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MEA Metroponlitan Ciectricity Authority

KWH Kilnwatt-hnur

“STE Ministry of Science, Technnlagy and Enerqy

NEA National Energy Administration

NESDE National Ecnnomic and Social Develapment Board

NRECA Nationzl Rural Electric Cooperative Association

PEA Provincial Clectricity Authority

PID Project [dentificat.ion Document

POU Project Uperatinns Unit

pp Project Paper

RFD Rayal Forestry Depactment

RFTP Reaquest for Technical Propnsals

RID Royal Irrigation Department.

RTA Royal Thai Gnavernment

TOD Terminal Disbursoment Date

USAID United States Agency for International Developpment

USAID/T USAID/Thailand

Terms,

Changwat = Province

Amphae = District

Tambon = Township

Muban = Village

Currency Enuivalents
u.S. 1 = Baht {8) 23

Area Equivalents
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1 hectare = 6.25% rai
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I.  PROJECT PROFILE AND RECOMMENDATIONS

A.  Project Data Sheet: See previnus page.

B. Project Profile: The project described herein is an estimated
$12.8 million effart by the RTG and USAID to develop econamically
attractive, indigenous micro/mini-hydropower resources. USAID will
provide 38.0 million of FAA Section 103 loan funds at standard terms of
40 years, including 10 year grace period, at an annual rate of 2% during
grace and 3% thereatter, and $100,000 nf Grant Funds tn cover USAID
evaluation requirements.

Project outputs are regrouped intn twn broad categories: 1) the
development of an analytical capacity and method which will permit the
RTG to improve small hydro planning, analysis and construction techniques
and procedures, and, 2) the construction of up to twelve micro/mini
(0-1000 KW) hydroelectric generating systems.

Project inputs include the provision of a range of
competitively-bhid gnods and services; technical assistance, final
engineering design and supervision, civil works construction, and power
plant procurenent.,

C. [ssues: Major issues identitied in the PID approval cahle (See
Annex J are dealt with individually belnw,

1. Sub-prnject Feasibility Studies - In response tn AID/W
concerns, a detailed, integrated sub-project site selection model has
bren develnped in Annex F of the PP for selectinn of second tranche
(sites 7-12) sites. Furthermore, due tn NEA interest in refining the
mndel far standardized use of future small hydro site selection, the PP
contains special human and financial resnurces ta assist NEA to develop
the model in the conurse of Project Implementation. First tranche sites
(1-6), were alsn subject to extensive engineering, economic and sncial
analysis and, in fact, provided the experiential base upnon which the
second tranche model could be built.

2. Maintenance - The Project has utilized a simple, reasonably
maintenance-free engineering design for all sites. Past NEA experience
in Thailand has shown that maintenance should not be a major ohstacle to
Project success. A mnre cowplete description of this issue is contained
in Section I11.B.{q).

3. Sncico-ecnonomic Impact - 1t is extremaly difficult to
forecast the exact nature of sncio-economic impacts associated with each
Project site. Nevertheless, connsiderahle data, anticipating generally
favorable impacts, were gathered in the field and are recapitulated in
Annex D. Since this topic is crucial tn the future development of the
small hydro sector. baseline sncin-ecanomic data will be gathered on all
sites and at least twn major impact evaluatinne will he undertaken during
Project Implementation.
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4, Institutinnal Development . As noted in the Project
Profile, one of the principal output nf the PP is to develop the
institutional analytical capacity of the key implementatinn agent, NEA.
The Prnject will provide technical assistance and on-the-job training of
NEA staff so as tn improve NEA's skills and methnds in a number of
engineering, contracting and socin-economic areas. See Section II[L.A.1.
for greater description of this aspect of PP develnpment.

5. Linkages tn Non-Conventinonal Energy Project - The
AlD-funded Non-Conventional Energy Project (493-0304) Tncludes studies
and pilnt efforts in a number of energy areas, including micro
hydropnwer. Implementation of the Prnject's micrn hydro activity is
still in the detailed planning stage, and may include several smali pilot
installations of multiple-use application. These micro hydrn
installations will be slightly more experimental in nature than the units
tn be installed under this PP and will differ in size and application,
Liaison will be continued between the twn projects, although no formal
linkage is praposed.

6. Other Unnnrs - A numher of nther fnreign donors are
invalvea in scattered small hydrnelectric generationn projects in -
Thailand, moast notably Finland, Japan, I[BRU, and Morway. These prnjects
all basically consist of straightforward construction nf small hydro
units. Ultimate caordination of denor efforts in this area will Tie with
the Project implementation agency, NEA.

0.  Summary Findings and Recommendatinns: On the basis af its own
analysis of major feasibility issues and given the professinnal
cooperation afforded by the key Project implementation agency, NEA, the
PP team recommends that USAID/T move forward with Project implementation
as snon as deemed appropriate by USAID and RTG principals.

More specifically, the PP team proposes the following four
recommendations as estahlishing the basic nperating framewark for the

Project.

1. Basic Objective of the Praject - Clearly small
hydroelectric development 1s viewed by the RTG as a high priority. The
Fifth Natinnal Plan calls for early construction of 100 small hydro
sites. NEA has estimated that a potential 200 MW of small hydro power
generation is currently economically feasible, representing a pntertial
investment of some $400 million, and that number will continue tn grow
with the spiraling costs nf fossil fuels.

This Prnject, therefore, has heen vieved as a crucial
starting point nf Thailand's small bydrn pragram. Jt will represent the
RTG's first attempt to systematically develop economically attractive,
indigenous micro/mini hydropower resources. In consequence, a general
theme of this Project is that Project implementnrs will be expected to
act simultanenusly as researchers and technicians in their attempts to




develop a credible empirical data base for improving RTG small hydro
investment methods. The Project will require an applied
research-development-feedback metnndology which systematically explores a
numher of key engineering, socin-econamic and nperational issues in a
real-life "lzboratory" setting. Project sites must, therefore, be
carefully seiected to ensure the maximun flow of relevant sectoral
information, while respecting the minimum levels of socio-economic,
financial, engineering and environmental feasibility required by the PP
site selection nindel

Given the importance of Project results for future sectoral
investment, MEA and AID have underscored the necessity to ensure that
sectoral lessons any knowledge generated under the Project are
transmitted and "institutionalized" with those Thai specialists and
organizations most likely tn make aptimum use of the information after
Project completion (see Section I!I. A, 1c).

This Lasic conceptual framewnark was also important tn the
determination of the number of sites to be constructed under the Prnject
(see Section [11 A. Z.b.). The need to estahlish a statistically
relevant data base for the critical variables under investigation and for
site selectinn mnidel calibration will require the constructinn of an
estimated minimum 10 - 15 sites. A larger sample would have heen clearly
more useful from a statistical pnint of view, but led the PP team into
major funding constraints., The final number of sites has heen
tentatively establishad at 12 ¢iles,

7. Sectoral Analysis and *lanning Needs - The PP team
concluded vhat tne single, most important sectoral ana’vtical reeg is to
agevelop a small hyira site seiectinn model which is simple,
cost-effective, and Tncalized (using lncal field data). A preliminary
selection mndel was presented in Annex F ot the PP, based on our current
understanding of sectoral data. [t i3 expected that this selectinn
process will he challenged and refined by Project specialists with the
ultimate objective of reducing firancial and personnel requirements tn
its use, while dmproving the accuracy of its assessments,

Development of the madel in a2 professinnal manner will
require not only ianovative measurement techniques of basic engineering
and sncin-econiomic parameters, but of even greater significance, a
understanding of the impacts of these electrical generation systems on
downstream users, as well as the sncion-economic and physical environment
in which it is lncated.

3. lechnical Assistance and Training Reguirements - The PP
recognizes that this Project will place a considerable additional burden
nn NEA human resources, and has therefore allocatea funds to special
contracts for technical and support services. nEA staff under the
Project will develop and define their skills through their simple

association with the Project or through “on-the-jobh" training undertaken
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by Project contract staff. The PP team recommends, however, that the
Project take advantage of other closely affiliated, USAID-sponsored
resources available tn the Proiect in this area, most particularly the
AID/W-funded S1all Decentralize¢ i'ydropower Program (SOH) and
Conventicnal Energy Training Project (CET).

The SDH Program is run by National Rural Electric
Cooperative Association (NRECA) and can onrnvide a wide range of
technical, economic, managerial and training services to the Project.
NRECA specialists are, in addition, already familiar with this Project,
having assisted in the development of the PP.

The CET Project is run by the well-known Intitute of
International Education and can offer educational study in the U.S. in
engineering, economics nr management fields of relevance to the Project
as well as special industrial or research internships with U.S. companies
or training institutes.



I1. PROJECT BACKGROUND

A. Qverview at National Power Sectnar Resnurces: The primary
sources of energy currently consumed in Thailand are graphically
illustrated in Fiqure 1, attached. Worthly of particular note is the
heavy reliance on imported petroleum. Of particular relavance to this
paper, imported fnssil fuel currently (1980) gencerates some three-fourths
of all electrical power in Thailand.

