonr were selected for implementation because they hadfavorable financial rates of return as well as the minimum economic cost. Despite aneconomic evaluation, lim ira Plerng had a very high financial rate of return, and wasincluded in the sites to be implemented. The economic evaluation for I luai Mae Sot was marginal as was its financial rate of return so it was excluded. I iii N:inn Tap wasnot the least cost, although within the margin of error, nut also had a marginal financialrate of return and was excluded. For Nam Mae Usu, the mini-hydro option was leastcost 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 Stanleyconsultants was completed and the POU had been effectively disbanded. In this round,three sites, suggested by NEA, were considered. These were subjected to the sitescreening process with the exception of the socio-economic survey. Two additional siteswere found to be economically and financially feasible, however, Icue to budgetlimitations only one was selected, Yam Muk which is also an isolated site. 

RC/l1agler, lailly, Inc. 



Results of Second Round 'Economic" Evaluation 

NPV of'Systeni (,osts (106 1ahl) (apacity Elnergy
Site Hvdro Diesel (;rid (kW)_ .
 

Lai Pra Plerng _8.( S().S 24.5 870 3.27 

Nam Kha Nlun 33.9 120.3 39.8 1034 5.25 

K hlong lI)uM ) 30.7 93.1 32.5 080 4.29 
11uai Mae Sot 22.2 69.5 22.6 660 3.01 

Slluai Nami Tap 15.8 53.1 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 cvolv,:f' ,ilce it %%asfirst proposed in the project paper.
The major force for change has been the fact that all of the sites are mini-hydro sitesand mos: of these arc to be grid connected. Since the physical su rvey t,,.'.h1iqeties and power calculations are relatively stand' -d and already well known to the Thai
engiineers, there appeairs to have been iittle change in these procedures. I h(wever, !he
economic analysis has evolved to include ,,Wtlsitivitv amalvs with respect to tile d isCOU ntrate. In the current NFA-frrndcd eftfor to develhp a National Mini-hydro Master' lan,the ecoom ic analvsis has been modified by IIjAM ti) contilrum to tihe stai,,ard 
lprocedires for yrid-cormiccted ;iji-h.tro proJccts (tm detail see Appendix ( ). 

The socio-ecouo;Hic ikur4CVa;)pars to have been simplified. Silnce dernind
lorecasinglha,, little pmrpnw fmr i'rid-coniecte.-d -,ies,the torecasts appear to have beel
drol)ped M the sccud romnd. Ih lelc NO.i.-cwrrorrc surx-cv scmtts 1 have been
discoitilued iMthe third rmnd. ( ;Pivei the reslts oi the reviev (dtlthite e 1ionselct
mCthlodolv proccs, includt'd im Appendices F,: ;ld If, it wfld aippear that anun1necessa.rily Complex arnd 1otter irrapprojuriatl methdlodgy ' gradually modified
and improved through the cllorts od N[A and the 'I1AM 

,as 
consultants. 
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APPENDIX F: I)EMANI) I'RE(ASTIN(; 

Many 0f the mini-hydro projects %kereinitially designed to provide electricity to severalun-electrilied villages in the viciity of the site. In addition, the majoritv of the sites 
were designed to be conllected to th: !,rid and to ,ell the 5.,rltus electricity to) PI A.Tlhe forecastrting )Iwl de n;rd fim clctricitV ik int .sse litl il the :as.ewiere tile

sites are connected to tile grid, ho we' er, it i, ,orih,,liie, ti rt.eviewk the demand
 
forecasting prce iure,,, h.ca 
 e they are uti,to :i f l 

I. NI A v.M, .icn n.tlii, :rw', tl\ o ft jtct,, 

alproach tot 

clectric +e' etnl ll, .111d
 

2. 1'SAII) rid NI \ fIr e." ltlatiniX .I ph.ised l the introduction of 

1.t11n' r. IT \ ii 1 Ite1 .11d ". h iulicil X til e\to.e.ln nl td tile grid. 

3- I IIettr t\.lIiiiiii'Cr+ .+I)o

ICH tJad tn t elCiIt', III tile r.."eIdtellaal 'l I , cC tec i[r, I,, ed
 

II, Pr( It iTIt f l taiit to clotileo rl;ittrat re of the 
Ith su 

lhii'e elrt.+' +'./.rtfite a ,til t~fiit',.+uc;tu' * ti ' (linPt in 'rc+t+ ftis, '. )l orllll 

"Ar i-id2, 1in c '.iili tr.I3. ti h w u;w mc ilikn temme~l"Fon.clr iti, '. tprimI . '1 "Ofl IL.C' l, r ..f.urIts, I art purch. lt,d e 

tiI oIsHi le frle t .',C tr I \Ii i,.hII itrt()dI i, ,oct bneft )I prer, vious dly
a1%;i kil itf Iehe nI lp ise lild. 

5. li food t',"w tll icratr again luu_ iu,i % hi ,,idlya nwC benefit 

Ini tile pltWit, 'sekt , tlt' ic i !%'ids l. er' C, iinrl:ir to the rsid-uit,;ol scvor for 
te .,,t, telw schooml and pllblic 'ath rilli' fl.c' IliIII[I o inllcrl;l 'c( :1r, tile 

elecir Icat' i% "Ned t irm Ai~dliphitiri)It tabluhririt." tefllireralti Ir/cmlrry foof food
alrd belrcte andi riK umkn II;hItInAh~ e t" pnt)fi la od p arnd iestam awus I m ittIingdcvtc, Oarlw.u, eat lsd,l r uIN "Ilo , icriy, lr rc vlIr %in auto,
IlIIotor)sclerepair sm,,ai~lto )(ier tO his ih ip I ,l tor mknof i l i'i!and hiniisc 

In tl, agu . iltir l ,set (I..,t tlltit ,,eil Iii r .wt1.ithe cli'tIr i is, tur i+y fndIlr rijill,'. IIIOtw rnal liridhlll ", 'Oie olet ti. lti I's l", prirar l., Ill hilt t;art .1I,lv, to lriitin ' bc
Jsecd to pro oidc M ail htu inwr fiu i"Im l t ull y, mctal w rkilli, Irnllrrr ;lto I illrl1 

R( 0/ll0gler ly, Ira' c 
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In order for these uses to be realizetl, the villager must first make the necessaryexpenditure for a hookup and for wiring tihe house hold or work place and must thenpurchase the appliariccs and equipment to use the electricity. ( )nce these expendituresare made then the level o' consumptiOn will be adju'ield at .cording to the villagers'
ability to pay. 'tlhereflre, the forecasting (if 'demandmust take into acc')unt the rate atwhich hikup,, v.i wcur, the time dclaV a,,)ciated with the capital investmnlt inappliaiiccs and cMlliirelit arid tIle r,,),rsniveic,,,s o demand to changes in priccs andincome. A s,ir11)pliticd frItlltin )f thi,, relationship woutld be: 

I .k I k(t. p1I )',. I) (' ( t'1 . t2, ) 

x%here I tiial ( i\1ntH )l d ele'ctricitv in ,.to r k 

II th I)('[(c ll.tit , (,f, l l , iw1,t11 .tO k which are connected 

)k " :1rt7i11"( )'tP "it".ilaI " "' 111 "' [ k .' ll"'ii tire"I b +l tiuibier of 

"k Ir r ;rt1ifl-t cd1 tJ'.1 Ill ttorI kl po.ll'r 


t peri[Od ot 111111.tt "( ik, r iltli
!4L r1111m iltmi l (If cicctrc itv N1tthe village 

ai cII1srire ( tHt ,ciIth, gtwN iii(IIll" r ti'l Incomre ()I the average 

P1I * tlitix p t a irll(tlf+I 

12. rcloii:xkc ir r,,t 1At clctritt .,,k .ubstitute o ()r( f energy 

> rt'xletr, l)pfikc ( c lrctr cal ;ippliances and ctqtiInierlicn.
 
JThis fofrniiullliIrn 'ferir ,trrtcs 
 the three Ltcl or, "Ohirc sijrltl be cmuNidlerel in
 
forccastin.' oI, ll.1(tf
 

L . ,'\r lc .alt r1.eusrl ii I1t1l pth ciitialln)lI er ()I t.+ anid their priojCcted 
rdite 10 p'rov. i, 

2. lhe 11ineC (mvr1.irrts .wloc,,e ith tite ralote" ) .it plarlC i, rersand tie pei ld ()%cr %ictal Irixetililt III t m)l mijiiie' d rahlc, 
arefli +'.1 d llI llHI 


3!, "I'll( cilfc 1,, (4 midl pr itct rl l ()i thr ir.%H. (d w c , it.,.I11( 1tv 
f11'-1 Im4o .tr ) .11du lerhar,c tot )tiplj .I c, .11rs c( tlrli.it 

ThC first factor i%yciec t'IltIre casIst<t) forct.it ',Ill( Cproe' titw. ofI ,roxthr
populationr muid cnnrmrriit. .I It% 

O n 
1tY amc regri~ti k pf cp.ired roxnr)-()%s l-i growth 
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rates of populatnl and cCmonmic activity are generally expressed as annual percentage 
increases. 

The time constants are particularly imnportant sirce the financial al(d econmic viabilityof rural electrification is very much determined hy the buildup in consumption in the
first few yea,s follow,,ing the clcctriication ol the s:rvice area. 

Ihe cffects of incomue and relative pricsc are usually Cxpressed i termh of elasticities ofdenlnd. A cmniton, though iot necesarily correct assumption is that these elasticitiesire c(onstant over a wide range ()f i cc:r)i
c and price levels. Inthe following paragraphs,
the variktl 1c tln(ds t) hlecastinrg ised in the project will be reviewed to determi ne 
hoV weil lheyV aCConllt f(ir thc,,e factor's. 

Met"hod l' PaperJr)posd(I ii luOjct't 

'The Projct Paer popqe,,,d a cueral firmulatiom for the growth in residential demanduing the ep",in',.ntall .rtox, lh a.,ciatt,_d with poplIlatioi and.1 a cistait elasticity withrespect to average ini)me,. lie l'recomiiended an elasticitv o)f 1.2. "I'h,. baseline
data on househol irlore)HC was tC cllcatced :as part (tfthe solciio-ccn(mnic survey.
'[lie rate (o W i incoml ,isto b tlac
)ro\'%t estiilhe !frtim smrces such as: 

''the J~iitlltial 1or expallsihl of the prilary ilcom c upccllation ill'he
villasge, knu.lcgc fIplalln,. ftiulle devchlpments in o)r neair the village
(new road, !rrit'ation illtprovClllcllts, et.), subjcctive inlpucs is furnished
by the villave Ficad and houseolds siir'cvdcd, and distiict data will be 
Iparticularlv relvtll. 

A sirmi;.,;IV vag)',e p)1 criptltiml %ias )rovidel her stillllill ii blillcss andyro ill 

2
public service c,.tiar l. '[he tirst Ye..ar's deiia il be estims t ated from specific,


albeit limited, data collCctCd in the s)cio-ccoimnoic survey, while the grow'th rates were
to be foi unlated sijcctivcly. Sanple b rccast ireparted in the 
'rject Paper annexesused a uniflrm sct (fasuINiitionis hr all sites except Mac I lai where hig~her initial rates
o)f conllunnlio crc uscd. 'The growth rat(s wcrc derived fromi a cinllaris(n (ofMIFAand 1'IA )th talcs I, averagc c(msinnpIirII pcr hookup. 'Ilie rclationship be-tweien cncgy dlemanid aiid capacily rt(-IlreIrnclltllls, derived tuill IiPA publicationan
fornilIlalion. ( Olarly,tile frcasting rnethi(thlelo ,,yplcenlcd in the i)ri)jcci paper wasrncait to( provide a ycncral allr mc .rat han a spcific procedure. As part of the 
project, the pro()jtC',, I'ld forccasling ,,pccialist applied three different methodoflogies tohire cast dimud nithe tle~c s 14 atchieving lmc comvergence ( f estimates. These 
iiethidsare des d tehl;iti(e o 

Prtiqre i aler Annear& M6 ru/Mine Itydsoelf(Im Polejn. %Wts?"3 1 
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Time Series Method 

The Time Series method was borrowed from IGAT which used the approach toestimate national demand. The formulation is a relatively simple one in whichregression analysis is used to derive the Constants for the following equation. 

S= a 	 +-a)t + a3 t2 

where 	E total demand in (Vh 

ai regreCssi(! CoCfficients 

t tie in vears 

This equation attempts IC)take iiitacconti two factors: 

1. the expaion1 in tile' id mnd ttu hi. numtber of hookups as a constant 
,lfl, lnoi t per ciar (;t -I 

2. an 111e'cic rl fato, w'Ilch is Ipproxinaied hy the square of the time 
fac tIr 	( -) 

The dernarrd was cCtorsepai ated iII (ive se1 Isfolhws: residential, small business,industrial, street limdtir, and other w.e,. licrhe c star ,tsfor tile cluatioi were tile same'isthose developed byALG\1 and these were applied to the actual energy consumptionfigures 	for 1983. D~emand was corniptCd Oll a 'rtovinciallevel and then allocated to tileservice area uliinI the p)crccttaye o hloslCholdso in that service area. 

The po"er requirelcnits ,erc dtecrIillc'l ;rssutllill, an initial lod factor (i11) whichincreases to W5; tisitig an eexrlpiall rate oI grth. lhe cquatiort used for thiscalculation is shiown below. The initial constant ;and the rate of increase weredletermincd hy using pro vincial comsta nts dr ivcl hy IF(.A'. 

LF' 	 0.8'( I I + I2 t 

Tiis frlet hod(olgy is clearly inappropriia te fo r o'mputing the demand in a newlyelectrified area. It ipnre's tle 11J1C corsta lts as,socilted withincreasing hoo kups andinvetrfiens intliurces in a ircwlv connected area. It also ignores the elasticitiesassociated with the per ca)ita (or pcr hotischold) inco c adid the relative prices ofalternative sources of energy. lhe projecti oll. produced by this rcthtlod sh(loverestilate delliald in Ilhe selvice area tice the equatior is derived froim data on
relatively nriture markets. 

RCO/Ifallier, Ieilly, Inc, 
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ARE.I Method 

The second method used to forecast the village demand was the same as had been usedto predict the demand in the first phase of the Accelerated Rural Electrification Projectof PEA, which was directed at electrifying villages in the Northeast. This 	methodidentified five sectors, residential, commercial, rice mills, irrigation pumping and watersupply. For each sector a typical consumption pattern was developed which describedthe consumption and power demands for the average user over a 30 year period startingwhen the village is electrified. The increase in consumption per typical customer wasapproximately Iinear for all four sectors with the initial loads and annual increasesshown in E'xhi it F. 1.These typical consunimption patterns were applied to all sites. The 
numnier of users was determined as follows; 

1. 	l-or h(iseholds - the number of household, was determined in the socio­economic survev; the percentage of hookups was expected to be 42% in the -first year, 5( in the il()tyear aid 11()W;0ini the 20th year after
electrificatiom the population was expected to grow at .,rate decreasing
from 2.5 per annum t() 2( per aniiinuin over the 20 years; 

2. 	 Fo r commercial establishments - the nrmber of existiig establish ments wasused withoJt any alh waices for an increase intheir numbers and with the
assurliptiom of I)',; hookups from the first year; 

3. 	 For rice mills - tie c(su nptiin .. 1d power demands were ci mputed on a
 
per village hasis and the 
 iniuber of users was set equal to the rumruber ofvillages in the service area; and 

4. 	 Fo r irrigation and water sup)ly pit piqrg an approach siilar to that for 
rice mills was Lused. 

The weakliess of this mctlnd is readily appernt. No allowance was made for tiledifference in ircomie between villages o)r even between service area.s. l'he rate ofhookups was assumed stanlard without regard to the marketirg data collected as partof the socio)-ecoirulic sirvey. [lasticities with respect to income aid price weretreated. 'ie effect of 
not

umirber oA households on,the requirement for water supply wasot included. Rice nillii, a:,d rrigatim rc(iirements were asstmed cquivalerit
withmit regard for the p Incipzal fo). in W)ap'ricttltire inthe regiot! or the number of 
lumiehulds in the villa,( 

While this approach i,.d:rcclcdi imiore tmards newly electrified villag,,es, then thepreviotus m ltimd, it • Nl.,ie, that all villayes will havc tsimilar demainl rc,,a.dless oftheir gegraphic localion, major tmirn of-aricultural activity, princip l so.M'rce of income or relative we;alth. With tire exccptin o)fthe residential demand. 'il'lis fethhodologyhis little to recoririer l it arl eveni tile residerutial dcliarid assumes a tiuiforrity of 

RW((illliiKJer,
I1Amlly, Imu 



Exhibit F.!
 

ARE.2 Constant Load Growth Factors
 

Residential 

Commercial 

Rice ullills 

rriati Itllfng 

Water supply 

Annual 
Croist h 

Initial 
Load 

fk\Vh/)nl (kWh/mo) 

2.5 10 

11.5 192 

17.4 485 

40.7 97 
5.9 41 
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consumption which the other methodologies do not. Considering that the base data forthe consumption and power demand estimates was obtained from villa,;es in theNortheast while none of the sites were located there, further reduces tile usefulness of
this approach. 

ARE.2 Method 

The third forecasting methodology wits derived from the second phase of theAccelerated Rural Flectrificatio:l Study (A RE.2) which was concerned with theextension of rural electrification to areas in southern, central and northern Thailand.
The demand forecastin igmethodology was much more detailed than that used inARE. I. First, the demand was estimated separately for seven sectors, the five usedpreviouIsly plus pver tools and social facility loads. Next, the consumption and powerrequirements for individual secto)rs were forecast using dita collected fr()m the service 
areas as part of tile socio-eco r nifIIC survey. 

The forecast of the residential denmand was made using predictive equations Jcerived
from a regressiin a nalysis ()"
de mand as a funuct ion of various coilpone uts of huiseholdinc,)me. Unfortunatelv, the liinear regression was done inc rrectlv. No t only are theresulting coefficieiits illogical (e.g. a negative correlation between electricity
consu lpt ion afnd total inc )ne) but the expi anatory variables are themrselves correlated
(e.g. total househtld inco me and income by component, total expenditure andexpenditure by c)miponent).? These equations were used to compute the base-year
consumption. An annual 
rate of growth of 9% decreasing to 4.A% over the next 30
 years was assuned for all provinces. The percentage of households conected was
 assu rued to lie 33", 
 in the first year and to increase at 5.85% per year reaching I(0W0 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 = aI + a2 1 

where I = average income/shop/year 

were computed separately for each area of the country using linear regression and thedata collected as part of the AR, .2 project. The percentage of hookups was not 

1bi sii sa 'on inmn e rrt,rin ,hi h i re v.,'thepu r',mi( )(a h i gh, g tr i n <( l rittn!t ,. uh itti turefir a init re ire lt iira i l n o fr 

m tiael taionale and a (ls(.rr rxaininatii(i 4l the ierltrd irgirr-..iin %tatihinm( luding the ic.)i i 
 rd V .the I .atitic and the 
degree of auIt (tric iti n 
While this trrlalion~hi wil lriivrd ijlthe AIti 2 survey 41it,i t )I ear %hy a i .n rnIt(h ila it(l .jit i (J hou~w hpod
(onnec,'lirin wAk nt applied in 1he w.tond and lthid orlcaiiing nietho1 

R(( /I lagler, I14ily, In. 
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forecast separately and the annual growth in average consumption was assumed to be3.5% per year for the first 20 years and 1.5% thereafter. 

For rice mills, the rate of conversion from diesel engines to electrical motors wasassumed to increase at a relatively constant rate reaching 100% after 30 years. Theaverage consumption per rice mill was estimated assuming a 7.5 hp motor for 86t) hr/yr.However, the comparison between electric and diesel rice mills on which this estimate 
was based, does not seem consistent. 

For portable tools, portable water pu tIIps and irrigation water putII~pS an averageconsumption per user was calculated to be 0. 134 MW-hr, 0. 130 NIW- hr, and 0.448 NI W­hr respectively. The percentage of households owning an electric power tool wasassumed to increase from 1.5% at the end of the fir;t vear to 5 ' at tile eid of the 25thyear. Forportable water punilps, tile nuniber of users appear to have been computed
based 
on the average number of'pi mps per household as measu red in the ARIE.­survey. For irrigation 1iI)Ips, the number 
 f punips was also determined on a perhousehold basis from the ARI'.2 survey. "lhe rate of conversion fr(m diesel to electricpuilps was aSSumIned to increa,,e ftrom 3(, at tile end of the first Year to 18% at the endof the 30th year. Tlhe ARI.2 inethod is likely to Li nde rest imate the total demand
because it does [( t all)w f)r new activities and the initial household consumption
 
appears to be relativcly low.'
 

Comparison of Forecast Results 

A comparison of the results from the three forecasting method, , own in I'xhibit F.2for three potential sites. The data indicate that the time series -thod producedestimates which were higher by a factor of 3 relative than the next highest forecastswhich tended to be tle ARE'. 1 foiecasts. The fact that the time series data is bas-,-d onconsumption in a mature iarket cxplains the overestimatcs produced by this method. 
The ARI'.2 method pr dtrced thc howc.st estimiates except It r tile residential secttor in
Nam Mae Ifat. This is due in1pari to tile relatively conse rvative growth late in hookups
and the limited rate of growth ilr ownersihip tIfeq(ILIiplnilt and riacitiner which couldbe electrified. 'I'lie wide discrepan between the results of these models arid the
weaknesses in the causal relationships used in thes-
 Iie.e ls suggests that significantimprovements could be made. A review of the forecasting effoirts of PEA and IGATprovide some insight into the direction which improvements could be made. 

In the ARE 2 pn)ject paper, a 15 hp disel. engine operating 1,159 hours per year was compared with a 7,5 hp motor operating
875 hours rxr year 

RC('/i lagier, Itailly, Ir 



Exhibit F.2 

Alternative )emand Forecasts, (GlVh) 

Site Sector 19SO 
Residential 

1992 2002 
Commercial 

1986 1992 2002 1986 
"otal 
1992 2002 

Nam Mae Hat Time Series 
ARE.1 
ARE.2 

(.4 
0.11 
0.1V 

(i72 
-

(.41 

1.57 

07 
l.9() 

.. 1 
((.; , 

1. 
0.117 

o.1 
(0.11 

09 
0.40 
0.27 

0.5 
0.59 

1.8 
0.13 

Nam Mae Chon Time Series 
ARE. 1 
ARE.2 

0.1 
0.03 
0.01 

2 
(o)17 

I). ()3 11 

().4o 
(1.21 

.0 
()(15 
(21 

0.0 
0116 
0.(13 

0.09 
0.04 

. 
0.04 

0.50 
0.18 
0.07 

1.15 
0.35 
0.14 

Huai Mae Suk Time Series 
ARE. 1 
ARE.2 

0.09 
0.02 
0.01 

0.1 
0.05 
0.04 

) 0.33 
0.14 
0.08 

(1.11 

0.05 
0.01 

0.20 
0.07 
0.02 

0.43 
0.09 
0.03 

0.23 
0.11 
0.04 

0.41 
0.17 
0.08 

0.82 
0.32 
0.17 
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DEMAND FORECASTING 


EGAT and PEA Forecasting Efforts 

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

Residential 

In E = a1 + a2 1n P + a3 ln N 

where E = electricity consumption in the sector 
P = price index for average rate (GDP deflator)
N = nunber of customers
 

Industrial. Commcrcial
 

In E = a1 + a21n P + a31nN + a4 1n I
 

where I = Gross Domestic Product
 

In 1 : a I + a-N 

E = a- + a2I + ER[t-1] 

where ERft-I] = residential energy demand lagged by one year 

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

'The PEA, on the o'her hand, app,;ars to have adopted the erlier EGAT formulationusing time series analysis and the predictive variables t and t . Five separate equationsare used for the residential, small business, large business, small industrial and large
industrial sectors. 

While thIe EGAT and PEA methods may provide useful results fo; understandingsystem-wide energy requirements, they do not provide a useful approach for estimating
demand for areas which are newly electrified. 

