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Freiect Title & Number:

PROJECT DESIGN SUMMARY

LOGICAL FRAMEWORK

Micro/Mini Hydroelectric Froject (493-0324)

{INSTRUCTION:

OR SUBMITTED.)

THIS 1ISAN OPTIONAL
FORM XHICH CAN BE USCO AS AR AID
TO ORGANIZING DATA FOR THE PAR

REPORT. IT REED NOT BE RETAINED

Life of Project:

From FY__82 to FY_86
Total U.S. Fugdipa?8-2 Million

Gote Prepored
‘ PAGE F

NARRATIVE SUNMARY

O3SJECTIVELY VERIFIABLE INDICATORS

MEANS OF VERIFICATION

IMFORTANT ASSUMPTICNS

w232\ this project contributes:

1.

(A-1)
Support RTG national development
objectives.

Inprove the rational balance of
payments situation.

Measuvres of Gool Achievement;

la.

15,

(A-2)

Project objective dovetail
with those of RTG.

Foreign exchange and opera-
ting cost savings are achieved
by Project installations,
thercby loosening up these
monies for other RTG develop-
ment goals. .

Project installations reduce
need for imported fuel, parts,
etc. and simultaneously
improve local export preduc-
tivity within ZIP of each site

(A-3)

la. National Plan and RNESDB/NEA
stated intentions in energy
sector.

1b. ‘Site operating agency - (PEA,RFD,
etc.) records.

2a. Same as lb. above, and local
production statistics.

Best Available Document

Assumptions far achioving gocl trigets:  {A-4)

i -
- Thailand will not become a majcr pro-
ducer of fossil fuels.

- small hydro generation will continue to
cost less than fossil fuel ceneration in
terms of foreign exchange and operating
costs.



*ROJECT DESion SUamARY e of Projycie

. From FY 82 toFY__88
wrreaent 1 LOGICAL FRAMEWORK : Total U.'S. Funding S8.1 Million
L ; : .- Date Prepored: =3i=sz
Praject Title & Number: Micro/Mini Hydroelectric Broject (493-0324) ) . AR FAGE 2
NARRATIVE SUMMARY OBJECTIVELY VERIFIABLE INDICATORS MEANS OF VERIFICATION ) IMPCRTANT ASSUMPTIONS | -
Frojest Purpose:  (B-1) . Conditions that will indicote purpose has beea]l (B-3) Assumptions for achieving purpose: (3-4)
. : ochieved: End of project status. (B-2) ’ .
~ To systematically develop options{- An empirical body of knowledge ~ Project records. - The differential.finangial and economic
to reduce Thailand's dependence of the potential for small hydro - . costs of thermal vis-a-vis hydro conti:,..
on fossil fuels for electrical development in Thailand, in a . to: favor hydroelectric generation optic-
energy generation through the: form utilizable for future ) . .
cevelopment of economically sectoral investment decisions. - - That the project model accurately asses

attractive, indigenous micro/ . the economic worth of each Project
oini hydropower resources. - Project installations generate installation.

| electricity which either: replac -
existing diesel generation,
feed an existing oil or gas
thermal-powered grid, or
develop new power in an area
which would have required
fossil fuel generation.

1l's

- All Project installations are
declared economically attrac-
tive.




PROSECT DESIGH SUMMARY Life of Project:

- . .o - L. : . 82 86

A1D 1220-28 (7-71) LOGICAL FRANEVOR: From FY to FY.

&7'FL:HENT ) o v .\E\.OF\’.K 5 Totel U.S, Fondine $8.1 Miilion

Ftoiectfisle & Numb Micro/Mini Hydroelectric Project (493-0324) ’ ’ Date P"Pc""d'_ 22002 PAGE 3

B 13
NARRATIVE SUMIAARY OBJECTIVELY VERIFIABLE' INDICATGRS MEANS OF YERIFICATION © IMPORTANT ASSUMPTIONS -

Outpets:  (C-1) _ Mognitudo of Outputs:  (C-2) : (c-3) Assumptions for ochieving owtpulz:  (C-4)

1. Creation of new "run-of-rivgr“ la. Twelve (12) “run-of-river". la. Site examination; NEA, supervisor}y - RTG sector objectives, budzets and
hydroelectric power generation ggneration/distributioh sys- -engineer and construction con- allocation of sector analysis responsi-
systems providing electricity to - tems with a total design _'tractor records. . bilities to NEA remain as ncw conceive?2.
local villages or to the ndtional] - capacity of approx. 4000 KW. . ° T
crid. . : ) _ 1b. NEA,PEA; and other operating - Cooperation of operating agencies

. 1b. Estimated 72 villages clectri- agency records. . (PEA,RFD,etc.) is forthcoming.