Future developments in this sector include:

1. Natuyral gas - Several promising gas fields have been
discovered in the Gulf nf Siam indicating a prebahle reserve of several
trillion cubic feet. These fields are rapidly being developed and an
initial pipeline ta Bangxnk was completad in 1981. EGAT (Electricity
Generating Authority of Thailand), the agency responsible for most
electrical generation in Taailang, expects tn develop or convert some of
their plants tn natural gas so that by 1991 perhaps 37% of their total
generation would utilize tnis new national resource. The issue of
whetner tn use this gas for electrical generatinv or far nther purposes
(such as fertilizer industries) nas not yet been resnlved.

2. Lignite - Thai lignite reserves are estimated at 770
million metric tons, primarily at the Mae Moh site (650 millinn metric
tons) near Chiang Mai. Large deposits on the Malay border in the South
are now being studied Tnr potential joint Malay-Thai development. Some
150 MW of electricity are currently being generated from lignite at Mae
Mon and an additional 300 MW generatinn system is already under
construction, A total annual generation capacity of some 1500 MW is
expected to he attained over tne next decade.

3. 0i1 - Thailaend appears to have a reasonable future in oil
production. Current nil production at Fang (406 harrels per day) is
small, but recent discoveries in Kamphaeng Phet Province have indicated
economical exploration is continuing both in the Northeast and offshore.
Finally, large reserves of 611 shale (estimated 2,500 million metric
tons) are known in Northern Thailand but are nnt currently ecnnomical for
explnitation. As domestic oil is ultimately indissociably mixed with
imported oils, it is impossible to estimate the amnunt of local
production which will be specitically utilized for energy production in
the future.

4.  Hydro - As a tairly large country containing considerable
differences in topngraphic reliet, abundant rainfall and an extensive
river system, Thaiiand has 4 gnog potential for hydroelectric power
generation. Of the total estimated hydro potential (9300 MW) some 36%
(3370 MW) are either already being explnited or will enter into service
before 1991. This does not include the large regional potential offered
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by the Mekong and Salween river systems (19,000 MW) which has not been
developed due tn a neea for international political coordination.
Clearly, hydroposer is Thailand's only currently feasible major snurce of
domestic renewaoie energy. It 1s probably also true, however, that the
easiest sites may have already been, or soon will e, exploited. Micro
(0-100 KW) and mini-bydrao (100-1000 KW), the focus of this Prnject,
remains a very new area for development in Thailand*, Although data on
global mini-hydren potential 1s yet incomplete, NEA has conservatively
estimated that over 200 MW could he ecannmically generated in Thailand at

the present time.

5. Otner son-conventional renewanle energy - Renewable energy
electricity generation is possible in Thailand using such techniques as
solar power, bin-gas, wond (dendro-thermal) or ninher organic matter
conversinn.  any rencwable energies are currently being surveyed and
tested through the USAID-sponsored Non-Conventinnal Renewable Energy
Project (423-0304). none of these energies currently appears to hold
major promise for electrical generation in the inmediate future.

B. National Electricity Consumptinn: Nalional demand for
electricity has grown rapidly over tne last decade. NEA statistics
reveal that aciual sales have gone from 3,805 million Kwh in 1970, to
13,130 million Kdh in 1980, or a global increase of 2454 for that
period. Current orficial forecasts indicate expectations of continued
high growti (9-1i%/yr.) through 1990.

An event of current importance tn electrical consumption is the
massive "Accelerated Rural Electrification Program" heing developed under
the aegis of PEA. Latest estimates for the Program indicate that by 1986
or 1987 some 90% of all Thai villages will be served by the central
grid. This program will not only reshape the character of naticnal
demand and have & strong impact on the naticnal rural development
process, but will aiso have major implications for the development of
this Project as weil.

Some key statistics nn the nature nf the electrical sector are
noted below, 7Tor reference. Particular note should be made of Thailand's
heavy dependence on ron-renewable ana mnstly imported sources of

toward industrial/comnercial users (Table 2) and of skewed regional
consumplinn paiverns. especiaily toward Lie Sang=on metropalitan area

(Table 3).

*It should be nated that these definitions of “micreo" and "mini-
hydro" are thnse of the United Nations and have been adopted for the
PP anly following discussions with AID/W. The Thai system formally
classified "wicro" as 0-200 KW, and "mini" as 200-6000 K.
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Table 1: Supply According to Source {1980)
(Source: Electric Power in Thailand)

Source GWh ot iiotal

Heavy 011 Qb7 he  b%
Shengli Crude 0il 1,863.2 12.3%
Lignite 1,364.8 9.0%
Hydro 1,273.0 8. 4%
Imported (Lsos) 766.4 5.0%
Diesel 01 407.7 o

15,192.4 100.0%

Table 2: Consumption by LdtPQu”{ f'bel
(Source: Electric Power in [hailand)

Category GWh % _0f Total

Industrial Sales 8,350.0 55. 0%
Domestic Sales 802557 19. 9%
Commercial Saies 1,665.5 11.0%
Transmission Loss W7/ 57/ 9, 3%
Station Service Loss 617.7 4. 1%
Free of Electricity Loss QNG 0.1%
Other Sales B _0.6%

156,192.4 100.0%

fable 3: Kegional Cnararter|5L|="(! “”l
(Source: Electric Power in 1haiiand)

MEA North-  Central
Characteristic (Bangkok) North east  (w/oiEA) South  Total

Generating Capacity 1,552.5 991.4 141.8 508,00 25405 3,448.2
Installed (W)

Peak Demand (MW) 1555250 il o6 413 795 Rl 67 37 /085

Enengy Generation: hilhi5105 2500051 2563 138.9 B79.2 14,426.0

(106KWh)
Ln“rqv Sales Lt 56 bili3E0F = Bl 403 Fa RO RS ()5
(106KWh)

L]

13,1562

D
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C. National Energy Policy: Thailand's econamy, like tnose ot many
nations, has become a victim of fossil fuel energy nnlicies which were
adopted in the sn-called “cheap oil era™, With the spiraling national
energy costs of the last several years, policy-makers have hasically
attempted to revirect attention to the tasks nf 1nd1thqu' (and, it
possible) renewabln energy development, as well as impraving patterns and
leveds of consumption, Chapter 6 of the Thai 5in Hatioaal Plan 1
devoted to the promotion of this strateqy. Section 4.72.3.0d) nt o that
chapter calls for an acceleratinn of the assessment apd develaonent of
water ressurces for electricity generation ang specifically encnurges
“exploration and development ot suall-ccale water rosourcee" teo neln din
attaining that nbhjective,

. Relationship to USAID Strateyy: The Project 1its well witn
current ALl basic policy orientationg, . adaressing Lhe priority sector
of reneaatile small-scale enerqgy and priveie sector invalyenent, as well
8s stimulating general rural developmeni, both agriculture! and
commercial, tnrough the introductics ar Tacal electric by aeneration,

k. Focus nn bicro and Mini-Hydrn: By Cabinet ceicen. (EA s now
responsinble for all plTanning and constructing of spall ayerapower (micrn
and wini-nydro) in Thailand*. NEA has prepared an Acce lerated
Alternative Encegy Gevelopnient program for the peried 190p0-84 {(n pe
incaorpacated in botn the 5th and 6th National Levelopment Plans) calling
for development ni Thailand's cnnsiderable miicrn anc aoindohyaro polential
in arder

to replace existing diesal gencratiors plants i ryral areas,

- to feed electric prwer ©o the ngtinral i s6 4s Lo reguce
the consumption or fuel ol in thermal Lovias SLetions, and,
- to supply electric sower 19 new areas unaer “he ryral

elccirification program.

The PP team has Tocated micra-mini nyare «iia. axnich have been
deveioped in fhe Xingdom tn date.  Tpose sites are et v chasacterized
in Table 4, below, and may be loccted oa Map 1. e adurtiong, two rniew
sites, Maa Sariang (Zx400 Kw) snd Huai Naw Kpong (2x750 k), may begin
construction in FY 1ygy

althouun corrent sites already utilize & fairly wice ranqe of
implementation agencies, tec h1n1001p and power Sirex, wuch still remains
Lo be done an systeaatically cnllecting snd aralysin: Lic porformance,
botn technical and J)L1uweuunomic AT these diverse syitens,

*Reminder that smail-hydro 1 defined as 0-6000 KW acenrding to current
official Thai classificatinn,
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Table 4 Existina Micro/Mini Sites (Thai Definition)

fcar Installed  Type of

Name Caonstructed Capacity WIygpjﬂg“r“

1. Na Bon 1961 200 KW Pelton Designed/constructed by RID;
used for private rubber pro-
cessing; net head 90 meters

2. Mae Hong 1972 830 KW Francis | Designed/constructed by NEA;

Son used by PEA Lc electrify town
and districts; net head 28 meters

3. Mae Kum 1980 2 x1500 Ku Francis | Designed/construction supervised

Luang by NEA; used to electrify
villages aud hooked to grid; net
head 114 neters.

4. Huai Kum 1980 1000 KW Francis | Hooked to grid; net head 28 meters

5. Huai Mae 1981 1030 KW I Pelton Designed by NEA under Swiss super-

Phong vision and fundine; used to
electrify district; hooked to
grid; storage dam also used
for irrigation; net head
327 meters.

6. Huai Nam | 1981 124 KW Cross- Design NEA, construction RFD,

Dang Flow electrified forestry stations

(Local) | and resettlement village, net
head 70 neters.