IRCO/IIuger, Badly, Inc 



Exhibit F.3
 

Appliance Ownership in Selected Locations
 

Siurin 

94.7 Radio 

0.8 Television 

0.1 Telephonie 

1.0 Refrigerator 

2.4 Electric-fam 

0.7 Airconditioner 

51.1 Bicvcie 

7.5 Motor-cycle 

1.7 Motor-car 

().1 Motor-boat 

Nakhan 
Ratchsirna 

96.4 

8.7 

0.4 

5.0 

12.1 

1.1 

42.3 

9.8 

3.9 

0.3 

Radio 

Television 

Telephone 

Refrigerator 

Electric-fan 

Airconditioner 

Bicvcle 

Motor-cycle 

Motor-car 

Mot()r-boat 

Khan
 
Kaen
 

95.3 Radio 

3.7 Television 

G.2 Telephone 

2.5 Refrigerator 

7.7 Electric-fan 

0.7 Airconditioner 

45.3 Bicycle 

9.4 Motor-cycle 

2.3 Mmor-car 

0.6 Motor-boat 

Source: 1980 Population and lousing Census. National Statistical Office. 
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F.12 

Conclusions 

The project has made a start in developing a reasonable model for forecastingelectricity demand in the early years of electrification. However a more careful analysisof 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 supportingmeasure of household wealth should be used for predicting both the initial values andrates of growth fo: hookups and the average energy consumption per hookup. Separateanalyses of appliance ownership as a function of income and period of electrificationand energy consumption as a function of appliance ownership should be prepared as abasis for designing demand forecasting models (see sample data in Exhibii F.3). Theseanalyses could be combined using two-staged leased squares or be used to,developcategories of use with the Box-Jenkins method. 

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

RC(/Iglehr, Ilailly, Inc. 



APPENDIX G: APPROACH TO ECONOMIC AND FINANCiAL ANALYSIS 

The financial and economic analyses used in the site selection process were set out in some detail in the project paper. This procedure was then followed in the first round ofsite selection. In the second round, this procedure was simplified in r,;cognition thatmost of the sites would be connected to tire grid; however, the calculations performed 
were similar to those used in the first round. 

Ihis annex consideis the methodology used for these analyses with a view to correcting
certain conceptual problems. A general oljective of devel)pilg a simplified procedurefor financial and economic analysis is well worth pursu ing considering the size and
dispersed nature of the invest ments in micro-hydro and niiii-hdr, facilitics. In orderto achieve this objective, it is necessary to set out the basis for th, economic and
 
financial analyses used in pr)ject evaluation.
 

Tenets of Econimnic Analysis 

lconomic project evalu ation provides a means for establishing if the resources used for a project c)Uh hIe better used inI )ther activities. Although the frame of reference for

the evaluation 
can vary, tile viewpoint most frequently used is the nati nal one.
Theref ore, the mcasure used to 
 determine if me allocatio>n0Of resIurces is better than

another i, the resuiting change in the welfare ()f society.'
 

In practice, tile process of econom ic pr)ject evaluation inv(olves three steps. The first isto define what would happen if the project were rot undertaken. The second is to
determine the benefits achieved and costs incurred fr )in undertaking a prcject rather
than continuing on without the project. The third is to rank alternative projects
according to their ne, benefits relativc to tile "n-project" scenario) and then to select

tihe pr)ject ()r projects which pro duce tile greatest net benefits.
 

For electricity generation proNjects, the definition of tie benefits depends (n

definition off tile "no-pr,'ject" scenario). If tile result f)f 

the
 
not undertaking tle project isthat the additional electricity would not be available, then the benefits of the project aredetermined by the willinjgness-to-pay of the final consumers who w iul otherwise !lothave access to electricity. If tie result of ncot undertaking tile project is that existingcapacity would be more fully utilized to provide the additi(al electricity, then tihe

benefits of the project are tie savings in operating costs resulting from using the newfacility rather than tile existing system. If tile result of riot undertaking the project is 

The me,".ure of the wreIfalie ,f !.i*,iry i%iif. r 
If tawl n It h ,, ietrrin 'hA h I .u1. tIhaI an .t Il' it ,% Ihrt it ittoo hutIemakes at leagt one nielibf if xwjety Itefttr off mi t , rinjudg,.ient and none wi,t. oI f I .r Ito, jc4 I analy'.i%. i1% ( rlera itmodified to the alhw fI)r a tran,',fcr ti micy fctwrrn Ih ex.who benefit froim the rtt t th ho%e , In ur a i lt (1,fA ofk nefit&) in order t) niret the I'sirehu ( tleri r nI! mL !hi1rjan f [. r!pr Iy f ,w, ITitiur , tth i tefii fik iiet that th .ebelier ff from the Inrtinent wimulf for%kfllrgti ( flwlfnl he r wur-,e t-(fha i a% it t( o l,tI theI ri 'itrnrnt ( ,iventhis criter on, thor.itioioei Iii piyj if the gainetr andf the viillignr.g . to aicjt th4m,unIf vxri air thr tautcf­

which should be utv d Io ,.iiiuatr a1proj l 

RCO( I/l lag r, I dlly, inc 



G.2 APPROACH TO ECONOMIC AND FINANCIAl. ANALYSIS 

that the final consumers w(ould provide their own capacity, then the benefits of theproject 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 ofgeneration, different size facilities, and different sources of fuel are considered andtheir relative capital and operating costs Pre compared. After the least-cost alternativehas been identified, theni tile eva lti at ion rcturns to the first step an(J the issue of whatwould happen if additiiorial capacity of this type were not provided is addre,,sed.Normally it is assumed that without the project, the increase in electricity would not beavailable and therefore a simple estimate oft tile willingness-to-pay is produced hy
estimating the revenues from the additional electricity generated. 

Tenets of I'nnancial Anal,,sis 

The objective of tihe financial alalysis is to identify pro)jects in which the assetspurchased are w urth mon(re than their cost. hle w)rth of a project is measured interms of the discountcd fhow )f net rcvenues restltillg from implementation of the
 
project. Th,: i(sc<olnting is donc rising ,i discount rate which reflect,, the opportunity
cost o f capital to tfe investor.- '[his rate include,, an allowance 
to r inflation and for
 
the riskiness (ofthe l)roje.
 

The normal approach is to discomnt the expected stream of incrcmentil costs and revenues resutIting from the project an( Ihle to sum these in order to determine- tile NetPresent VaIue (NI)V) of the pr ject. When tile NI'V is po)sitive, tile project has a worthin excess of its c )sts. If alternative pr)jects are being compared, then the project with 
the largest NPV is prefer able. 

When col)parinrg ij Jects usin, financial analysis, two addfitional factors should beconsidcrcd. IFirst, if the re is a bLdge t c( rstraiit, then tile selection of projects mustconsider n)t only the respective NkIV's but also tle size of the rcqLuired investments.Capital budgeting techniqures can be used to select those projects which in combination
will yiel the higihest Ni)V given a specific budget constraint. Second, if the somrce offinancing and rsiiltinig cost of fuds is different fo)r indtividual projects, then thisdifference should be reflected in tile rate used to discotunted the revenues and costs. 

Problems -,itI tie Econorm|ic Analysis 

ThIle eco omic aim lsi, as applied in this project has several conceptual problems.order to be mrine ,pecific in ihenriifyi ri, 
In 

these problems and in presenting the correct 

1it1 t,[2O I C ri 4 felurn iWrilly.rAhr ifmlmenll 



APPROACH To ICONOMIC ANI) FINAN(IAI, ANALYSIS G.3 

procedures for evaluating in i/micro hydro-power projects, we need to consider thedifferences between projects involving grid-connected mini-hydro, isolated mini-hydro,and isolated micro-hydro. ]l'he following dliscussior points o ti the major differences in
the application of economic analysis for these three types of investments. The principalfailing of tile economic analysis performed for this project was that it did no)t
differentiate hetween these three types of systems. 

Grid-('onnecled Mini-i idro 

The project cmriimplerts' in their Ilial form, were almost exciusively gridc)nrected

mini-hydro facilities. The relevant "no-project" scenario for the eco(rrlic analysis

would be either the increased 
use of the existing system or the unavailabilitv ofelectricity for a certain portiari of the national dermand. ! hevr, givcn the pattern ofgrowth in deland and the relatively small sic of the pro jnrcd Iacilitics, it can heassumed that additinal capacity wmill be provided. Ihcretmre a c"riI)ari,,rr should
be rlade with the constructio( off ahlitional capcity based on a c;st-cost cxpallsioi
plan which ec les lini/illicro hdro. The eolfiic clf)llloCr tlis 
 lte r11ative inlutded
both the lmn-run niiar inal co sts o(r additio nal Capacity pin, the 'h()ll'-llnll rnaryiial
operatin'! costs hir the plant which o.ould lther, ikc have been L.cd.i 

The (fcterilliriation of the h y-run niitrynal 'cost depends on Vkleti,.r tile Itacility is I)be treated is a basehad or a ipeaking plant. Thcre is a widespread belief in lhailiand
that tile hydro-clectric lacilitics are J eaking ullits. lhcse facilitics units are beine: usedfor rmltiple pturp.ss arid are available )l ,,ppart of the tittle for clectri.Ikty yierAti()ro.

They are wsed, whenever i) ssi )lc, to) yceerate electricity during the broad pcr' 
 t of(
high demand. If, howvcr, tie rule ot economic weipatchiwere applied, the existing
hydro-clectric facilities would be treated as bIkschd C.ia)acitv. Since the tllrnii-hydro
facilities being constructed for tih project arc not multijple-purpse unils anl o( Mot

have sto)rage, they will he operated cotirnously. 'lherefore, 
 thcy should he treated as
bascload units. '[he horolw-rur mihargiial cot for baseload gencratiri caplacity inI
"ihailaiid w' developed from £( AI data descriing typical generating )lanils. 'iheamn)tlt of baechad capacity provided by hose minihydro facilitics is their dep.,ldable
capacity. This is equal to tile miniriurn riim, inrIt available from the facility during tie 
year. 

Ibis, appriks, h has, tben sniloilM, IJ I[ IvAM (A,n.ultarit% in fh prrrlxtm-m it, the Nati'niml Mini iivir Matiet ilan ihuw of Ihe thmii run rnarr'il (,i-,1. f, r a ',ingle %uh Ithult 1'lant i, no eontilrely tu,rrr4 I hrh irl turrun .hi ,fnarKinal .,t .hhe e inialed ty in(i'..rln { the tihail .r, Il ((.I%( ,''nerating fh trquiml rlr, t ifi i rnt Ih, %,rrnI' l-, tiht rn m/micruhydro Imilitv fid , nit aw mi J im i hrn it ,12e&-," - I . t i i ttmg undertakrn by NI A inther thrn I ( ,PA I th %Arir,-nin 
totl t .t it nt,, be lef rminerid An a '%sniteI *j11 , h %At uvlcit ..

4 Iihe aktl ,,t̂ An lihiht %',lik -111 . , ni rh , r r 

I hlahiI rl.tlmlil kA' tlir , mheo (,A,,t f, r A t m i'. 


t tj ildel,c Anfr i tI I t a I'"1 u.jn4 
|,law luKtin ,l .,,I At rm rilb inI I ,;li, A :01 %A ti ,t| litthe lung turt vii,.tiim l i,,.I A mrilnrl 4N( It ril11 na.'tAI V,1 ,, -ii t ,'e* A api ,t .i l II -th,Lutant ishi lr

inliillcd k%1' uld hu eIh 'ii i i lil li% Idd , pnrrnmrfit if) n tilve fli h th u, f 
e a Istii yb,h if oi , -mriiti 

toppli, , rntii..ii V ,, it liti , lv ,ti i-, yr 

R( ,p/II le r. ItAill,. In( 
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Tle mini-hydro facilities generate in(re electricity than would be generated by a
thernial plant with a capacity C(IaI to tile "dependable capacity". The additional
anotlnt of*electricity WOuld be produced by the existing system's basehoad plants. Thecost for this additional electricity includes tile costs for fuel, operations and
maintenance and transmission losses. In order to 
 estimlate the costs, tile salie filel-oilthermal plant has been used that was used for th,' long-run marginal cost. This plant ha:a fuel consumption t 0.233 lit per kilowatt-hour. At I cost of 3.45 [laht/liter for fueloil, the resultinlg fuel lcost 550,1n(d be ()0g(04 lBaht per kilh)wt-hr.(se Flhibit A.8).' 

The transmissh Ion1 s colld] be determined by COllpalingtile tdistanceh 1 to the service area frorm the imli-hdro i(d tlrIl the nearest large power plant on the grid and tilerelative hocs inI the 22 kv dishill,tmioi used at the mini-hydr) sites versus the 23) kv
distril)L tior imseld in tile giid. llecauv 
 the oitl)Ut I the ini-hydro facility will he soll
to Ii(;AI at tie busbar, thcretore the analyis can 
be sniplitied by assiiiIll', that tilelosses in dlisiribtution arc the '.,ime tImr an, cgncrating, unit attached to the grid including
the mini-h,0ro facilitics. 

'[he finai' hlllh t fIo the tie m-cilIcicd fll 

presented ill alnmw\ I ttincthicr , A.,,. 


cori): 'ialis 4 rid riuinihydr) systems is 
rlts. A slightly different formiat wasdevehped) 1 the11C IAMcon,,tsutltnts as sho,wn in ExKhibit ( ;. I. This alalytical model,which is a c1h1\dcableh, impiovenicnt )ver the incthodlo)gh presented in tile IT will be

made aiulialle to NFA i) ile near future. 

Isolated Spstvis 

fIlcre are ts,,) tlc s (I itillated hydro-electric syste ins coils idercd in this project, themini-hdr t, tlitv ,ci several villages and the microkhdro facility serving a singlevillage or at iost t,,t adjoining villaics. [r() isoMlated hvdro'-electric systems, tile "no­project'c" ncmio tol clolc ;imnal;is c;Ill be o of te olloin,: 
a. tile villoIc(,) cotlinu itu' k',.muk~l'htiilw atll h't'eie', f)r anid 

apllalnco:, 

,


b. tile villaye(s) ilitioollice mmnic 111i (ofIllto-xlg crati(m, l)rcsuimiably using 

diesel gcnerator,,, )r 

C. tile grid is cxtcndd tl1)the village(s). 

In the first case, the benetits of the hydro-electric facility are not only tle cost savings 

I'he uLe 4, th4 plantImay (au JLlight underetatima,,m 4(bertw ls Itrt marginal hwhl(d unit wliuld pnlhia y have a 
higher fuel i tmLuMnp , n role 
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PROJECT NO. 685 
CASE STUDY : I Exhibit G.1 

- Grid Extension
 

HYDROPOWER PROJECT
 

lnstalled Capac:ty 
 3807 11
 
Dependable Capacity 
 571 ki
 
Annual Generated Energy 
x 18.982 GWh
 
Plant Factor 
 0.569
 
Transmission Line
 

- Extend to Grid 
 2 k Size 50 sq.68

Exztend to Local VI Iage 
 0 ki Size CIOsq.a

Reconduct. to 
1,'sq.&& 0 Is
 

" Reconduct. 
to 165 sq.ad 0 ki 

Disbursement of 
ConstructIon Cost 
(Economic)
 

Cost inMillion Baht
 

, 11e 2 3 4 Total 
I-----------CIvil Wo'k 0.0,)0 22.473 17.44 9.%68 4q.84 0Electro-Mtrjnincj: 
 0.000 4.733 O.O 4. -,9 47.3,oTransmission Loe 
 0.30000 0 0.0,,0 .1701ng.Fe, And Admin. 3,9700.:b 0. 10,'.906 
 ". 93 it) oil 

Total 5.&0 28.,2; 18.35O 59.728 111,151 

4 -72 1.5
 

AnnujI O&M Cost 1.135 MI 

GRJD EXTENSICN :,
 

CipocitY CcepAred with Liqnite thermal Plant
 
" Erergy Compared wIth 
 HeiVy Oil thermal Plant 
- Investment Cost 25.493 M/ W 

E'yer
- Y'Loe 0.5164 8itWh 
(1987 Price)

" Power Required 
 63; ki
 

fire Fnerly Pe,rt rpo 4.739 6wih 
Secoroarf fnerp, 15,242 GWII 

Eccnoilc Costs :
 
-Inivestment 
 Cost 
 16.137 me
 

- 01M Cost of Plant 
 0.484 MI/yr
 
-uel Cost for Energy Generation 10.-318 MB/yr

0"M Colt If te(ondiry (nergy 
 '62 M9/yr


2. Loss SVP 

Power'rkv) [nergr(Gh/yr)
tLss in ;(As rshtem 0.060 0.,)f0 

-Loss 
in 1,,-' ta 7.3 
 0.569
 

Economic Cost-,019
 
-irvet me, (o 0.484 MB 

'Lr f :,i)r t I on . 19 MIt r fe198' Pr Ct 

4[1W MCinAi$1nLint 9 0 to
 
[rcVoel( Cott%
 

(-Cost o , IItsmIin iIe ' 0,000 Me 
i1M ost 


a '),'0'j Mplyr 
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4 Exhibit G.A (contintied) 
5 PROJECT 4ME Hu 1 hI TIZ 

6 FROAJCI Nil, j
 
7 AMPHOE Thonq Phi Phu@
 
q oj4N6WA Fnct~njburi 
7
 

I0JH , UA 

I,) 
13 Ir t11 C 4 cit1 36), kt
 
14 Dependible :,poitt 
 5711 kM
 
15 A "Uil ier y 
 IS.982 6wh/yr 
16
 
17 Irins.bi 1on Line :Systeg Voltage 22 kV 
18 - Extend to Grid 25 ka, Size .0sq.&I

19 - Extend to LWal Vi!liges 
 2 km, Size '0 sq.60
 
0 Peccmduct. to 12) a. 0 km
 

ec AUL t, U .6S21 - U sq.e 2 k* 

25 
 Cost in Million Baht
 

27 ear1 2 3 4 Total 

294 CIvIlI Wori 000 25. 496 19.892 ' 11.327 ,6.636
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?1 
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~,PAOJECTI NAK I HANPlOE'J 11 iThn P Pu
 
PROJECT7Hot 485 CHA8,WAT I Exhibit 0 .1 '28.ed)(co 

Alt ritl Flant I- Power 7Heavy Cast Study I10i1 Theral Plant

Energy *Heavy Oil Thermal Plant -Grid Extension 

,
 

............. 
 ..........................................
.......................
 
I Hydropower 
 Alto nativ Plant Los Save. ,tneficial 
 aeplacd Diel I Total I
Year : e
 

0.0011. 0ed7. 1.0_0- --- I i
----Co5 17vt
ii7 total-1 O Invest, OMN Fuel invO&M Futli Invest.' O&M ,fnv~fO~l Fuel: Cost a ......................................................................... 
 .. *............. ** ...................
 

1 5.004 5.001 

0.000 15.00
2 28.067 2.06 

0.000 -28.067
3 19.350 5ll.35 00 
0.000 -58
4 59.720 59,728 9700 
 0.293 
 10.073 -49455
' 5 0.000 
 1.135 1.155 0.000 1,007 12,072 0.007 0.542 
 13,448 12.313
4 0.000 1.135 
 1.135 0.000 1.007 12.457 0.001 0.374 
 13.945 12.410
7 0.000 1.135 1.135 
 0,000 1.007 12.855 0.007 0.4 
 14.254 13,119
8 0.000 1.135 1.135 
 0.000 1,007 13.265 0.001 0.398 
 14.677 13.542
9 0.000 1.135 1.135 
 0.000 1.007 14.245 0.007 0.427 
 15.697 14.552
10 9.000 1.135 1.13!5 0.000 1.007 15.298 0.007 0.459 
 16.771 13.631


I1 0.000 1,135 
 1.135 0.000 1.007 16.428 0.007 0.495 
 171935 1800
12 0,000 1.135 1.135 0.000 1.007 17.643 0.007 0.529 
 191M 19.051
13 0.000 1.135 1.135 0.000 1.007 16.146 0.007 0.541 
 20.529 19.394
14 0.000 1.135 1.135 
 0.000 1.07 19.854 0.007 0.594 
 21,163 20,328
15 0.000 1.135 1.135 
 0.000 1.007 20.805 0.007 0.624 
 22.443 21.308
16 0.000 1.135 
 1.135 0.000 1.007 21.801 0.007 0.654 
 23.449 22.334
17 0.000 
 1.135 1.135 0,000 1.007 22.844 0.007 0.465 
 24.545 23.410
IS 0.000 1.135 
 1,135 0,000 1,007 23.940 0.007 0.710
1 25.672 24.537
1 0.000 
 1.135 1135 0,000 1.007 25.061 0.007 0.753 
 26.653 25.718
22 0.000 1.135 
 1.135 0.000 1.007 26,2861 0,007 0.789 
 28.091 26.956
21 0.009 1.133 
 1.135 0.000 1.007 27,548 0.007 0.826 
 29.388 28,253
22 0.009 1.135 
 1.135 0.000 1.007 21.147 0.007 0.866 
 30,747 29.612
23 0.060 1.135 
 1.135 0.0 1.007 ,,.250 0.07 0.907 
 32.111 31,034
24 000 1.135 1.135 0.000 1.007 31.699 0.007 0.951 
 33.664 32,529
25 0.000 
 1.133 1,135 0.000 1.007 33,217 0,007 0.997 
 15,228 34.091
24 0.00 
 1.135 1.135 0.000 1.007 34.809 0.007 1.044 
 3.864 35.141
27 0.00 1.133 1.135 0.000 1.007 36.476 0.007 1.014 
 38.54 37.441
21 0.00 1.135 1.135 0.009 1.007 31.223 0.007 1.147 
 40,383 39.248
 
1 0.000 
 1,135 1.135 0.000 1.007 40.054 0,007 1.202 
 42.26 41.1:4
30 0,00 1.135 
 1.13$5 1O.9 1.007 41.972 0.007 I'25 
 41,245 43,115
It 0,00, I.1* 1.135 0,00 1.007 43.113 0.007 1.31 
 44,314 45,181
32 0.000 1.135 1.135 0.000 1.007 44.09 0.007 1,313 
 49,464 47.351
3 0.000 1.135 1,135 0.000 1.007 48.2?1 0.007 1.449 
 50.760 49.62S
34 0,000 1.35 1.135 0.000 .007 50.4ll 0,007 1.518
... .. ... ... .. . ... 3143 52.03
.. ......................
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1 5.006 5.006 0.000 -5.00 
2 28.067 28.067 0.000 -28.067
 
3 18.350 18.350 0.000 -18.359 
4 59,728 59,728 16,137 0.484 16.621 -43.10 
5 0.000 1.135 1.135 0.000 1.246 12.012 0.015 0.362 13.695 ,12.56 
6 0.000 1.135 1.135 0.000 1.246 12.457 0.015 0.374 14.092 12.957
 
7 0.000 1.135 1.135 0.000 1.246 12.855 0.015 0.386 14.501 I3,36 
8 0.000 1.135 1.135 0.000 1.246 13.265 0.015 0.390 14,924 13,78 
9 0.000 1.131 1.135 0.0 1.446 14,245 0,015 0.427 15.933 14.7Y8 
10 0.000 1.135 1.135 0.,'Q .246 15,298 0.015 0.459 17.018 15.88
 
11 0.000 1.135 1.135 0.000 1.246 16.428 0.015 0.493 18.182 17.04
 
12 0.000 1.135 1.135 0.000 1.246 17.643 0,015 0.529 19.433 18.27
 
13 0.000 1.135 1.135 0.000 1.246 18.946 0.015 0.568 20.775 19,64
 
14 0.000 1.135 1,135 0.000 1.246 19.854 0.015 0.596 21.710 20.57
 
15 0.000 1.135 1.135 0.000 1.246 20.805 0.015 0.624 22.690 21.5. 
16 0.000 1.135 1.135 0.000 1.246 21.801 0.015 0.654 23.716 22.581
 
17 0.000 5.135 1.135 0.000 1.246 22.846 0.015 0.685 24.792 23.6
 
18 0.000 1.135 5.135 0.000 1.246 23.940 0.015 0.718 25.919 24.7
 
19 0,000 1.135 1.135 0.000 1,246 25.087 01015 0.753 27100 25.96
 
20 0.000 1.135 1.135 0.000 1.246 26.280 0.015 0.789 28.338 2720
 
21 0.000 1,135 1.135 0.000 1.246 21.548 0.015 0,826 29.635 '280
 
22 0,000 1.135 1.135 0.000 1.246 28.967 0.015 0.866 30.994 29.85
 
1. 0.1 1.13, 1..:: 1.00 1.246 30.41.0 0.015 0.907 32,418 31.2
 
24 0.000 1.135 1.135 0.000 1.246 31,699 0.015 0.951 33.911 32.7
 
25 0.004 1.135 1,135 0.000 1,246 33.217 0.015 0.997 35.474 34.3 
26 0,000 1.135 1.135 0,000 1.246 34.808 0.015 1.044 , 31.113 35.97 
27 0,000 1.135 1.135 0,000 1.246 36.476 0.015 1.094 38.131 37 6S28 0,000 1.135 1.135 0.000 1.246 38.223 0.015 1.141 40.630 39.4 
21 0,000 1,135 1.135 0.000 1.246 40.054 0.015 1.202 42.516 . 41.38 
30 0.000 1.135 1.135 0.000 1,246 41,972 0.015 1.259 44.492 43,3 
31 0.000 1.135 1.135 0,000 1,246 43.183 0.015 1.319 46.563 45.4
 
32 0.00 1,135 1.135 0.000 1.246 46,089 0.015 1.383 48.733 47.5, 
33 0.000 1.135 1,135 0,000 1,246 48,297 0,015 1.449 51.07 49.1 
34 0.000 1.135 1135 0.000 1.246 50,611 0,015 1.511 53,390 52.2 
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APPROACH TO ECONOMIC AND FINANCIAL ANALYSIS 

from substitution of electricity for kerosene and batteries but also the benefits
 
associated with:
 

a. an increased use of lightinig and appl iarices ariid, 

b. 
 the new activities which are undertaken because of the availability of 
electricity. 