2. =achanced capacity of Thai insti- fied through Project installa- : . . . -
tutions to develop the country's " tions with total population 2a. Existence of NEA models. .- That appropriate, qualified technical
szall hydroelectric potential. of 60,000 people, of which A . . . assistance ({both contract and XKEA)

. ) 50% will receive electricity. | 2b. Performance evdluation of engi- be located and-assigned to the Projec:
N ’ neers by NEA Deputy Director in a timely fashion.
2a. One integrated small hydro General.

site selection model.
2c. NEA assessment and manufacturing

2b. T™wo (2) NEA engineers with promotion consultant reports.
new sp2cialized skills in : :
small hydro development. 2d. Consumer promotion consultant

* reports and NEA/PEA assessment.
2c. Impreved Thai power rlant .
manufacturing capacity.

2d. Improved village-letel capaci-f
ty to utilize electricity
gensrated in project.




41D 132229 47-71)
SUFPLIMINT )

rziect Title & Number:

PROGJECT DESIGN SUMGARY:
LOGICAL FRAMEWORK

Micro/Mini Hydroelectric Project (493-0324)

iite o Frojecs:

From FY 82 1o FY_86
Total U.S. Sunding $8-1 Mi 1110n
Date Pnpared' —=UT5e

PAGE 4

NARRATIVE SUMMARY

OBJECTIVELY VERIFIABLE INDICATORS

MEANS OF VERIFICATION

IMPORTANT. ASSUMPTIGNS

Inpotse

(D-1)

Civil works construction

Technical Assistance
Zzuipment
Final Engineering & Supervision

Fower Plant Procurement

Implementetion Target (Type ond Quantity)
(D-2)
1. Est. twelve site construction
contracts of total value
$5.7 million.

2. Est. 167 person-months of
contract services of total
value $0.8 million.

3. Est. $20,000 of minor equig-
ment to support POU staff.

4. Est. twelve site encineering
design and supervision con-
tra~s of total value $0.5
mill.on.

S. Est. twelve power plants of
scre 4003 aW aggregate
capacity at vaiue $1.3 m11110n

(Above is exclusive of contin-
cencies and inflation)

(p-3)

oncurement and contracting
records. :
Contractor progress reports and
records.

Site inspections and ~onstruction
inspection documentation
- c .

Audit

Assumptions for providing anubs: (D-4)

- RTG and AID funding will be made avallab .

as planned. .



ANBEN B RCHNTOAL ANALYS A

I. nasic Enginecering Description

This project proposes to assist tho RTG with developing perhaps
as wmany as 12 wmicro/mini hydro clectric power plants in rural arcas.
Of these 12, six sites have been identified, inspected, and prelimi-
nary design characteristics determined. These six sites are expected
to be fairly representative of the cost and scope of all 12 sites to
be funded.

It is anticipated that all sites will have a general layout as
illustrated in Figure Al. They are "run-of-river" schemes with the
following primary features:

- Diversion Structure which consists of a weir, intake,s:
gate and a bulk trash rack. The weir's primary function is
to control the water level at the intake to the headrace although
it may also serve to impound a small volume of storage water.
The diversion structure may bec designed to divert a fraction
or the totality of the river flow to the hecadrace.

-~ Headrace (or power canal). The headrace. transfers the water
from the diversion structure to the top of the penstock. It
can be an open canal, unlined or lined with concrete, or a
closed pipe channel depending upon the terrain.

- Forebay. The forebay is the structure at the inlet to the
penstock and is designed to handle surges in water flow, to
prevent sand and trash from entering the penstock, and to ensure
that air is not intrained in the water flow through the turbine.

- Penstock. The penstock is the piping which transfers the
water through the difference in head from the forebay to the
power house.

- Power llouse. The power house encloses the turbine, generatoxr,
switchgear, and control equipment.

- Power Plant.. The power plant consists of the turbine, generator,
control equipment, switchgear, and step-—-up transformer.

~ Distribution. The electrical distribution consists of the lines
.and structures required to transmit the electrical power from
the station transformer to the end users.

