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I. PROJECT PROFILE AND RECOMMENDATIONS
 

A. Project Data Sheet: See previous page.
 

B. Project Profile: The project described herein isdn estimated
 
$12.8 million effort by the RTG and USAID to develop economically
attractive, indigenous micro/mini-hydropower resources. USAID will 
provide $8.0 million of FAA Section 103 loan funds at standara terms of 
40 years, including 10 year grace period, at an annual rate of 2% during 
grace and 3% thereafter, and $100,0O0 of Grant Funds to cover USAID
 
evaluation requirements.
 

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

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

plant procurement. 

C. Issues: MIajor issues identified in the PID approval cable (See 
Annex J are dealt with individually below. 

1. Sub-project Feasibility Studies - In response to AID/W 
concerns, a detailed, integrated sub-project site selection model has 
been developed in Annex F of the PP for selection of second tranchp
(sites 7-12) sites. Furthermore, due to NEA interest in refining the 
model for standardized use of future small hydro site selection, toe PP 
contains special human and financial resources to assist NEA to develop

the model in the coursp of Project Implempritation. First trancht, sites
 
(1-6), were also subject to extensive engineering, economic and social
 
analysis and, in fact, provided the experiential base jpnn which the
 
second tranche model could be built.
 

2. Maintenance - The Project has utilized a simple, reasonably
maintenance-free engineerinq design for all sites. Past NEA experience
in Thailand has shown that maintenance should not be a majnr obstacle to 
Project success. A oinre complete description of this issue is contained 
inSectinn III.B.(q).
 

3. Soci,-ecnnnmic Impact - it is extremely difficult. to 
forecast the exact nature of socio-econorric impacts associated with Pach 
Project site. Nevertheloss, considerahle data, anticipating qenerally 
favorable impacts, were gathered in the field and are recapitulated in 
Annex D. Since t.his topic is crucial to [hre future develnpmnent of the 
small hydro sector. baseline sncio-economic data will be qathered on all 
sites and at least two major impact evaluatinns wi 1 be ijnd(-rtakpn during
Project Implementat ion. 
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4. Institutional Development - As noted in the Project
 
Profile, one of the principal output of the PP is to develop the
 
institutional analytical capacity of the key implementation agent, NEA.
 
The Project will provide technical assistance and on-the-job training of
 
NEA staff so as to improve NEA's skills and methods in a number of
 
engineering, contracting and socin-economic areas. See Section III.A.I.
 
for greater descriotion of this aspect of PP dpvplopment.
 

5. Linkages to Non-Conventional Energy Project - The
 
AID-funded Non-Conventional Energy Project (493-0304) includes studies
 
and pilot efforts in a number of energy areas, including micro
 
hydropower. Implementation of the Project's micro hydro activity is
 
still in the detailed planning stage, and may include several small pilot

installations of multiple-use application. These micro hydro
 
installations will be slightly more experimental in nature than the units
 
to be installed under this PP and will differ in size and application.
 
Liaison will be continued between the two projects, although no formal
 
linkage iv prnposed.
 

6. Other Donors - A numhr of othpr foreign donors are 
involveo in scattered small hydroelectric generation projects in -

Thailand, most notably Finland, Japan, IBRD, and Norway. These projects 
all basically consist of straightforward construction of small hydro 
units. Ultimate coordination of drnor efforts in this area will lie with 
the Project implementation agency, NEA. 

D. Summary Findings and Reconnrdatinns: On the basis of its own
 
analysis of major feasibility issues and given the professional
 
cooperation afforded by the key Project implementation aqency, NEA, the
 
PP team recommends that USAID/T move forward with Project implementation
 
as soon as deemed appropriate by USAID and RTG principals.
 

More specifically, the PP team proposes the following four
 
recommendations as establishing the basic operating framework for the
 
Project.
 

1. Basic Objective of the Project - Clearly small
 
hydroelectric development is viewed by the RTG as a high priority. The
 
Fifth National Plan calls for early construction of 100 small hydro
 
sites. NEA has estimateo that a potential 200 MW of small hydro power
 
generation is currently ecnnomically feasihlp, represonting a potential
 
investment of some $400 million, and that number will continue to grow
 
with the spiraling costs of fossil fuels.
 

This Project, therefore, has been viewed as a crucial
 
starting point of Thailand's small hydrn program. It will reprpsent the
 
RTG's first attempt to systematically develop economically attractive,
 
indigenous micro/mini hydropowpr resourcps. In consequence, a general
 
theme of this Project is that Project implementors will b expected to
 
act simultaneously 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 methodology which systematically explores a 
number of k(y enqineering, socio-economic and operational issues in a 
real-life "l,horatory" setting. Project sites must, therefore, be 
carefully spip-cted to ensure the maximufn flow of relevant sectoral 
information, while respecting the minimum levels of socio-economic, 
financial, engineering and environmental fpasibility required by the PP 
site selection model 

Given the importance of Project results for future sectoral 
investment, NEA and A]D have underscored the necessity to ensure that 
sectoral lessons aic ,riowledge gpnerated under the Project are 
transmitted and "institutionalized" with those Thai specialists and 
organizations most likely to make optimum use of the information after 
Project completion (see Section III. A. lc). 

This Las-ic concepttal framework ws also important to the 
determinatinn of the number of sitf-s to be constructed under the Project 
(see Section III A, 2.h.). The need to estahlish a statistically 
relevant data basp for tile critical variables under investigation and for 
site selection mnode-l calibratinn will require toe cnnstructinn of an 
estimnated minimum 10 - 15 sites. A larger sarmple would have been clearly 
morp useful from a stat istical pnint of virew, but letd toe PP team into 
major funding constraints. The final number of sites has been 
tentatively r-sta lishd at 12 stl­

2. Sectoral Analysis and larninq Needs The PP team 
cnnc u;.ied :.-L the, S ii le, most important spctnrai ,,' .,ical neo is to 
develop a small hyir., site, so]]ntinn nodel which is simpl , 
cost-pfective, and iion]in'o (ulsiwa local fieid data). A prel ianinary 
selection mnd( 4aS prSC2:LJ in Annex F ot the PP, based on our current 
understanding rf sectoral :lata- It i; expected that this selection 
process will i- challenged and refined by Project specialists with tihe 
ultimate oujective of reducing financial and personnel requirements to 
its use, while improving the accuracy of its assessments. 

Deve'lopmemit of tia-, model in a professional manner will 
require not only innovative measurerrent techniques of basic engineering 
and socio-ecornmic parameters, hut of even greater significance, a 
understanding o;l tihe impacts raf these el -cctrical goner'rtion system. on 
downstream us:rs, as well as the socio-economic and physical environment 
in which it is located, 

3. lechical Ass istuaqce ind Traininq Req(uiremonts - The PP 
recognizes thor. this Project will place a considerable additional burden 
on NEA human resour€es ,, and has therefore al located funds to spec ial 
contracts for technical and support servics-, i'EA staff under the 
Project will develop and def ine their ski ]Is through th;ir simple 
association with the Project or Lhrough "on-the-job" train ing undertaken 



-5­

by Project contract staff. The PP team reconmends, however, that the 

Project take advantage of other closely affiliated, USAID-sponsored 

resources available to the Proiect in this area, most particularly the 

AID/W-fundrd Sall Decentralized ;ydropower Program (SDH) and 

Conventicnal Energy Training Project (CET). 

The SDH Program is run by hational Rural Electric 
Cooperative Association (NRECA) and can provide a wide range of 
technical, economic, managerial and traininq 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 in run uy the well-known Intitute of 
International Education and can offer educational study in the U.S. in 
engineering, economics or management fields of relevance to the Project 
as well as special industrial or research internsnips with U.S. companies 
or training institutes. 



II. PROJECT BACKGROUND
 

A. Overview at National Power Sector Resources: The primary 
sources of energy currently consumed in Thailand are graphically 
illustrated in Figure 1, attached. Worthly of particular note is the 
heavy reliance on imported petrolreum. Of particular relavance to this 
paper, imported fossil fuel cirrently (1980) generates some three-fourths 
of all electrical power in Thailand. 

Futire developments in this sect-or incluoe: 

1. Natural gas - Several promising gas fields have been 
discovered in the Gulf of Siam indicatinq a prbahle reserve of several 
trillion cubic feet. These fields are rapidly beinq developed and an 
initial pipeline ti Bangok was cormplPted in 1981. EGAT (Electricity 
Generating Authority of Thailand), the agency responsible for most 
electrical genturation in Tnailari expects to develop or cnnvprt some of 
their plants to natural gas so that by 1991 perhaps 37% of their total 
generation wouhid utilize this nr:w national resource. The issue of 
whether to use this gas for electrical qeneration or for other purposes 
(such as fertilizer industrir-s) has riot ypt bPcn resolved. 

2. Lignite *-Thai lignite reserves are estimated at 770 
million metric tons, primarily at the M/ae Noh site (650 million metric 
tons) near Chiang Mai. Large deposits on the Malay border in the South 
are nnw being studied fnr potential joint Malay-Thai d(evelopment. Some 
150 MW of electricity are currently heinq generated from lignite at Mae 
Non and an additional 300 MW generatirn systm is already under 
construction. A total arnual generation capacity of sofam 1500 MW is 
expected to )- attLained over tne nPxt decade. 