While ,'ie cost savings canl be est imated directly, the benefits from the new activitiesand from the increase in existing uses must be deterrifned through a forecast of future 
CollStilll)tIOni. 

In the second case, tl'c benefits are the lower costs of using nii-hydr) rather than
diesel generators to)prvide electricity to tle c )su 
 rer. If tiis h)wer cost is reflected ina lower average price per kilowatt hour, then there would be additional benefits due tothe higher level of consumption. Ilorder to. estiniate these bcnefits, separate forecastsof consumptionl ,,ml be required for the projected prices of the two alternatives. 

Additional benefits would be ruaiied because of' the greater availability of electricityfrom the isolated hydr-electrc systeins. Tlhe pr(oposed diesel geliera tirs Wv,)Uld be
relatively large units which woul 
 provide service to a nunmher of villages throughmediumn voltage distrihution. Somtie siniilkr, ptiblicly-operatcd svstens already exist illThailand it these tend to be less than 0.5 MW with load factors (o12W() or less. Whileit would be possible to have larger units operated by agencies such as N I,,A or PE-.'A thatwould distrii'ute power to several villages, 24 hours-per-day, a restricted period of
operation is nore likely given the ahsc;ice of signifbcant loads between 10 p.m. and 5
a.1i. These facilities would have snfficient ca)acity and reliability to supply most light

industrial anid corlinercial uses. 
 l'hev would have an advantage interms of capital costbecause tie generato rs cold be si/cd ft)r tile expected denmand and the capacity could
 
be added to over 
tire as denand increases. 

In the third case, the benefits are the savings in costs of extending a transmission line tothe vililages and maiita inig service for a relatively hw level of deimand.' The option ofextending tie grid requires inore than calculations of econon ic costs for the extensionof the grid. 'lhe 1iiarginal c osts for generating tile electricity and the change intransinissioi losses must also be determined. In addition, th,+- benefits of electricitypro vided by the grid woul be greater thanl fir electricity provided froml an i.uatedsystem because the foriner )rovides a iiore reliable supl)ly and is able to handleindustrial and peak loads at lower costs (because of the peaking units included iii thenational system). Also the grid lrovides 2,1-lhour-per-day service, whereas the isolatedsystelis cannot because of the marginal costs of operating during the late night andearly miio[ rng perid, Refrigeration iads could be introduced if electrki ty was 
provided frorn flie grid. 

I here ...I r n fpinl1,% ,,W K i, ! WIth cne rguiing" hitexicntion to the ty) rm 

W{ 6//lghr,IMlly, In( 



APPROACH TO ECONOMIC AND FINANCIAL ANALYSIS (;. 1 

The "no-project" scenario inwhich villages Continue withou t electricity or with smallhousehold generators is the most difficult to analyze because it requires information on: 

a. the current patterns of energy consumption, 

b. new uses which would occur if electricity were introduced, and 

C. the viliagers' willingness-t( -pay for electricity for different uses. 

The first item is dctermined through rmral energy use survcy,. The latter two itemsrequire forecasts based m the results of the user survey andl exi erience from other
rural areas where electricity was introduced. This ,cenari 
niuist be considered becausethe two pr.Viols "no-pr ject" :.cenarios involve ,mmieform of investment. Therefore, acomparison e,being made betveen ilternative ilVetllelnts. t is necessary to)establish the economic viability ot mikin, aily invcstment hyby com aringt tiheirposed
investment with a "noproect" 'cnario) in l,irno n1tc,,t irnt. 

The ditfeicnrcc, betwecn the Ate rativC tlr [Is .C0I1 eatior lead to a dittciclce illtiletypes of users which can be served and the amunrt ( l cal resu,,rcCs us-,ted illtheconstruction, (peration ind uauntctnraree ) the ,',tcrnr While it is In,,,,+ble toconceptualize dicscl, rrini-hr!l ail rid Mteri:,i(rrsIch \'.tolli pr<vidc tile samelevel ot sevice, one or rMum of, tile resnir j)' would bettni, inefficieI If eachalternative providcs a dii 
',m 

erent level 01 scr"_e, tie i It is iecessary t calculate theincremental bencfits and costs asscitcd wtth 1ach 

provide inito atririirot ml,,o 


w atc lhiclerranrd foMrecasts should 
the fltlle electricity cm lislipt icr but als(o m tile
)Cnrefts Wh.Yich 
w',tUld hnc rc:lize d I01n ecctrificati,.r 

Isolated Milli-hI(Iruo Systcll 

The irethohldoiyy lresclted irr tire iT for isolated mini-hydro facilities compared tile
costs and henelits of these facilities relative to 
 those associated with a rimultiple-village 
diesel generating s,,ystem (perated h-a public ageire. 'lhcre were four srioms errors inthe application (dI his apl)proach. 

The first error was that the pronsed isolated ririni-hivlroi facilities wkerc desiyned with excess capacity. Since an isolated systelr cannot sell excess electricity to tire grid, itshould be sized to p~rovide a "dcpeirdathle" ,capacity thrlonir nut tire veai. lhe isolatedsystems are all run-of-tie-river units scn tire period f low, flow deteinines thedeperdahle capacity. lr exaiple, the dcledahl capacity for Nain Mae Ilat is 407kW. Althomgh tire i' i14p)osed a capacity (of440 kW, this fiure was ,ubsequentlyrevised to MIN kW to take ;icvaitage of peak flows, even though it was t(he ain isolatedsystem. This iurrcmse ilcapacity canrot be justified uiless there are extremely largeloads which owctur only during tire pcrio d of peak generation. A similar p~roblem wasexperienced with tire design fother is(lm.ted systeins (see Exhi bit (G.2). 

R('(i/lKJer, luilly, Inc. 



APPROACH TO ECONOMIC AND FINANCIAL ANALYSIS G.11 

The second error is related to the excessive design capacities. It was assumed that all ofthe electricity which was generated could be sold, but no seasonal demands wereidentified 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 revisedto 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 _Lk__ ..(kW) Euuhii 

Nam Mae Hat 817 4077 50%Nam Mae Chon Luang 132 84 64%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 "dependablecapacity" of the mini-hydro facility. In addition, the assumption that the diesel plant
should be provided with a 100% 
 bIackup capability is clearly not realistic. Supplyreliability isaccomplished by having multiple generators with a standby unit which canhandle the load if one or two of the generators drops out, As a result of this error, the
diesel option had ;!capacity and capital cost which was 2.5 to 3.5 times greater th:an

would he required to provide comparable service.
 

The f'.urth error was that the level of consumlption was assumed unchanged for the
isolated mini-hydro project and the diesel generator system. 
 The opeatirig 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-hydrofacility would, presurmably, be lower leading to a higher level of ,r,,nsuIiption. hoth ofthese factors would argue for an increase in the benefits to coisliluers with theinvestment ina inini-hydro facility rather than a diesel ating system. 

More recent r..timrtcs f rNa ,nMaeMi I rit elu.Itr onddhir (iap i ufit icr ily0 h t .t1 6U, IW, tit ft a r Ihisrt%1i,)n was not 
clear. 

8 Uhi, vis n tr iy that a roram~m dittl l kupI noI r'quird,in lat, Ihe hyJi fa hty ,hlJ, ,I gIvhAI ve a Ia kup ca i6t11y Inbolh casxc, a ha lancemus.I he %,riok lie.ween level of rehahility and Ihe iI o44ihe lis kup 

RUG/ilagler, ilailly, Inc. 
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Isolated Micro-Hydro 

For micro-hydro projects, the "no-project" scenario was again assumed to involve theinstallation of a diesel generator or the extension of the grid. If an isolated micro-hydrofacility is to be compared with these two alternatives, then it is necessary to consider thedifference 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 theirsize, they are operated collectively by the villagers rather than by a public utility.
can be operated more hours per day with greater reliability than a diesel generator

They 

while remaining financially viable. They tend to be Jarger capacity systems but arelimited to serving household needs and light commercial and industrial loads. Theycannot be used for refrigeration since the cost of labor is too great to permit round-the­clock operation. This type of facility has a large initial cost and requires a large base
load from the time it is brought on-line ifit is io 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 ot labor and fuel. 
 They tend to be smaller generating sets limited to servingonly household needs and light commercial loads. Such a village-level unit wasobserved 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 (onsidered 

Another problem with the economic analysis performed for this project was the limitednumber of options considered for each site. The economic analysis compared the mini­hydro with a full-scale diesel system or a grid extension, but this all-or-nothing Lpproachleads to an artificial limitation on system design. In fact, there are a range of options.A logical option for the diesel generator plant, would be to initially install a smallerunit sized to the expected level of demnand over the first five years of operation. At theend of the economic (though not necessarily phy.ical) life of the diesel engine, it wouldbe 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 die sel generating system with a mini-hydro
facility or with connection to the grid after the consumer base had been established 

Su9 h a .iltem would generally have the civil woirks induding weir, headrace, -erim.tc(k,pywerhoust and tailrace designed forthe full .p.l itybut ihe gene ratori and luiinet.wiud ie ntalled ai. the denand required. I lere th: deciCAion to purchasethe gvnerario an, turttunr inmtagei, would have to h'eju',ified in lernms of the &avinSfrom delaying capital investment
relaim . to the higher ( ots incurred Ihn-ugh separale contract., for each turtine-geneeitor St. 

W('(i/lagler, iailly, Inc 
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using the diesel generator and after the villagers had become familiar with the varioususes of electricity. This would insure a higher level of benefits once the hydro-electricfacility was installed. Considering that the time required for design and construction ofa 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 to un-electrifiedvillages 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 thegrid to the un-electrified villages. The first project would be evaluated relative to thecost for alternative forms of power generation used in the national system. The secondproject would be evaluated relative to the cost of installing and operating village-level
generation systems. 

Shadow Pricing 

The shadow prices introdiced by the consultants were determined using 

standard conversion factors provided by the Mekong Committee. These factors weremeant to account both for taxes and subsidies and for market distortions. Theresulting numbers are on the order of 0.76, considerably lower than those determinedin an earlier study( which had factors closer to 0.88 as shown in Exhibit (3.3. Becausethis project makes very little use of rural labor, and since most of the civil works uselocal materials, it is not be reasonable to use such low conversion factors. Assumingthat local inputs account for about 40% of the project costs and the remainder areimported, a median conversion factor of 0.82 was selected. 

"'Shadow Prices for conomic Appraisal of Projects: An Application to "nailand, IARD Working Paper 609. Sadiq Ahmed, 
1983. 

RCG/Ilagler, Ilailly, 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 
O & 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 limitedto the revenues from sale of the electricity. The financial analysis performeo as part ofthe site evaluation did have a major weakness. The consultants appear to haveconfused financial analysis with cash flow analysis. The latter involves calculating thenet income for each year after allowing for direct operating expenses, debt service andtaxes. This analysis is generally used to determine the ability of the borrower to meetthe debt service and to calculate the loans required to meet operating expenses duringthe 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 toother 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 areincurred. The method recommended in the PP and applied by the consultants did notuse this approach. Instead they capital costs were amortized over the life of theexpected loan using the rate of interest for the USAID loan. 'Th1is procedure distortsthe flow of costs and produces an over-estimate of the net present value of the project.It will also produce an incorrect value of the internal rate of return.' The rate ofreturn will be lower if the actual IRR isbelow the rate of interest and higher if the
actual IRR is above this rate of interest. 

To Lee this one need only consider the million situation in which a project involves a first year capital cost of $1million and atolal income of $1.2 million received in the following year. Clearly the internal rate of return is 2017, however, if the capitalcost is amorli/ed over 2) yrars at a i0, rate of interest then the internal rate of return on the cash flow will be 12.8%. 

RCG/Ilagler, Ilailly, Inc. 
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Sensitivity Analysis 

The economic analysis as presented in the project report failed to consider thesensitivity 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 AnnexC) 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. Thiswas due to a decline in the costs of civil works caused by competitive pressures in theindustry and to the short time which elapsed between the preparation of the estimatesand the start of construction. It is important to consider the effects on project feasibilityof changes in construction costs of at least +25%. This range allows for the potentialinaccuracies in preliminary site surveys as well as the variation in unit costs due to
changes in tie 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 thatpetroleum prices would continue to escalate in real terms. In fact, by the end of theproject, the real price had fallen by nearly 50%. While it is not clear that the magnitudeor 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 beenestablished. 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 o)f the project was based on the Net iPresent Value of thec')sts for alternative electricity supply schemes, it is i,portant !o perform a sensitivity
test on the discount rate. In the first round, a 12% discount rate was used, buit nosensitivity test was performed and no attempt was mnade to confirm that this was anappropriate 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 higherdiscount rates, hccause of the high initial costs for mnini-hydro relative to diesel 
generators or extension of the grid. 

The financial analysis performed for the mini/micro hydro project failed to consider thesensitivity of project viability either to capital costs or to the electricity tariff rate. Forgrid-connected mini-hydro, the buyback rate for electricity is set by EGAT at a rateequal to that charged PEA for supplying electricity to the grid. This rate has declined
steadily in real terms and was reduced by 24% in nominal terms in early June 1987. 

For isolated mini-hydro facilities, the setting of the tariff would not be constrained byEGAT or I'FA rates. Ilowever, the NEA proposes to use a uniform rate for all projectseven where tie cost of alternative sources of energy is much higher. In fact, the cost oflighting using kerosene isconsiderably higher than the charge levied for the use of 40wfluorescent lamps. In those villages visited by the evaluation team which were supplied 

RCG/I lagler, hailly, Inc. 
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by existing micro-hydro facilities or diesel-generator units, the average price forelectricity was considerably higher than the IPA tariffs on a per kilowatt-hour basis. I2 

For the cash flow analysis conducted as part of the project, sensitivity tests wereperformed on the discount rate and tariff. I lowever, these tests were limited. For thediscount rate, two separate cash flow statements were prepared assuming a USAII)
loan and a normal conmercial loan. 
 l:or the tariff rate, the results of the I.SAII)calculation were computed separately for tariffs of 1.40 and 
loan 

0.0 Blaht/kW-hr. 

Revision of tihe Financia l/Econon iic Anialysis 

The problem.s asso>ciated with tile conomic, financial and cash-flow analysis arerelatively easy to fix. lhti evaluation procedure as used by NI'A and TEAM could berevised to proLduce separate procedures fo)r microhydro projects and for isolated mini­hydro projects." A further revision woul d be required whore the project is beingundertaken by a utility rather than an organi/ation which would sell power to tile utility.The correct use ()ft , ah flow and hifl rcial anl y'sis is a si aplc pr cedthiiral adjust ile 1nt. 0)nthe other hand, correct Jhiadmw pcin tand the proper use of sciuitivitv alalvis requires 
more thouight. 

The correct )r)cedure )r C'illlatil the benchfis rcstiltlj'y from alternative invcstelltcllswould alm) require gircater eftort. I lowever, it should hc posi ble to introduce a rough
calculation of the benelits associated with the introduction of differcnt sources of
electricity inito a village. The AR!.2 lPrjCct provides soile guidancc on how to estimatesuch benefits althoont omc (f the assumpltions used in their an'lvmsis are questionable. 

The major prob0lem that has to be o)vercolic in the ipplication of the financial andeconomllic analysis is one of substalce rather than rmn. 'he financial and econ(mnicanalysis has beenl used iW,this project (as in mnost projects) to accept or reject a certain
type of investmet. ( learl), the limitations of the project scope argue for this alpl)ro-i 
 h.I lowever, to the extent that tile site selcctionilodel is used to determiti if a mini-hydro
facility would pr,), ide the most economically efficicnt source of electricity, it shold
identify tie most economically cfficient alternative. 
alsobe able to In a situation where tile
executing agent has greater latitude in its investmo.,its, this model could then serve as a
useful planning tool for screening alternative investments. The issue of identification oflogical alternative investments is one that can be resolved by applying a broader 

spectrum of technical skills. 

12 v ad mcu uion if h ,r,,vlllg e%weA nnex If 

Ihe d hipmrnl of a ln,l.r mclh fbdogy ha . alrmry legun wlth he onffl formed by "'lAM 
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Revised Financial and Econonic Evaluation 

For this review, we have revised the financial and econonic analysis by taking into 
account some of the previous connents 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. 

Exhilit G.4 

Results of Revised Economic and Financial Analysis 

Fimn_Ani 14ysi Eonomic Analysis 

IRR Ni'V li/C IRR NPV 1/C 
101) fialit 10(' 13,1t 

Nam Mae Ifat 
Khhong I.ain Plok 
SIluai 1;1m Sin 
K long l)uson 

Nam Kha Muii 
l;im Pra Plerng 

7.1 (3.0) 
8.4 1.8 

10.4 7.0 
9.1 3.5 
5.3 (8.8) 
2.7 (12.0) 

0.94 
1.03 
1.11) 
1.08 
0.81 
0.66 

11.8 
11. I 
14.9 
11.0 
7.5 

11.8 

(.S) 
(2.5) 
5'0 

(0.7) 
(8.5) 
((1.2) 

.)9 
0.94 
1.10 
0.98 
0.75 
0.99 
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APPENDIX ii: ENVIRONMENTAl IMPACT OF MINI-iiYI)ROPOWER IN 
TI AIIANI) 

General Development Stratepv 

Of special concer in rural areas )f Thailand is the early establishment of productivelnd use ,hiclh is sustailablc and non-exploitative of the natural resource base (soii,water, fo)rests, fish, willife, etc.). In certain areas, local development should be based on agriculture, while in thers, resources make them most suited for forestry or miining.I lowcver, inadequate consideration <of i appropriate deve lopment strategy could, inthe long term, cauLe roblems that would negate many of tle benefits of irural 
elect rifloat in . 

There is ;I C0111I]l1 tendency in Iialfly developing countries to colonize forested
hinterlands and to expand tie aigricuitural frontier in order to 
 improve economic
conditions ;an d reduce rnral-to-nl bainmigratifns. 
 Whetn neither adequate analysis is!1laide of the potential productivity of these areas nor appropriate orientation given totile colmization process, tile new frontier frequently turn into) degraded and erodingwastelands that take their toll on small farmers, lin their wake, it is normal to finddepleted forests, fish, and wildlife (upon which tile olmists have had to subsist) aldperhaps the Initiation of watcrshed imbalance thai will likely get Wxorse it land use
practices do fot improve. 

Rural electrification can ply a decisive role in tile promntiofn or deterrence, success orfailure, 4af rural villaie. I lld lise capaililities and 'ene ial resounrce plotential fmist bedetermilel oi a rcconnlniss~ace level for thosc areas where development is desired. InThai la nd, some areas are rich agricultuiral and/or foIrest resource areas and should be
opened uLI). ( )thers 
 ire too steep with poor soils or too wet, and should best be kept inprotected forests. Many of the minihydro sites are located in these marginal areas. 
For all site,,, tile availability of adeLequite yea r-rolnd stream flows to ensuire efficient andreliable hydroelectric power generation is a fundamental criterion that must be satisfiedat tile prefeasilility stage. Ideally, recent, accurate record,, , stream flow and sedimentdischarges for a fNillimum 2-3 year perod (preferalbly hInge ) shoulhi be available inlorder to determine mdte appropriate size aiil type of turbities all tolpredict the dailyail seasondal spl ofwater for generation of electricity. Stream flow anl sedimenftrecording installations, suitable to the conditions of each particlar site, should Ieinstalled is early ;is possil)le for all sites that are being cofsidered. inl"hili(dhowever, at aiily of the data sites being developcd, little stream flow is available andoften unit hyd ,praplis fior lai ger catichmtent areas are iised. 

ldeally,evc: ef"ft sIhul be fiiade at the prefea.sibility s:age to identify all existing or
potential iublic afnl private water users (including fnininlii flows necessary to support 

R(( (/i f1,gicr, IIadly, In, 
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fish and other aquatic organisms) that affect flows in the stream. The location of allwater intakes and discharges in the affeccted area, as well as the respective flow ratesand nature of the effluents, shoIld he determined also. At the sites, the leamn visited, 
no other competitive uses for !he water exist. 

If a protected river or trea (foi '.-xa mple, ,a national park, forest reserve, wiildlife preserve, sanctuary, or refuge) is threatened by constructioi of a miini-hydro plant, itmay be legally impossible or inadvisahie to deveh Ip at that site, whatever the projectedbenefits. Two of the sites currently under coinstruictio)n are in such protected areas,
Nam Mae Ilat and Nan Kha MnL. As early as possible in the planning aind

development, it i' important that natural resource 
lmaaLgcImlllt agenciles )e inagreement with tile project and pr(ovide lands for tie project site and road rights-of-way.For certain pro)jccts, a protectioniwatershed may riced to be established and tie local ornational government ia have to provide these areas. 

Potential Impacts 

This section deals with eCrvironmental considerations that should be taken into accountduring the feasihililv study. ()i a global hasis, mini-hydro plants will encompass arange of facilit\ d.esigns anld environmental settings. 
wide 

For example, the basic Criterion of a mini-hydr o pl:nt in "lhailand is a gcneratim capacity up to (i,OX) kV. This cansatisfied by either high hcad/low 1lor 
he 

low head/high loiw installations. 'heenvironmental impacts for these two designs are likely to be (julite different. lFive o thesix sites visited h tile teamiare in the high head category, with I imPra i'lerng being
 
the exception.
 

Siniilarly, the creation of a rescrvoir to store water for reliable, year-rmund gerneration isonly required at Laim Pra Plerng and riot at the other sites. '[his single factor is offundamental importance to the asslllell t of environmental effects, since
impoundment of water can result in a number of physical, chiciiical, and biological
changes in the stream that will mit occur if a 
run-<f-the-rver design is used. I lowever,impacts assoiciated with imrpounrldrnuerits have already (icctnred at I niun iPra lerng since

the dam was built in the l9h,0s.
 