7. Ban Yany 1970 2x50 KW Z-Cruss-1 Developed by LGAT; utilization

1x12 KW Flow PEA; net head 67 wmeters.
I-Francis
8. Ang Kany 1974 10 KW Pelton Developed and utilized by RID;
(Local) | village glectrification; net
head 30 meters.
9. Doi Pui ly/% 5 Ki Cross- Developed by WAT; village
flow electrification; head 17 neters.
(Local)

10. Mae Sa 1979 1.5 KW Cross- Privateiy developed and
flow vperated for home use; net head
(Local) | 10 meters.

11. Mae Chon 1979 5 KW Cross- Designed by NEA, built and
flow operated by RFD; electrifies
(Local) | RFD station; net head 17 meters.

- R
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Recognizing this fact, NEA is attempting tn build upon its
existing expeirience base to better understand the limits and capabilities
of small hydraelectric development in the Kingdom. When USAID was
approached by the RTG with the initial micrn/mini hydro sectoral proposal
in 1580, tne project contained in this PP was seen not only as a means of
enlerging the number of sites constructed in Thailand, but alsn to deal
more directly with a number of sectoral issues ranging {roam technical
guestions concerning the optimum mix between locally-fabricated and
oftshore power plants, to sectoral planning concerns relating small hydro
to other farms of rural electrification (i.e., grid extension or local
diesel generdlion).

The evolution of the PP since that time has permitted the PP
team to grappie with these issues in a more meaningful way. Their
conclusiong, as are noted in the following section, will require Project
implementors to focus basically on immediate, operational issues of smal)
hydro development (site selection feasibility, appropriate power plant
selection, efficient consumer utilization).
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IIT. PROJECT ANALY>IS AND DESCRIPTION

A.  Technical Anaiysis Summary

This project praposes tn assist the RTC Lo atvain two
specific and parallel objectives in tneir development of natinnal
micro/mini hydro potential { 1000 KW):

- the deveiopment of an analytical capactiy and method which
will permit. the 276 to yprove secioral planning and
development (institutional support): anc,

the construction of op to 12 hydrnelectric generation
systems.

The FP has gtienpted o deal with both objectives
stmuitaneously in project dmplementabtion, for §t 15 telt thal the two
concepty are mutuatly reinforcirg.  The construction or iites is
necessary to provide realistic feed-back and field data 50 essential to
the development of any mndel or otrer analytical tonl, and conversely,
appropriste sile selectian and canstruction implies the organized
analytical capacity to insure iaformed decision-making.,  Fovr purpeses of
clarity, however. =ach af these abjectives will be nnted separaiely below.

1. Institutional Suppart Conponent

3

A key concopt n{ thig BR d¢ tha creating nf 4 s pecial
Project analysis/management avoun in NEA, the Project Gperatione Gnit
(POUY.  As noted belrw, the 20U w11l pe staffsg with Projoct- ‘hﬂd(d
expatriate an1 Trgi tecrnniciens a3 well as their KA coLarorparts.  The
PUOL witl cnllzharate on g naily basis with the spechrag of NEA divisions
but viiil He urder the Supsrvision of the Depitty Secretacy boaeragl (see
Secton V.3, for arganizat R

el detsiis g

The POU will be responsible for 1) tee onllecting of
existine data an That and foreign enpevionces in Lhe gwicea/mini-nydro
section, ) or propesing, anu oir@c'?y mmpiementing, oroieat. fundad
analysis, plunninq‘ sonstriuction and operations, aod 3 Tor otoe
systemal ic monitoring and uva]uu ting of rigld activities vndertaken by
the Project.

The nasic analvbical tnemes Lo be devoloped hy toe FOQU
are adescribed below. Adaitional detatil on staffing vesponsibilities over
time are noted in Section 1V.8. {*Project Organization and Staffing
Responsibilitioes") as well as in Arnex H {("Iadrcat rve Tems of Reference
for Key Projert Porsonnel").

i Standard fraineeryng Amaivais: vowetning with
commonly accephod prectice, all Proajecs sitey will wnoeron (3% Final
engireer ing design {(tapography, bydeoingy, qeclouy, eus b praoy in

contracting for conctruction, Appropriate speciflicatiany @ e individual
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"

"

power plants will alse be drawn up prior to initiation of procurement.
Unce civil works construction has begun, 211 site coastructinn activities
will be suypervisend and peogress evdaluateo according tn the terms of the
construyctien contract. 01 of these analytical tasks will be carvied out
hy one or s~vorar gualifiea private firms, in ¢lose ¢oilabovation with
POU ergineering staff - particulariy the Construction Manacer ana WEA
Field Enginecr Tne PCYU staff will, on an ongning bhasis, ~noned
appropriaty fecheicel data, sugeest innovations in cesign or consiruction
ethoos and technigues, and furnish practical, field-reiated suggestiong
to other FOU staft ay they etiempt 1o develon werikanle analytical models
ana methods Ga the wiali hyaro sectar

. special Sectoral Andlysist Propably more
experimental and hence mare difficuit on define with precizion for loca’
condilions 1n Thailand, are & wide rance of basically solo-economic
concerns wnich pave heen idenifieod a0 the course of PP desi
critical to the evfective deveiopnent of siites and utiliz
gownstream powsr supply. An aporarimate Limefrane for dr
these anaiytical tasks is iilusicansd in Table 5

Of
vnthmvnt af

o
— 5
o]
=

1. Site Selsction Analysas

Tro P2 Gesign Leam hays devoled ronsiderable
attention to the developpent of 4 Simp?ﬁ, bl reasonably eccurate, site

setection madel.  An initiol model bas Leon precestio Cr danexs foand will
be refined considerabliy in whe Course nf Projecs dnniswentatinn, It is 3

critical aspect of the Penject prognsal or Severa, rosonng:
it oprovides ail Save dabs Jrog whicn
Satree impact oeve ot ions and Project
TNnovat ions may Ge ara,

1 nerinits 3 apseat vons ] franesorc for
integrated anaivais of project sites,

and

- itowiid ner>55=tﬁt9 far vanging,
systematic undeczvanding of small hydro
systems nider a wide vay ety af 5ite
conditinns {e.qg. dyiferent nnusr zizes,
maneqemvnt svibems, gengraphic

Tocat ions, ero

Develoument of the siie e wobiogn mnge! will
be the direct operatinnal responsibil i, af a Sunor Canirazt Dnginaer
and Soctn-Economic Analyvsl ang shorielern contract op MY Spocialists, as
required.  The model will be develos For Lwo persting gulenyives,
First, L will ve (ne pasis upon wh'ch USAID deleraings wornnd branche

site feasibility based an its nwn standard Sriteria. Lnd, secony  dLowing

o




Table 5:

Froject Monitoring/Evaluation Task Worksheet

Individual 1982 1983 - - 1984- 1985
T. Socio-Economic Analyst{s] Oct.-Dec. ] Jan.-June Sept.-Nov. Sept.-Nov,
- ModeT development - Tranche [1 field -~ TIst field impact - 2nd field impact
- Literature seecrch site selection evalvation & overall evaluation
- Desk study Tranche I1 - Model refinement project evaluation - Final model refinement
- Define sectoral issues - Sectoral planning {w/AID staff) ' - Final sectoral planning
and workplans assistance - Model refinement suggestion
- Est. basic monitoring/ - Sectoral planning
evaluation methodology assistance
2. Manufacturing Promotion : dJan.-Mar, .
Specialist(s) - Small Hydro manufacturing
sector assessment for NEA
July-Dec.
- Direct assistance as
required by previous exercise
3. Consumer Promotion dJan.-Mar Jan.August July-Sept.
Specialist(s) - Site visits, establish workplan - Fieldwork establishing - Final promotion work on
- Identify issues procedures and directing Tranche II sites
. Productives utilization implementation of consumer
of local electricity promotion activities w/
. Local plant operation operating agency for both
{Coop or private) Tranches [ and 1I.
. Credit - Participate on impact
. Hook-up costs evaluation team.
. Tariffs
. .ocal tra‘ring resds
4. NEA Ceslagist/Hyarologist _2n-August

5. Forecasting Specialist

6. NEA Computer Specialist

‘2art-time on’y;
- Stangby in :3se of spe:-a’

fiegld ass-stance “or site seiaction.
- Assist ‘r astablishing

Irerequisite j2eicaizaly
~,aroicg i3l -etacis “ar model.
_an,Mar

ThArt L* 1.~ 1.
pa~t-tyre snl,;

- AsSist 4 astepiisning

appropriate demand fore-
casting technique for model.
Jan.-Mar,
(Part-time only)
- Assist in coding & Collating data from
field feasibility studies.
- Assist in developing computer
program for model.
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be developed sn as tn pravide NEA with 5 site selection model whick best
services ils internal needs and constraints. A total of 18 person-menths
have been budgeted pev Tabie 8 (3 perzon-montn or expatriate services and
15 person-mivith of jocal services) {for tnis efforl. A mere compleve
dgescription of vroject stati is provided in Section v, 3.3,

2. Manufacturing Promotion

Thailand already nas an manufacturing
capability for some power plant components, e.q., generators,
transformers and Crossfiow Lurbines of under 00 KW capacity.  ATLhough
improvements can clearly be made in thic areg, it is not yeb clear whai
contributing the Project can make to aysist in dts’ covelopment.  In oan
attempt to reduce foreiqn exchange costs, increng local employmzat and,
potentially, ncnuraae private sector technolngy teansier through
Thai-U.S. Joint venture or Vicensing agreements, 2 sectoral overview of
Tocal small hvdro power plant manufacturing potentrai will be undertaken
early in the Project. [f trhat overview can arrive ol specific propnsals
for tutire analysis or technical assistance which are deemed in
accordance with Project objectives and funding capabilitioes, thay wili be
constdered for ancorporation intn oncoine froject activiiies under POU
supervision. A totai af nine personaannthe have been budgehed per Table
8 (3 p-m of expatriacte services and O p-m oV Tocal servites).