3. Oil - Thailanid appears to have a reasonable future in oil 
production, Current oil pro(ductionr aL Fang (406 harrels per day) is 
small, hut recent discoveries in Kamphraing Phet Province have indicated 
economical exploration is cnntinuing both in the Northeast and offshore. 
Finally, larg. reserves of oil shale (estimated 2,500 million metric 

tons) are knon, in Nortuiirn Thailand hut are not currently economical for 
exploitation. As onmestic oil is ultimately indissociably niixed with 
imported oils, it is imrpossib)l to estimate the amount of local 
production which will be specifically utilized for energy production in 
the future.
 

4. Hydro - As a fairly lar-ge country contain;nq considerable 
differences in tnpoqraphic rel et , abun:Jant rainfal an(] an extensive 
river system, Thaii ari has a goon potential for hydroelpctric power 
generation. Of the total estitilated hydro potential (9300 MW) sonie 36 
(3370 1,W) are eithier already being explro ;,d or will enter into service 
before 1991. lhis does not irclude the large regional potential offered 
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by the Mekorng and Salween river systems (19,000 MW) which has not been 
developed due to a neei for international political coordination. 
Clearly, h.ydYr;)po.,(,r is Thailand's only currently feasible ma jor source of 
dorriestic renewable energy. It is probably also true, however, that the 
eas iest sites may have already been, or soon will be, Pxp lnited. Micro 
(0- 100 KW) and mini -hydro (100- 1000 KW) , the focus of trr is Pr'ojoct, 
remains a very new area for developmeti in Thailand*. A!though data on 
global mini-hydro potrential is yet incomplete, INEA has conservatively 
estimated that nvetr 200 MW could hp ecnnormicallv generated in Thailand at 
the present tire. 

b5 0Ltr ro.,n-con ventional ronewahle ener.y - Reewable energy
electricity qtpnerac ion is possible in Thailand using such techniques as 
solar power, [in-gas, wood (deridro-therma1) or tnLer organic matter 
convers ionm ilany renewable energies are currently being surveyed and 
tested through the USJAID-sponsored Non.-Conv(-ntinnal Renewable Energy
Project (493-0304). None of these energies currently appears to hold 
major promise for l ctrical gcreration in the Jimmieiate future. 

B. National El.: ctricity Cons tripr.nn National demand for
 
electricity has gro,,in rapid ly over the last dc-,c;d-,. NEA statiscics
 
reveal that actual sales have gone from 3,805 million KWh in 1970, to
 
13,13b mill ion Klh in 1980, or a global increase of 4b% for that
 
period. Current official forecasts indicate expec.ations of continued
 
high growth (9-1i7iyr ) through 1990.
 

An event of current importance to electrical consumption is the 
massive "Accelerated Rural Electrificatirn Pr'oqram" beinq developed under 
the aegis of PEA. Latest estimates for tile Procgram irndicate that by 1986 
or 1987 some 90% nf all Thai villages wil bp served by the contr'al 
grid. This oroqram will not only reshape the character of national 
demand and !,ave a str'onq impact on the, nat irnai rural dovelopment 
process, but will ailso have major implications for the development of 
this Project ; s ,. ll. 

Some cy stiListics on the nature tnrnf el .ctrical sector are 
noted below, for reference. Particular note should be made of Thailand's 
lheav'y dependence on on-r'enewable ano mostly imported sources of 
electricity generaL ion (Table B. of the current strong bias in dernand 
toward industrial/cnmnerc a users (Tarile 2) and of skewed reqional 
consumpL inon , ( , esptec i: 1ly t.oward Ct. ':, rpoetroprl it a area 
(Table 3). 

*It shoulu be roted that these definitions of "micro" and "mini­
hydro" are those of the United Nations and have been adopted for the 
PP only following discussions with AID/W, The Thai system formally 
classified "micro" is 0-200 KW, arid "mini" as 200-6000 K..". 

http:tripr.nn
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C. National Enro:y Policy: Thailand's economy, like those of many
nations, has become a victim of fossil fuel energy policies which were 
adopted in the so-called "cheap oil era". With the spiraling national 
energy costs of the last several years, policy-makers ha,, hasically

attempted to i>,uirect attention to the tasks of indiqun,, (and, if 
possible) renewahl, energy development, as well as improvi,q patterns and 
levels of consuip tion. Chapter 6 of th, Th;i ,t; lNaional Plan is 
devoted to the promoLior of this strategy. Sectio .. o' '3.,a) that
 
chapter calls for a" accelerat,ion of te asspssmPrL drw dvv.lnrmrt of
 
water resr;orces for electricity qeneration ano specif ically encourges

"PxpIoration ari dvFeopnt,nt ssll- cal 
 watfcr rosnura:<" tr h r in 
attaining hat objective. 

D. Jela.Liorship to LJSAID Stra:tety: inp Prnjct !its well ,itr 
current AiT/" basic po icy orientations, adaress int,h,- priority sector
 
of 
 rc'ieamle sm, 1-scale energy and pr ivote Sctnr inv vvinit.L, aS well
 
as Aimu Ia. general rural development, both agricuItural and
 
cnm erc ial, oLugh ' :tr>! y eration.d r the introd".Lt i--,Or Inca' ecti 

E. Focus H .cro and 'in - .Hyrn: By t.ahinr :'- , r.E is nnw

respon.i1)le nr, al plrning and construct'ion o sial nyropo.er' (micrn

•and lini-nyorn) in Thailand*. NEA has rropared an .ccO A 
AlLernativy Erery evpel(J[motiL program for the prini0 0-.0 (LO '
 
incorporated in botn 
 tuh 5th ani ,th NaL mnal i cm-rL Plans) cal ling
for developerit 01 Thailand's cor tiderable mizrn a,, ,&-.yprn potential
 
in order
 

to replace existinq dies;,l qpnprtinr pkii ''ti,, iural areas, 
- to feed electric power to rhe ndtri] w.:, SOS ti.reduce 

the cnnsumptin ono fe ! oil in '.. v,1 c, n otnns,oi.s, arid, 
- to supply eectric uot/er to row orp, nqr .h, rural 

elec:trification procgra,-:. 

Fhe PP tamo has located iicro-n1i r nr1ptitn . ... ich h vp been 
developed in ?- Kingdom to date. Thos, sites qr , rIlv cra-acterized 
in Table 4, tie!o,., arid may be loc.a.ted ,n Map 1. Ir Hd itIon, two noe 
sites, Mae No;iarang 0x0tKw.)drid H-uai Nam Khorp (025x.0 K4) , may begin

'construct inn in FY 193 

,-litnou,1 current sites alreacy utilize a fairly ;.P'rane of 
imp1ement;ation aqencies, technologies ano power s i.a:, .ucn still remains 
to ne One in s stilaticlly c. -: ic ;no a .. ,.. ..c p.- rma pe 
both technical arid soci'.-ec;nomic of these diverse sysvr 

SRemloder that sma]]..riihydro is defined as 0-6000 KW according to current
 
official Thai classification.
 

http:nyropo.er
http:introd".Lt
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Table 4 ExistinA Micro/Mini Sit.es (Thai Definition)
 

Name 
Year 

C ns tructod 
Installed
Caac.y_ 

Type of 
Turbi ne 

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

2. Mae Hong 
Son 

1972 830 KW Francis Designed/corstructed by NEA; 
used by PEA tQ electrify town 
and districts; net head 28 meters 

3. Mae Kum 1980 2 x5O0 K I-ranLis Desigred/coiistruction supervised 
Luang by NEA; used to electrify 

villages and hooked to grid; net 
head 114 meters. 

4. Huai Ku 1980 1000 KW Francis Hooked to grid; net head 28 meterq 

5. Huai Mae 
Phong 

1981 1OJO KW PelLu Desiqnud by N[A unde' Swiss super­
vision and finding.; used to 
electrify district; hooked to 
grid; stordge dam" also used 
for irrigation; net head 
327 meters. 

6. Huai Nam 1981 124 KW Cross- Design NEA, construction RFD, 
Dang flow ulectrified forestry stations 

(Local) and resettleeiunt village, net 
head 70 meters, 

7. Bar Yang 19/o 2x50 KW 2-Cruss- Developed by LGAT; utilization 
Ixl? KW flow P[A; net head 67 meters. 

I -Franc ii 

8. Ang Kang 19/, 10 KW PeLoun Developed and utilized by RID; 
(Local) village qlectrification; net 

head 30 meters. 