The potential power at a site is proﬁartional to the quantity of
flow (Q) times the effective head (H). In "run-of-river" schemes
the head is constant and the flow varies from day-to-day, season-to-
season, and year-to-year. The river flows, as a function of time
can be graphically represented by the site flow duration curve. From
this curve, three flows are important: -



Figure 33
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Moastimom Dlow =~ Tor et ermindmg the sice ol The diversion
shractare aned peoswer oo el ey,

- Minimum flow - lor detormining the minimum or firm power
capacity of the site.

- Design flow - the [low through the power plant that optimizes
the systom's, cost. and benelits,  ALL the civil, mechanical, and

clectrical components will be based upon Lhis desigrn parameter.

II. Site Selecltion Methodology

The approach utilized in the feasibility studies and pre-testing
studies of the first six sites (first tranche) is noted below. The
expericnce gathered from analysis of the first tranche sites has
permitted the PP team, in collaboration with NEA, to develop a simpler,

less expensive site scelection maodel (Gee Annex 1) which should
reduce selc an time while improving acceurucy for the sccond tranche

sites.  (If successful, NEA has indicaled an dinterest in adapting the
model as a standardirzed requirement. ol Cheir future site selection).

For the first tranche, sclection of various probable locations
for small scale hydro development were taken frowm several sourcese
These included inventorices done by Lhe NEA and Royal Thai Porestry
Department, which included estimates of available head and nrobable
minimum dry season flow at various locations throughout Thaiiand.
Additional sites werce sclectod from one Lo 50,000 scaled maps. ALY
cf these sites were also studied on 50,000 mans to yive a projection
of probable village locat.ions within the arca. Armed with this data,
NEA and ARD enginecrs visited some 22 sites with a team of socio-
economic specialists to pre-screen engincering and sccial feasibility.
From the select group (including locations in North, East, South
and Vest Thailand) the list was prioritized from an engineering,
social and economic standpoint, and the highest ranked sites were
selected for furthoer or-site studies.  Some cites wore dropped from
consideration becausce of lack of adoequatceily detailied topographic and
hydrographic informat ion; othoers were pasced over because clectric
demand or potential clectricity demarkd gave little prospect of economic
payout; and still]l others were postponed for reasons of oxpedicncy and/or
difficulty of access wilhin the specitic time frame allotted for
inspections. :

Teams of surveyors were then sent to cach site to acquire profile
information on the length of water coursne bLetween the probable intake
-works and tailrace. ‘lopographic surveys woerce accomplished at the
intake power housc und tailrace locations. The head race canal
works were surveyed and site slops were surveyed to give an indication
as to the type of caral (versus pipe) which would hest fit the local
conditions. Environmental protection was carefully designed into the
construction of this portion of the civil works. This data was put on
site maps (attached for roference) ,and a relatively firm cost estimato
was projected. ‘Phede costs are not expectod to materially vary except
as inflation may atfoect works between this writing and actual con-
tracting for construction,

Best Available Document
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Table Al:

POWER AND ENGERY CALCULATTONS

Project No: 1 o E Project Title: Mae Hat
District: Chiang Dao Province: Chiaig Mai
Item No: Description Amount
1 Turbine discharges;
Maximum 1520  liters/sec
Minimum‘ ‘ 460 liters/sec
Design flow, average 620 liters/sec
2 Head:
Gross head 109  meters
Losses 9  meters
Design head : 100 meters
3 Plant Capacity:
Instalied cépacity 440 KW
4 Energy:
Average annual enerqy - L;MQKLQE KWH
Plant factor _36.3 %
5 Dependable Capacily:
Flow, depecndable __ 460 liters/sec
Head, at dependable Elow 100 nmeters
Capacity, dependable 325 KW



Pahle N2:

POWER AND LLNGLRY C/\l..(ll.ll../\'l'.[()NS

Project No: 2 - : ' Projuut Title: Mae Suk
District: Mac Chaqm_ | Provincoe:  Chiang Mai
Item No: Description Amount
1 Turbine dischanvgaos:
Max imuin 1050 liters/secc
Minimum' | 370 liters/sec
Design {low, average 460  liters/scc
2 Head:
Gross head 67  meters
Losses __ 5 nmeters
Design hcad | Y ﬁeters
3 Plant Capacity:
Installed capacity 305 KW
4 Energy:
Average annuual cnergy | l.lelOGKWH
Plant factor 43.1 %
5 ‘Dependable Capacity:
Flow, dependable 370  liters/sec
Head, at dependable flow 62 meters

Capacity, dependable 240 KW



Talbe Al:

FOWII AND BNGERY CALCULAT TONG

Project No: 3 : Project Title: Mae Aep
District: Hot ‘ ' Province: Chiang Mai
Item No: Description Amgunt.
1 Turbine discharges:
Maximum : 300  liters/sec
Minimum‘ 100 liters/scc
Design flow, averagc 70 liters/sec
2 Head:
Gross head 79 meters
Losses ' 4 meters
Design head 75 meters
3 Plant Capacity:
Installed capacity | 100 KW
4 Energy:
Average annual energy 0-§9X106 KWH
Plant factor | 56.6 3
5 Dependable Capaéity:
"Flow, dependable 100~ liters/sec
Head, at dcpendhble flow .. _;E{___ meters
Capacity, dependable 60 KW



Project No:

District:

Item No:

1

Table Ad:

ROWER AND LNGERY CALCULATLONS

Maec Chacm

Descriplion

Turbine dischargos:
Maximum
Minimum
Design flow, average
Head:
Gross head
Losses

Design head

Plant Capacity:

Installed capacity

Energy:

Average annual encrqgy

Plant factor
Dependable Capacity:

Flow, dependable

Head, at dependable flow

Capacity, dependable

Project l'itle: Mae Chon Luang

Chiang Mai

Province:

Amnount

300

160

230

liters/sec
liters/sec

liters/sec
meters
meters
meters

KW

KWH

o

liters/sec
meters

KW



Talblie Ab:

POWER AND ENGERY CALCULAT TOND

Project Title: Khlong Ta Riu

Project No: 5
District: Makam Province: Chanthaburi
Item No: Description Amount
1 ‘Turbine discharges:
Maximum 1000 liters/sec
Minimum 350 liters/sec
Design flow, average 455  liters/sec
2 Head:
Gross head 55 neters
Losses 5 meters
Design hcad 50  meters
3 Plant Capacity:
Installed capacity 145 KW
4 Energy:
Average annual energy ‘ 9;§7X106 KWH
Plant factor | _45.1 %
5 Dependable Capacity:
Flow, ddpondablc 350  liters/sec
Head, at dependable flow | 50 meters
Capacity, dependable , 115 KW



Table Ab:

POWER AND ENGERY CALCULATTONL

Project No: 6 ' Project Title:  Khlong Ra
District: Thap Put N Province: _ Thanqgnga
Ttom No: bescription pmount
1 Turbine discharges:
Maximum 1150  liters/sec
Minimum. 400  liters/sec
Desigyn [low, average 560  liters/sec
2 Head:
Gross head __ 132  meters
Losses 7 meters
Design head ‘ 125 meters
3 Plant Capacity:
Installed capacity 355 KW
4 . Energy:
hverage annual encrgy . | LLEOxlOG KWH
Plast lactor 48.3 %
5 Dependable Capacity:
Flow, dependable _ 400 liters/sec
Head, at dependable flow 125 meters

Capacity, dependable 250 KW



Tnb{u AT

DROJISCUL DA'PA - SHERT

Project No: 1

District: cChiang Dao

General:
Type of plant
Drainage area
Head data:

Type of diversion
Elevation at diversion
Elevation at tailrace
Design head, after losses

Waterways:

Intake

Open channel (if required)
Pipeline (if required)
Forebay

Penstock

Tailrace

Power Plant:

Turbines

Generators

Governor

Powerhouse

Total installed capacity
Total annual energy
Plant factor

Electrical:

Transformers
Switchgear
Transmission lines
Distribution lines

Special Items:

Access road to site
Froject roads
Special work (if any)

Project Title: Mae Hat

Province: Chiang Mail

Run-of-river

77 km2

Over flow weir - 5 m high
415 meters

306 meters

99 meters

Concrete w/gated control & trash rack
1100 meters trapezoidal concrete lined

Concrete w/screen . & by pass
150 cm @, 350 meters, steel
80 meters open channel

1-500 hp-horiz Francis

1-750 kw 220/380 volts
Mechanical

S x 10 meters =~ concrete block
440 kw P

1.40 x 10 kwh

36.3%

1-3@, 1500 kva, 22 kv
metal clad

30 Km primary

8 Km scondary

Needs improvement
1} Km steep sidehill
none




Table AH:

PROJGECT DATA Y

Project No: 2

Mae Chaem

District:

General:
Type of plant
Drainage arca

lHlead date:
Type of diversion
Elcevation at diversion
Lilevation at tailracec

Design head, after losses

Wacerways:

Intake

Open channel (il required)
Pipeline (if required)
Forebay

Penstock

Tailrace

Power Plant:

Turbines

Generators

Governor

Powerhousc

Total installed capacity
Total annual cnergy
Plant factor

Llectrical:

Transformers
Switchgear
Transmission lines
Distribution lines

Special Items:

Access road to site
Project roads

Special work (L any)

Project Title: Mae Suk

Province: Chiang Mai

Run-of-river-daily ponding

85 Km2

Small dam-center overflow, 8 meters

179 ncters

95 meters

62 meters

Concrete, gated control & trashrack

1.15 m @, 2.25 Kms, buried steel

-Concrete,

W/gate, screen & by pass

115 cm ¢, 375 meters, steel

20 meters open channel

1-400 hp cross-flow

1-350 Kw _220/380 volts

mcechanical

4 ¥ 8 metors concrete block

305 Kw .

1.15 x 10~ Kwh

43.1%

1-3¢, 1000 Kva 22 Kv

metal clad
8.5 Km primary

1.0 Km secondar

Available - necds improvement
xisting = repalls necessary
drrigalion demand upstrem
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PROGECT DA ST

Project No: 3

District: Hot

General:
Type of plant
Drainage area
Head.data:

¢

Type of diversion

Elevation at diversion

Elcvation at tailrace

Design head,
Waterways:

Intake

Open channel
Pipeline
Forebay

Penstock
Tailrace

Power Plant:

Turbines
Generators
Governor
Powerhouse

after losses

(i1f required)
(1f required)

Total installed capacity

Total annual cneryy
Plant factor

Llcectrical:

Transformers
Switchgear

Transmission
Distribution

linecs
lines

Spccial Items:

Access road to site
Project roads

Special work (if any)

Projcct Title: Mae

Acp

Province: Chiang Mai

Run-of-river

26 Km>

Overflow weir, 2 meters

742 meters

6h8 meter

75 metoers

Concrete gated cnetral w/trashrack

Trapczoicdal 2% Km, concrete lined

Concrete, screen,

gate & by pass

TO0 cm ¥, 180 meters steel

20 meters open channel

1-140 hp Cross flow

T-100 Kw 220/380 volts

Mechaniacal

3 x 7.5 meters

- concrete block

TO0 K

0RO 10 TRwi

B56.6%

1-3¢, 250 Kva 22 Rv

Mctalclad

Z Km primary

3 Km secondary

fxisting - fair condition

7TRins = uverage work

nonce
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PROJECT DATA SHIELET

Project No: 1

District: Mae Chaoem .

General:
Type of plant
Drainagec area
llead data:

Type of diversion
Llevation at diversion
Elevation at tallrace
Desiygn head, after losses

Watcrways:

Intake

Open channcl
Pipeline (if
Forebay
Penstock
Tailrace

(1f required)
required)

Power Plant:

Turbines

Generators

Governor

Powerhouse

Total installed capacity
Total annual enerqgy
Plant factor

Llectrical:

Transformers
Switchyear

Transmission
Distribaution

lines
lines

Speclal Items:

hccess road o site
Project roads

Special work (if any)

Project Title: Mae Chon Luang

Province: Chiang Mai

Run-of~river

19 sz

Qverflow weir - 2 meters high

730_mctors

657 meters

75 meters

Concrete, gates, 8c trashrack

2.2 Km. trapezoidal, cencrete-lined

Concrete, bypass screen and gate

30 cri #, 250 meters stcel

10 meters open channel

to be determined

220/380 volts

Mechanical :

4 x 6 meters concrete block

100 Kw .~

0.53 x 10 KWH
60

1-3¢ 100 KVA 22 Kv

Metalclad

2 Kms primary

1 Kms sccondary

Irarm-needs extension

2 Km ~- average work

nonce




Table All:

PROJECT DATA LHEEL

Project No: 5
District: Makam
general:

Type of plant
Drainage area

Head'data:

Type of diversion
Elevation at diversion
Elevation at tailrace
Design head, after losses

Waterways:

Intake

Open channel (if required)
Pipeline (if required)
Forebay

Penstock

Tailrace

Power Plant:

Turbines

Generators

Governor

Powerhouse :

Total installed capacity
Total annual energy
Plant factor

Llectrical:

Transformers
Switchgear
Transmission lines
Distribution lines

Special Itcems:

Access road to site
Project roads
Special work (if any)

Project Title: Khlong Ta Riu

Province: Chanthaburi

‘Run-of-river w/storage

70 sz

Small dam center overflow - 3 m high

I35 meters
80 meters
50 meters

Concrete, trashrack, gated control
2.5 Km. trapevzoidal,concrete-lined

Concrcte, bypass screen and gate
80 cm @, 250 meters steel
20 meters open channel