3. consumer Promor jon

A number of Sacal, consumar-ariented issues
nave heen tentatively jaentified by thie PP Toam far anaivsis and field
gevelopment.,  Contract specialist{s) will i eanloyed early din the
Project to visit fiela sites, acsess has ¢ 15%:Hes anag develop 2 work-plan
for action. 1t s currently anticipates that dmplementation of
consumer-relatrd sctivities will not take plac? until cons'ruction of
first tranche sites well undoruay.  dmnng the oriacinal issuag to be
analyzed are:

- aroductive ves of dncal electricity
qenarat ion,

ration of iLha
thubion system
ixa*» venture)

- potential for local ope
Projact generation/distr
(e.q., cooperative or pr

- utility of loca) credic schenes for

3
nrnk oup or applicnce conts,

- potentiasl inr use of variable hook-up
costs,

- potential for nee of variabie tariff
sohadyles,
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- Incal training needs,

- utiiizavion of local labor for
constiuction or hook-up activities.

A total of 18 person-iontns nave been budgeted per

Table 8 (3 person-month of expatriata services and 15 parson-montn of
Tocal services) for this effort,

L nroanslitutionsiization, The POU, with
its full-t e focus on Fhe swail hydra sector and 05 iviegrated staff
and analysis vechrigues, should move (o the farefrentr of NEA and RTG
small hyﬂvn sector plaoning and analysis. 1t is nnt clesr at this time,

o

noweaer, 1F PO has the potential for evolving into 3 snecialized YTine
office in its' own riakt, or i7 its responsibilities will eventually be
re-assigned tn other NEA burcaus

The PPotenm ne JIEA have given carcrul tnought,
therefore, to Toimulating a project design which o117 facilivats waxinum
astitutionatizetion™ of Project-generaied sectoral Tessons ard
knowledge with those Thai personnel and organizabicns most likely to make
optimum use of the results after project cmasieting

First, and pernaps most importontly, the PCU wiil be
pnder the direct copervision at the NEA Deputy Seocetary General s
of fice. REA top-ievel managenent acoords hign moserity Looa rapid and
intelitgent avveilopment of the sma’l hyurg sector, and will have a direct
!

interest dn aecuring maximun inetituticna. izating of Projest results,

Second, & nunber or activities witl he cruanized by
POU tn dissaninate Prn:ert concepes and results, on an engoing basis
8) Periouic progress meetings {see Seciion W, D1 "Heaject Maritoring”)
will be conductad Ly POU wo inform otorasted W88 AL and olner
personnel of niw Tdeas and coancepts Leing develoned andor the Peoject
Comments ang o iscassion will pe solicitoed of key Hob Givision cniefs and
staff, particulariy the Investigation avd Pianning Divising and Lhe
Technical Divisiorn b)) AL Teast ftwo oobiic seminars oo <mall nydro
development will b sponsarad theoggn Deagect funas and coardinatad by
POU staff in conperation with retevant 210 2nd non-Qoverinonial interest
groups. ¢} fuarterly “rpiect pruqF“1% IV IO Tl A w’ Tpe glven wigs
circelation witvin NEA a5 wall au fo alher intorested 216 agercies (PEA,
EGAT, NESUB, elc.) and interesind noq-aovermments! organizat foag
(university stafy or privale groups)

Fanally, NeA apd P Oo w80 gadelly Take on the
responsibiiity of re.exanin:no ihe inciitution:Dizecion guasiion half-way
through Project dmplementation. A asjes topre f the maiees Project
evaluation undariaven hy Aty i 1934 {(See Section ¥, D ) will he to
examine cumnlative evidense op Lo Lhah Time and goealrabe conorete
propesals, acceptanle to tne BTG, or the aost snpvony e ways to elsuro
broag-pased institutinnalization uf proaject aeta analysis and results.
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Z. Construction Component

a. Technical Description: In the interest nf
keeping costs tn a minimum and simplifying engineering design, all sites
proposed for construction under tne Project will be “run-onf-river"
schemes, iliustratively presented in Fioure 2. No water impounciient is
anticipated [e.q., dams, pumped storage) under the project, uniess
Project technicians are interested and able teo make a strong, documented
case to the contrary, and such a reguest is approved by both NEA and
USAID. The basic operating principal of the system is the diversion
(weir) nf a poartinn of river Flow into an apen or clnsed headrace,
through a penstock Lo the power house, where it actuates the turbine and
is tren direcied back into the narmal strean bed. Power yenerated by the
turbine 1s passed through a step up transiormer into a 22 KV Lransmission
Tine Lo the users where it is then stepped-~down, metercd and connected to
user units. A more detailed description of civil works cnaracteristics
may be toung in Annex B.

h. Number ot Sites:  The hyarn sites to be
constructea under tnis Project have bieen viewed as essentially
representing the ineans to atilaining tne mare critical concern of
improving sectoral understanding and future investment decisinn-making.
Site construction will provide the "Tanoratory” setting which will
generate tne ompirical data necossary Lo svstematic resolution of 3
variety of sectoral technical, sncio-oconomic and nperational concerns.
The number nt Froject sites selectaid foar construction under the Project,
theretare was basicaelly a funclion oi the size of the data base required
to furnish statistically relevant sectoral information, while vitiing
within the lmits of 276 and A1D sudget resources,  Data from existing
small hydro sites, while of generai interest Lo the Project, are of
Tittle utility in attaining Project objectives, given their snarsity and
the fact thal they were not cenerated witnin a predefinad anaiytical
framewor« ,

dased on the nunher nf variables currently deemed
appropriate for study, (see Tanle o) MEA and the PP team feel that a
minimun of 10-15 sites are necessary Tor analysis. A larger sample would
have been clearly preferable from an anaiytizal point of view (iarger
samples ang greater differeatiaslion of variables), bhut wes difficult tn
propnse, given existing funding conctraints,

Far puraonses of toe broject Paper it niac heen
gstimated that 17 different sites will be geveloped under the Praject,
although tne final nunber of sites wi'l depend on several factors:
actual power plant size, actual ntlation over Lime, anaivtical "quality"
of sites (quality of data, reproveptarivensss ni sites, ete.). Sites
have been orqganized into ran separate trosches. As is noted helow, a
first tranche of six sites has aleeady heon fentatively ddenl v iad
throughn PP teanm inteqrated faasibility aneiysis and will cowmence
construction in 1983, A second tranche nf iy sites will pe detsrnined
by POU through use of the site selaction model developed in this PP, and
will comnence construction in 1984,



Figure 2 : Skeich 8f a Honresentative Preject Hvdreelectric Pewer Plant
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Table 6: Anricioated Projact Analysis Matrix

[ TIRST TRANCHZ 3ITES ? | ISECOND TRENCHE SITES
VARIABLIS Size Sire Sive I5ite ISits sire
CONSIDERED 41 22 43 144 =5 55 iSitas 87 - 12
—_— e — +— - ¢
. i ; | !
- Geograpaic ragion Nor+h Moot Worth North ;Sas: iIsouth
- Head High High High Bigh fS$qn tiigh
~ Generating capacity 440 303 109 100 1145 355
(W) |
; ! ! P
- Operacion - ZEGAT ‘EGAT i RED EGAT 'EGAT ZCGAT 1
Managemant ; 3 ! :
| : |
- Disz=rikuzion PEA i‘?EA rFD PEA EPSA PEA :
Management : i ; ; f
: | : | !
- Censumar cradit ! No !xo § No No iNo iNo i
; \ ;
- Var:zabkls tariffs No No No No ENo ’No
- Country 2f Powar J.s. thai Thai Thai Thai U.S. I~ To be davslopad
Plant Manufacture
~ Type of turbine Crossilow Crossflow [Crossflow
~ Relationship to dissel/ -—— Hock to i Replace —— ‘Replace [Hook :o
grid generation grid; i diesel idiesel grid
Replace
diesel
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First tranche sites will permit Project staff to
better establish the parameters of realistic analysis which can be
undertaken by tne study. POU will be required to utilize thoughtful
advance planning on second tranche sites sn as to expand the Project's
data base to the mazimum extent deemed foasible and of utility, given
’roject resources. All sites will also be used to calibrate the Project
site selection mndel, as was noted previously.