9. Doi Pui 19/,; 5 KW Cross- Developed by WAT; village 
flow eleckrification; head 17 meters. 
(Local) 

10. Mae Sa 19/9 1.5 KW Cross- Privaceiy developed and 
flow operated for home use; net head 
(Local) 10 meters. 

11. Mae Chon 19/9 5 KW Cross- Designed by NEA, built and 
flow operated by RFD; electrifies 
(Local) RFD station; net head 17 meters. 
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Recoqnizing this fact, NEA is attempting tn build upon its
 
existing experience base to better understand the limits and capabilities
 
of small hydroelectric development in the Kingdom. When USAID was
 
approached by the RTG with the initial micro/mini hydro sectoral proposal
 
in 1980, tne project cnntained in this PP was seen not only as a means of
 
enlarging the number of sites constructed in Thailand, but also to deal 
more directly witn a number of sectoral issues ranging from t.cnrical 
quest ions corcerniing the optimum mix between locally-fabricated and 
offshore power plants, to sectoral planning concerns relating small hydro 
to other forms of rural electrification (i.e., grid extension or local 
diesel preri Lirn) 

rhe evolution of the PP since that time has permitted the PP 
team to grapple with these issues in a more meaningful way. Their 
cnnclusions, as are noted in the following section, will require Project
 
implementors to focus basically on immediate, operational issues of small 
hydrn (evplr)pment (site selection feasibility, appropriate power plant 
selectinnr; efficient consumer utilization). 
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IIl. PROJECt ANALYSIS ANO DESCRIPTION 

A. TechnicaI Anal sis Srmrrary 

This project prpnses to assist the RTG to attain two
 
specific and parallel objectives in their development of rational
 
micro/miri hydrn potr ial ( 1000 KW)
 

the developnment ot an analytical capacit y and method which 
will permit. Lh, MTG &- imiprove , -nr,'- pl:anninq ano 
development (inst itut ional support) a, 

the constr;ct.in of :. to 12 hy rneloctric generat inn 
systems. 

The PP has att-pted Lo deal with both othectives 
simultaneously in project implemenit:ion, for it is feIl tnL the two 
conc-pts are mrutua lV reinforc rq. The construction of -ies is 
necessary to p;"ovido realistic Wteel-b.:ick dnd field data sn -ssr'ntial to 
the ; ievelopmvnt 1f any model or nt.rr analytical ton, ,n .noversely, 
appropriate sil- t leccion and cnns trucr ion impl the ,r'(ia iiz ed 
analytical capacit, tn insure iforred ,ln2cisinn--makinc, FOr purpos s of 
clarit y, however. each of these object;vs, will he no tdo separa ely below. 

I. institutnat ShrOrCmlor. ert 

A ke. crncoi, r t is PP is the crea.i': Qr a special 
Project analysis/marnaerant group in EA, the, Projct Q"ri.toos UOil 
(POIJ) As notpd pl, ., the POU will ne st. rf n wi Pro-ect.inded 
expatriate and Tr, ccronicidns a; welI as theifr N/A1:c:n;,r'I.:rts. The 
POU Nil! cr .-horat or a aily b.::k w hi. thp ;Vcroq of fNE divisions 
but will W urder Ene O'JpArv.Sinn . thfUDepti:y Sc:.r k'n-,ral (see.,y 

Secton V.Y for nrqani :.n] iiW ). 

The POU will he rrsn. '.ible for ) Ltn ci lectinr of 
existin, data an Thai and fore ign ; p'" >.nceP. in th' r ,:1/wilri -hydro 
section,. 1) i-, propco.ng, andi u irml y impleme ting, oro ,j- .. fundpd 
analys is, p : r ir(ti,' r, d irrws, and .) For theanning, c n tpucit 
systematic monitrinqg an evaluating of f ieId act v it " ;rtakn by 
the Project. 

The us'si. ,n , ,ticai inemes to he O '. ,p :.d Iy top 'OU 
are described hoilow. Additional detai1 on staffing respni', tbilitips over 
time are noted in Sectinn IVB. ("Prject Orgriziti.n and Staffing 
Responsibilities') as we-ll as in \nr=x H ("]ndic, t ,, r'erms of Referernce 
for Key Pro,]prnt Pro-;nrpl") 

a S LA rd Fr r rr ; q /\ ' , in' ': to'- in wit;'rii 
corrrn i y ;ccej : Yd pra, tice. a 1 ' ii L ,s *1,, ' 1Pr%' c 

engir eeri do0-- Q poqrairhT, ydr' i ,.nq , q,,,p , , ,. 2 r. 0,' 4 r 

contractinq for (.onotructinn. , ppropriat:, sp;,cif ,:.,t ri:'; ; r in dJividual 

http:propco.ng
http:constr;ct.in


power plants will al'Isro he drawn up prior to initiation of procurement. 
Once civil wnrks consruction has ,egun, _1l site c nstructin activities 
will he supervisen progress .accordinq L9 t :h of th.and e%,dN&t0 rms 
cnstructF conrat. All of these an lytical tasks will he c;rriel ut 
by one or s .',: wun1if"., privatp firms, in cM os- cilaor atirn with 
POU orqinenrin, ;tff particularly O Cn truction '.ak 3 r" and NEi.A 
F i elu Ernqineo.r Trip PCU Na f,f wi ., on an o'r )inq hais .-,r:, d 
apprnpridt, techoircal data, suq e.-i: in)vations in :f-psi<r, orn,.rstruction 
miethoc's and t.,cin iue:, and Furnish pro.:tic l., fi d.-rPidi:,d suggestinns 
to other ,"U staFf as they atempt ti J ,v op wr'e< analytical models 
an. Ulet.hods K tp rma li hyd) sr t':0 

i:, . . , .. .. 2. _a.l A. . : P b ia ly more 
experimenti and hOnc, more difficult: t ion ,,th pr'c noffor lOC a,
 
condi o. in IMailand, are a Or ancge of basically so. i,-cc.iou ic
 
concpre . have ident W course P P. dr A d
,.ich b-n. iel t.e of q.n-ic" 
crit ial to tho effectiv ,' vinlwDr n ; s. s and wL izat in oQ 
downstreamr prow:r suppl.y /n apI,,,.iat t impfra,, fo- -Vp ofmV' Ilomn.nt 

thes-, analytical taSkS is i2 r ar"I in TOW 1
 

M
r- PP ps ir Lear, haj, d.vo'o N considerable 
attention to the ulp, opment a a siqipi , hut ri-as';onablI .::. urt.s, site 
selection model. in mi- ltobee : 1 willAn tial ki pw0 'r ,,,,;x and 
be refined considerabl; in ,ne cr s, of Prrlero e - 'rnta i . It is a 
crii;ical aspect Or PrhU prnr, -,Y rpi'nnniof ojr:. !., Ori S. 

. op i'Vl o~r,"v itW d I r O;N:,i ; wh, c r, 

Hod&:t i, 

innouJvatio s m y no 'Iat , 

utp , :,r aqd PI'rject 

it ' pprwit; * - n',,. a r for,r'< tm 

ir;tpqrated a ar--v2is of or }i ct. 'ites, 

and 

it w il necessi, t.. , ,.a. , 
Syst emrat ir;cf-r i of qmra 11 hydr o 
Sys tows under a wide vat et- of s:te 
c nrnd~li ,-os irr"W p ,'w -,rW q , l. fp't .Fiz p s , 

ranagement ,:-£ms, qoqraphic 

II-V&.2 ovy t g . iof r, d ! willoip I~ W u *.-"jnn o 
be the direct nperatinal respri.s it i - dI :,r o ra t Ern inr'p'y Q . 
and Soc ,--Ecnriomic Arl;, ,/st inn shqrk.-"' ; ci;ntract o'r 'V' rp w:<ists, as 
required. M e moiel wiIl be deyel,;: -cj r Lv., ) r. "' , ri' . 
First, L wi. l the na,-s i u o w;'ch USKI1, deLt-.;io b. d ranche 
site fpasihil ity based on it E own i . WdarO". : ',i -nla nr' it: I 



Individual 
I. Socio-Economic Analyst(s) 

Table 5: 
1982 

Oct.-Dec. 
- Model d-evelopment 
- Literature see-ch 
- Desk study Tranche II 
- Define sectoral issues 

and workplans 

- Est. basic monitoring/ 

Project Monitoring/Evaluation Task Workshpet 
1983 -1984-

Jan.-June Sept.-Nov. 
- Tranche I] field -Ist fied impact 
site selection evaluation & overall 

- Model refinement project evaluation 
- Sectoral planning (w/AID staff) 

assistance - Model refinement 
- Sectoral planning 

1985 
Sept.-Nov. 
° 2nd field impact 
evaluation 

- Final model refinement 
- Final sectoral planning 

suggestion 

2. Manufacturing Promotion 
evaluation methodology 

Jan.-Mar. 
assistance 

Specialist(s) -Small Hydro manufacturing 
sector assessment for NEA 
July-Dec. 

- Drect assistance as 
3. Consumer Promotion 

Specialist(s) 

required by previous exercise 
Jan.-Mar 

-­SiTte-visits, establish workplan 
- Identify issues 

. Productives utilization 

Jan.August 
- Fieldwork establishing 
procedures and directing 
implementation of consumer 

July-Sept. 
- Final promotion work on 
Tranche I] sites 

of local electricity promotion activities w/ 
* Local plant operation operating agency for both 

(Coop or private) Tranches I and II. 
. Credit 
HHook-up costs 

- Pirticioate on impact
evaluation team. 