1-250 hp - Cross flow

1-210 Kw 220/380 volts
Mechanical

4 » 8 mocters, concrete block

145 Kw -
"0.57 x 10~ Kwh
45.1%

1-39 400 Kva 22 Kv
Mctalclad

7.0 Kms primary

G.0 Kms secondary

All-weather-needs extension

3.0 kms - stcel, rock slopes

None
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PROJECT DATA ST

Project No: 6

District: Thap Put

Genecral:
Type of plant
Drainagye arca
ead data:

Type of diversion
Elevation at diversion
Elevation at taillracce
Design nead, after lossoes

Waterways:

Intake

Open channel (if required)
Pipeline (if required)
Forebay :
Penstock

Tailrace

Power Plant:

Turbines

.Generators

Governor

Powerhouse

Total installed canacity
Total annual encrgy
Plant factor

Llectrical:

Transformers
Switchygyear
Transmission lLines
Distribution lines

Special Items:

Access road to site
Project roads

Special work (if any)

Project Yitle: Khlong Ra

Province: Phangnga

Run~of=-river

2
90 Km

Overf{low weir-5 meters high

305 moters

178 meters

125 metoers

Concrete, w/gates, trashrack

1.0 m @, 2 Kms long - buried steel

Concrete, screen and bypass

1.0 mcters £, 200 meters steel

20 meters open channel

1-450 hp - Impulse, horiz

1 x 600 Kw 220/380 Volts

Mechanical

5 =% 10 mcters, concrete block

355 Kw .
1.50 x 10O Kwh
43.8

1-39, 1500 Kva 33 Kv

Metalclad

5.0 Kms primary

2.0 Kms secondary

'Existing - 0K,

all-weather

2.0 Kms - rocky canyon

None




.Table Al3:

Salient Physical Characteristics of Tranche One Sites

1 2 3 4 5 6

ITEM MAE HAT FIAE SUK MAL AEP MAE CHON KHLONG KHLOXNG

LUANG TA RIU RA
Catchment Area 72 Kn2 85 KM° 26 KM° 21 Ky° 38 K2 23 KM€
Design Flcw 0.62 CMS 0.46 CMS 0.17 CMS 0.23 CMS 0.46 CMS 0.56 CMS
Headrace Concrete Concrete Canal Canal Concrete Concrete

Pipe Pipe Pipe Pipe

1700 M 2300 M 2800 M 1300 M 3000 M 1700

Penstock 380 M 350 M 250 M 250 M 300 M 280 M
Transmission Line 22 K 9 KM 7 KM 9.5 KM 11 KM 6 KM
Installed Capacity 440 Kiv 305 KW 100 KW 100 KW 145 KW 355 K%

Effective Head 100 M 62 M 75 M 75 M 50 M 125 M

' Source:

Singh BMohar:
NEA,
June 1981.

"Planning of Mini/Micro Hydropower Projects in Thailand"



NEA,

June 1981.

Table Al4: Project Cost Recapitulation ($SUS , June 1981 Prices)
ITEM MAE HAT MAE SUK MAE AEP MAE CHON KHLOXNG XHLONG
' LUANG TA RIU =
(Stage 1)
50 KW
1 Headwork 36,150 36,150 24,100 24,100 26,500 26,500
pi Headrace 85,000 195,500 60,500 31,100 165,000 116,250
3 Forebay 15,000 15,000 10,000 10,000 10,000 10,090
4 Penstock 99,750 91,900 28,750 28,750 52,560 73,360
5 Power House 15,000 15,000 12,000 12,000 12,000 15,200
6 Power Plant 178,900 149,050 49,700 24,850 75,000 134,250
7 Trans/Distrib. 220,000 50,000 38,500 19,250 66,000 630,300
3 Road 40,000 20,000 10,000 2¢,0C0 10,000 10,000
9 Sub-Total 689,800 612,600 233,550 170,050 417,000 586,300
- 190 Contingencies ) :
(15%) 103,450 91,900 35,030 25,500 62,550 /75,530
11 Eng & Adm (10%) 69,000 61,250 23,350 17,000 41,700 50,630
12 Total Cost 862,250 765,750 291,930 212,550 521,250 633,300
(Stage 2)
50 KW
Plant Capacity 440 KW 305 Kw 100 KW 145 KW 355 KW
Cost/KW (US $) 1,960 2,511 2,920 3,595 1,784
13 - Power Plant 24,850
14 Distribution 33,000
15 Contingency, '
Eng & Adm 14,500
Total Cost 284,900
Cost/KW (US $) 2,849
Source: Singh Mohar: "Planning of Mini/Micro Hydropower Projects in Thailand"