C. Site location: First tranche sites have been
tentatively identified.” They are all nigh-head (over 20 meters) sytems
and four of the six sites are located in Northern Thailand. These sites
may- be situated on Map 1 and are described more explicitly in Table 7,
attached. Because of the favarable rainfall and topography of the
North, it may be anticipated that several future sites may also be
located in the Region, (or other highland areas) although comparably
Justified sites may located in lowland areas if appropriate low-head
systems are developed for use in the Project.*

Future micro-hydro sites will probably all be
located outside of grid areas due to anticipated managerial limitations
of RTG operating agencies, for such small systems., Mini-hydro sites may
be located in either grid or non-grid areas, Finally, the emphasis on
future site selection will be to replace existing diesel-generatinn
systems.

d. Site Selection Methodolngy: Selectinn analysis
ot first tranche sites (#1-6) is described in greater detail in Annex B.
The basic procedure included pre-field and field screening of & broad
range of possible sites as well as specific subsequent field engineering
(hydrology, topagraphy, genlngy), sncial and economic studies to
determine basic feasibility of each of site recommended by the initial
screening exercise. The accuracy of initial screening proved to be gond,
as detailed field study confirmed the feasibility of six out of seven
sites. Final review and approvai of the Tranche I sites, as with all
sites, will be undertaken by NEA/USAID/NESDB prior to moving to
construction, however.

*At least one attractive low-head site was located at Lam Pra Plerng
(Nakhon Ratchasima Province). The existence of water impoundment
structures at this site potentially implies an interesting cost/benefit
ratio for provisicn of an estimated 3 MW generation capacity. Although
exceeding the upper power limit establishad for this PP, Project stafft
may wisn to consider this site for second tranche selection and compare
its economics with those of the smaller sites built under the Project.
For further information on low-head systems examined by tne PP team, see
“Small-Scale Hydroelectric Power Potential in Irrioation Schemes, " dated
October, 1981 and prepared by Team Consultants.
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FutUre selection of second tranche sites (#7-12)
will be undertaken by Project technicians, in collaboration with NEA and
NESDB, through utilization of the site 'selection model detailed in Annex
F. This model is the result of the extensiva field experieqce gathered
under the first six frasibility studies, and should decrease the time and
cost investment required of indivicual site feasibility work while
increasing the acciracy of each assessment In 1ts current form, the
model has also been designed to furnish <imple baseline data on each site
which can subsequentiy be utilized for Praject evaluation. The model was
field tested at the Mae Chon Luang site (#4) and appeared to furnish
reliable results. NEA recognizes the model as a potential operational
tool of value for standardized use on all RIG small-hydro selection. To
assist in attaining this nbjective, appropriate kuman. and financial
resources have been designed into the Project and will be described more
fully under the "Institutional Support" companent, noted below.

e.  Final Engineering Desian and Supervision: During
the process of screening and basic feasibility determination, each
Project site will be subjected to both desk and field studies of local
hydrology, geology and topography. Prior Lo commencenent of final
engineering, therefore, each site will have a reasonanbly complete
technical dossier, including preliminary enyineering and cost estimates
of + 20% accuracy.

Final engineering will be required prior to
construction and, in all cases, will be contracted out tn gqualified Thai
engineering consultants. Contracting for design services will take place
in two separate tranches as per the Procurement 2lan presented in Sectinon
IV.D. of this PP. In most cases, it is anticipated that enaineering
supervision of construction alse will bz contracted for

ATT final engineering design and supervision will
be the responsibility of & special Project Operations Unit (POU) and most
explicitly, the Project-funded Construction Manager and Lhe NEA Field
Engineer (see Implementation Plan for details)

fi® Site Construction: [t is anticinated that the

first six sites (constituting Eranche one) will o2 constructad by
contract(s) with qualified Thai, U.S, or Thai-U.S. joint venture firms.
Future sites (second tranche) may utiiize contract or force account
methods, or botn, depending largely on Project experience on the first
Six sites. The contractor(s) will butld all civil works. e luding
transmission and main distribution lines. The pgrocureanent and
installation of the power plant will remain a POU responsibility,
allowing the procurement process to begin at an earlier date than actual
site construction. Actual hook-up and mataring of DOWRE ©0 Individual
users will be the responsibility nf PEA or whatever operational agency
eventually responsible for power distribution znd revenue callection for
the system (see next paragraph). Hook-up cnsts will he paid by the
individual consumer. It is anticipted that eélectricity will generally be




sold to users at standard PEA rates. An exception to this is the Mae Aep
site (#3) which should be entirely operated by the RFD and electricity
distributed free of charge to local hill tribe viliages and to the local
Forestry Center.x

Upon completion of construction it is tentatively
anticipated that all first tranche site ejectrical generation will be
distributed, and revenues collected, by PEA (with the exception af che
Mae Aep site). To ensure preper break-in of the generation system, NEA
will run all power plaénts for a perind of one year, at the end of which
it is anticipated that operaticpal responsibilities will be turned over
to EGAT. Final plant operation and electricity distribution
responsibilities will be clearly enunciated by NEA prior to final site
selection (see Site Selection model - Annex F) and commencement of
construction. Because of the underlying Praject objective of exploring
various management options, POU will be encouaraged to utilize other
potential operating ard distribution groups (e.g., PEA, cooperatives,
private sector, RFD, RID) wherever deemed appropriate

The engineering desigr vontractors will in all
cases be encouraged to develop low-cost, simgle systems which are as
maintenance-free as possiole. As the current quaiity of local design
firms s generally good, Vittle problem 35 anvicipeted in this ares.

g. Power Plant: Appropriate power plant (turbine,
generator, switchgear, control eauipment, step-up transformer) technology
is known for the full range of effective head and generating options
being considered under this PP. Finai decisions of the exact type of
equipment to be utilized for each project site can only be made upon
completion of relevant final engineering, topographicai and hydrological
studies, however. This is especially true of the turbine, and for the
purposes of the PP, we have assumed that all turbines will be of the
Crossflow, Francis or Pelton desian for fivst tranche sites,

Crosstlow turbines are alveady manufactured in
Thailand at acczptable standards and other turbines could be manufactured
locally with appropriate assistance trom qualified U.S. firms. The PP
has anticipated that sites 2, 3, 4 and 5 will equipped with turbines of

Thai manufacture and sites 1 and 6, of U.S, manufacture

A detailed power plant analysis is contained in
Annex B.

*While clearly not in agreement with the PP ind RTG policy of ensuring
financial viability of each site this system apnears to be warranted by
local conditions. It should not be considerad as setting a precedent
for nther sites, therefore, but, rather, one of a number of managemernt
options being explored by the Project
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h.  Maintenance: Appropriate selection and
construction of various elements of each project site will be the key to
determining the frequency and intensity of maintenance. Quality of
design and construction of the diversion works, head race, penstock, and
tail race can provide civil engineering works which are relatively free
of routine maintenance problems. The sand trap will require periodic ;
flushing, but this is an operaticnal expense rabher than a trus
maintenance expense.

NEA policy requires that they operate, maintain
and "shake down" new hydroelectric project sites (both civil works and
power plant) for a period of not less than one year after the plants are
put in service. This should permit any design or construction
miscalculat ions and minoy break-in problems to be expeditiously
rectified. The NcA has a skill training center, where local Thai
personnel are given the training required to successfully maintain al)
segments of hydroelectric instailations. They now perform this training
for individuals working for many That 1ine agencies and can provide
necessary trained technicians to carry out the reguired maintenance and
operational program for those zites included in the Project.

when the hydroelectrical instaliations are
commissioned after the one year cperational phase, the operating agencies
will take over total responsibility for overhead and maintenance and
associated costs. Given an appropriate desicn and careful construction,
the annual cost of maintenance should be in the neighborhood of 1% of
project construction costs. This is not a large financial burden, and
should be easily accommodated from returns thraugn the sale of
electricity. Financing of this activity will be througn normal budgets
where the fees collected are deposited in the national account, (which is
the case under the PEA operation), or from feas actually collected where

4+

electrical cooperacives operate the plant

Ouring the life of a nhydroelectric Project,
miscellaneous equipment and facilities will wear out and require
replacement. This replacement i< 1n addition Lo those routine
replacements covered in normal plant maintenance. A sinking fund should
be established for these interim replaceiants.

Hardware to be installed under the Project will
most probably be procured from the United States. or from Thailand, and .
is not expected to result in problems wilh spares op lack of
manufacturer's support., While the maintensnce of facilities often proves
to be a troublesome part of many infrastructure projects, the history of :
small scale hydroelectric operations in Thailand does not show failure
due to lack of maintenance, and the PP team nas concluded that it should
not prove to be a constraint




B. Financial Analysis Summary

1. Project Budget Analvsis

The details of tha Project budget analysis may be
found in Annex C. A Project Financial Plan (Table 8) has been attached
for reference, and indicates a total 1ife nf project cost of §12,€00,000,
composed of an estimated 91% Tocal costs and 9% foreign exchange costs.*

The anticipated projection of expenditures by donor
and by fiscal year is noted in Tahie 7. USAIUD will {inance some¢ 63%, and
the RTG somz 37%, of total Project cnsts.