Tariffs 

%.EA OeoloqistIHyarologist 
. .cal t,-airino needs 
a-A'~ust 

:art-time orn'y 
- Standby in :ase of spe:'a! 

field ass-stance or site selection. 
- Assist 'n establishing 

-.,-tro:t7g, -_i -Pt-ic -s or rnodelI. 
5. Forecasting Specialist Z*i.- r 

- ASsist 

6. NEA Computer Specialist 

appropriate demana 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 so as to privide NEA with a site s-,lectinn mouel which best 
services its internal needs and constraints. A total of 18 person-months 
have been budqnteJ per Tabi- V (3 perrson-mnto Qr Fp icte services and 
15 person-oaeto of local servies) for this effnrL A more complete 
aescript ion of -Ornject staff is provided in ect ion IV. 3.3 

2.. Marufactjr,n Pro ntion 

Thdiiard airady has an manufactur ing 
capab iilit. for sorme power p ant cormponent s, .- , nerators, 
transfor'er's and Crl -, 1,b in-s' of O a AlthnuqnILY under KW ' cit y. 
improvements can clearl y be made in Lt'i area, it is o; L yet al ar AN 
contribution the Project can makf to atssis t i., ('pv:lopmPn . In an 
atterpt to redu ce foreilr exc;hange cost:s,, increase local emp1Ilme:nt and, 
potentially, ;nc-oroe private sectnr tchnolngy trOSfer through
rhai-U. S joint ventu re or liensin g agreemiernta sectoral overview of 
local small hyir , er rlk L mf-0 ifacr, inq pot.n ia -ill ho uno ertakon 
early in the Pirject. i thiWaL ,vurvie , c n arriv. a't specific proposals 
for f:atLrp analyi., or LchOal a.; isL, ce which are dWPe-M in 
accordance with Prniject. objecL ives and fund ing ca;abili is ,tKiMy w il1 be 
cnosidered for incnrporaLion into .,:nin, Prvoj,,ct ac:tivities under POU 
super'vision. A total of ni oi ,rs, ..-m,"n. havre Wen oudgeted ',r Table 
8 (3 p-Ill of expatriAe sorvics and p- ofIca! srvicv.i 

3. Consumer Pri'xi A-, 

A niubi)er ( o ial, tonsumer-.oriented issues 
have been tentatively inentified by he PP Y.:am for analys is and field 
aeVelopuIO ent. .ntraL.' specialisL.t(s-) will ho ;m yea- early in t ,ho 
Project to visit f iela sites, a.svs.nn. c iss,:ps .nn)Udevelop a work.-plan 
for actioI. 1L is currently an. ipare. that 'p. rier,,tation of 

consumer.-rla:,i .ctivities will not take plar until conrisct ion of 
first tranche s.ites well u. .. .,way. rincipal .n,.t.'sups tu he 

analyzed are: 

producLive Pup:, of local electricity 
generat ion, 

- potential for local cipp'atinrn rf tho 
P.roj ect yenerati on/distri but ion system 
(eq. cooorative or private vivnture) 

- utilit y of local crc- c sohew,e:s for 
"nok up or ap ] "i"inccosts, 

- potent ia ior use o" variable look-up 
costs., 

- ponntial for is. of variable tariff 
sche'dulies., 

http:a.svs.nn


local trainingrig nP. s, 

uti]iza Il of Inca! lahor for 
construction or hook-up act ivities. 

A total of 18 persr,,ntins navp ben budqeted per
 
Table 8 (3 person-month of expatriate servicps. and 15 person.-innth of
 
local services) for this effort,
 

Q The CShcelb. f institut ioraI atir, TO. POU, with 
its ,ul,14 O lydr sector ard its i,.ecated steiff.f.cOn phsiall 
and arialysis inchr, iqes, should move it. p f rrt i l of NLA ad R -G 
small hydn; sactor planinq arid ani',sis. It is nA . .cear at this time, 
nowv I L., if .jl hs t .- potential fnr Pvn vi q Wro a Spe;:iali2 d line 
office in its' own r'ighL, or if s.rsponsibilitles will eventually be 
re-assigned to otSher NEA hureaus 

The PR p;m :,- NE; have giv en ,.r i t.r n uiht, 
theref re., to fr,,, ulatitng a proj ect doi i ih will fc il iV axim:. iuii.l 
"i stituLiral zo iol" of Pr ie(:t -clenir, i S-,i..,)r6l lpossros ard 
knowledqe with those Thai persnrril and or.an iza:i:srs most likely to makp 
opti um use of the rsults nfter p',.jicNt crlmpip .iit 

First, aW perhaps , impotrit tl,', the POU w ii be
 
under the direct rpporvisi, ,at th N,, . " vL S
ep ty arv General 
office. fE/A p.-, Ovel marla en ao;r ds higr pr ,ri to a rapid and 
iue] ine it.rlt veiup ent of the small n, ,a c r , , wii have a direa. 
interest i assuring m!ax imlium i iitutin,,' oitf.r,-. r'osul ;,. 

Sec n'ou.,,a. n n I'' r .ic,.ivilVl 1 w be or d9ili y
 
POU to dis soinat i Pioj Yac. nceps a i ulK onoro nana bais,.
 
a) Per iouic pro. meet ings(ee -"c n V I. "- r-rct 8on itor rq")iress 
will b: co nd' ,ed by POi to inf .m I;trt , . ,AA1, ro Ln: 
per'snuru-l f n , i s i' E n ' heirl, C i . "(."r60 (vI ', 
Commiiiient.s ao *i,ss; 1n will DO ofH ot)W Key.hi&. A ::. .cis and 
staff, part iLi ri y th, lnvestiqa ,n . WI.Pl.nri ,q )ivis i,,l anri thl.: 
Technical At t 'u. ,.al oDivi.si ih) lea , nrw ,'e' inar"- , ryr 
deveioimile ti iV1 ), s so'': 'r,;"lnC h W'll !it... UnrV S .W Lcnrdirnatd by 
POU staff in c' peation w,.ith ,!:wv nt PI o n,,.-U, veront: intcrust 
groups. c) Qua'terlyp rl t IPCuqrP;s reo &, I h:p. .w'ill >i 
circulation ,,t in NEA as wel] a' to Lai-r IQ! . :: d IG y ri'rnies ('EA, 
EGAT, IuESU , W .) And i .- r'e n '..(,,v,:r'r,,e,.:: i ' . . 
(university st .?i or r'ival_ qvoup.) 

F inl ly, N Ord." A 1 4 y I, .aon t he' ,a 
respnrisib i off/r- e inh the I" ; i, n'dLini Ne., .. h"l f-way 
through Pr'oje t ml 1&'nnOta(1i. .. majo" ,. if inn m;l " Pjr:'ct 
evalua: inn uidL: e y W u A" I - (top ' .i., N . " ,, will b to 
exallirie cmniail ,aive ev ince "p to Lha L )i.i '' :,Y'. j ,cret­
prnpnsals a.cep .anip to e or most ,t ways nsuret PlC, jmu:,'r c' to 
brnau.-rased imstiLutionai jationun r,.oct uata analysi; .. rpsulLs.j ' nud 
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2. Construct ion Component 

a, Technical Description In the interest of 
keeping co-ts to a minimum and simpTifying enqineering design, all sites 
proposed for construtinn u rder tne Proj -ct will bp "rv2ri-of -river" 
schemes, illustrat ively presented in Fiijre 2. No water impnundment is 
anticipated (e.g., dams, pumped stnraqe) under the proic t, unirss 
Project technicians are irterested and ahl e to) make a strong, dnclumented 
case to the contrary, and such a request is approved hy both NLA and 
USA ID 1he bas ic operat 4ng p rin(- i pa I of the system is the divers ion 
(weir) of a _,oirt irn of river f lo, into an ope, or closed h:-adr.1cco, 
through a itenst.ick to the power hoiSC, where it actuates the turbiro and 
is then d irected hack into the norm.il s1treadm bed. Power 'enerat ed by the 
turbine is passed through a step up transformer into a 22 KV transmission 
line to. the users where it is then sr.epppdn-down, meterrd a,! c,,norted to 
user unit., A more detailed description of civil works ciiracterist ics 
may be founo in Annex B. 

b., Njmtber if Sitte5: The hyorn sites to he
 
constructed under tnin; Project have ,en viewed as essentially
 
representinq the imeanis to altaining th mre cr1tical cnncern of
 
improving sector'al undersLand niq and future investment decision--making. 
Site constructin ,i 1 provide to,o "'anratory" settinq which will 
generate toe emipirical data n:ca--sser.y to systematic resolution of a 
variety of sotoral tfchnicai, soc i- .K,,of ic and ,nperatiorial concerns. 
The number of '-'rnject sites seleoer:- for construct ion under the Pi-oject 
there, re), w tshasiclj ' a fui;ct jni )i the, size of tho data base c.quired 
to furnish stat ist. ical 1y relevant, sf.cfr or-l ini rnat.ion, i;h iIJ inq 
within toe 1ii it-.,; I iG and AID ,i ce resorces. Data from existing 
small hydro sites., while of general irtrest to the Project, are of 
little utilit.y in attainig Prr i: nei ct yes, qiven the Ir snarsity and 
the I act t hat they were not: g-rnera.n wi tn r, a oredef ined ara yt ical 
f rame,,,ork 

iuased on rh number nf variables cuJirtrt. ly deemed 
appropriate for study, (see Taul e 6) NEA cnd the PP team fee! t.hat a 
minimuiri of 1(9.-15 sites are necfssry for analysis. A ]arger sample would 
have heen 1 referatti fIni; i a an 40y tc !- view arqerclearly 1 point 
samples and grea ter differenLiat.ion of varb 1ahis), but ,5 difficijlt to 
propose, given existing fund inq consLraints. 