The magnitude of enivironfiental impacts is generally related to the size of the facility.That is, a ORX)kW facility is likely to cause fewer iroblemls than a I,(X) kW facility,simply because the amounts of co.lslruction.rmutc. Al, watershed (ist1rlamc grading,and diverted water are less for the smaller facility. ( )f equal Iml )( ,irice, ho wcver, isthe arlounit of water diverted relative to the talflowhvin the stream. A, I(K) kW plantmay have a greater impact if it withdraws a proporlionately larcr anhioumll (1 time flowfrom a smiall stream than a Il(X) Kw llanit located(In a lare river. 'lh sificance ofenvironmental irllicts can vary seammally; ;t IkW plant nay have littl, advecseimpact during high strean flows ir! ile rainy season itll Ilay replesllt 1sigrilicairlstress to tihe aquatic system during, times of low fl','. l[cs,- variablc comdilon,, rmnast be 

RC /i/llagler, ILuIIy, I. 
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considered durinig the conduct of tihe feasihility study in order tIarrive at a ieliable
evaluation o6f environiicnial impact.
 

The followiig airc theIhaMc irpacts the planucr inust 
co nsider during the feasibility 
study ploccSs. 

Flow Disruption: 

All rini-hydr) installation will c rose a disruption of the natural stream flow.
)epcnding oi 
 facility deign, thc am(ount of runoff availahblc, anid the extent ofgroundwatcr rchi,gc, the imlpact riay involve a c()llilcc stppagc of Ho w for a certaindistarncC di),,l>,trcalll It)the i)(),erhioLne where the flow is returned o ll streail. Infact, this ik (th iWflalin ialtseveral ()t the sitcs the tcall visi (d,particliarlk dtwring

periods ut ()w lbiw.
 

)peration anld de, !'i ltctoir,, haitc A lij.iff ililtiCRTi O 111C'I p thee t t (t 11WX (iiruiptiul.e liet lto[ tl< v Lt li iSItCft
a ii(M1'r si',,llliiripklJitiiit plants I(I11 iIA'( lilailstlci
ilIl)u Rll(,Jlil t'. 11i \;itcr xt ta'c, Sincc Ihi\Vili 'w!a.ri III'v riiav lie tji :tlctl wl a daily (irial.eamm OM A, ,illiiK re\,Ivir N I.!v""6this i,n wecse ini I htilatbr& since. 
ldieted o lirlitsltlircIlnilri-h 
 Vt, hiti\" rio ',.atcr st ra'e fc"crw\u i, and return%vtcr to thediv c tl~ anw ",rctinll at ;t1i\t.lr cevatlin. iher is il nut pain (aiu l ,ofw,ater wilh thi, I,,lc (d i ;iiltlia , .ii:i the iwik strech A1 nivur alflcted hb retduced low 
is lie" reC. hi het ,c'li. % i ;tcir Iind n ,,c.I p ) kc 

Siteosc'hic tqi)I)<)'r~ih)liicil ,te::.. ;;1,::) lii v flw)', ds,ritpti n 1lilpact . 1-)rcXamplc, ',lhailial i'rtilil tycl i. chlir tc and/uirdagti ymlt,i h s strle,,tam f0o ian illipol flliiin I .ll(.!nrduc Ow itcfllal advtlsc illpacts 44 flowtie f cC-satliu . Illgencral, fluw tlisriptnio: iip;istf,,,ill bc rIaltr tor drier regions c smnaller streans aid 
less for w ct cliiia ,, t allve s.s ,tria 

Scdirnliation: 

The scdilicntlistchali.: (o4a .tel-,hcd basil is related to( several facto)rs, including
clim-ate ail peole. pir l"And ue is "f Illtil)st irllpiirpalicc ilrnari|tainin, erosion
rate a%cnlo t their natnal igc liyic iates ars t>iissihilc Whell iropcr land luscoccills, "liclahlY t!lIS dcf sanI-i of t eplariuIs A i" 'i el ic-( l1irc t"fahisliltlc1:i of 
r/,iri' (a ;agicultu'e rcIiiiiiP raite. A,'* 'it'w, ui~v .a( (n lt , 

c ,i;Aafln ' incjill trllynpo t ill 
ithstreall is geiC.ial i',re:' cii 

ced illicillla!)(111 1 1pIl;t , alt" 1 ,I IA11, 11(1111! i ' it ,vh'jSdillie it i ln m lla t . 'd il( ttiian kkll p w.,ll, 1,* 11t' 'w pi+jct:d') IIn 111.11 I eh llbiI (ill lat t 1i't11.11(c O i ll. anuld 

111C racc .kiv 0 c , c(lilinltll (atiwi'cl i1 j1111C ptitij. .iIiil actc lcra/tcd '%cedr) .ieco(niu.sc(lilliictil l ictilti1r 'tfroll)l, Jctl ( 1iistrucli(ili anId (iPpef.tioi call have advcrse 
imllpact (on tn alititCSl t Clli. 
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lurbhines are subject t excessive wear and pitting when c )arse-grained sediment isentrained inthe water. Ingeneral, it is m.0,t desirable to maintain as high a physicalwater quality as possible. Tlhis can be attained by proper watershed management andstrict contro l of pro ject construction impact s(r j:d building, excatiatic n, etc.).Information on sediment loads should be an important criterion for both feasibilitydetermihatim and the design () the engineering structures, however, this infornation 
was riot availablc for the sites in this project. 

Sediment transpor I ,lftect, Im)th the, physical chara'ctertics of water qluiality ;ind the
biotic comulnniitv ill tie streail. 
 Where inipoiundinent or decreased water velocities
occur, ,edirnct l)ads will drop out ant 
 fill tl) engineeing structuLres (irriation canals,rvoir,), thereby increasing umaintenairce (ots (decreasingr res 
their useful life. FlArthi, reason, all the IdastN ini thi, proJect hav adequate sedimenit rell)Val provisions

throu 'hdeyi' l ard p,,.litclIltllteiianlc(<. 

S'ediliictitit)li call haw At r',,c il. (ads;tquatic organislis lvbyburvirg rock or gravelfllh-~~',,,irigarea' , ain,d rolhcriu!, clams, iui,ssel,, oiher bhottm-dweHnl organims,fish ep)Y5, arnd r oed aquatic pilanit,. By g he texture and composition of teilsubstrate, ,cdimrentation v ill calus( a ,fiitt in the composition, ablndaice, anddistribuitionlofatuatic biota, g'.rir.'lv inIa tuve manler. T]he severity of these

impacts aire miotfhIfjc b, ( I) tGo, 
aruom lt r1 rate of sediment tranlsport, (2) tile velocity,turiulelce, ;,nd I1t rates of tile sircai, arid (3) the trequenc and nagrlitude ofllturally occIwr' clo h-,,li I ' .rInd ,(li ct (i >ositutioln. 

i lo"evr, at all Owe Wuen viitd, A apjpears thIat wedulirit trarmtlort is rnot a severeprol)dlcm becaue w.thte.,hi..d, are %%,ell comered wil vegetation. ( )nly (I irig the

rainy seaio (Ju-Sepntwnnlnr) oes kedhirleriatin law 
 a threat. As mentioned above,the hd~r:alic '1 itres ilithe lrojects are designed to remove a major portion of the 
sedimevnt. 

Alternatli e Wattr Uses: 

Since the oqperatiron oi a run-of-the-river, lo-inlrpoundren t mini-hydro plant does riot consm,,re l,:tcr or si nificantly alter its quality, the major imipact with regard toalternate v,,iter iA!" will rcsult from the fact that "niter ist..nlprarily (liveried fromf thestreami. 'I iis r;aik-s Ot ptsi",ility 1hat olier usen "lc witnchldraw, 'wtr lrom thatsection of the "t.,,;l ,ill not o taii adqtlq .:rlquatllitics du ingl, all or part of- the year.
Tlhe aifected section couild servr as am'nun c of %k.terffor ir r igailoll, lli Ifrar and livestockConsunill iorr. I ,).k ever, tile d ;it;w ",that a, di'clt.r 1,, 
 htco]rtll(stralli Is uiilillialanId iii all I.,-.r,,. At the Iplans the lt'ari %i . ,l there w reo w!hi m u.s hte
b,,,tv,,r

intake aid t -l,, io11 Illl 1vtlC, .n this I,, 

I lvl dIt'lIltinin
liltlit u,Ir"ulIclkitm rI neI"lui: " ian Allh'et be In ',.t i c i' on,\W ie Ir(h: t 1 i', olnt 1,all ('1tnicij l ,lrcaru (nli t tl')vc tOeti , Walc tale aridthme tn c(A"tpllIihlt,, to rjoundhf to.te iiuppitie) 1: is lily Ihat ?,rnriil,,at.n rchlarpe' 
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will be diminished in that stream reach between the points of diversion an(J discharge.This could affect water availability in wells and in the stream channel. The team couldnot determine if such circumstances exist at the project sites. 

Flood Control: 

A small hydro plant which tempo rarily diverts a portion of streamflow for power
production can be expected to have little or no effect on either diminishing or
increasing tihe quantity of flod flows. The plant however, must be designed to
 
withstand fHoods.
 

Water-Qulali(': 

()peratim ()Iour- f-thc-river, non-inylpndmen rt minihydro facilities vill have little orno effect on watcr quality. Such vkater quality paranreriters as tenperature andconcenltratiomis of di55)lVed gases and 1tflfcrals will not be altered by diversion andpassage through the perstock and tlurhines. While ttrrbitlitv and sunpeldcd solids levelsin the di,,i tcd .aters tmay be redluced illthwc plant desins which incorporate sandand scihillicll t'a)s, ill lost Cas til',t will Iot have a ire a"tlive iuipact Ml rcciving
 
waters.
 

)irect water quality impact, cmilhl occur, howecer, at those sites W', C6(fesigs includecreation of a silstantial ino)(mnditleuit of water above the intake structure. Most of theplants in thi, project have a weir and the inpo irdm en t ,will tend to be small, without
the problems oftthei nal stratification and anoxic benthic conditionls associated with
 
large reserv Nirs. 

1mpacts to Aq iiatic ()rganisms: 

There are iinJpacts to aquatic organisms that should be considered when evaluating thefeasibilit oI a slte. Smile imlpacts, such as turbine-related fish mortality can be apotenitial problcti. Itcrfcrence with upstrceam migration of fish is yenerally of concernwhen water is irp'mindedl for a store-aindl-relca. lyc of operation. IJpstreai fi.,h
migratim is riot anl issC at tile sit", tunder cmideratimn in lhailand. 

l'ilfile moitality oc(curs,, when or)'alisllir ire cariled inito tie intake structurc alongwith diverted wklcr arnd p1.,,s thiogh the trbite s biefe bcieing discharged back into therceiving: strcal. 'IhiesC rIanisn, incluling dr itting a(Ilatic insects, iooplankton, andfish cgg,, larvae, anl juvcniles, arc subjectcd to sudden and extreme pressure changes,turbiuleicc, "halr foces, abrasion agalnit the widls of' the plenstock aiid contact with thetill bonw ladets. 

14((i/Iligiher ILIrI), it,< 
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Organisms which are too large to pass through the intake debris screen, yet cannot
avoid the flow, may he trapped against the screen iii a process called impingement.
These animals, commonly downstream-migrating fish, eventually suffer mortality due to
asphyxiation and phyical damigc if not removed or by paxssed. 

TemIporary diversiom or impouilriren of water for hydroelectric power generation
results in decreased flhw iin that portion of the river downstream from tile intake 
structure and upstream of the turbine discharge. Under low streaniflow conditions, this can resuilt ili a significant decline in the natural flow available to support fish and

bottom-dwelling aninials in that stretcl 
 of river. In ex re me cases the river may dry up
due to complete diversimon or impoundnent for power generation, resulting in a loss of
these bottorri organisrn and a potential blockape for upstreami and downstIelalloligratirm ih. 

Mainten.nce dr,.d:,inmIr, to icnimc ,diniernt dlep), its from the sand trap and the arca

around ilre intake structulre, 1layN 
 rcmirlt inn temnpmrarv increas.., ii mUJ)einded material
and turbidity, O,, disso(lvd O\V51TI, high concentration of disslv(cd minerals and toxic
conta||uinant.s. It* lre(ged ratterial isallwe to enter the receiving strearl, silt and
sand depmti n and thir ;tlteratiorn (f substrate and bottom habitat will result.

Ihvev-r, tile dcsin (t 
tre intake structures are such that little maintenance dredging

Sholild he rvqluirel. 'Ihcy are cs,. Iriallv self clealling.
 

\Vaterhlmrne lDiNV3.s Mid Pa;rasittcs: 

As with watcr quralitv himpacts, tiet uicratini f tii-hydr,)power facility "!Lg is not
 
expected to aftect the trarlsrrissiiu ()I watcrbornc diases. Although the self-purifying

capacity t watcr ItI() rug quickly if)a Inon-turbltlent flow throlugh a headrace anid
 
penstock ma.v lhc reduiccd relative t) mioverncnt (of that sanle parcel of water over the
nattratl strcanbed, th!s fictor will im)hiahulv rot be siriiicnit ill bst cases. The

ilnI)OUnliert of()I WatCr ill a hydro-elcctric reservoir could euinarice survival ofI risice
orgarisils, silcc tlrc factors whichi are critical lo self-pirrifteatict of \atcr in a streall
(turburlelcv, sunili.ht penctratimotn, o\vgeiiation) are reduced or climlinated iln a

rescrvoil. Iirr'lly, waler iloutrlldjiinlCIms tvide increascd habitat tor 
 Iiiomluiitoes
(which are vcctomrs (f such diseases as tinal ia, eticepihalitis, yellow, fever, arId (lellic)
and snails (which ae alternate hosts o a)fnimal and hiinan plarasites such ;ts
schistosoliiasis) . 1lowever, at these sites, the anotint tof imnrpotintle, water will be
limited to that )ehind tile weir and therefore these consequences should not occur. 

Construction Imlucts: 

The effects 4f inirlihydrli, corwstructio, ()it the aquatic environment fall into two
calegories: (I) turbidity anid scdinieitation, and (2) water quality ilegradatilOn.
('onsIruictii of ;a ro-I l provide access Io tile site, dalis for water iilpoundlents, and
on-site cristrlIncrilrl (f the var io s corill)oileruts of the facility, will result ill tile 

R("( /IIa (If V Ia.,ly. im', 
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disturbance and movement of erodilhet soils. Unless mitigative mleasures are taken,
such as the Construction of dikes to retain stormwater runoff, this soil will eventually bewashed into the streams. The effects of the resultant increases in turbidity, susI)ended
solids, and sedimentation on aqudtic organisms have been described. 

In addition, oils, greases, and chemical wastes from the construction of the concrete
canals and turbine building may be carried into the streams and seriously degrade waterquality, especially under low flow conditions. The toxic effects of these chemical wastes
would cause stress or death to aquatic animals. 

Road construction providing access to tile site is normally responsible for much moreearth movement and disturbance than site preparation activities. The magnitude of the
siltation impact, which will principally effect stream hydrology and aquatic
communities, can be reduced hy s()uud engineering practices of road construction.
When prOpci y constructed ald stahilized, a road may cease to produce significant

anounts of sediment in 
a short time period (2-5 years) At the sites the team visited, alltie a hove negative impact were evident. Planning in this area was not well carried out
and sonie negative C(neque I ces chld have been avoided. Perhaps the higges, problern 
was construction ( f tile access road. 

The passage of trarsm issirn lines between facility and points of energy consumnption
may give rise to a series ()f imlacts relating to boih land use and wildlife resources. Theestablishment ard operation of transmission lines requires the clearing andmaintenance of relatively vegetation-free corridors, resulting in exclusion of alternative
land . es that wotuld he incompatible with transmission line uses. Such devegetationanid land tise restrictiirs miay iin)ly limited hut me theless significant impacts under
certain circutinstailces. Ilowever, tile lines going to these sites are only 22 kV on
 
concrete poles. N(o scrims negative Ilpacts are 
envisioned. 

Potentially, the monnt detriijental lmg-ter iimpact of road and niini-hydro construction,
is the opening up )t f()rest protection and critical watershed areas to spiontaneous
hulman collonization. For exapille, a comminuori experience in water resource
developnient pr,)jects has been that c(linizati(in has resulted in erosion and torrentialf((i(liing. Spoltalelis Co)lonizatin of marginal protection areas prodtLIces iniinumerable

im)acts o ( s)il, water, forest an(] wildlife resources, both on-site and downstream.

Ilowever, in the areas where these plants are located the hydro units serve existing
villages. )velopment has already take n l)lace and apt)earsto have stabled. 

Lmand IJse and l)Deelopment: 

Proipier land ic, in the watershed is critical t( the avoidance of a c(mIj)lex series ofimpacts that culd far otitwei6gh tile total direct impacts of mini-hiydro constrniction and1)perato(ui. 1liose lon,-term illphacts, which basically have to d( with improper land use
and deforestation )f steel) ljplan(ls and watershed degradation, will lead to erosion and
sed imrent dischiarcs, imrenutial II()w regimes, and (lecri-ased (Iry season base flows. 

H i laglr, ILtily, Inc 
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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 multipleopportunities for benefits. Potable water supplies, recreation areas, forest reserves withcertain restricted possibilities of wood product extraction, an, other compatible usescould be promoted so that the community appreciates and takes advantage of
environmentally-sound multiple use 
possibilities. It is extremely important that thecommunity develop both (1) an understanding of the relationships between proper landuse 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: 

SinaIlhydropower facilities with reservoirs are sediment and nutrient traps. Ilowever,the sites we are considering,(1o not have water storage since they are run-of-river
 
facilities.
 

Aquatic Wevds and lutrphicatioi:
 

This pr( blci i, ls ,sociatcd withIin)p1 nded water and trapped nutrients insediments. lic team de(s( not envision such problems developing at the sites which
 
they visited.
 

Wildlifi lI)acls: 

NMin i-hydroi install',i ns will also have some impacts on terrestrial habitats and wildlife,aIth()ugh thlee cfec: shave bCeen less well studied than aquatic irn' acts. Constructionand mra inte nllnc %',illinvo)lve m)nie land disturbance through cleanrig for access roads,
tr;,nsm1.1n' iolr 
 !ine,,, an1d onl-sitc structres. 'Il,: resultant alteration invegetation andhabitat fIay have ll)'ativc or ps,,itive ilpacts oin wildlife, depending on the particularsite. Ior exami)lc sit,- clearing mllay be delrimcntail to wildlife by eliminating criticalhalkitat, whercas inl )ther cases it may he beieficia! by creating greater habitat diversityin homnoyc co(A'cnliromnlews. Construction noise and -,ctivitics may interfere with
nei1g atclivific,4f I)Ir15 (s)rmi gratory m()vcments of terrestrial animals. 

Secondv.1 Imlpacts: 

Inaddition ) thc pr irnary, di rect iimpacts ()fi environmental resources that have bee ndiscussed inlprcv;oIs scction, tihe )rovision of clectricity to rural areas islikely to have anumber o ccond.iiy clifcts. hFor exaimple, establishment of new roads, smallindustries, irri,alifi capabilities, adti iinii,,ration into undevelo)pcd areas are all 

RI /I gler, I lly, In 
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ENVIRONMENTAL IMPACT OF MINI-HYDROPOWER ININ THAILAND 
HS 

potential social benefits derived from rural electrification 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 theconstruction 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, a!ternative 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 imm;gration or
stemming enigration), agricultural (irrigation) activities, livestock production, andihidustries, any of which could have important consequences to the water and land usepatterns in the region. Population increases in the regions served by electricity willcreate a greater demand for potable and/or irrigation water and water treatment.Small commnunities that presently have no drinking or waste water treatment facilities may encounter increasing problems with wateborne diseases as the population increasesand the ability of the environment to assimilate their wastes decreases. 

Irreversible and Irreparable Impacts: 

Irreversible 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
bottoms. 
 l)epending on the site, geolhgical, archaeological, historical, and culturalresources may also be lost to flooding. In addition, the creation of an impoundment
will normally result in s ltation in the reservoir and an irreversible alteration in the
 
topography of the valley bottom.
 

Construction of mini-hydro plants without imp ,ittluments will normally not result inirreversible or irreparable commitments of resources except in cases of alteration ofunique waterfalls or widd rivers. With adequate planninrg 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 (Jf Eavironmental Information 

This section describes the typcs of potential environmental impacts that should beconsidered when evaluating the feasibility of mini-hydro site for development. Thechecklist in this section provides suggestions for the types of information that should be 

RU(i/I h gler, Badly, inc. 
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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 is, 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 is pat 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 he 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 seasonally

flooded due to reservoir flow regulations?
 

(10) 	 What other water bodies (lakes, reservoirs, etc.) are associated with the 
surface waters of the study area? What special geologic (geomorphologic or 
tectolinear) relationships might exist beween these? 

(11) 	 According to the Life Zones (E'cological) map of the country, what Life 
Zones occur in the watershed under study? What runoff distribution could 
naturally be expected frorn each Life Zone (or other appropriate ecological
classificaton unit) according to water balance estimations? How 	many
effectively dry months are there in each water year? 

RC(J/Ilagler, Badly, Inc. 
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H.I1 

(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 he 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 tie site near a protected 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 rccreationally important

species present in the region?
 

(19) 	 What are the principal aU1uatic species present in the area affected by

construction an( ope rat ion'?
 

(20) What species are harvested for sport or commercial purposes in the area?
What is the harvest level -andseasonalitv of harvest? What fishes or
shellfishes are harvested from the stream for food by the local community? 

(21) 	 What waterborne diseases or parasites are endemic to the area? What 	isthe possibility of sprealing or accentuating disease problems by mini-hydro
development? 

(22) Are there species of aquatic plants in the area that could interfere with 
hydroelectric.'ty production and alternate water uses? 

(23) 	 Are there any pre-existing (natural or man-indutLed) environmental stressesin the area? Are any future developments planned for the area that might
add additionwa stresses? Characterize and, if possible, quantify these 
stresses. 

(24) What 	is the nature and size of suspended sediments in the strean? What is 
the bedload of the stream? 

RC(i/Ilager, Ilaily, Inc. 
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(25) Are any water quality data available, especially regarding temperature,
dissolved solids, salt, nutrient, and dissolved oxygen levels, or the presence
of toxic materials or disease organisms? 

(26) 	 What projected or active mining activities occur in the study area? Are
 
these open 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 a number of advantages over other sources of
 power as a means of providing electricity to rural areas in developing countries
 

As with other energy technologies, however, there are potential environmental impactsassociated with the construction and operation of mini-hydro facilities. Discussions ofimpacts 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 earlystage in site selection and project planning in order to Judge the significance of theseimpacts. It should be noted that the discussions are intended to cover a range of sites
and designs which are appropriate for Thailand. 

Since decisions :about the significance of environmental impacts at a candidate site willbe largely judgemental, both the prefeasihility and the feasibility stages of site selectionshould he conducted by individuals with foirmal training in an environmental field (e.g.,
natural resources rianagement, ecology, forestry) and experience in impact 
assess men its. 

In sumnmary, the principal objective of incorporating environmental ,concernsintooverall site sciection methodology smould nrot he to hinder the provision of electricity torural areas, hut rather to orient development in an environmentally sound manner. Tothe degree tlkt riini-hydro plants promote the intensification of rural industries and
improve the lot of the small farn:ers without entering into conflici with basic
environmental resources, they will assist ;n the rural development process. 

RCO/IlAttgcr, 1B1y, Inc. 



APPENDIX I: ECONOMIC AND FINANCIAL SENSITIVITY ANALYSIS 

This viability of the eight proposed mini-hydro facilities can be examined front threedifferent perspectives. At the simplest level, a cash flow analysis can be performed todetermine if the NEA will be anle to meet its debt service requirements as a result ofthese investments. At a more detailed level, a financial analysis of the individualfacilities can be performed to determine if the expected revenues are greater than theexpected expenditures and if these projects will provide a reasonable rate of return onthe investment. From a national perspective, an economic analysis of each project canbe performed to determine .*the res 'urces allocated to each facility could have been
better used for other projects in the economy. 

Of the eight facilities being constructed as part of the NEA programme, only six were ina state of final planning at the ti me of tle field visit and only these have been dcscribedin the text. Since this section is being prepared several months later, planrhin g data isavailable on the other two sites. The basic physical description of !he eight projects isshow in Exhibit 1.1based on the current NI-A engineering data. The total proposedcapacity 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 NIFA's schedule as of November 
1987. 

Exhibit I.! 