Table 9. Projection of Expeaditures by Source and by Fiscal Yeark»
($0600)

Snurce FY 1982 FY 1983 rY 1984 FY 1985 FY 1986 Total (%)

USAID 470 2,316 3,851 1,384 67 8,100 [63%)
RTG 213 1,366 2,375 731 15 4,700 (37%)
TOTAL 689 3,682 6,236 2,115 82 12,800 (100%)
(%) (5%) (29%) (49%) (17%) (1%)

*This is simply en estimate of the type of currency which will actually
be used to prncure Project anads and services, not an assessment of the
foreigyn exchange component of the procursnient. For example, 3 locally
assembled Japanese vehicie procursd i Bart with a 504 foreign excharnge
comperient wouid he registered a3 a 100% local cost. It should be noted
that the Ylx local cost figure cited above could be reduced considerahly,

depenaing on the conpetivene:s of Tocal Thai contractors vis-a-vis their
U.S. competitors
**Agsumes 1inear annual cash oulflows (e.g. FY 84 calculated as 75% of

CY 84 plus 25% of CY 83)., An exception, FY &2 was calculated as 25% of
CY 82, leaving the ather 75% for FY 83.
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2. Taxation and the Project Budget:

S it it o s

As a U5, Government agency offering public funds
under grint or concessional loan conditions, USAID can not finance
Project-related taxes, nor can it recognize RTG payment of taxes as a
host-country contribution ta the Project. Although not yet formally
confirmed by the RTG, it 1s anticipated that payment of certain taxes
Will be required of this Project. Included in this group are import
auties (10-30%) and importer business tax {10-20%) on imported power
plants, manufacturer's business tax (7-10%) on locally-made power plants,
contruction contractor husiness tax (3%), and income and other taxes on
foreign technical assistance personnel. The difficulty in estimating
these taxes has preciuded the PP team from attempting a detailed
assessment of their magnitude. The total value of these taxes are
estimated in tne $300,000 te $500,000 range, and could he higher, if
eventual POU detailed studies indicate the necessity to import greater
numbers of foreign power plants. The implications of this for the
above-noted Project bhdget are two-fold: 1) The U.S. contribution does
not include, and may'not be utilized to finance clearly visible tax
items. This /indicates the necessity for en early meeting of USAID/T and
interested RTG parties to record their mutual understanding on this
matter. 2) The RTG contributicn noted above (34.7 million) has been
calculated as a tax free contributicn. If the Thai Government requires
the payment of taxes under this Project tiose taxes will be funded by
additional RTG funds, and NEA should undertake careful advance financial
planning prior to each fiscal year s0 as to ensure coverage of this
taxation, as required, in its annual budgat.
3 Project Financial Feasibility

Ic
o — et ek

Follovwing the rationale presented in Annex G, second
tranche sites will all he required to demonstrate a financial rate of
return on capital investment of &t least 8%, par general RTG guidelines
for electric power sector investments. The methodology proposed for
derivatinns of financial rates of return is outlined in Annex F. First
tranche sites were exempted fron this analysis, given the extensive
cost-benefit economic analysis undeprtaken for these six sites.

. hroject Recurpent Costs

Altnough & public sector project, each of the
hydro-electric sites should generate sufficient vevenues from electricity
sales to consumers to cover all recurrent costs (overhead, reqular and
periodic maintenance) over Lhe useful life of each site.

The site selection model (Annex F) utilized by the
Project for second tranche sites will build in additional safequards in
this respect through its financial analysis. The 8 percent of return on
capital investment snhould ensure auto-financing or each site, not only
for basic operating costs but also for future site expansion (e.g., new
transmission, Second phgse genepator, ete.)




( Sacial Soundness Summary

] Social Protile
First tranche sites all tend to be located in fairly
coleted areas and also tend to demonstrate low levels of existing
‘modern!” sconomic development Ine average site is expected. to contain
some 55000 Snhabitants within ils zone of influence.

Targeted populations tena to be traditional rice
farmers and are only accasionally involved in small commerce or highly
localized activities (e.a. mining in the South, RFD wage laborers). Most
nave had no experience witn past electrical utilization although the
majority appeared ta have an interest in utilizing electricity at current

LS

PEA I
Incomes of this group tend to be low, with perhaps
one-half having incomes under tho current IBRD poverty line.

¢, Institutional Overview

Development of the findividual site power supply will
learly be the pesponsibdility of NEAL The demand side of: the Project
could be archestrated by a wide variety of actors, including PEA, EGAT,
FD, RID, coaperatives oy private groups. Clearly, the current most
active rural electrictity agency in the country fin PEA. The PP has
therefore anticipated that the front-line candidate for power sales and
distribution for five out of six first tranche sites is 'PEA. Future
sites, (second tranche) may prove to be candidates for cooperative or
private sector management and such experimentation with locai dalternative
manaqement. options should probably be encouraged

(n the basis or its ftield analysis (see Annex D) the

PP team has deemed construction of the first tranche sites socially
sound, with the caveat thalb user demand should be the object of more
intensive analvsis in the course of Project 1mplementation, so as to
ensure optimal distribution of Site-generated revenues while promoting a
productive, rational utilization of eleciricity at the consumer level.

Economic Analvsis Summary

NaGra=CCOnnmic Gor

As noted in tne "Backaround” section of this PP,
Thailand relies heavily on fureign oil imports to meet the country's

faste~pising demand for elegbrical power This external dependance
impacts an the national economy in two important and related ways:
reducing foreign exchange availability and rendering the economy

vulnerable to be f;irn!ing COSCS 01 Eﬁlu:QH fhﬁjil fu815.
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Of ail developing nations, Thailand is the fifth
largest importer of petroleum. The current monthly value of vetroleum
imperts is now close to 6 billion Baht ($260 million), of which some 20%,
or $626 million per year is utilized in generation of electricity.

Thailand has been running a trade deiicit the last
several years, which has seriously widened with continuing increases in
imported petrnleum costs. For 1981, the trade gap is estimated at some
80 billinn Baht,*

If successful, this Prnject will not only actually
install an aggregate physical plant capacity of some 4000 KW, but of
greater macro-economic significance, will develop a series of anaiytical
methnds and procedures wnich should help in develoning the entire smal}
hydro sector.

Fromotion of micro/mini hydroelectiric generation tn
replace existing or projected small diesel units and/or tn feed the
existing (petroleum-fieled) grid should help reverse these halance of
trade tendencies from two different directions:

- by reducing the necessity for nii imports through
indigenous, renewable electricity generalinn, and,

- by stimulating local prnguctinn and expnrts
througn provicion of electricity tn rural
producers and througn the Tonsening up of forsign
exchange and natinnal tuncs (previonsly spend on
imported fossil fuels) for priovity RTG rural
development activities.

tendency as expected, use of renewable Incal power sheild alsn redace the

(Y

In tre Tong-term, if 0il prices continue their curren

relative cost of supplying electricity tn the consumer and induce & more
favorable rate structure, ultimately engendering further secondary

ef fects in the form ot increased production, lower praoductinn cost and
higher individual incomes.

2. Micro-economic Analysis

Seven site possibilities wore aralyzed using Lhe
ecnnomic cost-benefit methodology described in Annex E. Uf ifhese sever
siles, six were deemed economically feasible in all but the most
unfavorable conjuncture of circunistances, and, therefore, retiined for
first tranche construction. The interaa] rates of roturn for the
reference scenaring and all sensitivity tests have boon yecapituiated in
Table 10 belnw.

*Exports 160 dillion Gakt.  Imports 220 billian Sant, of wuich 284 is in
petroleum and petroleunn products.
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Table 10: FEconomic Rates of Return for Individual Projact Sites
(IRR's in %)

Base Sensitivity Tests* )
site IRR - £1 #2 53 #4 L (]
1. Mae Hat 17.4 14.8 14.5 12.3 14,3 11.3 0.0
2. Mae Suk 10.7 8.4 8.2 6.3 8.6 b.4 4.6
3. Mae hep 15.5  12.2 12.1 9.6 12.5 9.7 7.5

4. Mae Chon Luang 22.4 14.8 .5 14,7 14.9 4.8 11.6
5. Klhong Ta Rui 13.0 10.2 10.0 7.6 10.3 7.7 5.9

b. Khlong Ra 45.6 17.8 185 14,7 17.9 14.8 11.6

*Test #1  Capital costs rise by 33%
Test #2  Demand falls by Z5%/year
Test #3  Both #1 and #2
Test #4 Indirect benefits fall by 33%
Test #5  both #2 and #4
Tast #6 Both #1 and #bY

While felt ta be reasnnably accurate in assessing
Project econnmic worth, this method will nnt be utilized for the
selectinn of second tranche sites. These sites will be chosen through
use of the mndel presented in Annex F, which, for methodnlogical reasons
made explicit in tne Annex G, prescribes an econonic least.cost analysis
in place of tne cost-benafit approacn utilized for first tranche sites.

k. Environmental Analysis Summary

An Initial Environmental Examination (1£8) was prepared on
9/23/80 and sutmitrted with the Project Identification Uocument (P1D).
AID/W concurres in a negative uetermination for the Project i STATY
327974 (1960). Special environmental analysis required of each
Praoject-funded site may Le found in the integrated site selection model
presented in Annex F,
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IV. IMPLEMENTATION PLAN

A, [mplementation Schedule

A reasunably detailed Project Implementation Schedule is
propnsed in Figure 2 for use by Project I[mplementation personnel. Al
details of the implementation planning selection have been organized, and
budgets have beern cclculated, on the basis of tnis Schedule. [t should
be underscored at Lhe autset that the timeframe for tranche nne
contracting has been deliberately planned tightly, in response to NEA and
AID concerns for expeditious implerentation of the first six sites.
Project dimpiemeritors should he foreworned tnat a special effort will be
required in CY 1952 if tnis timeframe is in be adhered to.*

B. Project Urganization and Staff Responsibilities

1.  Sector organization:

In broadest terms, enerqy sector coordinalion is the
responsibility of RESDB's Energy Planning Section. Specific caonrdination
of small-scale nydroelectric planning and construction was formally
delegated to MSTE and NEA in 1950, however.** This Project ana the
AlD-spansored han-Conventiona) Rerewable Energy Project should play an
important role in assisting NEA tn undertake small hydroelectric sector
cnordination.