-,-or ~rp,-,,s :f t ,, Pror ect Paper it as en 
estimated that 12 d ifforeit ites ol hr. iveIoped unrd- thi Proiject, 
althougih top final nihlie; of s t.s i 1dopI-d on several .t rrF, 

actual power pln t si e' actual ; LIat i)n o\,er time, ara 1 ica "quil ity" 
of sites (pilal ity if di-a r(epr', n 'ai nr . ,', sitS, et .) Sites 
have been orqanied in ti a-i .epar-Le fr.r.h s. s s notnd -,,iow, a 
first tra(r orC i sit es has a ! 1 d . +y. tti ftivrly i ,, ,'ni J 
through PP te )m i ntfeq 3ra1ed fells ;,i, i 1 i y ar, y is and w-11 rrrir ce 
construct ion if 1912. A second Lra . 11f s S-i Lts Wi I " d- orminirll ir 

by POU through usi : of the site sel oc ,rni model developed in Lb it PP, and 
will commenepi co rst~r-tiftinn in 1984, 



Figure 2 : kezch .sf a Representative Project Hydreelectric Power Plant 
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Table 6: .-nrticioated Project Analysis Matrix 
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Table 7 Initial Sites Recommended 

(First Tranche Only) 

for Construction 
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e I .~h 
dt 'P''' tel""cai 4 ll~abo'towt n 

hrouh..u'liNESD, ' t re'Ah sie eciiooenetip 
'~ "~ ~ A4iS' BK hs'm d e~ u iisa ' o o ~ h "' se ec io model d ~ ~ ~Annex .
 

,~~;ri ~adl'i h result of the 6xte s~ivQ field experience.,gathered.
 
,u 
 n'iiderfhe first: six fesblt stdisand-should decrease the timeland,'"". 

"'~'AkAU cost investment 'reqLJ red of irid iv ia6ua I site ililit~'esi11y~or 
incr'easin~g the' acciirac.i-of each- assessmelt, AIn, its current form, th' A A 

A~''A'AgUmodel:. has also been designed, to fu 'nis"h si i ebs~ie data on each ,sit'eA Wz'i};A4AA 

~~ef Choi~~w'i~ ~ lted"th Mae' Lua-ng--s~itei#_4)' ad-~f~~dt unsiT 
AA''N 'reliable results., ec~gie ajde 0EA h paetaprtinl- ~'" 

't'ooil of,v~alue~for 'Astandardizediusein~al]RTG smrall-1h dro''election. To

~assist, in atann hs beti aporaehman and financial


~A<K"~ resour'ces have ben-dsindit thed Proje~t and will, be described mor"e 
'
 

"'"fully under the'"nstitjutionalSupprt" component,rInoted below. z: 

~'Final
P. Eni neering DC3 iqn and Supervision: During
the process of screeninig Aand'basic feasibility determination, each 
Project site will be subjected to both desk and field studies 'of local 

A hydrology, geology and topography. Prior to' commenc ' ment of f inal
 
~~ engineering, theref-ore, each site will have a rea'sonably complete


2" technical' dossier,' including preliminary engineering arid cost estimates
 
of + 20%'iaccuracy. 

A AK ~Firial engineering will be re'qird prirtot 
construction and, 'in
~all~cases, will be* contracted out to qualified Thai'
 

Aninern 
 cosltns Contrac'ting for design services will~take place
in two separ'ate tranches as per., the Procurement Pl'an prcsne inScto 
I..of this PP nms csei isatcpedthatenierg
 

supervisio'n of
oconstruction "also will be'cont'racted for,.A
 

' 'AAll final engineering design andc supervision will
 
Abe 
 the respo'nsibility of a special Project Operations Unit (PQU) and most 

explicitly, the Project-funded Construction Manager and the. NEA FieldEngineer (see' Implementation Plan for details), 

f. SiteAon tution 'Itis anticipated that the 
first six sites (cons titi~ng tranche one) wil'l be' constructed byA
contra'ct(s)' with qtialified Thai, U.S. 'or Thai-U.S. joint venture firms. 

AFuture sites (second'tranche)nmay utilize contract or force account' 
A 

methods, or both~"depending ;largely on Project2 exp'erience 'on the firstsix sites. The 'contractor(s) will build all civil.works,~ incliding
transmission 'and' main di stribution lines. The prcri' n and 

insalltio o th poerplant wilremain a OUu respons-iilty, 
U al lowing the procurement process to begin at an earliler daite than actual
 
'A~ ~ ste'c'6nstruction. Actual hook-up and metering of power Aco 
individual
~'A.'A>users will A" Abe the responsibility of PEA or whate~ver operational..agency

eventua~lly. responsible -for power distribution and revenue collecti'on for ' 

th~e systemn(see .ext~paragraph). Hook-up costs will be paid by-the' 
' 

individual, consuer'. Iftisanticipted that electricity willigenerally be 



e"T
 

sold totisfrs 4at sLar)dard PE'Arates 'An"e'* p to tJiis is the"Mae 'Ae5pwjfl 
site (#3) hich sho 'be entirely operated I ' the R D n triJtu y, 
distribut~d free of Ii tribe iv11i ges and to71hel 

FoetyCente~r.*-K ~~4 ' ~ ~ ' ~ '" ~" 

Upncm'lto of, construction Jt is tet ively~7' 
antici:ip thap 11,11 tta:anlgen tion vi . Ill beI at 

distributedard revienues, collIected, :by PEA>(Ywilthth exeption of re 

4,a e i e . T en sure prop er b eak- i ri 6T tyk e generation system, NEA 
iJs~an'tic~ aed th'at &pera tional. repspons ib'ilit i'.ill be turned over 7 71~7 

.'tEGAT 'Final' pant'opration and electriicity dis'ib i4 eion. 
* responsibwie~ 14i,be clearly~y ~ iN i r- to 1ihail site 
.'sel'ect io. (seei Site ,Selection model'- Annex*"F'andco6mmeincement of 

the underlyingProject objective ffeploring
 
Svarious~rmanageiment optlions,: POU will be~enco"Jraged to' utilize other,
Ch rg to local, 11 

*'n h i a , operatingf9 ayrd distribtion gro ps, (e.g., PEA, cooperatLives 
-~pr-ivatesec'tor,- RFD- RID) wherever deerned appropriate. 

eninet-ngdesTh ivi:iontractors will in'al 
Scases. be encouraged to develop low'cost, s ,mple 'are assystems which 
mant en "free as poss)b&le. :As the current quality of local design

ptbeni 6e fhe;7'7 ;{ """'f irmsis g'enerally good; t~tILted b -' incepthis area. 

:;g~~~r7H er;7 _7 _a777o-- n power- piantj(turbine,q. Power Plant. Appropriate ona i e: 
witcgea, step-uip 

isknown for the full range of effective head and 'generating options' S 
being considered under this PP. 'Final decisions of the exact type of 

enerator, cntrl equipment, transformier)' tech'noog 

equipment to be utilized for each project' site can only be mnade upon ' 

com let ion of- relevant finjal. eninehering,';topographical, and hydrological 
~ st~d~s, owver<'This isespecially true of the turbine, 'and for the ''4 

'~'~"-'~ purposes of-the PP, we have assumed that a~ll 'turbines wiill be of the
 
Crossflow,' Francis or Pelton.'desigin for f irst tranche'sites."i t cc~tale Crossflow turbines are already manufactured in
 

4j"'' Thailand atac;tbestandards and oth-r' turbines couldrbe manufactured
 
lclywith appropriate assjs'tance from qualife . im~TeP 

haaticipated that sites 2, 3, 4 and 5 will eqttiipped vwith turbines of 

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

Adetailed power plant analysis iscontained i
 
~JjZ' 4 1 4 

' 

\Annex~B.
 

~4f]'< *Wile clearly not~ in 'agreement with thePf and RTG policy of ensuring 
financial viability of each site this system'appears'to be warranted by
 

S:'K>,local, conditions, Itshould not be considered as setting-a precedent,', 
for other 'sites, therefore~, but, rather, one Of a number of managen~
options bein explIored bf the Project, 1 - - - ­ -g~9 
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theociae udeoth,PE opvernapratio ordomfesignad culconstectionher
 
teectial' cotOfraintoeatce heudb n t henihohodo
pl %o 

Duringosrutoncst.ienofalaydinanctial burodec, and''This 


melt eouy eqipmantcn fhsactiest wil we 'ndrmalr'
'hruth budget 

replacement. This replacement is in addition tothose'routine 
replacements covered in'normal plant ma intenance, 'Asinking fund should
 
beestablished' for these 'interim replacemnents.,'~ 
 , 

~ 4 
4. ~,">i''" , Hardware 'to be installed under the Project,'will' 

most probably be procured from the United States, or -from Thailand, and 4 

is not expected to result in problems with spares or lack of;
 
.,manufacturer's support. While the mainitenance''ofifacilities often proves
 
to 'be a troublesome part of miany infrastructure' proj'edts,the history of,
 
small scale hydroelectric operations .in'Thailand does not show failure
 
due to lack of mainteniance, and the PP team has concluded that it should
 
not prove to be a constraint.,
 



B. Financial Analysis Summary 

1. Project Budqet Analysis
 

The details of the Project budget analysis may be 
found in Annex ( A Project Financial Plan (Table 8) has been attached 
for reference, and indicates a total life of project cost of $12,800,000, 
composed of an rstimated 91% local costs and 9% foreign exchange costs,* 

The anticipated p'oject ion of expenditures by dnor 
and by fiscal year is noted in Tahe ? USAILD will finance some 63, and 
the RTG some 37%, of total Projpct costs. 