Physical Characteristics of Mini/Mlcnr lrJlydro Facilities 

Nominal l)elpidalle Expected 'nnsmission Start of
Capacity Capacity Output Line l'ngth )perationsFacility 
 (kW) (kW) (MWh) (kin) month/year
 

Nam Mac hIat 818 03e) 6795 27.0 2/88Khlong Lam I'iok 1182 253 7761 1.3 3/89
Iluai Lam Sin 
 958 .370 6115 1.6 7/88Lam Pra i'lcrng 854) 851 .044 0.0 4/89Nam Kha Mun 1030 184 4,W)9 8.3 4/89Khlong )uson W&) 145 5838 1.2 5/89
!luai Mac So( 
 6(0 143 3359 5/89
Name Ya Mo 738 212 4434 
Total 
 6916 2793 42155 

The total capital costs for the eight facilities is currently estimated to be US$12.8million exclusive of administration, technical design an import duties as shown inExhibit 1.2. The capital costs for the first Ihree facilitie!, in tli, table are ba,,ed on thebids of the selectcd contractors. The capital costs for tie next four facilities ar. alsobased on the contractors' bids with tile exception of the costs fo, thee lc: r )mchianical 
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1.2 
ECONOMIC AND FINANCIAL SENSITIVITY ANALYSIS 

The total capital costs for the eight facilities is currently estimated to be US$12.8
million exclusive of adm'nistration, technical dcsign and imnport duties as shown in
Exhibit 1.2. The capital costs for the fist three facilities in this table are based on thebids of the selected contractors. The capital costs'or the next four facilities are alsobased on the contractors' bids with tile exception of the costs for the electro-mechanicalequipment. The capital cost for the final facility is based oil estiniates provided by theNEA,but their recent est imates have proved reliable. 

The economic and fillcial analyses were lirvited to tile original six sites which the
team visited ald fo)r which reliable data is available. 
 It is assu rued that the capital costsfor these six sites will be incurred in equal amounts over the two year period precedingthe operational date. The ec)n unic life of these facilities is assu med to be in excess of40 years. It is also assirued that major renewals of equipenit or facilities will not berequired during the 25 year )eri)d 'lled in Iboth analy.es. 

LXhibit 1-2 

Capital Costs for the Eight Mini/Micro 

Ifydro Facillie 

(OOO's USS) 

Civil Trans. E&M Admin,Facility Work'j i1sion Equipment Dsign* Total 

Narn Mae IHa182 4(M) 057 424 2163Khlong L.aim Pl)k 784 22 989 459 2254Hfuai Ilm Sin -32 22 614 459 1527Lzri Pra Plernk, 3 1 0 863 137 1311Nam Kha Mui 83o 37 718 145 1736Khlong )uon 9 18 27 490 14 1 1576Hluai Mae Smt I145 30 .562 164 1801Name Ya Mo 1490 110 785 239 2624 
Total 498 648 -678 2168 14992 

Ciimalcd 

The opcratin, amd main tena nce (()&M) cots f ir these facilities were esti mated 
4., iming a repa: ir aid inaintenance cost equal tm)1% d'lthe cost of civil works and 1.5%of tile cquiilClCiStl S. I'lhe operating c()sts for each site were as,,uimed to be 250thousand Iliht pi year for a three-shift, two-inal (y)cration. 'T'he ()&M c )sts, for tile
eight sites are suminmarized in lxhibit 1.3. 

JW(I/Igilcr, IuItailly, Inc 
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1.3 
ECONOMIC AND FINANCIAL SENSITIVITY ANALYSIS 

Both the cash flow analysis and the financial analysis assume that all of the electricitygenerated by the mini-hydro facilities will be purchased by EGAT at the standard
buyback rate of 1.03 Blaht per kWh. 
 It is assumed that this buyback rate will be
adjusted annually in proportion to the rate of inflation. Each 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 llaht/Year) 

Facility Operating Labor O&M Costs 

Nam Mac flat 250 
 578Khlng Lam PIok 2.5A) 
 86
lIluai Lam Sin 250 

Lani Pra l'icrng 250 

353 

310Nam Kha Mun 250 
Khh ng I)tu.,a 250 

503
 

l luai Mac sot 
432
 

250 
 483
Name Ya MNo .25Q 20
 
Total 
 2000 4053 

Cash Flow Analysis 

The cash flojw analysis compares the revenues from sales (f electricity to EGAT withthe sum of the ()M expenses and the debt service for the entire project. No effort wasmadc- to estinmate changcs in accoills receivable or payable duitring the period of 
opcrati)n. 

The dcbt service rcquircments arc based o)n the curret arrangemntcs between !JSAII)and RT(;. 'T'hese .oStip)ate that USAII) will led tilt to JS$8 million to cover 50% ofthe c)st , f<i the elcctro-niechanical work and techrical a,,:,istance. I)isbursements ofthe USAII) loan are made on a facility-hy-facility hasis at tlhe time each facilitybecomcs operational. "lic costs of co)nstructi()n ar,r bornc fully by NIFA prior to thetinm these (lish)irsecine is are madh. lie NFIA will cover its, share of the colstructioncosts through its annual hu(gel. 'ihc UJSAII) har, has a 1( year grace period duringwhich an irite rest of 21 is paid and then a 30 yea .)- riod It)ring which the I rincipatlmust I)e repaid and an interest r:" :)f 3%,, is chargct! on the outstandi,', balmce. The 
hom is relyable in IJSS. 

R((e/la18)CI, |411iy, Inc 



1.4 
ECONOMIC AND FINANCIAL SENSITIVITY ANALYSIS 

Interest during construction was assumed to be paid by the contractor and included aspart of the capital cost to the NEA. The contributiors of the RTG to the project aremade through NEA as part of the normal budget )rocess auid are assumIed to form part
of the project's equity. 

Since the loan repayment schedule for USAIl) is set and rcpaynlent must be imade inUS$, it is necessary to include the effects of inflation and changes in exchange rate inthe cash flow analysis. An average rate of inflation of 4% ha, been assumcd over thelife of the project. Thiis Is in line with pub)lished cstiniacs of the increase in consunerprice index over the last five years. There is no rea:son to assuime that it will, onaverage, greatly exceed this aoulit iII thic next 40 years. 'he general rate of inflation isassumed to affect the costs for ()& NI for the facilities. An additional V'(, a ,'earincrease has been included in the costs of labor to account for ecoloily-wide iicreasersin productivity which will affect the rates paid to the operat( rs of the fil rii-hydr')
facilities. No inflation adjust men ts were 
Micluded f)r the capital costs of tilemini/micro hvdro facilities siice nearly all these co,,s arc based )nbid, an(i reflect thecontractor's own expectations regardlu, irl ati0)i. 

'I1he exchange rate for the alaht
is naintained in a1siall tradinrg range relative to the
U'$ and major revaltiatiorns are made by governine ':it po icy. "Theexchangc 
 raterelative to the dollar had been relatively stable uip until I ; ,lieii the first ot twodeval uati~ms was introduced. (ur rei tly, the liaht's value relative to the IJS$ is abotprobably undervalued. Nevertheless, a conservative positi i has been taken il whichthe IBaht is assunmed to decline relative to the [JS$ by 1% a year over the life of the
project. While an increase relative to the US$ could just as easily occur, the net effect
the cash flow is relatively minior. 

The cash flow analysis records the change cilaIIin tive seurl)l us ov(er the life of theproject. Du irg the final years of colst ruction of the eight sites, this surl)ltus will benegative for a few years. It is assjmcd that govcrnmiet borr owings will be use( to
cover the deficit during this perio(d. Therefore anI iierest charge equalto
goverimerit borrowing rate is charged (dtriigthis period. 
the
 

'ie accrued interest as well
as the deficit are paid off using net operating revenues.
 

A su mm ary of the assuimptimis used iii tle cash flow analysis ate shown in,',hibit 1.4,The results )f the cash flow analysis are shown in lxhibit 1.5. '[wo genneral coiliieits 
-ire inorder: 

First, the deficits shown for 1986 and 1987 'ere covered h,the NIVA oit[ i4reviumslyallocated funds. Since the UJSAII) disbursements and RI (qu ity c(m tin arcidilsassuimied to he lisbursed at the lite 1f project conlletion, tile NI,\ will have to covertie cost )f the progress payrnii ts ire1988 and 1989, while the two relmai iing sites areunder construction. This is assu med to be done through government horrowini s, and,therefore, interest oil short-term loans are inicuirred during the period 1988 through
1990. 

RCO/I l,,el, r1ll,y, Inc 
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IzOMbi 1.4
 

A~ssumptions Use4d In Cash How Analysis,
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EXHIBIT 1-5 (continued) 

C!ash Flow AMaii5is s000"$Baho 1998 1999 200K) 2W01 2002 2003 204 2005 2006 2007 2008 2009 

Rf ,n.,-u, 
B:,,. 

from Buback 
.-= C o m r a Loans 66.$43 tg.51t. 72297 75 .1')

" 
7l.1,k 1.324 84,577 87.9(o 91.479 1) l X8,943,q .4 I02,'MII " 

pa'=.-.-I-S7oa 

-.".a Ecpnditures 

tWuS-4a)A,413 69.516 72297 75,189 78.1% 81,324 84,577 87,9- 91,479
14 9 

95,13S
9 ,.g 

(,.943
q .4 102! )1( _ 

C-7:;.,korks 

E 'I Equmprent 

D 
' d- a..A Design=.-,ce Pa~mnts 
-aOn LT loans 

I o LT loans 
z ST k-ans 

(;-<-a*"=,z E .xrt-niturcs 

25,014 
2354 

20.456 

4,406 
352 

1S,154 

0 
(0) 

13,928 

00 
0 

8,754 

0 
0 

2989 

0 
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0 

0 
0 
0 

0 
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0 
0 
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00 
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0 
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ECONOMIC AND FINANCIAL SENSIT1'IVITY ANALYSIS 1.8 

the surplus. The results ,tld bc Mnlv silightlv affected it there were a change in
exchange rates as sh( wii in iLxhihit 1.7. Ill clft , this pi)rject is profitale primarily
hecausc of the largest of the RT( anti IdUSAII). 

Exhibit .6 Buildup of Cash Surplus 
1,2 	 USJ Io and RTO Equity1.1 . ........
........... 
.. 
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Ex:hilil 1.7 

Snslilhily f (ifasi Foiw Zn (1Chaiges in I:clhinge Rate 

Excllnge Rate 
annual change Surplus Establilihed (106 llaht) 

S''415 	 '18 1,217
 

- I%Ir.l 41.4 	 514 I,2(XJ 
0% 41.41% 	 510 1,18041 5..6 	 1,Y).1" 
2% 413 	 5)1 1,129
3% 41.2 	 495 1,0Y8 
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1.9 
ECONOMIC AND FINANCIAL SENSITIVITY ANALYSIS 

All important quctai n is whether it wouid Ibe viable using coinmercial financing. 'Filecash flow analysis was repeated for thie same eight sites, assuming that: 

the interest rate on the short-term loans used t) cover temporary deficits is
10% per year (slightly below the current prime rate), 

long-tern loans are uscd to finance the capital investment at a rate of 
interest (of 84 

the repayment period for the long-term loans ik 10years with equal annual 
p~aymnts and without an initial t'.race ieriod. 

'he -ctlt. a.s shown in lxhibit 1.8 Indicate that the p)r(ojcct %,ouldfinltly breakeven in2003. The (ovCrdraft ouild rise to 205 mdilln liaht in 1999 bUt woul then decline 
With tle lon-tcrur debt paid off if) 2000, theannual net operating surplus (49.5 million 

the long-termi debt svrvice decreased. 
w as 

laht (in l)93 value) woIld quicklyeliminate the overdraft and then build up a considerable surplus is show, in Exhibit 1.9. 

R(c /Ita ler, ilailly, In( 



Exhibit 1.8
 

Cash Flow Analysis f~r Commercial Loans
 

Cash Floy Analysis (000's Baht) 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

Receipts
Revenucs from Buyback 
Borrowings - USAID Loans 
Government Equity Contribution 

0 
0 

0 
0 

9,004 35,557 
81,083 122,917 
3 ),828 155,096 

48,841 
0 

50,795 
0 

52,827 
0 

54,940 
0 

57,137 59,423 61,800 64,272 

Sub-total 0 0 120,914 313,569 48,841 50,794 52,826 54,939 57,137 59,422 61,799 64,271 

Payments 
Capital Expenditures

Civil Works 
Transmission 
E/M Equipment 
Admin and Design 

Debt Service Payments 

10,457 
4,411 

11,545 
16,575 

64,675 
7,312 

60,668 
16,575 

72,415 
3,868 

60,840 
32,0&8 

18,198 
966 

11,717 
1,050 

u 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

Principal on LT loans 
Interest on LT loans 
Interest on ST loans 

Operating Expenditures
Maintenance 
Labor 

0 
0 

0 
0 

82t 
18,114 

761 
416 

1,793 
10.425 

3,526 
1,839 

4,080 
0 

4,493 
2,318 

4,080 
0 

4,673 
2,435 

4,080 
0 

4,860 
2,557 

4.080 
0 

5,054 
2,686 

4,080 
0 

5,257 
2,822 

4,080 
0 

5,467 
2,964 

4,080 
0 

5,686 
3,113 

4,080 
0 

5,913 
3,270 

42,988 149,230 189,328 49,514 10,891 11,18 11,497 11,821 12,158 12,511 12,879 13,263 

Net Operating Revenues 
Investments Expendituies 
C,-mulative Borrowings 
Outstanding Principal (begin year) 
Outstanding Principal (end year) 
Change in Net Working Capital 
Cumulative Surplus (beg;n of year) 
Cumulative Surplus (end of year) 
Average Overdraft 

0 0 7,827 30,192 
42,988 149,230 169,211 31.93! 

0 81,083 20-1 000 
0 81,083 

81,083 204,000 
(42,988) (149,230) (68,414) 264.056 

(42,988) (192,218) (260,632) 
(42,988) (192,218) (260,632) 3,424 
(21,494) (117,603) (226,425) (130,316) 

42,030 
0 

204,0(0J 
204,000 
204,000 

37,950 
3,424 

41,373 
0 

43,687 
() 

24,XX) 
204,0(X) 
20,(X)0 
39.607 
41,373 
80,981 

0 

45,409 
0 

204,000 
204,000 
204,000 
41,329 
80,981 

122,310 
0 

47,199 
0 

204,000 
204.(XX0 

43,119 
122,310 
165,429 

0 

49,059 
0 

204,000 
204,000 

44,979 
165,429 
210,408 

0 

50,992 

204,000 
204,000 
46,912 

210,408 
257,320 

0 

53,001 

204,000 
204,000 
48,921 

257,320 
306,240 

0 

55,089 

204,000 
204,000 
51,009 

306,240 
357,249 

0 



Exhibit 1.8 (continued) 

Cash Flow Analysis (000's Baht) 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

Receipts
Revenues from Buyback 

Borrowings - USAID Loans 
Government Equity Contribution 

66,843 69,516 72,297 75,189 78,196 81,324 84,577 87,960 91,479 95,138 

Sub-total 66,842 69,516 72,296 75,188 78,196 81,324 84,577 87,960 91,478 95,137 

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 

4,080 
0 

6,149 
3,435 

6,800 
4,080 

0 

6,395 
3,608 

6,800 
3,944 

0 

6,651 
3,790 

6,800 
3,808 

0 

6,917 
3,981 

6,800 
3,672 

0 

7,194 
4,182 

6,800 
3,536 

0 

7,482 
4,392 

6,800 
3,400 

0 

7,781 
4,614 

6,800 
3,264 

0 

8,092 
4,846 

6,800 
3,128 

0 

8,416 
5,091 

6,800 
2,992 

0 

8,753 
5,347 

13,665 20,884 21,185 21,506 21,848 22,210 22,595 23,003 23,435 23,892 

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 Sirplus (end of year) 
Average Overdraft 

57,258 

204,000 
204,000 

53,178 
357,249 
410,427 

0 

59,513 

204,000 
197,200 
48,633 

410,427 
459,060 

0 

61,856 

197,200 
190,400 
51,112 

459,060 
510,171 

0 

64,290 

190,400 
183,600 
53,682 

510,171 
563,854 

0 

66,821 

183,600 
176,800 
56,349 

563,854 
620,202 

0 

69,450 

;76,800 
170.000 
59,114 

620,202 
679,316 

0 

72,182 

170,000 
163,200 
61,982 

679,316 
741,299 

0 

75,022 

163,200 
156,400 
64,958 

741,299 
806,256 

0 

77,972 

156,400 
149,600 
68,044 

806,256 
874,300 

0 

81,038 

149,600 
142,800 

71,246 
874,300 
945,546 

0 



1.12 ECONOMIC AND FINANCIAL SENSITIVITY ANALYSIS 

Exhibit 1.9 

Annual Change in Working Capital
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These results are sensitive to the assumptions regarding level of income. If the averagebuyback rate is less by 10%, then the project would not bread-even until 2007 and themaximum overdraft would be 290 million Baht. A 10% higher income would mean thatthe project would breakeven in 2001 and the maximum overdraft would be only 130million 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 1.10 and 1.11. 

Financial Analysis 

The financial analysis assumes that the NEA is investing in generation capacity and isselling the output to EGAT or PEA. The price of power at the bsbar is fixed by the
utility which will purchase all of the electricity generated regardless of the time of day 
or the Season. 

RCO/Ilagler, Bailly, Inc. 
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ECONOMIC AND FINANCIAL SENSITIVITY ANALYSIS 1.13 

Exhibit I.10 Effect on Project Breakeven Date 
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ECONOMIC AND FINANCIAL SENSITIVITY ANALYSIS 1.14 

The financial analysis compares the stream of revenues from the sales to E(AT withthe stream of O&M and capital costs on a facility-by-facility basis. Revenues and costsare computed in constant value. These are discounted at a rate of 8% to determine theNet Present Value for each facility. Capital costs are expensed in the year in which theyoccur. For the benefit/cost ratio, the benefits are the revenues for electricity sold at thebusbar. The analysis for each facility is shown in Exhibit 1.12 through 1.17. 

The financially viable projects include Khlong Lim Plok, Huai Lam Sin, and Khlong

Duson.
 

Khlong Lain Plok is financial!y 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 asshown in Exhibit 1.18. The project would require only I Baht per kw-hr or a load factor

of 70% in order to breakeveri as shown in Fxhibits 1.19 and 1.20.
 

luai Lam Sin is financially viable with a net present value of 7.6 million !aht. Theinternal rate of return is 10.4%, and tile effect of d1isconnt rate on viability is fairlysignificant as shown in Exhibit 1.241. The project would require only 0.9 Blaht buyback
rate or a ioad factor over 60% illorder to be financially viable as shown in Fxhibits 1.25
 
and 1.26.
 

Khlong Duson is alIso 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 indiscount rate as shown in Exhibit 1.30. The facility would I;e feasible with a buybackrate of only 0.95 Baht per kw-hr as showl in Exhibift 31. Hiowever, the load factor is
assumed to be very high and the facility would not be financially viable when the load

factor drops bclow 90% 
as shown in Exhibit 1.32. 

Nam Mae Ilat 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 wouldrequire a 1.1 aht buyback rate to break even as shown in Exhibit 1.37. The results arerelatively 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.
 

l-am Pra Plerng is not financially viable because of t!,, relativcly low Output comparedto the available capacity. The internal r:ute of return is only 2.7%; and the i',t presentvalue at tle 8% discount rate is -12 inillion Balit. The sensitivity of the result.; todiscount rate i shown in I xhibit 1.42. the project would recquire a 1.7 llaht buyback
rate or aIt lad factor over 60% in Order to breakeven as shown in l.xhibits 1.43 and 1.44. 

Nam Kha Mt.n is no't financially viable and has an internal rate of return of only 5.3'%¢.The net prc.ent value of the project using tile 8 ;/discount rate is -8.8 million Balit.This loss increases with the disc.ont rate as shown in Exhibit 1.48. The project would
require a 1.3 Baht iiyback rate or a load factor over 65% in order to break even as 
shown I:Fxhibits 1.49 and 1.50. 

RCG/I Iagicr, Klolly, Inc. 

, 



1.15 
ECONOMIC AND FINANCIAL SENSITIVITY ANALYSIS 

Economic Analysis 

The economic analysis assumes that some investment in additional electricityger.crating capacity is justified based on the growth in national demand for electricity.This analysis compares the investment in mini-hydro facilities with investments inalternative generating capacity, specifically oil-fired, large-scale thermal plants. Thedependable capacity of the mini-hydro facility isassumed to substitute for a similaramount 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 forelectricity which would be generated using the same type of thermal plant, therefore,there is a savings in fuel and variable O&M costs. The rate of fuel consumption isassumed to 0.233 kg per kWh and the marginal O&M costs are assumed to be 1/2 ofaverage O&M costs. The latter are estimated to be equal to 2.5% of capital costs peryear. The marginal lines losses are assumed to be 15% for remote areas relative to an 
average system-wide loss of 11 c. 

The estimated market costs for construction and maintenance were adjusted to
economic costs using a uniform conversion factor of 0.82. 
 This factor assumes thatabout 60% of capital costs involve direct purchase of imports and that the remaining40% have some component of imported material and equipment. The econom-ic costsfor 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 theend 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 economically viable, or nearly so, with the exception of Nam
Kha Mun and Khlong La'm Plok. 
 However, for all projects taken together the net
 
present value is -7.5 million Blaht.
 

Khlong IamiPlok has an internal rate of return of 11.1% but the net present value is­2.5 million Ilaht. The economic viability of the system is very sensitive to the -2.5million Biaht. The economic viability of the system is very sensitive to the discount rateas shown in Exhibit 1.18. The facility breaks even with a fuel price 0.86 Baht per kw-hr or with a load factor of 80% (see Elxhibits 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 I3aht. The net present value is relatively sensitive to the discount rate asshown in Exhibit !.48. The facility would not )e economically viable unless the fuelprice rose to 1.1 Baht per kw-hr or the load factor increased to 72% (see Exhibits 1.51 
and 1.50). 

Nam Mae Ilat is not economically viable although the internal rate of retur, of 11.8%and the net present value of -0.5 million Hlaht are easily within the range of error. 

RCO/i lagler, Badly, Inc. 



1.16 
ECONOMIC AND FINANCIAL SENSITIVITY ANALYSIS 

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 1.38and 1.39. The facility breaks even with a load factor of 91% or a fuel cost of 0.82 Baht
 
per kw-hr.
 

Lam Pra Plerng has the same internal rate of return as Nam Mae Hat and the netpresent value is only -0.3 million Baht. Tile net present value varies with the discountrate but not as much as for Nam Mae Hat as shown in Exhibit 1.42. The breakeven
point for the fuel price is also the same but the breakeven 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 ofreturn of 11.6% and a net present value of-0.7 miilion Baht. The net present value isrelatively sensitive to the discount factor as shown in Exhibit 1.30. The facility would beeconomically viable if the fuel price increased to 0.82 Baht per kw-hr. On the otherhand, 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, 14.9%, but only a 5 million Baht
net present value. These net present value remains positive for a wide range ofdiscount 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). 

RC/laglcr, Bladly, Inc. 