Overall project daba sheets were e pepared to o show the
Physiceal charactorial e ol wach sito, aoel The ot ol e decta e
Nower, both in KW ol installed capacity and KWH ol electric cneryy
to be developed. This data is summarized on separate project data
sheets as follows: ‘ :

Table A7 - Mae Hat

Table A8 - Mac Suk

Table A9 - Mae Aep

_Tabl=2 AlO - Mae Chon Luang
.Table All - Khlong Ta Riu
Table Al2 - Khlong Ra

The salient features of all six sites are recapitulated, for
references, in Table Al23.

Using the site Jayouts from the topoqgraphic map data, the Power
and Enerqgy calculations, and the P'roject data sheets for reference,
estimates of Cost were prepared for cach site, and are recapitulated
in Table Al4.

Iv. Power Plant Analyveis

A, Background: Generation of electric power and energy in the

: United States dates back to the days of the so-called Indus-
trial Revolution of the mid-~1800's. Water wheels, though
extensively used for various mill projects, werc relatively
slow speed, undershot or overshot and used to lift water,
drive grinding wheels or othcr machinery for prccessing raw
materials to usable products. Soon after development of
commercial clectric generators, numecrous innovators coupled
water wheels to ¢generators for development of power as a
more convenient and cconomic way to transmit power to mach-
inery remote from the ¢gencrator. In & short time, as techno-
logical research and practical experience accumulated, more
sophisticated water wheels wcere Jdcveloped, and were known as
water turbines. In this ygeneral cateqgory, the net head avail-
able to the turbinc runner dictates the type of turbine suit-
able for a particular installation, and the rate of flow expect-
ed through the turbine determines its capacity. When the two
basic characteristics are combined in multiplication, with a
factor, power is developed.

In gencral, hydraulic turbines have two classifications: either
impulse or reaction. The reaction type of turbine is the most
widely used class of turbine, but is not as efficient as an
impulse turbine at high heads, ¢enerally over about €0-70 meters,
And this is especially true in the small-sized units usually
available for mini/micro hydro installations.

Reaction turbines are classed as PFrancis (mixed flow), or
Propeller (axial flow). PYropeller turbines are available with
both fixed blades and variable pitch blacdes (Xaplan). Both
classes, Francis as well ag P'ropeller, can be mounted either
horizontally or vertically; propeller units can be slant mounted

- Best Available Documei:i 2\



Fipure A8: Typical Turbine Installatiens
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aldo, and e divided Tucther into pulk ¢ Tube o Rim sul-
classes, none of which are.efficient or are used in high head
installatlons over 20-30 meler:s. Vertical Francis unitys in
large capacities have beon installed in heads over 60-70 metovs,
but. small sized vertical Francis units have found acceptance
only at low heads, usually under 15-20 meters.

In addition to the generalities cited above, therc are two
proprietary turbines in common use on small scale hydro plants;
they are the Ossberger, or Cross Flow turbine, and the Straflo,
or Rim turbine. fThe Straflo turbine (a manufacturer's modifi-
cation on a tube turbine), is limited to low head installations, .
whereas the Ossberger unit is suitable and reasonably efficient
at high heads, especially under relatively constant heads.

Figure A8 hercwith illustrates in cross-section the various types
and classes of turbine in typical installations. Figure A9
reflects a generalized interpretation of the usual turbine oper-
ating ranges. It demonstrates Lhat, in accordance with normal
practice, installations with normal operating heads over about

30 meters and under about 5 MW capacity are limited to use of
horizontal Francis, impulse or crous-flow turbines.

Thailand is presently wanufacturing their own cross-flow turbines
at a much lower cost than they can import foreign turbines. low-
ever, the application range for cross-flow turbines is not well
known. Notice that Figure 3 does not include cross-flow turbines.
The history of cross-flow turbines has many success stories of
installations that have operated for decades, and disaster stories
of units that were developed and destroyed within months.

NEA has installed and opcrated their cross-flow turbines success—
fully. One of the purposes of this project should be, therefore,
to expand the number of Thai turbines installed, and compare
their operation against imported turbines.