Table 9; Pr .jection of Expenditures by Source and by Fiscal Year* " 

($ooo) 

Source FY 1982 FY 1983 FY 194 FY 1985 FY 1986 Total %) 

USAID 470 2,316 3,8l 1,384 67 8,100 (631) 

RTG 213 1,366 2,,375 731 15 4,700 (37Z)
 

TOTAL 689 3,682 6,236 2,115 82 12,800 (100%) 
(% 5 (22115) (49%) (17%) (1%) 

*This is simply ar estimate of the type of currency which will actually 
be used to purncure Project qnods and sarvices, not an assessment of the 
foreign PxcIanqe component of the procur'iient. For example, a locally 
assembled Japanese ver icle procured i& Haht with a 50% foreiqn .xchariqn 
component woul he re. istered a. a 100% local cost. It should be noted 
that the 911 local cost figure i ed above culd be reduced considerahly, 
depenning on Wee c:rumpetlivone.s of local Thai contractnrs vis.-a-vs their 
U.S. compet itn*s 

**Assumes l inv-ar innual cash outflows (e q. FY 84 calculated as 75% of 
CY 84 plus 251 of CY 83). An exception, FY 82 was calculated as 25% of 
CY 82, leaving the other 75% for FY 83. 
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2 T'axat ion and "the ProjepctRBudget~ 

~ As. a1'S~v~G~Vrnnlent gency offering publicfnd
unhder gr~tin or concessiondi Joan conditions'9, USAIDD can not ;f~iance x" j''~

ZPoje t -K,,"' taxes, Ureo RTG ' paS/mpnt, of ,taxes as alated nor .can; i&~~n z' 
host-country contribution~to the Project Although not 'yet',formally' ;:WC;j'hfcofrmed by he RTG' it is antic" t d t payment 0f certa in 'taxs 

1,1':eereu red,of .th~is 'Prjc included Jn ti rup 'a're import"'
01.30Q%), and.-impdrtprL 

Splants, manufacturer s,business' taxI 7--l0%) onj'ocal y-made powerpl ant s, 
fonrtin cotaco buie tax.(3%.Y 'and ~income~andothier~taxes on 

dties,.(_l inessta-4-020%);7on--importedpor~.
 

_fctlei ntechn'icajl .assistance . 'in'tmatingpersonnl The'dffiulty Ith'ese taxes,.a :pelue thePP team-from'attemptinig a detailed,
assessment~Qf their magnituide. The' total' value of these taxes are 

"~~' estimated in the.$300,000 to $500,9000 range, and could be. higher, if< 
eventuaPU detailed studies' indicate the necessity to import greater 

"~ ~ "uibiof foreign' pow-er lant , The:,impl ications of' this for the 
~boVctYJ-noted Projec Gaget are two-fold: I1)The U.S. contribution does,
not i tc ul,,:_,and inayinot' be utilized 'to finance clearly visible tax 
itIss. ( its~h eesty for' an ~early meeting of USAID/T and 

intereste 
* 

GTpart1jes,,torc th'eir mutual understanding' on this 
matter. 2 TeRTG contribut1on ioted'above ($4.7 million)' has been 
calculated as a tax free contr~ibuItion,If the Thai Government requires
the payment of taxes under this Project 'those, taxes will1 be funded by
additional RTG fund1s, and NEA' should udertak areful advance financial
 
planning prior to each -fiscal year-'so'as to ensure coverage of this
 
taxation, as required, inits annual budget.
 

3. eF oject Financial Feas ibili1 y
 

'! '<Following the rationale presented inAnnex G,'second 
2tranche 
 sites will allI be recw'ired to demonstrate a f inaicialI rate of 

return on 'capital, inv~estmient' of at least '8%, 'per general RIG guidelines
for' electric power sector, investmenits. The methodology proposed for 
derivationsof. financial 'rats of return is,outlined in) First
Annex,"F.

tranche sites were' exempted front this analysisgiven the extensive>
 
cost-benef it econom ic ana lys is undertak on for thes e s ix sites. 

4 Pro jecL Recurrent Costs 

Although, a public sector project, each of the 
hydro-electric sites should generate sufficient, revenues from electricity
sales to consumers to cover all1'recurrent costs' (overhead, regular and' 
periodic maint'enance)~over the' usefuil life of each s-ite. 

~The~site selection itirdet' (Annex F) utilized by the 
Project for second tranche sites'willibuild in additional safeguards in
th'is respect ,through its financial analysis.' The 8 pe-rcent. of return on 
capital' investment should ensure auto financing or each site, not only 
for ba'sic operating costs but also for future site expansion (e.g. e 

Stransmission, 
 second phase generator, etc.) ' 



Itc jaSoun ness SUmmryn 

~ ~I ~*t' Soc ia] Prof ilIeIl 

tranche sit~s l ] tend to be located in fai-rlyI
I~first 

aresa .nd lsotend to demonstrate low levels of existirn 

r e~l eThe averae site is expected.to cotain 

S~ frmes Targete'd populationis tend to be traditional ricead ae~o 
farersandar,nly ccasionally involved in small commerce or highly 

hoae actiites (e~g, miningj inthe South) RFD wage laborers). Most 
haveority noexeience with past elctrical utlization although the
 
ma , apeared t have an intestin utilizing electricity at current

PArates. -

Incon'es of thi's group tend tobe low, with perhaps 
on-haIf havi gincomes undsr the currentIRD poverty ine. 

in a it .,-o ... of-J n7 u enc 7"' ,

2. Institnutional Overview 
' 

Development of the individual site power Supply Will 
clearily he the responsibility of NEA. The demand side of the Project
could b~v rch 'Strated by a-wide vatriety of 7t7IJ including PEA, EGAT,

ivat CGlearlytecretmsRFD, RWIDcooperatives orp groups, , ecretms 
active rural electricity~agency In the country in 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 trariche)' may prove to be candidates for cooperative or 

an~shu
prvt etrmanagement d suh expe~rimentation with local alternative,

manaemet shuldprobably be encouraged.
otion 


O n the basis of its field analysis (see Annex D) the
 
I- PP team has deemed construction of the first tranche sites socially 

sound, with -the caveat that User demand should be the object of more 
intensive anlssin the course of Pr-oject implementation, so as to 
enSUre optimal distribution-of site-generated revenues while promoting a 
produictive,, rat~ional utilization of electricity at the consumer, level. 

D. Economic Analysis SummarX­

i, Macro-coromic Consideration
 

ThaiandAs noted in the "Back ground section of this PP, 
Thaiandrelies heavily on foreiqn oil imports to mneet the country's 

fast-rising demand for, PectricalI power, This external dependance 
impacts oin the national economy in two important and related ways­
reduc ing foreign exchange availabil ity and rendering the economy 
vulnerable to be spiralIing costs of foreign fossil fuels. 

i~i,",: +i }! ;i7 >7 i 

L ;7 
I{4f It I-: : ! O :j : T c" i { ' ;7 ' ' ' 

http:expected.to
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Of all developing nations, Thailand is the fifth
 
largest importer of petroleum. The current monthly value of uetroleum 
imports is now close to 6 billion baht ($260 million), of which some ?2[!, 
or $626 million per year is utilized in generation of electricity,
 

Thailand has been running a trade deficit the last
 
several years, which has seriously widened with continuing increases in
 
imported petroleum costs. For 1981, the trade gap is estimated at some
 
80 bill ion Gaht.*
 

If successful, this Project will not olIy actually
 
install an aqqreqate physical plant capacity of some 4000 KW, but of
 
greater macro .economic significance, will develop a series nf analytical
 
methods and procedures which should help in developing the entire small
 
hydro sector.
 

Prrmotion of micro/mini hydroelectric generation to
 
replace existinq or projected small diesel units and/or to feed the
 
existing (pelroleumj -fP.led) qrid should help reverse these balance of
 
trade tendencies from two different directions:
 

by reducing the necessity for oil imports through
 
indiqenous, renewable electricity generaLinn, and,
 

by stimulating local productinn and exports
 
through provision of electricity to rujal 
producers and througn the lonsen i nq ,,p of for-ign
exchange and national tuns (previoiisly spena on 
imported fossil fuels) for priority RT. rural 
development activities. 