Exhibit 1.12
 

Results of Financial Analysis for Khlong Lam Plok
 

Assumptions
 

financial discount rate 
 8.0%
economic discount rate 12.0%shadow price (SCF) 82%design capacity 1182 kW
dependable capacity 253 kWbuyback rate 1.03 Baht/kWheconomic cost of capacity 15.45 000's Baht/kW% O&M rate for this capacity 1.25%economic cost of fuel replaced 0.804 Baht/kWh marginal lineslosses 15%load factor 75.0% 

Year 1 2 3 4
 
Financial Costs
 
(000's Baht)
 

capital 28720.0 28720.0R&M 
586.0 586.0operations 
250.0 250.0Subtotal 28720.0 28720.0 836.0 836.0 

Financial Return
 
(000's Balit)
 

power generatld
(MWh) 

7765.7 7765.7price (Baht/kWh) 1.03 1.03Total Revenue 0.0 0.0 6798.9 6798.9 

Economic Costs
 
(000's Baht)
 

capital 23550.4 23550.4
R ionM 480.5 480.5operations 250.0 250.0Subtotal 23550.4 23550.4 730.5 730.5 

Economic Benefits
 
(O00's Baht) *
 

capacity savings 3908.8O&M savings 48.9 48.9fuel savings 6243.7 6243.7Subtotal 0.0 3908.8 6292.5 6292.5 

* based on oil fired thermal plant 

Financial and Economic Analysis of Current Projects 

Rtsulls - Klolyn lam lIk 

Financial Economic 

NPV 1,8(4 (2,462)
IRR 8.4% 11.1%
B/C 1.03 0.94 



Exhibit 1.13
 

Results or Financial Analysis for Hluai Lam Sin
 

Assumptions
 

financial discount rate 

economic discount rate 

shadow price (SCF) 

design capacity 

dependable capacity 

buyback rate 

economic cost of capacity 

% O&M rate f*or this capacity

ecoaomic cost of fuel replaced 

losses 

load factor 


Year 1 

Financial Costs
 
(00's Baht)
 

capital 19465.0 
R&M 
operations 
Subtotal 19465.0 

Financial Return
 
(000's Biaht)
 

power gencrated

(MWh) 

price (Baht/kWh) 

Total Revenue 0.0 


Economic (osts
 
((X )'s liht) 

capital 15961.3 
R&M 
operations 
Subtotal 15961.3 

Economic Benefits 
(000's 1.lt) * 

capacity savings
O&M savings 
fuel savings 
Subtotal 0.0 

* based on oil fired thermal plant 

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% 
72.9% 

2 .3 4 

19465.0 

19465.0 

353.0 
250.0 
603.0 

353.0 
250.0 
60130 

0.0 

6117.8 
1.03 

5356.2 

6117.8 
1.03 

5356.2 

15901.3 

15961.3 

289.5 
250.0 
539.5 

289.5 
250.G 
539.5 

5701.0 

5701.1 

71.3 
4918.7 
4990.0 

71.3 
4918.7 
4990.0 

Financial and Economic Analysis of Current Projects 

RU!j._- Iiui lamSin 
Financial konomic 

NPV 
IRR 
B/C 

7,552 
10.4% 

1.19 

4,954 
1(.1% 

1.16 



Exhibit 1.14
 

Results of Financial Analysis for Khlong Duson
 

Assumptions 

financial discount rate 

economic 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 Balit)
 

capital 20100.0 
R&M 
operations 
Subtotal 20100.0 

Financial Return
 
(00's Baht)
 

power generated
(MWh) 
price (Baht/kWh) 
Total Revenue 0.0 

Economic Costs
 
(000's llaht)
 

capital 16482.0 
R&NM 
opcratioiis 
Subtotal 16482.0 

Economic Benefits 
(06X)'s Baht) * 

capacity savings
()&M savings 
fuel savings 
Subtotal 0.0 

* base( on oil fired thermal plant 

8.0% 
12.0% 
82% 
680 kW 
145 kW 
1.03 Baht/kWh 
15.45 00's Baht/kW 
1.25% 
0.804 13aht/kWh marginal lines 
15% 
98.0% 

2 3 - 4 

20100.0 

20100.0 

432.0 
250.0 
682.0 

432.0 
250.0 
682.0 

0.0 

5837.7 
1.03 

5110.9 

5837.7 
1.03 

5110.9 

16482.0 

16482.0 

354.2 
250.0 
604.2 

354.2 
250.0 
604.2 

2240.3 

2240.3 

28.0 
4693.5 
4721.5 

28.0 
4693.5 
4721.5 

Financial and D-ononmic Analysis of Current Projects 

Rsults -KhlonilDLuqon 

Financial Economic 

NPV 3,530 (7.3)
IRR 9.1% 11.6% 

1.08 0.98 B/C 



Exhibit 1.15
 

Results of Financial Analysis for Nam Mae Hat
 

Assumptions
 
financial discount rate 

economic discount rate 

shadow price (SCF) 

design capacity 

dependable capacity 

buyback rate 

economic cost of capacity 

% O&M rate for this capacity

economic cost of fucl replaced 
Io.s
C--

load factor 

Year 1 
Financial Costs
 
(0)'s Baht)
 
capital 27565.0 
R&M 
operations 
Subtotal 27565.0 

Financial Return
 
(000's Blaht)
 

power generated
(MWh) 

price (Bahl/kWh) 

Total Revenue 0.0 


Ekononic Costs 
((X)'s Balit) 

capital 22603.3 
R&M 
operations 
Subtotal 22603.3 

Economic lk'nefits 
(O(X)'s Bahit) 

capacity savings 
O&M savings 
fuel savings 
Subtotal 0.0 

* based on oil fired thcrmil plant 

8.0% 
12.0% 
82% 
818 kW 
636 kW 
1.03 Baht/kWh
15.45 000's Baht/kW 
1.25% 
0.804 Baht,/kWh marginal lines 
15% 
94.8% 

2 3 4 

27.565.0 
578.0 578.0 
250.0 250.0 

27565.0 828.0 828.0 

6793.1 6793.1 
1.03 1.03 

0.0 59473 59473 

22603.3 
474.0 474.0 
250.0 250.0 

226033 724.0 724.0 

9820.2 
122.8 122.8 

5461.6 5461.6
 
9826.2 5584.5 
 5584.5 

Financial and Economic Analysis of Current Projects 

_k vJ1 - Ni,_v_Mdilt_ 

Financial Economic 

NPV (3,637) (.UA,)) 
IRR 7.1% 11.8% 
B/C 0.94 0. "V 



Exhibit 1.16
 

Results of Financial Analysis for Lam Pra Plerng
 

Assumptions 

financial discount rate 
economic 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 
()00's Baht) 

capital 
R&M 

16720.0 16720.0 

operations 
Subtotal 16720.0 16720.0 

Financial Return 
(O(X)'s Balht) 

power generztcd
(MWh) 
price (Baht/kWh) 
Total Revenue 0.0 0.0 

Economic Costs 
(()1()'s Bah1t) 

capital 
R&M 

13710.4 13710.4 

opcrations 
Subtotal 13710.4 13710.4 

Economic iN-efits 
((W)1's Balt) * 

capcily savings
()&M savings 

13132.5 

fuel savings 
Subtotal 0.0 13132.5 

' based on oil fird thermal plant 

Financial and Economic Analysis of Current Projects 

rsn_-uj,- arni Prli IM!Lg 
Financial Economic 

NPV (11,978) (233)
IRR 2.7% 11.8% 

I.W 0.99 

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 

410.0 
250.0 
660.0 

3045.4 
1.03 

2666.3 

336.2 
250.0 
586.2 

164.2 
2448.5 
2612.7 

4 

410.0 
250.0 
660.0 

3045.4 
1.03 

2666.3 

336.2 
250.0 
586.2 

164.2 
2448.5 
2612.7 

B/C 



Exhibit 1.17
 

Restilts of Financial Analysis for Nam Kha Mun
 

Assumptions
 
financial discount rate 

economic discount rate 

shadow price (SCF) 

design capacity

dependable capacity

buyback rate 

economic cost of capacity 

%O&M rare for this capacity

economic cost of fuel replaced

losses 

load factor 

Year 

Financial Costs
 
(000's Baht)
 
capital 22190.0
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 Balit)
 
capital 18195.8 
R&M 
operations 
Subtotal 18195.8 

Economic Benefits 
(000's Blaht) * 
capacity savings
O&M savings 
fuel savings 
Subtotal 0.0 

* based on oil fired thermal plant 

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 may ginal lines 
15% 
53.3% 

23 4 

22190.0 
503.0 503.0 
250.0 250.0

22190.0 753.0 753.0 

4809.2 4809.2 
1.03 1.03 

0.0 4210.4 4210.4 

18195.8 
412.5 412.5 
250.0 250.0 

18195.8 662.5 662.5 

2842.8 
35.5 35.5 

3866.6 3866.6 
284^.8 3902.1 3902.1 

Financial and Economic Analysis of Current Projects 

Results - Nam Kim Mun 

Financial Economic 

NPV 
IRR 
B/C 

(8,829) 
5.3% 

0.81 

(8,552) 
7.5% 
0.75 
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Exhibit 1.19 Net Present Value vs Electricity Price 
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Exhibit 1.21 
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Exhibit 1.22 IRR vs. Electricity Price 
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Exhibit 1.24 Net Present Value vs Discount Rate 
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Exhibit 1.26 Net Present Value versus Load Factor 
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Exhibit 1.28 IRR vs. Electricity Price 
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Exhibit 1.30 Net Present Valuc va Discount Rate 
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Exhibit 1.32 Net Present Valu% vs Fuai Price 
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Exhibit 1.34 IRR vs. Electricity Price 
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Exhibit 1.36 
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Exhibit 1.38 Net Present ValLue versus Load Factor 
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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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Ehibt .44 Net Present Value versus Load Factor 
14.0 tr LAM Pr F"n 

12.0 ' I 

I~ - ... / 
6.0 
 I- 4, 

-04- __-- ____ p i -.-- ~ z 
2.0 _ _ i 

-2.09 _ 

-4._+.+._ -:-- -- i- - ,Ai 
-4.0 _ I . .
 .
-0 __ _ _ _ _ _ I "---t 

-8.0 I-o.. __ 
-10.0____ 
-12.0 . ____ 

-1460 L , r 

- ---0--- -- -- - ----- - ­
* '0._ . .. _ 

.22.0 I I _ _ ,_I 

0.25 030 0.36 040 0.4 0 00 0.5 0.00 0 w 0.70 075 

Exhibit 1.45 Net Present Value vs Fuel Price 
Economic MANSIS forLAn Pi'a ,'* 

L..I 1i --. I i1 1 '" -

-. II|III 1171 'KV." 
______ ____ _+-__-- ___.._ .. . -:],, -- '-

'! ! / ] +1 - ­

-2 3t ­ -I ­

-4 

066 0 0.5, 100 106 1.10 115 1 0 

IW1((/ agler, W~ailly, Inv 



--

1.38 ECONOMIC AND FINANCIAL SENSITIVITY ANALYSIS 

Exhibit 1.46 .tty 

lw - , Fbwul. ...r" 
7Am-­

lam 

nm-­
mm-- i
 

-
mc ra --

E 
 1m - ­ 72 

f2M- ulCs 
Xm- ­

m --
Ilm 

Exhibit1.47 ktermnl Rete 01 Return vs. Fuel Cost 

RCGi/I l~gler, [Iaily, Inc, 

http:Exhibit1.47


1.39 
ECONOMIC AND FINANCIAL SENSITIVITY ANALYSIS 

Exhibit 1.48 Net Present Value vs Discount Rate 
for NamKaMun 
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Exhibit 1.50 Net Present Value versus Load Factor 
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Exhibit 1.52 IRR vs. Electricity Price 
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Internal Rate of Return vs. Fuel Cost
 

Economic Arajig kv Nw QIKeM140 

12 0% I _ _[ 
110% I
 

100% _7 7__, 
 ,. ... ..
 

- - +
...-- . _.. .. .
-I..F_ ... T '-T _.
T70% 't7 ; +- 1
 

50% ~I F I 
40% -- ----. 

0.00X 0,60 75 090 016 0.9 06 100 106 1.10 1-15 120 
Fi.W 06 CON MON4~AN 

l'tCO/1lagler, Wlilly, Inr. 



APPENIX J: MOD). FI-ORMNATrS 

IU'( /I Igker, 114111y. n 



------------------------------

Exhibit J.1 


Financial and Economic Analysis of Current Projects
 

flame of Site Huai Lam Sin
 

financial discount rate 
 8.0%
 
economic discount rate 12.0%
 

shadow price (SCF) 
 82%
 
design capacity 958 kW
 

dependable cap,city 
 369 kW
 
buyL.ck 
r-ate 1.03 Baht/kWh


economic (c:;t ot cJ*xiclty 15.45 000's Baht/kW
 
,&M t, tt,- 1i thI jj- ,tJ, 
 Lty II .2t)

economic co-;t (ft 
uel replaced 0.804 Baht/kWh

rtljl ina 1 1 l C-t' 1 , ;es 15%
 
1Ad factor 
 72.9%
 

ear 1 2 
 3 4 

Financial Cc:;t:; (0o's Baht)
 
cap It' 1 
 19465.0 19465.0
 

R&M 
 353.0 353.0 opera tIons 
 250.0 250.0
subtotal 
 19465.0 19465.0 
 603.0 603.0 


Financial Petuin (000's Baht)

power (enerated (MWh) 
 6117.8 6117.8


price (|baht/kWh) 1.03 1.03

total revenue 0.0 0.0 5356.2 5356.2 

Economic Cost:; (000's Baht)
capital 15961.3 15961.3
 

R H 
 289.5 289.5
operation.; 250.0 250.0

';ubtota1 15961.3 15961.3 539.5 539.5 

Economic Benefits (000's Baht) * 
capacity :.,ivings 5701.1

O&M s;avings 71.371.3 

fuel savinqs 
 4918.7 4918.7


subtotal 0.0 5701.1 4990.0 4990.0 
• based on oil fired thermal plant
 

Financial and Economic Analysis of Current Projects
 

Results - Ifuai lam Sin 

Financial Economic 
NPV 7,552 4,954 
IRR ERR 14.9%
 
a/c 1.19 1.16 

J.
 

353.0
 
250.0
 
603.0
 

6117.8
 
1.03
 

5356.2 

289.5
 
250.0 
539.5
 

71.3
 
4918.7
 
4990.0
 

5 



J.3J.2
Exhibit 


CASH FLOW ANALYSIS FOR THAILANO MINI/MICRO HYORO PROJECT
 

...........................................................
 

Project :o:stants
 

Inflaton ates
 

a aores-c 'rftation (CPI)
eve. 4.0% CPI
 
* Tha iarv relative tO US 1.0% INFBAMT
 
t costs rotatlve to CPI
labor 
 1.0% 
 INFLAI
 

USAID t an terns 
grace perod (year,,) 
 10 GRACET
 
grace peri1 interest %) 
 2.0% 
 CRACEI
 
payback per,:J (years) 
 30.0 
 PAYBACKT
 
payback peric1 nterest 
(%) 
 3.0% PAYRACKI
 
*Max. loan amrivunt (C0's USS) 
 8,000 ,AXLOQA
 
coverage of civil oris 
 50.0% 
 PCTCIvIL
 
c:verage of f/M eqtp~ 
 r 100.0% PCTEOUIPN
 
coverage of :ransrissio0 
 5C.0% PCTXMIS
 
coverage o' Am ard Oes$gn 
 50.0% 
 PCTADMIM
 
techrinical asslstance 100.0% 
 PCTTA
 

Covtroent 0lar.ing 
* interest rate #:r ;e',craft 8.0% 
 GOVWTINT
 

Base fear :Ortaut
 

exchare -ate (Sat SS) 
 25.5 
 EXPATE
 
buyback rate (t[aht"wkh) 1.03 UJYILACK 

Project letaits
 

Project lwem mb Mae Kh Iong HL*4i LM. Lan Pra i [ htOr Mull ij* a%amKho a 
Na Lao Pio* Sin Pterng MNn DusOtf Sot

C:pieti , :$to 12187 121M 
 5/m 219 2/89 3/89 3/89 ,9Loan Disbursement ')to 2/8I 3/t9 71, /a9 '/89 5/89 5/89 ,;

No,Ir'aL Capacity (kW) 
 818 192 180 1030 60t] 
Reliable Capacit, (kW) 407 25 3 349 M 0 184 1.5 '-3 2I Apec t ed Arrxa( Ch,Tx. t W61) 2643 1761 6115 30.44 4." 1831! 331 ; 1Cosjt frr Ci v i w rk & (Nn Balit 17.34 1.8 110 '9 21.18 25.41 '16("s
 

Cotfor 1'arsmiselin ('in Bali!) 10.20 0.55 0.55 
 n.99 0.70 0''-Cost Ocr i Vw t (mn d t) 
2 

16.7 25.21 15.6 z2.01 18.31 12.9 14133 C: 
Cost for A(ird,D*si (mn laht) 
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CASH FLOW ANALYSIS FOilTHAILANO NINI/MICRO .MHY
O P.OJECT
 
. o...
.... ..... o... 
.... ...... . .... . .* .... .. o... ... °....* *
 

Project Cost Stream 1986 1987 1988 1989 1990 1991 1992 199 
.°..................
 

Civil Works (wl Baht)
 

Nam Mae Hot 7.24 8.69 1.45
 
Khtong Lam Pick 
 9.99 9.99
 

4u41 L'im Sin 
 3.22 5.51 
 2.30
 
Lam Pro Pterrg 3.31 3.97 0.66 

Nam the Mun 8.91 10.69 1.78 
Kht ong Duson 8.78 11.70 2.9; 

afanMet Sot . 13.3k .. 33
 
'Nam Ys Mo 
 9.50 19.00 9.50
 

total 
 10.46 64.67 
 72.42 18.20
 
Transmission (mnri
Baht)
 

,am Ma mot 
 4.25 5.10 
 0.55
 
rhirig La" Pick 
 0.28 0.28
 

HLua Lam Sin 0.16 0.28 0.11
 

Lam Pro Plerng
 

Nam the Mu'n 
 0.41 0.49 0.08
 
Khl org Ouson 
 0.26 0.35 0.09 

Nam Mae Sot 0.29 0.36 0.10 
Nam Ya MO 0.70 1..0 0.70 

Total 4.41 7.31 3.87 0.97
 
Equip"mit (fr m~ht) 

Nam Met mst 6.96 8.37 1.40
 
Khtorg La Pick 
 12.60 12.60 

Huai Lan Sin 4.57 7.a3 3.26
 
Lam Pra Plerng 
 9.1, 11.00 1.83
 

Nam the Pun
M7.J 9.15 1.53 
KhlcoN Ousco 4.69 6.25 
 1.56
 

Mam Mae Sot 5.37 7.17 1.79 
Nam Ta Mo 5.00 10.01 5.00 

Total 
 11.55 60.67 60.84 11.72 
Design M Achin (rn Bat) 

N4amMat mat 

Khto, LOW Pick 

Mual Lan Sin 

Lam Pra Piarng 

Mad Kha "tr 

(hton Duson 
Wa Ke Sot
 

Nm Yo Mo
 

Total
 

Labor oeratirg Costs (000's Iht) 
base rate with inflation 250.0 262.6 273.8 289.? 304.3 319.? 335.8

Nam M maet 262.6 2M.8
 
IhloN Law Pick 
 275.8 

Imiu.l Lon Sin 153.2 275.8 
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CASH FLOW ANALYSIS FOA THAILANO MINI/MICRO HYDRO PROJECT 
o-- oo.. . ...... ....... . ......... .................. 

Lam Pro Ptern 
. .. . 

229.9 
Ham ha Mun 

229.9 
Khong Ouson 
Nam Mae Sot 

206.9 

Nam Ta Mo 
206.9 

Total with inftation 
415.8 

137.9 
1838.9 2317.9 2434.7 2557.4 2686.3 
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CASH FLOW ANALYSIS FOR THAILAtJ klINI/1ICOU HYDRO PROJECT
 
Ooviestic Mainteancv Costs Baht) o°... .. .............. ° .......................
(fin .. .. o °.... 

Ham Has mat 
 0.53 0.53 0.53
 
Khlong Lai Plok 


0.58 0.58
 
Huai Lam Sin 
 0.20 0.35 0.35
 

Laim Pra Plarng 
0.34 0.41


Mm Kha Nun 
0.42 0.50
 

Khiong Ouson 

0.32 0.43
 

Wm Mae Sot 
0.37 0.49
 

am Ta Mo 

0.35 0.71
Total with inflation 


0.76 3.53 4.49 
 4.67 4.66 5.0
 

Eligible Foreign Loan Disbursements (nvn *aht)
 
Nam Mae Hat 
 30.54
 

KhLong Lam Ptck 
35.47
 

Huai Lm Sin 21.4
 
Lamr Pro Plerng 


25.97
Ma ha Mun 
29.49
 

Khlong Ouson 

24.55
 

Wi Hal Sot 

28.03
 

Nm yo Mo 

40.42
 

Technical AalaIta,,ca 17.83
 
Total eligible 
 69.83 183.94
 

Total Disbursements with max. limit 69.83 134.17 

Goverrynent Ofibursoments 
19.58 121.35
 

Energy Generated 
Weis Mae Mat 

Khlong Lam Plok 

Huui Laim Sin 

Lum Pra Plerng 

Now Khe Nun 
(hiong Dusan 

Nm Me Sot 

Masa No 
subtotal 

luyback Eat* 

Exchange Rate 
1.03 

5.5 

2,417 

2,629 

5,046 

1.071 

25.5 

2,843 

6,597 

6,115 

2,070 

3,270 

3,503 

2,015 

1,552 

27,965 

1.114 

25.8 

2,843 

7,761 

6,115 

3,044 

4,809 

5,&38 

3,359 

4,434 

3a,203 

1.159 

26.0 

38,203 

1.205 

26.3 

38,2C3 

1.253 

26.5 

38,203 

1.303 

26.8 
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CASH FLOW ANALYSIS FOR THAILAMO MINI/MICRO HYDRO PROJECT
 
................ 
... ........ •................................
 

Cash Flow Analysis (000's Baht) 


Receipts 

Revenues from Buyback 

Borrowings - USAID Loans 

Governnret Equitv Contribution 

Sub- total
 

Payments
 

Capital Expenditures
 

Civil works 


Transmistion 


E/M Ecuifmnt 


Adlitraid Design 

Debt Service Paymeits 

Priripal on LT loans 
Interest on LT oa"s 

Interset on ST loans 

Oprating Expenditures 
Neintt .rna 

Labor 

Wet Operating Revenues 


Investments Expiditur" 


Cuimutliative Borrowi ngs 


Outstarvlfng Priripal (begin year) 

Outst"rdIng Principl. (eand year) 

Change in Wat vorking Capital 

Cujlative Surplus (begin of year) 

Cumuilative Surplis (end uf year) 

Average Overdreft 

1986 1987 
 1988 1969 


5,405 31,154 


69,833 134,167
 

19,578 121,346
 

10,457 64,675 72,415 18,198 

4,411 7,312 3,868 966
 

11,545 60,668 60,840 11,717
 

16,573 io,575
 

6P8 1,636 

17,859 10,821 

761 3,526 


416 1,859 


.......
 ... .... .......
 ....... 


42,988 149,230 156,847 4a8,703 


4,229 25,790 


42,91M 149,230 137,124 30,881
 

69,833 204,000 


69,833 

69,835 206,040 

(42,988) (149,230) (62,031) 237,964 

(42,98) (192,218) (254,249) 

(42,988) (192,218) (25,249) (16,285) 

(21,494) 017,603) (23,234) (135,267) 

1990 


44,262 


4,162 


651
 

4,493 


2,318 


........ 


11,625 


37,451 


204,000 


206,040 


208,100 


32,638 


(16,285) 


16,353 


(8,143)
 

1991 1992 1993
 

46,033 47,874 .9,789
 

4,204 4,246 4,288
 

4,673 4,860 5,054
 

2,435 2,557 2,686
 

....... ....... .......
 

11,311 11,663 12,029
 

38,925 40,457 42,048
 

204,000 204,000
 

208,100 210,181 212,283
 

210,181 212,283 214,406
 

34,721 36,211 J7 ,760
 

16,353 51,074 87,285
 

51,074 87,285 125,045
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Exbibit J.3
 
Cash Flow Model for Commercial Loan
 

CASH FLOW ANALYSIS FOR THAILAND MINI/MICRO HYDRO PROJECT
 
Project Constan:s
 

........... ..
 