[n the course of feasipility work on individual project
sites, it is expecrted that NEA will need to coordinate its activities
with a nuber of other interestad RTG agencies (including NESDB, PEA,
RFD, RID, and EGAT)

*Of particular imsortance will be the contracting of tLhe Senior Engineer
and assignment. of NEA staff as early as possible.

**5pe Cabinel decisinn recorded in Letter Ko, 0202/315%5, dated 12/12/80
from Secretary of the Cabinet ta the Minister of MSTE.
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ACTIVITY 1982 1983 1984 1985 1986 1987
1
LCAN AGREEMENT X
a) AID/Thailand PP aggzroval %
b) RTG PP approval x

<) Signature loan agresment 4

&) 3atisfaction CP's

e) PADC (Project Assistance
Completion Date)

ZONSTRUCTION

a) ‘ontracting for final engineerimg

b) Final engineering (lst six siteg)

c) Contracting for construction

d) Constructioan (lst six sites)

e} Power plant procurement

f) MNew site salaction (lst six sitas)

g3) Contracting Zer Iinal engineerimp

h! Final engin2ering (last six sites))

‘1) Contracting for constructicn

j} Construction {last six sites)

X) ~fower plant prccuranent

INSTITUTIQNAL SUPFORT
a) ?Project Orera
- NEA Engine

2

- Senior EZna:
- Construction ™

- s} ;

- 1on Spec. T T
- Cornsurmer raTialiar

- NEA Ceologt cgist S I

- Forecastirc s 1 0 1 1 bL_.__

r

-~ MNEA Computacr
- Secretary
- NEA Accounct
- NEA Drivers
b) Develop analytical model
c) Sectoral planning assistance
d) Consumer promotion assistanc
e) Thal manufacturing develcpment
f) Field impact ewval:artions
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Any critical, systematic conperation required for
successful project development has been incorporated in the Project Site
Selection Model contained in Annex F.

NEA is, (both for the Project and for the small hydro
sector in general), iherefore, tne critical implementation agent for
successful Project realization. The internal organization of NEA is in
the process of veing mndified although most references to its structures
contained ir this PP are along existing rather than the future
organizatinnal lines.

Becuuse the small hydro sector is a new area of analysis
for NEA, the Secretary General's Office has deliberately establised POU
nutside nf existing divisions in order to focus full-time NEA and
contract skills to the specialized task placed before it. Indeed, based
on existing HEA structures, nn line nffice would have Lhe total breadth
af skills (planning/analysis, design, constructinn, contracting, etc.),

nor the time, to focus nn the experimental field of small hydro
development.

PUU sti1ll will, however, necessarily work and liaison on a
regular basis with other intra and inter-agency specialists for the
unit. This will be mnst particularly true of the Investigation and
Planning Divisinn (NEA's field analysis branch) and of ihe Technical
Division (KEA's project design and implementation branch). NCA is not a
large governilent organization and its tecnnicians comionly cuf across
Division strictures to cooperate with each ather on an ad hoc basis. It

is expected tnat FOU will enter into a similar relationstiip.

Yigure 4 contains the current operational framework of NEA
and Figure 5 contains the propased new administration structure approved
by Cabinet 8/7/7¢1.

o USATD/T Staffing Requirements

[n response o both Mission and AID/W concerns, the
project has been staffed witn contract and NEA personnel sn as to reduce
USAID/T auministrative and mancoerial requirements to a minimum, it is
anticipted that 411 Mission hackstopping activities for the “raject can
be coordinated by a Project ilanager who will devote 30-40% of his time to
the Project.
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3. Project Organization

A1l Project activities will he conrdinated by a
special Project Operations Unit (POU), located in NEA and under the
direct supervision of the NEA Deputy Secretary General., The chart below
ingicates the organization of Project technical staff envisaged to
undertake Lhese responsibilities.

[_NEA Project Manager :

[ Senior Engineer/ !

{Project Conrdinator

|

l

i [ l

Suppart
staff

Manager

Constructinn

EA Field |
tEngineer

! Socio-Econ
Analysts

Occasional
Specialists:

r
!
|
{
S
i

~ Manufacturing
~ Consuiner
Promotion

- Geoalogist

- hydralegist
Forecast ing
Computer

- Secrat .
- Prt/Tm.
- Drivers i
- & Accts :

Broadly speaking, the fOU Proifect Mansce. {an NLA line
employee) will be responsible far =11 managerizi Gecicions rejated to the
Project and will be accively involved in 411 aspects of Project analysis
and construction. He will he assisted in all of tnese managerial
activities by the expatriate Senior Engineer/Froject Coordinacor, who
will be invalveg in orchestrating the arziylical activities of POU {(mndel
develapment, wonitoring/evaluaiion, site celection, consumer promotvon,
manufaciuring promotion, etc.) as well as conrdinating specific
engineering design, constructinn and contracting of farts on a daily basis.

e contract Construction Mansoer witll wonitor all

field operations including, most Tawortanily, supervision of fina}
engineering design and site canstruction. He wili cenrainate nic Field
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The contract Socio-economic Analyst will be resonsible
for the refinement and adaptation of socioe-economic analytical models and
concepts promoted by the PP and the POU Project Coordinator. His focus
will be highly operational and as such he will often work in close
collaboration with field personnel and Project-funded specialists. He
will establish regular contacts with the “Report, Analysis and Project
Evaluation Section" of the Technical Division and the "Water Resources
Planning Section' of the Investigation and Planning Division of NEA.

An indicative terms of reference for each key Project
employee has been noted in Annex H for reference.

Gz Procurement Plan

il Generalibies

As virtually all Project funds will be spent on the
procurement of goods or services, the PP team has dwelled at considerable
length on an appropriate procurement plan. Authorized source/origin for
all procurement will be U.S., Thai or Code 94i*. All procurement of
goods and services will be coordinated by the Project Operations Unit
(POU) in collaboration with the NEA Deputy Director-General and NEA
secretariat and with the concurrence of AID/Thailand (O/EST, O/PPOD,

RPO). Based on past Mission experience in this area, it is recommended
that due consideration be given to contracting of a procurement agent for
offshore commodity procurement, if deemed appropriate by both RTG and
USAID. It is also recommended that contracting be undertaken using host
country procedures. [f, however, the RTG and the AID decide, prior to
the signature of the Loan Agreement, that significant time and cost
savings are possible through AID direct contracting, this option shou ld
remain open. Whichever conclusion is reached, the contracting mode
selected should be clearly indicated in the Loan Agreement.

Procurement under the Project can be grouped inte four
broad categories (Design/Supervision, Construction, Power Plant
Procurement, Technical Assistance). Each category is discussed below.
For greater clarity, key contracting actions have been represented over
time in Figure 6, assuming an availability of Project funds by October,
1982.

*Developing Free World. See AID Handbook for most recent listing.
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Figure 6

:_Indicative Contracting Schedule (First Tranche, CY 1982/ 1983 Only)

39

- Occasional Specialists/Support
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1. FUNDING AVAILABILITY
- Signature Loan Agreement x
. 3 ’
- Satisfaction CP's 1
2. DESIGN/SUPERVISION CONTRACT
- Short-list Process
- RETP (Thailand)
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- Contractor mobilize/complete desian
- Aprroval design (AID, NEA)
- Neccziations on supervision s
- Ingin2ering supervision > (Supervision
: bezins 7. 15
3. CONSTRUZTICNH CONTRACT for 13 mes.:
- Shert-list Process
- I3 5., Thailand)
- Zontractor szlection/negotiazicn :
- Zontractor mobilize/construce ' I >(Const::::1
H H mezins ~
1. DPCWER PLANT PRCCUREMENT | I for 13 m
- IFB (U.S., Thailand) i !
- Manufacturer selection :
- 2rocurement ! J(Est. one y=ar
! for U.S. and
5. T.A. PROCUREMENT (Individ. contract) : i 6 mos. for Tha
1
- . . . ; i
T Soter mngtnesr/project coord. — >(tocat 45 2.5
o e P (g;‘ >(Total 39 p.r.)
conomic anner (s (Total 18 p.m.)
e

>(Total 73
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Z. Design/Supervision Contracting

A1l final engineering design (plans, specifications
and bid documents) will be contracted to qualified local A & E firms
following autnorized host country competitive procedures. Upon
completion of final design, the RTG may exercise the option of retaining
A & E firms for supervision of actual construction, should it so desire.
Selected A & E firms will be expected to submit indicative rate schedules
for supervisory engineering services at the time of award of design
contracts.

After considerable study of the gquestion by the PP
team, it was determined that the size of tnis contract was clearly too
small to attract U.S.-based companies. A Request for Technical Proposals
(RFTP) will therefore only be advertized locally and according to
standard NEA practice. Firms will be selected on the basis of their
technical proposal alone and final contract negotiations and cost
estimates will only subsequently be requested of the firm (s) selected.
The contract will be awarded by REA using standard host country
contracting procedures (which procedures will first be reviewed and
approved by the USAID Regional Contracting Officer). As the contract
wil]l be entirely in local costs, no USAID special clauses will be added
tlo the NEA contract.