!n noe long-trm, if oil pricns coriirjue their curret
 
tendency as expected, us of renewable local power Sn(' ld also redrie the
 

relative cost of su'pplying electricity tn the consumer and induce a more 
favorable rate strurturc, ultimately engendering further" secondary 
effects in the form oi increased production, lower prrimd ction cnst and 
higher individual incomes, 

2. Micro-economic Analysis 

Seven sit.e possibil it-,s were a,'alyz,-d us m ,ilThe 
economic cost.--berief it methodology described it,Annex E. f these sever, 
sites, six were dpromed economically feasiblr in, all but the eost 
unfavorahle conjuncture of c ircurtmstances, and, therefore, reti ,:d fr," 
first tranche Cronstruction. The ir:ter', ratps of r rt.u r n ' ,­
referencec' sce,,ar io and all sensitivity tests havr. U.e)2 CrCap m,,ted in 
lableM 10elnv., 

*Exports 160 nil ion iL-ht. Imports 2110 billion '3,ant, of ,,iih 8%, i' 1i1n 

petroleimi and petr ,ar-:mproducts. 
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Table 10: Economic Rates of Return for Individual Project Sites
 
(IRR's in %)
 

Base Sensitivity Tests*
 

Site IRR #1 #2 #3 #1" #5 l#c 

1. Mae Hat 17.4 14.8 14.5 12.3 14.3 11.3 10.0 

2. Mae Suk 10,7 8.4 8.2 6.3 8.6 b.4 4.6
 

3. Mae Aep 15.5 12.2 12.1 9.6 12,5 9,7 7,5
 

4. Mae Chon Luang 22.4 14.8 18.5 14.7 14.9 14.8 11.6 

5. Khong Ta Rui 13.0 10.2 10.0 7.6 10.3 7.1 5.9 

6. Khlouiq Ra 45.6 17.8 18.5 14.7 17.9 14.8 11.6 

*Test #1 Capital costs rise by 33%
 

Test #2 Demand fals by 25%/year
 
Test #3 Both #1 and #2
 
Test #4 Indirect benefits fall by 33%
 
Test #5 i'oth #2 and #4
 
Test #1; Both #1 and #b
 

While felt to be reasonahly accurate iH as-,essing 
Project economic ,jorth, this method will not be utilizeu for the 
selectin of second trauche sites. These sites will ne chos;en through 
use of the model presented in Annex F, which, for methodouqgica1 reasons 
made -xpl icit i,!tue Annex G, pryscrihes an ,cn,)omic e1i'-t-c'st au.i.ysis 
in place of: ie cr st-benu fit approac, utilized for firs.t tranche sites, 

E. Envirnuiental _Anaysis Summary 

Environmiental (.IK: .,as on 
9/23/80 and su:m itt ed with thf, Proj ect Identif ication [ILcument (P1D), 
AID/W concurreu in a neqative uetermination for the Project i, SrATU 
327974 (190). Special environmental analysis required of each 
Project -funded site may 5e found in the integrated site selection model 
prestePd in Annex F. 

An initial Examinat inn ) preipared 
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IV, IMPLEMENTATION PLAN
 

A. Imple.nentation Schedule 

A reasonably detailed Project Implenentation Schedule is 
proposed in Fiqure 3 for use by Project Implementation personnel. All 
details of the i;p]em entation plannminq selection have been orqanized, and 
budgets have, oeer, colculated, or the basis of this Schedule. It should 
be underscored at the nijtset that the timeframe for tranche one 
contracltinq lhas been del iherately planned tightly, in rtsponse to NEA and 
AID concerns for rxpedit ious implementation of the firs'- six s ites. 
Project iipierentors should be foreworned that a special effort will be 
required in CY 198'.2 if this timeframe is tn he adhered to. ,* 

B, Project (rqanization and Staff Responsibilities 

1. Sector organ ization:
 

In b;oadest terms, energy sector coordination is the 
responsibility of INESDB's Energy Planining Section. Specific coordination 
of small-scale nydroelectric planning and construct ion was formally 
delegatt.d to ,S7E an(l NEA in 1930, however.** This Project an(] the 
AID-sponsored Nnn-CunventionaI Renewable Energy Project should play an 
important rol in assistinq NEA to undertake small hydroelectric sector
 
coord ination.
 

[n the course of feas i)i ity work on ind iv idual prnject 
sites, it is e;xpected that NEA will need to coordinate its act ivities 
with a number of other interested RTG agencips ( includ inq NESMI , PEA, 
RFD, RID., and EGAT) 

*Of particular imn.-,rtance will be thr contractina of the Senior Enqineer 
and assiqnment. of NEA staff ;s early as possible. 

**Spp Cabinet doci,isin rPcorded in Letter No. 0202/356, dated 12/12/80 
from Secretary of the Cabinet to the iiriiister of lISTE, 



Figurm 3 :ndi,..tjve Pr, _.?ct [mp~uc.entatiun Schedule (CY nly) 

ACTIVITY 1982 1983 1984 85 1986 1987 

1, LOAN AGR=ENT x~ 

a ) AID/Thailand PP aczro-val 
b) RTG 2P approval x 

c) Signature loan agreement 
d) 3atisfaction CP's 

e) PADC (Project Assistance 
Completion Date) 

2. CONSTUCTION 
a) -Dntract;,g. or finaL engineer-ng 
b) Final engineering (!st six site )) 
c) Contracting for construction 
d) Consttuction (Is-. six sites') 
e) Power rlant procurement -

f) New site selection (1st six sites)) 

g) Contracting for final engineerIrn 
h) Final engineering (last six si:tml) 
:i) Contracting for construction 
j) Construaction (last six sites) 
k) Power plant Frccurerent 

3. !NSTITUTIONAL SU PPC?­
a) Project Oreraticna -nit 

_AEngineer §-roect "anaqet)_ 
- N-.A Encineer ield Enginee ) - ] -­

- Senior En - ,'-ordinator. 
- Construction :ansaer 
- Socio-econ. ;:alvst(s) 
- Man.,3c-urnn: rcotion Spec.. 

- Consu.7er Fr0:o-- n S-ec: 1!ist 
- NEA Gec2ogi- Hyirolcgist 
- Forecastinz :a1 i­
- NEA Comput--: 

- Secretary 

- NEA Accour-.:2­
- NEA Drivers 

b) Develop analytical model 
c) Sectoral planning assistance 
d) Consumer promotion assistance 
e) Thai manufacturing development 
f) Field impact eva!uarions 
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An, critical, systematic cooperation required for 
successful project oevelopment has been incorporated in the Project Site 
Selection Model rontained inAnnex F. 

NEk is, (both for the Project and for the small hyuro 
sector in gent-ral ), tierefore, tne critical implementation agent for 
successful Project realization. The internal organization of NEA is in 
the process of ,einq modified although most references to its structures 
contained in this PP are along existing rather than the future 
organizat iooal lines. 

B,-[.cc.use thf: small hydro sector is a new area of analysis
for, fEA, the Secretary Genral's Office has deliberately establised POU 
outside of existing divisions in order to focus ftull-time NEA and 
contract skills to the specializd task placed before it. indeed, based 
on existinq fEA st!ructtires, no line nffice would have the total breadth 
of skills (planrinq/analysis, desiqn, construction, contractirla, etc.), 
nor the time, to focus on thp experimental field of small hydro 
devel opmerit. 

PoU still wi 11, however, necessari ly work and liaison nn a 
regular basis with other intra and inter-agency specialists for the 
unit. This will he minst part icularl.y true of the Invest iqat ion and 
Planninq Division (NEA's field aralysis branch) and of the Technical 
Division (1'EA's project. dosiqn and inpltmentatinn branch), N-' is not a 
large qoverrifent orqani zat,iori and its tecnnicians crri;n'nly cut. across 
Division stri.,ctures In .co.operate with each othmr cm n ad hoc basis. it 
is expected POU rter Into a similar relations l ....tint ri 

iqlre 4 contains the ciirrent operaliona1 ftracewurk of NEA 
and Figure 5 contains the propnsed new administratinn s truct re approved 
by Cabinet }/7,L. 

2, IhAID/I Staffinq Requirements 

In responsf-, to hoth Hission aid AID/W concerns, the 
project has been staffed wito contract and NEA personnel so as to reduce 
USA!D/l aurminis tri ive and mannnoerial reaniremen ts to a iiiinium, it is 
anticipted that 'l 'issiori hackstopping activities for t r-e P)roject can 
he coordinated by a Proe ,rH;tnaqerwho will devote 30-4[)i. of his time to 
the Project, 
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Figure 5 

PROPOSED ORGANIZATION CF .ATT ON.AL ENERGY ADML -- TAT:DN (AP'RCVED 3/7/31) 
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3. Prnject Orqanization 

All Project activities will he coordinated by a
 
special ProjeL Operations Unit (POU), locat.d in NEA an under the
 
direct supervision of thp fEA Depoty Secretry General. The chart below
 
indicates the organization of Project technical staff envisaged to
 
undertake these respons"ibilites,
 

NTT . ec 1: M4anaq er 

1 n Senior Engineer/! 
Projecti Coordinatorl 

I ZII§7L _ 
Support i ConstructiorF NLA-'NAI Socio-Econ I Occasional

Staff I I Manager Engineer Analyst s Spe, ial ists­

- Secr t. - Manufacturing- Prt,/mi.. Cnsume 

-. Drivers I P"oriotin
 
- & Accts Glooogist
o 


- ydroloqist 
Forecast ing,__il .?L} ____I.. 

t3rood:ly speakirg, the POU Projecr Niace, (an NEA line 
employee) will he responsible for .T! i .Taqns r.i.ated to the 
Project arid will be ac ivey involved 1 all aspects of Projpi t ana,,sis 
and construction. He will he asist, J in all of these manaqerial 
activities by the expatriaL. ; .r tn ineer/Froie t Cjor ina;vrr, who 
will be irvove in ,rcht.strat inf the aru.yticaI acti-es o POU (model
develo)nent, 'or itor rnq/evaluaion, site selection, consumer promotion, 
manufaci.uring pro iotion., etc.) as wpi1 as conrdlin.tinq spec if ic 
engineering design, construction rnd :onLracLirq elfforts on a daily basis. 