Inflation rates
 
- ave. domestic inflation (CPI) CPI
4.D 

* 
Labor costs relative to CPI 
 1.0 
 INFLAI
 

Commercial 
loan terms
 
* short term rate of 
interest ( ) 10.0% 
 INTERST
 
t term rate of
Long 
 interest 
 8.0% 
 INTERLT
 
payback period 
- tong term loans 10 PAYImCA(
 

Base Year Constants
 
" exchange rate (BIat : USS) 
 25.5 
 EXRATE
b..rytback
rate (beat/k'ah) 
 1.03 *UYUCK 

Project Details
 

Project Name Nam Mao I tong Huali Lm Ln Pre Nm Khe KhIong Nam Mae Nam Ya Mo 
CopLetion Date 

Hat Lam Ptok Sin Plerng uin Duson Sot12/87 12/88 
 5/88 2/89 
 2/89 3/89 3/89
Loan Oisursme.int Date 6/892/88 3/89 7/88 4/89 4/89
NominaL Ctpecity (kW) 5/89 5/89 8/89818 1182 9 850 1030 680Rt iabLe Capocity (kid) 636 253 369 850 1 4
Expected Aruat Output (W.h) 145 
67M 7761 6115Cost for Civil Works (w *aht) 

3044 4809 583817.38 19.96 11.02 7.94 21.3a
Cost for Transmission (an laIt) 2.3.41 26.63 37.9910.20 0.55 G.55
Cost for Equipment (nn 3lat) 16.73 
0.99 0.70 0.77 2.8125.21 15.66 22.01 18.31 12.4.9 14.33 20.02Coat for AcnriL eslgn (on lat)
Total Capital Costs (on Uaht) 
 44.33 45.74 
 27.23 29.94 
 40.68 36.60 41.73 60.82
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CASH FLOW ANALYSIS FOR THAILAN0 MIMI/NICRO HYORO PROJECT 
....... °...............°°............o.....o.........
 

Project Cost Strem 1966 1967 1968 1969 1990 1991 1992 1993 
• ...... °.... ...... 

Civil Works (mn laht) 
None No Hat 7.24 8.69 1.45 

Khtong LammP1ok 9.99 9.99 
Huai Lm Sin 3.22 5.51 2.30 
Lm Pro Pterng 3.31 3.97 0.66 

Mm Kha Mun 8.91 10.69 1.78 
Khtong Duon 8.78 11.70 2.93 
NMmXa Sot 9.99 13.32 3.33 
Mnm yo No 9.50 19.00 9.50 

Sub-TotaL 10.46 64.67 72.42 18.20 
Transnission (in gahit) 

Ma K" Mat 4.25 5.10 0.85 
Khlon Lm, Plok 0 28 0.28 

Hual Lm SIn 0.16 0.28 0.11 

Lam Pro Pterng 
Nam Kha INun 0.41 0.49 0.06 
hclong Duson 0.26 0.35 0.09 
m M Sot 0.29 0.38 0.10 
M- To No 0.70 1.40 0.70 

Su'Total 4.41 7.31 3.87 0.97 
Equileent (monIht) 

Mm M" Hat 4.90 8.37 1.40 
Kton Lm Plok 12.60 12.60 

Huai Lom Sin 4.57 7.83 3.26 
Lm Pro Ptlrrg 9.17 11.00 1.3 

Mm Kba wjn7.a 9.15 1.53 
Khiong Ouson 4.69 6.25 1.56 

Wm in sot 5.37 7.17 1.79 
Now yo 14o 5.00 10.01 5.00 

Sub-Total 11.55 60.67 60.U 11.72 
Design ard Adin (m £4.t) 

mm"'"e at 
Khjorv Lm Pick 

Huai La Sin 

Lm Pro 01n 

Wm SKhe Okm 
tor41nDumn 

Main Ke sot 

Wm fa no 

Sub-Total 

Total Capitol !nvtamnt 26.41 132.66 137.12 30.11 

Labor Operating Costs (0006' Sht) 
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CASH FLOW ANALYSIS FOR THAILAND miIil/HICo NMD*O PROJECT 

buu. rate with Inflation 

No Mee4at 
250.0 262.6 

262.6 

275.8 

271.8 

289.7 304.3 319.7 335.8 

Khtong Lose P~ok 
Huai Lo Sin 153.2 

Z7.8 

273.8 
Lm Pro Pierng 
N, Kta gun 

2Z9.9 
229.9 

Xhiong Dluan 
206.9 

Um 9e Sot 
Z06.9 

Total with 
mm Ye go 
inflation 

415.8 
137.9 

1838.9 2317.9 2434.7 257.4 2666.3 



CASH FLOW ANALYSIS FOE THAILAIO MIMI/MIC*O HYDRO PRCJECT 

OoMeStic Maintenance Costs 
m Ma" Hat 

Khong Lm Plok 

Huai Li Sin 
Lai Pro Plerng 

m Kh Wmn 
hIong DLson 

" Mae Sot 

Mm Yo Mo 
TotaL with InfLation 

(n *aht) 
" ' ' ' ' ' '' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

0.53 

0.20 

0.76 

' '. . . . . . . . . . ° 

0.53 0.53 
0.58 0.58 
0.35 0.35 
0.34 0.41 

0.42 0.50 
0.32 0.43 

0.37 0.49 

0.35 0.71 
3.53 4.49 

- o * ~o o 

4.67 4.86 5.05 

Energy Generated 
mm Ka et 

Khon Lm Plok 

Huai Lm Sin 

Lm Pro Ple,ing 
Mm ha Win 

Khong OnqLm 

Mm Me Sot 

5,776 

2,629 

6,795 

6,597 

6,115 

2,070 

3,270 

3,503 

6,795 

7,761 

6,115 

3,044 
4,809 

5,83a 

Wm Ya Mo 

Buyteck 

Excha 

Ruttotat 
Rate 

late 
1.03 

25.5 

8,405 

1.071 

25.5 

28,350 
1.114 

Eu 

34,362 

1.159 

Ell 

34,362 

1.205 

aER 

34,362 

1.253 

RE 

3, 362 

1.303 

ERA 
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CASH FLOW ANALYSIS FOR THAILANO MINI/MICRO HYDRO PROJECT
 
.........................-............ 


......... ....... ....
 

Loan Repayfent Calculation
 
1986 borrowings 
 6,406 6,406 6,406 6,406 6,406 
 6,406 6,406
1987 borrowings 


22,240 22,240 22,240 22,240 22,240 
 22,240
1988 borrowings 

20,435 20,435 20,435 
 20,435 20,435
1989 borrowings 


4,602 4,602 4,602 4,602
 
1990 borrowings
 
1991 borrowings
 

1992 borrowirop 

Total Repayment 6,406 28,646 49,062 53,684 53,684 
 53,684 53,684
 

Interest Payments
1986 borrowings 3,439 3,202 2,945 2,668 2,369 2,046 1,6981987 borrowings 

11,938 11,114 10,224 9,263 
 8,225 7,104
1988 borrowings 

10,97 10,213 9,395 8,512 
 7,558
1989 borrowings 


2,470 2,300 2,116 1,917
 
I1 borrowings 

1991 borrowings 

1992 borrowings 
Sub-totAl 3,439 15,140 25,029 25,576 23,327 20,899 18,276 

Principal Payments
1986 borrowings 2,967 3,205 3,461 3,738 4,037 4,360 4,7091987 borrowings 


10,301 11,125 12,015 12,977 14,015 
 15,136
1?88 borrowings 
9,466 10,223 11,041 11,924 12,8781989 borrowings 

2,132 2,302 2,486 2,685 
1990 borrowings 

1991 borrowings 

1992 borrowings 
Sub-total 
 2,967 13,506 24,052 23,108 30,357 32,785 35,408 

Cash Flow Analysis (000's Sat) 1966 1967 1968 1969 1990 1991 1992 1993 
..... oo........
 

Receipts 
Revenues fron Itibck 9,004 31,5d3 39,812 41,405 43,061 44,783
Borrowings - Clan'ldt Loans 42,9ft 149,230 137,124 30,861 

.......... . ......... 
 ... .. ... .Sub-totaL . . . ..........
42,90 149,230 146,127 62,464 o . ..39,812 41,405 43,061 74,783 

Payments 

Capital Expenditures 
Civil Uorks 10,457 64,675 72,415 18,196
 

Trawil s Ian 
 4,411 7,312 3,8" 90
 
E/M Eq pimnt 11,545 60,668 60,840 11,717 

Admin and Doeufn 16,573 16,57 
Debt Service PFlmto 
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CASH FLOW ANALYSIS FOR THAILAND MINI/MICRO HYDRO PROJECT 
...........-...................o .o... oo............... ooo..o. 

Principe( on LT Loarw 

Interest on LT Lomew 

Interest on ST loans 

2,967 

3,439 

337 

13,506 

15,140 

1,806 

24,052 

25,029 

4,295 

28,108 

25,576 

7,039 

30,357 

23,327 

9,89 

32,785 

20,899 

12,899 

35,408 

18,276 

16,O3 
Opqrmt'ng Expenditures 

MaInterna 

Labor 
761 

416 

3,526 

1,839 

4,493 

2,318 

4,673 

2,435 

4,860 

2,557 

5,054 

2,686 
....... ....... ........ ...... ...................... ...... 

Sub- total 42,968 155,974 168,752 89,622, 67,534 70,666 74,001 77,507 

Net Operating Revwmues 

Investiients Expenditures 
Cumulatlve Long Term gorrowings 

Outstnding Principal (begin year) 
Outstanding Principal (e"d year) 
Change In met orking Capital 
CL.JLatlve Surplua (begin of year) 
CmiLative Surplus (and of year) 
Average Overdraft 

42,968 
42,988 

42,988 

149,230 

192,218 

42,968 

189,251 

(6,744) 

(6,744) 
(3,372) 

7,827 26,218 

137,124 30,881 
329,342 360,223 

189,251 312,868 

312,868 319,697 
(22,625) (27,158) 
%5,7") (29,368) 

(29,368) (56,527) 
(18,056) (42,948) 

33,001 

360,223 

319,697 

291,589 

(27,722) 

(56,527) 

(84,248) 

(70,387) 

34,297 

360,223 

291,589 

261,233 

(29,276) 

(84,2(8) 

(113,524) 

(98,886) 

35,643 

360,223 

261,233 

228,47 

(30,940) 

(113,524) 

(144,464) 

(128,994) 

37,043 

360,223 

228,447 

193,039 

(32,724) 

(144,464) 

(177, 188) 

(160,826) 
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B.1 

ANNEX 

PERSONNEL ASS IQ~iENJT AND SC*EDULE 

responsible forthe 

" ~ ~ --. ... ...... 
PERSONNEL ASSIGNMEN4T OF 
(DEDU) OF' PART A SERVICES 

DL'TAICED GI;NEERfJG DESZgw UNIT 

(1) Team Leader: The Team Leader of the EDU shall be 
survey, investigation, detailed design andpreparation of contract documents for the first tranche sites (up tosix sites) of the Part A Services. His tasks shall be as follows: 

- Coordination with the Project Manager and the SE/PC in
the detailed engineering design of the first txanche 
sites. 

- Exchanging infocmation with the TAG in the development
of integrated analytical (site selection) model. The
DOU shall supply engineering and cost informatio'n 
relating to engineering design to the TAG for the
establishment of engineering and cost (sub) models. 

- Responsible for the verification of feasibility
studies and other completed works for the first 
tranche sites. 

- Coordination with the Socio-economic Analyst and Load
Forecast Specialist in the verification of previous
feasibility studies. 

- Coordination with the Project Manager, SE/PC, and theConstruction Manager concerning the implementation
schedule of the first tranche sites, i.e.,construction of civil works, procurement and

installation of electromec.hanical equipment. 

- Preparation of engineering design report and design
criteria for submission to NEA. 

(2) Hydrooist/Wate, Resources Enqineer: TheHydrologist/Waier Fesources Engineer snail makeit visits andconduct streamflow measurement at each site to verify the design 

- Collecting available streamflow data from other
adjacent basins and/or in the region and Take
supplementary study tm support the establistitunt of
flow duration curves 
for the site.
 

- Utiliting field ineormarion to the maximu extent in
establishing the flow duration curves, the mninimu 
flows and the design flood peaks.
 



- -
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-Supporting the OEDU in estimating the cross drainage
requirements, if necessary, along the headrace and the
potential of sedimentation damage and remedial 
measures. 

nve ga g teieniiaino other water
demands inter alia, irrigation diversion requirements
in the stream reach between the weir and the
powerhouse. 

-Suhmitting his findings and recomrenda tions includingalternatives to the OEDU Team Leader for establishing
the design criteria. Also work in close cooperation
with the NEA hydrologist/water resources engineer. 

(3) Hvdrooower Enaineer: The Hydropower Engineer shall workclosely with the Tean Leader and the Hydrologist and the SE/PC. rn
addition, the Enqineer shall be responsible for: 

- Establishing the conceptual design and criteria 
including recomendation of the most approoriate
hydraulic turbine. 

- Setting of the machine, and other civil works. 

- Assisting the Civil/Structural Design Engineers and
the OEDU on the detailed engineering design and 
specifications preparation. 

(4) Goolois onstruction Material S ecialist: The
Geologist/Constructi,on Material Specialist shalt1ake site visits to
all 6 sites, making field observations on surface geology to reflect
the foundation and construction conditions of the weir, intake,
headrace, penstock, powerhouse, tuilrace and access road (if
necessary). rncluded in his tasks are also: 

- Delineating a program for subsur ace investigations at 
sae key locations. 

- Drawing up the program for exploration of construction 
materials which includes collection of sa"les such as 
sand, concrete aggregate, soil and Laterite for 
laboratory testing. 

- studying the collected field data and preparing
reccwwndations for foundation treatments and 
materials for construction. 

(5) Chief Survey ineer: The Chief Survey Engineer shallaccomipany the deailed ineeLin design field visit team to each
site. He shall assist the field 413it team in the selection of. weirsite, intake sits, headrace and pentock routs, powerhouse site andother necessary structures. He shall draw-op the plan for suvyateach site and, during 'the field surve/ works, manage the logistics,
provide at-site technical supervision and coordinate with the OMU for 
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additional and/or change of on-going works. He shall be responsiblefor the preparation of survey maps for Further detailed engineering
designs. 

(6) 	 Civil/Structural Desicn Enaines (2 Ergineer3): The
__i/trcuaDeuian_.__Engiuwers irmla mie site viaits andparticipate in the selection of the cam*nent sites, draw-uprequiramtents and specifications for survey works, coordinate with the

Geologist/Construct jon Material Specialist in preparing theinvestigation program. They shall assist the Tean Leader in thepreparation of design cxiteria and engineering report. They shall beresponsible for the detailed design and production of construction 
drawings of civil works. 

(7) Construction Plan/Schedule/Contract .ocuments/Cost
soecialist: The Constr=tion Plan/Schedule/Contract Oocumens/eost
Specalist shall assist the Team Leader in preparation of theconstruction plan and schedule, to be reviewed and approved by NE?.He is 	 responsible for the prepration of contract documents andspecifications, quantity and cost estimates of the first tranchevites. He shall assist the OElJ Team Leader in coordination with theProject .. anagec, t1he SE/PC and the ConstruCtion Manager for the
construction contracting preparation. 

(8) Mechanical Enaineer: The Mechanical Engineer shall workwith the Tea~m 7Tc., the SE/PC, the Hydropower Engineer, the
Civil/Structural esign Engineer and the Electrical Engineer for theselection of hydraulic turbine, other electro-iwchanical equipientLayout of the power plant, and specifications for equilpment
procurement. He shall review the typical Layouts and designs of the power 	 plant done by NEA for previous projects in order 	 to mdifyand/or adopt for this project. Also he shall assist the Team Leader
in preparation of design criteria and final report. 

(9) Electrical Eineers (No. I and No. 2): The Electrical
Engineers shall pimnarily work with the Mechanical Engineer in thelayouts and design of electrical equipment for the powerhouse,switchyard and transmission line, and for preparation of technical
specifications foe squipint procurtwnt to submitted tobe 	 the 
Project 	Manager. 
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s.2 PESNE ASStG~#1ET OF TEL*JtCAL ASSISTANT GRU (TAG) OF
PART B SERVIS 

(1) Senior Enaineer/Proect Coordinator (SE/PC): The SE/PCshall work full-time duig i assigned service peiE 7 His primary
____task shall include assisting and advising ~the_ NEA, managsaaent -anProject Manager In eveloping daily work plans for the ProjectOperations Unit (P0(J) staff. He shall take the leading role andresponsibility of the Part B Services in the development of the

integrated analytical mo~del for site selection and, planning of themicro/Mini Hydroelectric Projects. His responsibilities are listed asf"ollows: 
- Assisting and advising 
NEA and the Project Manager in


all im~ortant aspects. 

- Coordinating TAG with DWU and NEP. 

- Development of the day-to-day work plan for the P0 
staff. 

- ResponsibLe for the development of the site selection 
analytical model and its subsequent refinement. 

- Working closely with other occasional specialists,
including preparing scopes and schedule of works for 
additional specialists, if needed. 

- Reviewing of final engineering designs, contract 
docu nts and specifications. 

- Responsible for assisting UFA for contracting the 
construction services which should follow the agreed
policy lines and contracting restrictions imposed by
NEh and AID.
 

Identifying other speial training of utility for thePVC staff and undectaking or arranging on-the-job 
training program. 

Preparation of Quatterly Reports, for M and AID, on
the project work progress and scheduling. 

- Preparing the project monitoring plans. 

Participation in preparation of plans for impact
evaluation (from pre and post construction).
 

SResponsible for the final report preparation. 
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work 
(2) Construction mncr: The Construction Manager shallfull-tineduring his service period. His tasks shall be as 

follows: 

-Assisting NEPA and Field Eng ineeers_ in. pzepa ration., of-.
Construct ion work- sites. 

-Assisting SE/PC and the Project Manager in the
contracting of the civil works construction services.
 

- Coordination with the Project Manager, Field Engineers
and the SE/PC for the delineation of construction work 
plans and work schedules. 

- Assisting the Project Manage. in procurement of the 
power plant equipment. 

- Sharing responsibilities with the Field Engineers in
 
supervision of civil works construction drawings 
 to 
suit the changing site condition, as necessary. 

- Assisting the SE/PC in preparation of the Quarterly
Reports. 

(3) Socio-economic Analvst: The Socio-economic 
Analyst

shall mainly work U7i the PU, the SE/PC and other occasional
specialists. Howover, some coordination and assistance work with the

DEDU ace required. His tasks shall be as follows: 

- Assisting the OEDU in the verification of the socio­
economic feasibility of the approved 3 sites namely,
Mae Hat, Mae Aep and Mae Chon Luang. 

- Assisting the POU in the feasibility studies on theother 3 sites of the first tranche which may include
review and modification, if necessary, of the work 
done on Mae Suk, iKhlong Ta Riu and Khl ong Ra. 

- Closely working with the SE/PC, PO and other 
occasional specialists in developing the integrated

analytical model (or site selection model) 
which
includes engineering, socio-economics, management and 
environment together. 

- Coordinaionn with NE_ ccmputer specialists in
developing the capacity on data processing and

compilation and other analytical model applicable to 
the site selection process. 

Coordination with the SE/PC and the PCI in preparation
of the benc.usrk (baseline) socio-conomic surv"ey (or
pr*--constructon mavre) of the 12 micro/mini hydro
projects. 



Together with NEA socio-economic managing the field
socio-economnic surveys. 

-Assisting NE Socio-econcxist in processing andcompilation of the field information 

--Analyzing-the -piled' nfod tioin.forecasting model, field survey and evaluation 
techniques, which are to be parts of the site
selection model, 
 that shall enlarge the capability ofthe PC0 in the feasibility studies of the second
tranche sites and future projects. 

- Undertaking the socio-economic analyses for selection
of second tranche sites. 

- Assisting ind advising NEA and Rfl on sectoralplanning relating to development of micro/mini
hydroelectric projects. 

- Coordination with the SE/PC and the PCU in preparation " of the post construction socio-econaxic surveys for up 
to 6 sites. 

- Analyzing and evaluating the compiled information and
maklng adjustments to the site selection model prior
to the termination of his services to WA. 

- Providing on-the-job training to the POU staff as
deemed appropriate. 

- Assisting the SE/PC in preparation of the Quarterly 
Reports. 

(4) Consumer Promotion Soecialist: The Consumer PromotionSpecialist shail work wih the SEiC and the POt( and other specialistsin order to prom:ote the production consumption of generatedhydroelectric power theof 12 sites. His tasks shall be as follows: 

- Making site visits to observe the conditions of the 
areas to be served by micro/mini hydroelectritication 

- identification of the potential of productive
consumption of electrical power such as electric
puming irrigation schemes, Local business 
establishments, Local miall scale industries, and 
other Local plants. 

- Study and analyzing the organizations of the potential
electric consumers and their operational procedue. 
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__ 

Identifying and evaluating needs for credits to suc~h
organizations and individual households (for lighting

and home electrical appliances) including the
 
sup rting institutions concerned.
 

~Particiation. 
-- in -planning- --for- the -- .e-- ie
distribution to the commiunities and estimating theconnection costs to individual households and other
 
types of consumers. 

- Study and analysis of the appropriate tariff structure
taking into consideration the RIG policy, socio­
economic conditions of the service 
areas, operating

and financial plans of eich particular site.
 

- Identifying the needs for local training in view of
both project operation, maintenance and ainistration 
program and consumer promotional program. 

- Participation in implementation of consumer promotion
activities. 

- Participation in the planning and evaluation of impact
evaluations (pre-construction program). 

- Coordination with the Load Forecast Specialist for the 
feasibility study and model development.
 

- Reccmendations for further necessary works. 

- Assisting the SE/PC inpreparation of the Quarterly
Reports. 

(5) anufacturina Promotion Soecialists (One rLocalSpecialist, One Expatriate Specialist): The Manufacturing Promotion
Specialists are to be working with the SE/PC and PU to promote Localmanufacturers to produce sml hydropower equipmjent. Their tasks 
shall be as follows: 

- Identify local manufacturers which presently prcduce
small hydropower equipment, or who have developed
locally the skills and resources needed for such 
manufacture. 

- Visit the more promising manufacturing facilities to
 
assess basic skills 
 and u=rrent capabilities to
 
produce probable hydroelectric turbine types.

Consideration will be given to engineering capability,

shop manaqement, materials, fabrication, machining,

assembly, quality cont-ol, 
 transport preparation and

other shop functions. 

9­



-Prepare an evaluation report which describes current 
in-cuntrhydoelctri turine manufacturing


caoability and provides 
 reccxrmendations 
 for.
 
- -strengthening that capability ifnecessary.
 

- dentify interested U.S. manufacturers who are capabl 
~ t3 stengthe local

manufacturing capability.
 

-
 dent4fy competent U.S. manufacturers who are
interested in producing for export, such equipnent
which may be needed for a particular project, butwhich may not be currently available inThailand. 

-Assessmient 
 of local production capcbilities and
 
technology in order to identify gaps which should 
be
filled uo by the interested U.S. manufacturers.
 

Two specialists shall be working in the 
Manufacturing
Promotion Specialist position, i.e.,Theloal .secialist hl local and expatriate specialists.The local sp shall 
take 

responsibility on the local
manufacturers while the expatriate (U.S.) specialist on the U.S.manufacturers. However, these two personnel shall coordinate and worktogether during the period while the expatriate specialist is ih 
Thailand.
 

(6) Load Forecast Soecialist: The Load Forecast Speciali. tshall work with the SE/PC, the P0, occasional specialists, and theDEDU for establishing the future electric power and energy demandsappropriate for the Integrated analytical model. His tasks shall be 
as follows: 

-Coordination 
 with 'he Socio-economic Analyst, theConsumer Pranotion Specialist, the SE/PC and PC0 informulating the key information required for the load 
forecast model.
 

- Establishing the load forecast model. 

-Assisting and advising the OEDJ in the load 
 forecast

study, whenever required, during the verification of

the previous feasibility studies for the first tranche
 
sites.
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The rojct ,r-an izat.on for the imoIementacion of this 
-Project snail be is delineatc d in Figure B-3. 
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Table 1: ANNUAL BENEFITS IN LIGHTING COST PER ELECTRIFIED HOUSEHOLD 

Item Lighting Source (Baht)
Uneiectrified 
 Electrified
 

(kerosene)
 

Connection Cost:
 

Blue-wire connection (by PEA)

Meter deposit (by PEA) 

50
 
120
Inspection fee 
(by PEA) 


House wiring with light 
40
 

fixtures and
receptacles (by private contractor) 
 1,340 

Total Connection Cost -
 1,550
 

Annual Fuel or 
Energy Cost 
 481 151 (1) 
Annual Connection Recovery Cost 
 -
 192 (2)
 

Total Annual Lighting Cost 481 343 

Average savings in annual lighting cost B 138 
per electrified household
 

Assumin 3 fluorescent 
 tubes that use W each
(1) 

40 and burn 3 hours a dayfor 365 days per year 1.15 kWh.at per 

(2) Using a 1 2" opportunIty cost of capital and a 30-iear life. 