3oy Construction Contracting

It has been decided to conthact out all civil works
construction (including transmission lines, step-down transformers and
major distribution lines to villages) for the first tranche, (sites 1-6),
to qualified laocal construction firms. Only the responsibility for power
plant procurement, as is noted below, and user hook-up, will be exc luded
from the civil works contract. Tranche two sites will either be
constructed by private firms or by NEA through force account, depending
on private sector and NEA construction capabilities at the time.

Immediately upon receipt of the final angineering
design, an Invitation for Bids (IFB) wili be published in the CBD and
Small Business Opportunities Journal in the U.S. and in appropriate Thai
publications. Bidders may be disqualified if they do not meet aiinimum
technical qualifications. The firm {s) selecred will enter into a host
country contract with NEA, financed jointly by NEA and USAID. NEA will
follow its standard contract procedures {advance to contractor, payinent
according to monthly progress statement af costs) but USAID will only
reimburse NEA a fixed amount upon satisfactory completion of each site
construction as certified by an authorized USAID engineer, USAID may N

authorize appropriate advances tn NEA upon completion, to the
catisfaction of AlD, of agreed-upon milestones in the site construction
plans. The Mission considers this approach to be a legitimate
utilization of the FAR (Fixed Amount Reinbursable) method suggested in
AID Handbonk 3, Appendix 3F.
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Firms will be salectad on the basis of their cost
proposal and the contract will be awarded using standard NEA civil works
contracting procedures {following review and approval by the USAID
Regional Contracting Officer, including insertion of appropriate AID
clauses). [f possible, the Loan Agreement should contain specific
directives out]ining the manner in which USAID will conduct its
reimoursement of civil works construction.

a% Power Plant Procurement

The contract engineering design firm will be
responsible for drawing up final power plant specifi~ations and pians.
Once their design has been approved by NEA and A”_,<POU will advertize an
[FB for power plants in the U.S. and Thailand. As with the civil works
construction contract, bidders may be disqualified if they do not meet
minimum standard techpnical jualification. As NEA does not currently have
appropriate local testing facilities, fulfillment of contract
manufacturing standards will be judaed by NEA on the basis of adherence
tn design specifications (physical measurement) for Thailand
manufacturers and on operational efficiency (performance specifications)
for U.S. manufacturers.

As with previous contracting, procurement of
individual power olants (turbine, generator, control equipment.,
switchgear, step~up transformer) will take place in two distinct
tranches. NEA will be responsibie for contracting and will negotiate
directly witn the manufacturer for actual procurement. In the double
objective of testing the presumzd hicher quality of U.S. manufacture in
the high power range and of encouraging the nascent Thai power plant
industry, it is tentatively anticipated that the two largest units (Mae
Hat and Khlong Ra) will be of U.S. origin and that the four remaining
units will be of mixed Thai/US/Code 941 origin. Installation of the
power plant may be either undertaken by NEA or sub-contracted to the
civil works prime contractor or other firms.

As each power plant will be virtually custom made and,
furthermore, given that final heed data will not be determined until
completion of the final engincering survey, no procurement specifications
beyond those indicated in Section I1.8. can be advanced at this time.

5% Technical Assistance Procurenent

A number of short and long-term specialists will be in
contracted for under the project as stipulated in Section II. B, of this
PP*.  The PP team feels that individual contracts between NEA and each
specialist is probably more appropriate than blanket contracting with nne

*For anticipated country of origin of each enntract pnsition, see
Anneyx C.




or two companies for Chese services. The primary disadvantage of
individual contracts is the greater btime and paperwork required by
multiple documents - this appears to be outweighed, however, by the
elimination of hign company overhead costs, and the fact that much of the
additional work gen rated by this approach can be delegated to the POU
and particularly the Senior Engineer/Project Coordinator, who will be
hired early in the adevelopment of the Project. A final technical
assistance procurenent proposal will be established by NEA and the
Regional Contracting Officer prioy to the drawing up of the lLoan
Agreement and after detailed discussions of this topic. All known rural
electrificetion and relevant specialist groups in Thailand and the U.S.
will be contacted in NEA's attemplts to contract for the services of these
individuals,

fFinally. technical statf working on the Project will
have some $20,000 of funds available for procurement of minor eqguipment
which is directly supportive aof their activities, primarily in the
context of field basic feasibility work. This eauipment (e.g., desk-top
programmable calculator, soils kits, simple surveying or hydrological
instruments, etc.) will be procured by the POU with the concurrence of
NEA and ALD.

0. Monitorina/tvaluation Plan

As repeated ab several points in this PP, the very essence
of this Project is to introduce a range of interesting supply and
utilization options for ongoing monitoring and evalation. The results of
these exercises will hopefully provide considerabie assistance to the RTG
in advancing its understanding of the small hydro sector and improving
the quality of its investment decisions. A reasonably deta’lled
monitoring/evaluation plan should be drawn Up by the Projecii Manager,
Senior Engineer and Socin-Economic Analyst during the period
October-December, 1987 (see Table 5). This plan should include a
proposed measuvement methodology, timeframe and personnel requirement for
overall Project monitoring and evaluation activities. The plan should be
developad in cooperation with the NEA Deputy Secretary General's Office,
the NEA Section for Report Analysis and Project Evaluation, the NEA Watenr
Resources Planning Section and the USAID Project Manager, and submitted
in final form by mid-CY 1983. Three types of activities should be
included in this plan: project anitoring, impact evaluations, external
evaluation.

] Progect Monitoring: - It is anticipated that POU
will submit to NEA and USAID & aquarterly progress report on tne status of
all major Project activities proposed 1 this PP.  This includes

primarily, but is not necessariiy limited to:

~ final engineering design/supervision

- civil works canstruction
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= technical assistance contracting

- power plant procurement

- site seiection model development
manufacturing nromot ion

- consumar promotion

Appropriate, on-gning monitoring and periodic
(probably auarterly) discussions among key POU, NEA and USAID persinnel
is intended to provide a mechanism for safequarding the integrity of
Project design, while building-in flexibility to adjust the Prnject
activities and requirements according to updated information and
constraint during that future timeframe.

2. Impact Evaluations: - Two point: in-time impact
evaluations of Project sites are planned during the life of this Project
(see Table 5). The first evaluation will measure the impact of first
tranche sites just before and after actual electrificatinn of those
sites. The second evsiuation will measure second tranche electrification
impacts and will furnish a langitudinal comparison (one year later) for
first tranchesites. The information gathered during these exercises
should be compared with baseline data gathered in the course of initial
site selection (see Annex F). The information gathered and conclusions
reached should 1) enhance RTG knowledge of the various technical,
socin-economic and environmental impacts of each generation system
developed under the Project, and, 2) feed-back in the site selection
model (Annex F) so as to improve its assessment capacity while reducing
its human and financial resocurce reguirements.

3. txternal Evaluation: - While the POU is undertaking
its first field impact evaluatinn in mid-1984, USAID will undertake a
comprenensive mid-stream avaluation of the overall Project. The
evaluation will examine normal USAID concerns of proqress on physical
works and appropriate use of funds as well as all o1 the sectoral
andalytical concerns studied through the Project. Both USAID and external
contract personnel will he utilized for this evaluation. Grant funds, up
to $100,000 will be allocated to this effort. A final evaluation is alsn
scheduled for the second quarter of FY 1987.

b Conditinns Precedent, Covenants and Negotiating Status

already at an advanced stage. USAID has been collaborating closely with
the RTG and there is a general understanding and agreement with respect
to shared financial and managerial responsibilities tunder the Project.
Conditions precedent to initial disbursement of Project funds will
therefore be kept to a minimum.

Planning for the Micro/Mini Hydeoelectric Project is




Frior to tne rirst disbursement under the Project, nr tn
the issuance by USALID of documentat ion pursuant to which disbursement
will be made, the Cooperating Country will furnish to AID in form and

substance satisfactory ta USAID

a Specimen Signatures

{ | Qi '.,in' In10n

G Evidence af the source and availability of funds for

the RTG contribution to the Project (estimated §4.7
million equivalent in Thai Baht).

d tvidence that NEA has undertaken all actions necessary

to autherize establishment of the Project Operation
Uit (POU) and that the Project Manager has been
assigned full-time to tnpat Unit.

(n addition the following general covenants conditions will

be included in the Project Loan Agreement:

i Prior to the release of funds civil works construction
15ts NEA and ALD will reach a written agreement
escribing procedures and requirements necessary to

ALD reimbursement of Project civil works construction
costs using the Fixed Amount Reimbursable (FAR)
neLnoc

b, Project site selection will be undertaken in

accordance with enginesring, socin-economic, financial
and environmental criteria estabidshed in the PP site
selectinon model (ANNEX F), or as subseqguently amended
by 1oiat approval of AID and NEA.
The RIG will agree o contract with a procurement
agent or aliow USAIL tn assist with procurement of
iffehore compodities waenever both parties deem
dppropri
The BTG will take such steps ds are necessary to
ensura orderly and timely allocation of

: pesponsibiiities for pewer plant operation and
) ricity distribution of Project-funded sites.