No n ntracO Co'n-is tmc r, ma.rvmr will ,n' ,r al l 
field ope~nt0nnts includ inqC min.-inr-tany, supervis io, of Firal 
engineering u< gn and silo ,rs:'icti nn_ , 'ffrnrinar nisHo 1 Field 
work closely wv.ith his NEA F i.t F e-r counterpar t i, 'der to ensure 
high s tandards ,';f cons trctf.T in qineer inq t r,'qri tu.r 
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July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July 

1. FUNDING AVAILABILITY 

-
-

Signature Loan Agreement 
Satisfaction CP's 

x 

2. 

3. 

DESIGN/SUPERVISION CONTRACT 
- Short-list Process 
- RFTP (Thailand) 
- Contractor selection/negotiation 
- Zontractor mobilize/complete design 

A-roval design (AID, NEA) 
- Nec-iations in supervision 
- Enaine-ering supervision 

:0STRU::CN CO;TRACT 
Short-list Process 

I=3 <.S., Thailand) 
-ontractor selection/negotia-icn 

-n-srctorrbiize/constr__c 

I 
_______> 

_ 

(Superis3cr 

begins 7.'5 
for 19 mos.. 

(Constru-or>.e-

4. PC.NER PLA :T PROCUREENT ,or 

-
IFB (U.S., Thailand)
Manufacturer selection 

5. 

- Procurement 

T.A. PROCUREMENT (Individ. contract) 

___ _ >>(Est. one year 

for U.S. and 
6 mos. for -hi 

-
-
-
-

Senior Engineer/Project Coord. 
Construction Manager 
Economic Planner(s) 

Occasional Specialists/Support 

-

-

- - -- - - --------­

->(Total 45 p.m.) 

>(Total 39 p..r.) 
(Total 18 p.m.) 

>(Total 73 p.m.) 





~~j4Firm w2~,~i l 1iinbe s,,Iected on' LiJebasis of their. cost 
2'' pi'oposal and'the'.contract will be awarded using standar'd NEA'ivi1 works~ 

contra'ct-ing :procedures (,foI Iowing review an'd approvalI by, the- USAID 
RegionaVCprt'racting Officer.,includir'g isronof appropriateAIclauses~ Ifpossible,'the Loan Agreement shouldcntjnsefi 

2222 7 

22 ' 7 7 ~<reibursement ofcvTworks cosrcin 

S4., Power Plant Pro'curemenit,2 2 

2222 

2 . 

2 

2 

222 

2 

2 

2b n.s2Oncefo draw ing up~final poveriplant specgfA4ations 'and plans'.2Octheir design has2 been approved' by NEA and VA rPOU will advertiz~e an2 '2 
IFB for, power plants inthe U.S. and: Thailand' "As with the civil works 
construction contract, bidders may be disQualified ifthey do not meet 

.:..minimum 2standard -technical 14uaif ication. As NEA does not currently have 
appropriate local testing' f'cilitips, fulfillment of contract :'2 

.manufac'turing standards 'will be judged by' NEA on the basis of adherence 
to6 design specifications (physical measurement) for Thailand*, 
IIImanufacLturer and Von operation~al efIfec.y (performanlce specifications) 

~for.U.S. manufacturers. ''22'2 ' ' 

222 

~ 

2222 

2.22 .. ....2' 2As with previous contracting, procurement of 
individual power plants (turbine, gen'era'tor, 2control equipment,
switchgear, step-up; tran sformer) wiill 2take place in two distinctL. 
tranches. NEA will be responsilie forcontracting arid will negotiate2 

A 2 

2 drclwih fratl'roueret tedueobjectiveof testing,2the presum ,d higher quality 2of U.. nanufacttire in, 
<the high power range and of encouraging the nascent Thai power plant 
industry, it istentatively anticipated that" the two largest units, (Mae2
Hat and Khlong Ra) will be of U.S. origin Iand that the 'four,remaining 

7222 2'2 un~tswil beofmxedTha/US/Code 941 origin.' Installation of the 
power plant.may beete netknby NEA or, sub-contracted to the 
civil works prime contractor or other firms. '' 

22 

2222222~ 

222' 22 

~2~ 
, 

2 2 2As each power plant will be virtually custom made and, 
furtliermore,"given that final head data will' not be'determined until 

2'completion of the Final engineering su~rvey, no procurem~ent specifications 
beyond those indicated' in Section HJ3B. can be advanced at this time. 2 

~22222~ 2, 225 ,Technical Ass istanice Procurement 42 

.41.2.27.:221 

~\222 

2 A number of short and long-term specialists will be in2 
\contr'acted for under the project as'stipulated'in Section 11. B,2 of this 
PP*. 'The PP team feels that, individual' contracts between .NEA. and, each 
specialist is probably more appropiate than blanket contracting with one 

*For anticipated country of origin of each contract position,
Annex C 7 

see 
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or, two companies 'for these servics. The p'rimar.,d-isadvanitage of
 
individual contracts isthe greater, time and paperwork required by,


S multiple documents -this appears to be outweighed, however, by the 
4 i .' .,,'C 

> .el aimination ofh.gh company overhead costs, and the fact that muchof the 
e be delegatedsto the POUwork gewrated by this approach can 


p~~d~articularly the Senior Engineer/Project Coordinator, who will be
 

hired early in the develo ment of the Praoject A f 
RetgionalContra ting Off~icer prior to-the drawing up ofGthe Loan 
Agreeent and after detailed discussions of this topic. All kenown rural 

ectr-1fjciat-onand-rel evant--spe-a-1is groujps---in-Tha-iland-and-'the-7U-S. 
will be ontacted in NEAs attempts to contract for the services of these 

7-77l 

Finally technical staff working on the Project will 
have somei$20,0i of funds available for procurement of minor equipment 
which isdirectly 'supportive of their activities, primnarily inthes 'idnstal techica 
context of field basic feasibilitywr.ti qimn egds-o
s nc~ Ze'l;iJaprcrmnt....... pr

proramabl solskits, simple surveying hydrologicalcacultor or 
instruments, etc.) will be procured b , the POU with the concurrence of
 
NEA 'and AID,
 

D. _Monitorinq/E valuation Plan 

~f'hisAs repeated a~ several points inthis PP, the very essence
 
othsProject is.to introduce a range of interesting supply and
 

utilization options for ongoinig monitoring and evalation. The results of
 
these exercises. will hopefully provide considerable assistance to the RTG
 
in advancing its understanding of the small hydro sector and improving
 
the' quality of its investment decisions., A reasonably deta(Ued
 
monitoring'/evaluation plan should b'e drawn Lip by the Projec , Mainager,
 
Senior' Engineer~and Socio-Economic Analyst during the period
 
October-December, 1982 (see Table 5). This plan should include a
 
proposed measurement methodology, tfimieframne and personnel requirement for 
overall Project moniitoring and evaluation activities.. The plan should be 
developed incooperation with the tNEA Deputy Secretary General's Office, 
the NEA Section for. Report Analysis and~Project Evaluation, the NEA Water 
Resources Planning Section and thetJSAID Project Manager, and submritted 
infinal formjiby mid-CY 1983..'Three types of activities should be 
included inthis plan: project .onitoring, impact evaluations,, external 
evaluation. 

-It
wil1. Projct Monitorin2 : is anticipated that POU. 
wilsubmit to NEA aiid USAJO a quarterly progress report on the status of 

all.ajor Project activities proposed in this PP. This includes 

primarily, but is necessarily limited to:
iot 


~-*;'finial engineering design/supervision
-

civil works construction 

http:feasibilitywr.ti




- -

o­

disbursement -irst the 
the issuance L of documentatin pursuant to disbursement 

p..io. the 	 under Project, or to 
by tSAID 	 which

444'i44;d, 4*~~' ~ ~ '~4' 	 i: will be made, the Cooperatfn Country will
l furnish toAID in form and
 
subsance satlsfactory toUSAJO .
 

'41b, Legal Opin~ion
 

_ _ _ ..... c. 	Evidenceof the source and availability of funds for 
Lie' RT G-- 6t fAItiib th' i f6 hta ii ttnPgrrement-t' 

million eqUivalent4 in Thai Bat) 0 < a. oSecmen gremns .:, . , .
 

d.. Evidence that NEA has undertaken all actions necessary
 
to authorize establishment of the Project Operation
 
Unit 	 (POU) aid thuat the Project Manager has been 
a-sine pfull-time to th"at Unit. 

4 "" 	 b, addition the following generalPrIn covenants conditions will
 
be included in the Project Loan Agreement:
 

-a. 	 Prior to the release, of funds civil works construction
 
-'-i,-costs
.4 	 NEA and All) will reach a written agreement
 

describing procedures and requirements necessary to
 
S .AID rei hursanment of Project civil works construction­

costs using the Fixed Amount Reimbursable (FAR) 

-. 4 4.-methods.o 

b, Project site selection 	will be undertaken in
 
4.-accordance 
 with engineering, soci-ec onomic, financial
 

4and environmentEal criteria estab-'I'1shed in the PP site 
selection model (ANNEX F)~, or, as subsequently amended 
by joint approval of AID and NEA.
 

C. 	The RTG will agree to contract with a procurement
 
agent or allow USAID to assist with procurement of 

offshore commo~dities w.neneve~r both parties deem 

­

appropriate. 

d. 	 The RTG will take such steps as are necessary to 
ensure orderly and timely allocation of 

- '~responsibilities for' power plant operation and 
electricity distribution of Project-funded sites. 