Average annual ,savings In lighting cost areelectrified household without 
estimated at B 138 pertaking Into consideration benefits due to thesuperior quality of electric lighting. 

B. Household's agricultural labor 
are 

saving be-neftit!, from electricity lightingattributable to additional working hours available during the peakagricultural season as evaluated below: 
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Table 2: ANNUAL BENEFITS DUE TO LABOR SAVINGS 

Assumotion Un it 

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 
occupation is agriculture 

whose major 
79 Percent 

Average annual rural electrified household B 88peak agricultural season labor savings -

(30) (1.5 
(8) (20) (0.79) 88 

C. Household's lighting 
benefits 
from handicraft activities ate attribut­able to productive labor 
input available during the evening hours.
Synthesized average annual benefits from handicraft activities

estimated at are


B 58 as analyzed in Table 3: 



77 
ANNEX 14
 
Page 4
 

Table 3: 
 ANNUAL BENEFITS OF RURAL LIECTRIFIED HOUSEHOLD
 
FROM HANDICRAFT ACTIVITIES
 

Average annual benefits 
 Weighted annual benefits
Case study 
 per household 
 Weight 
 per household
 

(1) 
 B 720 
 1/6
(2) B 120
B 480 
 2/6
(3) B 160
B 80 
 3/6 
 B 40
 

Weighted average annual 
benefits 
 B 320
 per householj involved 
in handicraft
 
activites
 

Percentage of hotisehol ds having people
working in nonagricultu
 
r e fields 18Z
 

Annual benefits per household " B 58 
(1) Case 1: B8sket Making (Village of Tachamung, Province of Songkhla) 

Without electrifilcation: 2 families engaged together in rattanbasket cottage induotrv work 
a 

until 19.00 or 20.00 hours making
baskets . 

With electrificntion: The siame 2 families now work untilbecause 22.00 hoursof high quality electric lighting. Given 2 productive workers
per family, each family now makes 2families sell 
extra baskets per day. Thethe baskets for B 8 each and each family makes a profit
of B 3 per hafket.
 

Annual 'ienefit!; (B
- 6 per day x 120 days) w B 720. 
(2) Casc 
2: ,fl Weavin_ (Village of 1humriang, Province of Surat Thani)
 

Without 
electrfl 
cation: 
 a tarm family engaged 
in silk weaving part­time does 
not work 
in the evening hours.
 

With electrification: 
 The same farm family can now productivelywork an extra 2 hours each night becaune of high qual itylighting. electriche fnmily is able to make( 1.6 extra 
rmtera of
day. The family sells the !jilk for B 40 per 
silk per 

trier and makes aprofit of B 2.5 per meter.
 

Annual heneflita ­ (B 4 per day x 120 days) - B 480. 

(3) Case 3: Mijt M1ak y and -w i kin, (Village o'of Bantum, Province 

Without I']'trf firat ionm: No (ottilag Ilrdii tr-y actlvltlesi.
 

With ele 
trif i rati- n: [h,. 'am. farm family strawstuf fed ts mnts andpil lows it night becauie of high
The tamily 

qunlty electric lighting.mao.e, ;jprof it ot 11 M0 per myt~nth with these cottage1nd ti, try ir t i i t .. 

Annija I h.f-.if i tt,tr/mm- lin iththt h) (4 /yn'ar ) - It 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: ANUAL BENEFITS DUE TO COST SAVINGS IN 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 1.15 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
 
years life.
 

E. In summary, total 
average indirect surplus benefits per electrified
 
household are estimated at B 343 per year. Of this total, 40% 
(B 138)

is due to 	lighting savings, 26% 
(B 88) due to agricultural season
 
labor savings; 17% (B 58) to
due handicraft activities; and 17%
 
(B 59) due to cooking savings.
 

4. 	Surplus Rentfits from Rural Shop Electrification 

Indirect benefits from rural shop electrification include cost
 

saving benefits and increased 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 65% B 1,03 B 652 
Food 25! B 1,247 B 312 
Tailor 10% B 1,467 B 141 

Total B 1,105
 
Less connection fee recovery cost B 150 

Average annual benefit per electrified
 
shop B 955 

5. Surplus Bernefiti from Rice Mill Conversion 

The major benefits arihIng from rice ill. conversion are stemed 
from cost savings in annual maintenance and copital recovery, and improve­
ment in the rice recovery. A nynthesized case study is shown in Table 5. 
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_Table 
5: ANNUAL 
BENEFITS FOR RICE MILL CONVERSION
 

Item 

Rice Mfill


Unelectrified 
 Electrified 
 Unit
 

Horsepower 


Capital cost 15 7.5 Hp

25,500
Life Expeictance 7,700 B
 

10 
 Years
Hours of operation per year 1,159 -
15 
869 Hours
Consumption of ftiel per hour 1.8 
 5.6 Lters/kW
 

Annual fuel cost 
14,123 /a
Annual maintenance cost 7,825 _bB
 
3,609
Annual capital recovery 385 Bcost (4,512) 
 1,131
(' 12Z cost of capital) 

B 
Annual 
connection 
recovery 
cost 
 -
Total annual coit to the 1,210

miller 7,732 10,551 B
 
Paddy-rice 
 convern IOn ratio 

60.0
Paddy requlroment per 60.5 PercentCapLta 
(165 kg ot rire pr ca 

275 273 Kilograms
" ta) 

Cost ot padd,! to uonmitmer . B 2.7/kg 743 
 737 B
 

Cost ot paddy pr rice mill servicearea (600 permrvi per mill) 445,800 
 442,200 
 B
 
Savings 
in ,annual costs to operator 

B 7,181
 
Savings in rice costs to lcilety 

B 3,600 

Total Average Annual Surplus 
Benefits 

B 10,781
 

La 1,159 x 1.8 x 6.77 ?/llr er - B 14,123. 

/b 4,860 x B 1.61 /kWh :1 B 7,825. 

/c Not taking Into account for rice mills already in operation. 
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6. Surplus Benefits from Vse of Power Tools 

Indirect tangible 
benefiti from power tools include cost-savings

benefits and increased productivity benefits. The case study in Table 6
 
demonstrates cost-savings for a rural private house buIlder from substitut­
ing a power plmnre for additional labors. 

Table 6: ANNUAL BENEFITS OF POWER TOOLS
 

Item 
 UnelectrifIed Electrified Unit
 

Wood planning labor coat B 100.00 B 35.00 B/day
 
Portable power t,ol recovery cost - 3.40(l) B/day 
Fuel cost 3.50(2) B/day 
Connection re-coverv cost - 1.70 B/day
 

Total C'ost B 100.00 B 43.60 

Average annual purtnble power tool cost-savings benefits - B 2,h20 (3) 

1) Assuming a 12" opportunity cost of capital and an F-year life for a 
1 HP , 3" eltectric pline with an initial cost of B 2,000.
 

(2) (1.30 Bk'h) (3.b hours/day) (I hp) (0.746 kW/hp) 

(3) 1(B 100) - (B 43.60)] (50 days/year).
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7. Surplus Benefits from Flectrifif-ation of Agricultural Pumprs 

Average annua I co'st gav ing!i i'i e'-tma ted at B 2, 132 per pump as 
shown in Table 7. 

Table 7: ANNUAL BENEFITS (F VICTP I FCTION OF 	 PIRUIMULTUPJRL,1PS 

Item Source of Pow. r 
Unel ectr.fted El ec tr i f ted Unit 

Fuel cotit per year 2, 745 (1) 582(2) B/year 
Annual capital recovery cost 486 367 B/year
Annual connection recovery cost ­ 150 B/year 
Total Annual (,)-it 3,231 1,099 B/year 

Average annual comii-iaving benefits per B ,132 
electrified priv.it,. ivr cuiilral water pump 

(1) 	 UsIng a heln ' wt. .) B 8. O per liter after deducting a 15Z excise 
tax and ;I IZ muntllc1 pal tax; (2 hr/day) (120 days/year) (1.3 liter/hr) 
(B 3. O/ llt'r)]. 

(2) 	 Average cat of B 1.30 k H,, [( 1.30/k,) (2.5 hp) (0.746 kW/hp) 
(2 hr/day) (120 dayn/year)]. 
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Table 2: ITERNAL ECONOIC RATE OF RETURN 
(Unit: B uillion) 

coet streaus ... enef -streas. 
Indirect benefits 

Year 
Capital 
cost 

OKA 
cost 

Enersy 
cost 

Direct 
beefit. 

House-
holds Shops 

Rice 
mills 

Pover 
tools 

Pocable 
pumps 

Agricul-
tural pumps 

Sub­
total 

1980 47.4 - - - - - - -
1981 318.7 4.5 18.4 34.4 21.6 2.5 0.9 0.7 - " 25.7 
1982 504.8 16.3 50.5 82.2 59.0 6.0 3.9 2.8 - 0.7 72.4 
1983 1,056.1 40.2 125.6 203.7 146.4 19.0 12.2 8.2 0.3 1.8 187.9 
1984 1,119.0 76.4 217.8 326.6 257.3 36.6 23.9 16.0 0.4 3.1 337.3 
1985 925.0 112.8 301.0 418.1 357.6 55s. 38.1 25.0 0.7 4.4 480.9 
1986 68.0 133.0 337.0 415.2 391.3 56.4 48.2 32.3 0.9 6.2 535.3 
1987 180.7 139.1 368.1 444.7 413.9 57.8 57.6 39.6 1.2 7.7 577.8 
1988 96.8 139.1 398.1 476.7 431.5 59.1 65.0 45.7 1.3 10.0 612.6 
1989 125.2 139.1 426.2 506.3 441.7 60.0 71.4 50.5 103 12.1 637.0 
1990 88.6 139.1 457.0 543.2 452.2 62.0 76.6 53.9 1.5 14.3 660.5 
1991 86.5 144,5 489.6 584.2 462.9 63.5 82.5 56.5 1.6 16.4 683.9 
1992 64.6 145.2 524.5 628.0 473.8 65.1 88.7 58.1 1.6 19.5 706.8 
1993 43.4 148.0 561.5 674.4 485.0 66.6 95.3 59.5 1.8 21.8 730.0 
1994 65.9 148.3 601.0 724.3 496.5 68.2 102.5 60.9 1.9 24.7 754.1 
1995 55.5 151.9 652.3 794.4 515.6 71.0 111.9 63.3 2.1 27.9 791.6 
1996 41.0 158.6 694.6 641.2 526.9 72.5 120.0 64.6 2.2 30.6 816.8 
1997 86.0 161.6 738.3 896.8 538.4 74.1 128.8 66.0 2.4 33.9 843.6 
1998 57.4 162.0 782.4 952.7 550.2 75.8 138.2 67.5 2.5 37.2 871.4 
1999 61.1 164.9 827.5 1,008.0 562.2 77.4 146.4 68.9 2.7 40.2 897.8 
2000 37.6 171.1 873.4 1,065.3 574.5 79.1 154.1 70.5 208 43.8 926.8 
2001 53.8 180.2 915.1 1,114.9 587.1 80.9 159.9 72.1 3.0 45.7 948.7 
2002 101.2 183.7 956.1 1,164.8 599.9 82.7 164.8 73.6 3.1 47.9 972.0 
2003 76.2 197.4 9937 1,2101 613.1 84.5 168.6 75.2 3.2 49.2 993.8 
2004 95.4 191.1 1,012.8 1,255.0 626.5 86.4 172.3 76.8 3.4 50.3 1,01.7 
2005 
2006 

83.8 
56,0 

195.6 
199.5 

1,078.3 
1,115.2 

1,322.5 
1,358.8 

648.3 
661.2 

89.5 
91.3 

178.5 
182.0 

79.6 
81.1 

3.5 
3.5 

51.8 
52.8 

1,051.2 
1,071.9 

2007 
2008 
2009 
2010 

109.8 
88.0 
98.4 
70.2 

203.1 
207.0 
210.9 
214.7 

1,152.5 
1,190.6 
1,229.7 
1,272.1 

1,404.8 
1,452.0 
1,500.6 
1,551.8 

674.5 
688.0 
701.7 
715.8 

93.4 
95.0 
96.9 
98.8 

185.7 
189.5 
193.2 
197.0 

82.7 
84.4 
86.1 
87.8 

3.8 
4.0 
4.1 
4.3 

53.9 
55.1 
56.1 
57.2 

1,094.0 
1,116,0 
1,138.1 
1,160.9 

Internal economic rate of return - 15.32. 

I L 

A ~r 
 ....
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APPENDIX 0: LIST OF EXISTING MINI-HYI)RO AND MICROFIYDRO SITES
 

RC(/Ilaglr, Iailly, Inc 



Existing NEA Hydroelectric Projects
 

Microhydro
 
Project 
 Province 
 Installed 
 Year of
 

Capacity KW. 
 Completion
 
Doi Pui 
 Chiang Mai 
 7
Khun Kong of 12.5 1980
 
Nam Dang i 50 
 1980
 
St. Paul Chum Porn 
 15 
 1980
 
Mae Tia Mae Hong Sorn 15 1981
 
Pu Muen Chiang Mai 15 
 1981
 
Khun Wang 
 4 20 1982
 
Thung Luang of 
 20 1982
 
Bo Keo 
 200 
 1983
 
Pang Bong 
 12 1983
 
Kam Pong 40 
 1983
 
Mae Chon Luang 40 
 1983
 
Mae Ton Luang 35 
 1984
 
Huai Pui , 50 1984
 
Tung Lakorn ,, 35 
 1984
 
Mae Hae 
 50 
 1984
 
At Kapoh Na Ra Thiwit 100 1984
 
Pa Pae 
 Mae Hong Sorn 10 

Ban Mae KhunWang Chiang Mai 

1985
 
10


Hua i Mo 1985
at 20 
 1985
Nam Mae Mae 
 i 
 12 

Huai 
Nam Kun Chiang Rai 

1985
 
25 
 1985
Nam Mae Loei Chiaing Mal 
 12 
 1985
Huai Nam Pin 
 Chiang Rai 
 15 
 1985
Mee Sa 
 Chiang Mai 
 15 
 1985
Ban Long Kod N 
 120 
 1985
Hual Sat Yai 
 Prajuab Kiri Karn 
 130 


Ban Kud Chang Chiang Hal 
1985
 

40 
 1985
Ban Gae Noi 
 20

Ban Knun Lao Chiang Rai 

1985
 
15 
 1986
Ban Pang An Chiang Mai 


Huai Pong Pao 
10 1986
N 
 5 
 1986
 



Under Construction Project
 

Project 


Mae Tuen Noi 

Long Khod 

Mon Ngo 

Muang Kong 

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. 


250 

100 

25 

45 

60 

40 

20 

20 


20 

25 

15 

15 


25 

35 


1.87 MW
 

Year of
 
Completion
 

1987
 
1987
 
1987
1987
 
1987
 
1987
 

1987
1987
 

1987
 
1987
 
1987
1987
 

1987
 
1987
 



Minihydro Capacity 

Pro-ject Existing (MW) 

Nam Bung Sakhon Nakon 6.0 

Mae Hong Son Mae Hong Son 1.0 

Mae Khun Luang Chiang Mai 3.2 

Huai Mae Pong Pha Yao .86 

Mae Sarieng Mae Hong Son 1.2 

Under Construction 

Mae Sap 1.36 

Mae Mao 4.4 

Mae Sa Nga 5.0 

Planned for 1988 start 

Huai Prathao 4.0 

Total 9 units 27.0 MW 
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PDC-5730-I-00-7022-00Work 	Order No. 3 

AR'rla. I - 1TIE 

Micro/Mini Hydroelectric Project 

(Project No. 493-0324). 

AFrICLE II - (BJECTIVE 

The Cbjective of the Project are to assist the RM 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. 

A17 ­

1. Proposed Evaluation Tasks: 

A. 	 Describe the status of the progress made to date indicating 
reasons for delay of implementation. Indicate toe changes made 
in response to days and project schedule for completion of the 
Project. Assess the changes made to date and the question of 
completion of the Project by the proposed extended PACD. 

B. 	 Provide recoxamndatiors to assure completion of the Project and 
attainment of objactives including the newly proposed 
completion date. 

2. Site Selection/Application of Criteria: 

A. 	 What process was followed that resulted in the replacemnt of 
some of the initial sites? Hcw were the sites selected? 

B. 	 Assms the development, effectivenes and use of the site 
selection methodology (including attention to financial 
viability, tariffs and local institutional issue such &wthe 
commmity role in collection). 

C. 	 Assess fte NFA capabiLity Zo evaluate lessons learned from 
existing Micro/Mini Hydrolectric sites (including previous AID 
Renewable Non-Ccuentional Energy Project) with respect to: 

--	 site selection 

--	 tariff rates and financial viability of systems 

ownership/operation arrangements including local organizational 
involvaent and A/PEA or EGAT roles. 

D. 	 Assess NEA capability and performance regarding the collection 
of socio-economic baelino data on proposed sites and the 
evaluation of existing sites. 
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Work 	 Order No. 3 

3. Ds in/Prot/Constructon: 

Describe the initial and current processes for design,procuremet and construction of systems. Identify changes and
how they have or will improve site selection, timing and cost of 
construct.'on. 

4. Institutional Dveloment: 

A. 	 Describe and assess the institutional development that hasoccurred to date and provide reccxnzdations for remainder of 
the Project. 

B. 	 Hydroelectric Project identification: Has the
change/improvement in site selection methodology been
institutionalized? What thewas role of the consultants and NEA 
in its developmenc? 

C. 	 Micro/Mini Hydrolectric Program: The fifth five year plan
included Micro/Mini Hydroelectric Development. How his this
Project, particularly the site selection/analysis effort,
affected national planning and investment in the latest plan?Have 	 the methodologies developed improved NEA and RM capability
to plan in this enrgy 3ubsector? 

D. 	 NEA Project Management: (i) asses the institutional
relationship of NEA to PEA, DXAT, RFD, RID, local community
organizations and private entities; (i) assess tEA's role inthe development of the Micro/Mini Hydroelectric energy plan and
investment program; (iii) for proposed grid-cotmected
systems. Indicate the work proposed or done to define the
relationship (i.e., establish power sales agreemnts) between 
the hydro system and PEA. 

E. 	 Private Sector Capabilities: assess the institutional
 
development 
of the consulting, "incering and mnufacturing
firm that hav participated inthe Project. Asseza the Thai 
mn facturing capability to build hydroelectric syatem up to 1MW compared to US, AS'AN, and other regional stema available. 

F. 	 Local Community Capabilities: describe the local ccmmity

roles to dato and anticipated for the futur; describe 
 and
evaluate the ownership/operation modes proposed for the initial 
systems. 

G. 	 Indicate. the trainIng done to date and assess the impact on NEA 
institutional development. 
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Work Order No. 3 
5. Econcmic/Financial Issues: 

A. Site Selection Methdology: Review the integrated analyticalsite selection model developed by the PFJ from the guidance modelprepared by the Project Paper team. Assess the quality of themodel and its applicability to the goals of site selection, inlieu 	of EIRR or economic benefit-cost ratio method of siteselection. Is this still the most attractive method? What canbe said on a preliminary basis about the sites with respect toactual vs. projected costs? 

B. WUst will be the result of efforts to foster higher load factorsthrough productive demand promotion programs? Describe programsam; Lheir application to USAID projects and other projects. Towhac 	 extent have efforts been made to integrate the HydroelectricProjects with other rural development activities? 

C. 	 Has there been on-going program and project assessumnt in lightof oil price uncertainty (cost of ccrpeting diesel fuel) andbudgetary restraints that may affect grid extension? Wnat arethe results of such assessment? 

6. Sub-Prolects to be studied: 

A. 	 The evaluation will cover the following subprojects: 

1. Nam Mae Hat 
2. Khlong Lam Plok 
3. Huai Lam Sin 
4. Khl ong Iison 
5. Nam Khm 
6. Lam Pra Plerng
7. Huai Mae Sot (Ttative)
8. Nam Yn Mo 

7. Key Question : 

A. 	 In addition to the £asuments and axadnation listed in PartII, Purposet of the Evaluation, follaing ameare Ulustrativequestinms to be anxwered for each of the mbprojects listd above: 

(1) 	 Ia each Sub-Project cot-effective relative to diesel 
powered electricity generation? 

(2) Is there compatibility with other resources of th-e area such ex wter reources, fish, wildlife, agricultural production,
etc..? 

(3) Are there identifiable social or ecolog .al problems
attached to the various subprojects? 
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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 adequate site selectic model 

c). improve construction procedures and practices 

d). influence or change other elemnts, such as the design
of the subprojects, procurement practices, field 
supervision and construction mm-ogement and 
supervision. Were public safety measures adopted for 
transmission and distribution? Have arrmiements been 
completed between NEA and PEA for connection of those 
subprojects that will be hooked to the grid? 

(6) How were the interests and role of women taken into account
 
at the design end appraisal stages? Did their
 
participation or non-participation affect project

achievements? 

(7) Were go-Zer-upecific data available or have the, been
 
developed since? How has such data been used in Foal
 
setting and resource allocation?
 

(8) Mhat will be the effects, positive or negative, of the
 
project vis-&-vis wome'n' access to forseen production

inputs and marketa, division of wrkloodr, income,
 
education and trainin8, role inhoiuehold and comunity,
 
and health corditiLns?
 

(9) Though the initial awircnv ntal excmlnation wan negative, 
did experiaxce show that them were detrimm-tal impactsd6rirg implementation? 

In addition, the Tem will provide USAID with their reca 
 ntions 
concerning appropriAte Project modifications they bellevw will assist in
obtaining maximln overall effectiveness of the Project. The Toam is to 
exine Hydro Energy Policy Pluming =auras implemnted so far, their 
aseaament of the adequacy of the meamurea, and tteir recoummdations 
coneatning iamuma to be addresad. 
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h Evaluation Team is to investigate those questions and 
provide: 

i) findings - (facts) 
ii) conclusLis - (underlying reasons)

iii) 	 recxazrxnations - (how problens may be solved 
and by w*oo). 

Reccxxerdations must be implementable. They should be keyed towards 
replication and prcmotion of micro/mini hydroelectric activities as well
 
as to developing RTG institutional capacity to perform and sustain hydro
 
energy policy planning and furtler implementation.
 

METHODS AND PROCEDURES: 

1. 	 Review of Project literature ---existing reports, monitoring
reports, Project files, etc. which are available at USAfI) Office 
of Project Development and Support, Engineering Division and NEA. 

2. 	 Bag-io intervienr with NEA and ISAID personnel concerned. 

3. 	 Field interviews with site engineers, resident inspectors, 
affected villagers, etc.
 

4. 	 Trips up-country to observe hydro installations being
 

conrtructed under the Project.
 

Progress to Date: 

The Loan Agreement (IA) was signed in mid-Septmber, 1982, and
Expiessions of Interest were received from U.S. Architect/Engineering
(A/E) firms in October. Requests for Teciviical Propcsala were received
from 9 firms on March 31, 1983, and were rink-ordered by the end of
April. Negorltics with the selected A/E, Strnlny Consultants, Inc.,
TAM-KEC, began May 31, 1983, and contirawd until mid-April, 1984, when 
the TA Contract was finally mcutod, 1.5 ywors after the LA was 
effected. Ths Contract period called for the TA to complete the Site
Selection Model in 22 montha (Feabuary 1986) in lieu of the 3.75 person 
years (1 irdivldual) enviaMzed in the Project Paper. 

Field surveying and detailed einearing design b4gan as the Project
Operations Unit QM 	 d prosg s waswan formied, = ren in line with
expectations. Snags began to appear enif ba clear that thewit
had be. over process of the designs,ten 	given control the approval
since 	NEA regulations required that their Design Division had to approve
the civil waric designs as well as the ICU, resulting in an additional 
time loss of an average of four months per Sub-Porject. 
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