As a result of reconnaissance in the field, and discussions with
NEA representatives, who are advocating heads above 30 meters at
all proposed sites, it is apparent that for mini/micro install-
ations under 1 MW (the upper limit of capacity by definition),
only impulse or cross-flow turbincs are recommended, though in
special circumstances, a horizontal Francis unit may warrant
consideration.

Manufacturing Capabilities

l. U.S. Source. Part of the purpose of AID's program for furnish-
ing technical and financial assistance to the RTG selected agency
to install small-scale hydro units is to demonstrate the apparent
superior efficiency of US-manufacturcd equipment. If successful,
this would warrant further purchasze by agencies of RTG from Us
supplies.

However, as a result of low petroleum product prices in the USA

and the impetus for ¢gencration of electric energy by nuclear-

fucled plant:, the turbine manufacturing industry after World War II
declined both in number of manufacturers and number of units manu-

factured.

R
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From TUho by ough 1 e oy it ien, hogo we e ondy {hyee
Pecouisod wal o Lurhane manulacturers in the USA,

Lo 5. Morgan smith, miakers ol high quality and the most
ellicient turbines.

2. Allis Chalmers, widely accepted maker, and a close
competitor to S, Moryan Smith.

3. James Leffel and Co., recognized as a long time
participant in the field, but more or less stodgy
in approach, and conservative in research or innovation,

Recently,vhowever, as oil prices have skyrocketed and intensive
searches were instituted for alternate sources of generating

electric enerqgy, the turbine manufacturing industry has under-
gone major changes.

First, Allis Chalmers bought out §S. Morgan Smith, not only to
eliminate a competitor, but to capitalize on the technical
expertise and capability of S, Morgyan Smith and t}.» upsurge in

markets of big hydro installations, mostly foreigyn and mainly
in South America,

Second, during 1980, Tempalla of Sweden, in joint venture with
Bofors, also a Swedish conglomerate, purchased James Leffel and Co.
in order to gain access to the American market, and a tremendous
stock of old patterns, molds and engineering data, compiled by
‘Leffel over the past 100 years.

Third, many small manufacturers have started up in business in
the United States, fabricating units on a custom order basis in

the mini/micro Ffield. Some of these, but not all, certainlya
include:

1. Bell Hydropower, Cooperstown, New York - small cross-
flow turbines, '

2. Independent Power Developors, Sandpoint, Idaho - small
impulse and propeller turbines. ’ )

3. Small ‘Hydro-clectric Systems, Custer, Washington - small
impulse turbines.

4. Siewens-Allis, Atlanta, Georgia - bulb turbines only.

The first Four are, or at least woere, -quite small, with limited
capitalization and rely on Firm orders before initiating any work
The fifth is an attempt by the German firms of Siemens, in
association with Allis (a genaerator manufacturer) to work in the
small scale hydro program in the US, in the 5-15 MW range - all
low-head units. .

To summarize briefly, present capability for manufacture of small
. scale hydro units seems to fall into two distinct categories:

Best Available Document.
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Demand Ana by

A. Project Demand lorccasting

The methodoloyy used in preparing the estimate of customers
was from the Census records of the Province and District to de-~
termine the population in the service arca. A population growth
rate of 3% was utilized to determine the estimated population
at year 5 and 10. '

The number of dwellings in cach arceca was available with the
above data and each arca varied in the members/dwelling. This
same factor was used to determine dwellings for year 5 and 10.

The number of customers for yecars 1, 5 and 10 was estimated
to be 50% at Year 1, 65% at Year 5, and 90% at Year 10 of the
corresponding number of dwellings.

The number of small and medium business customers was
estimated by reviewing the results of on site village interviews
and consideration of the cconomic status of the arca. Within
the classification ot small busines: it would contain stores,
restaurants, dressmaring establishment:s, and rice mills. In
the classification of medium husiness such things as cottage
industry, small irrigation pumps, large rice mills, sawmills
and tapioca crushing equipment. 'The following were the initial
and projections for the classifications:

Project Business Customers
Small Medium

#1 Mae Hat 24 1 5 10
#2 Mae Suk a2 1 2 3
#3 Mac Aep 28 2 3 4
#4 Mae Chon lLuang

#5 Khlony Ta Riu ’ 12 L 1 2
#6  Khlong Ra 20 1 2 2

The KWIl/month consunption of the proposed customers was
assumed to be 16 KWil/mo. for 5 of the 6 sites and 24 /KW /mo.
for Mae Hat project. The basis for the higher assumption in
the Mae Hat arca was the higher coste ol petroleum products
duc to transportation charges and the prosperity of the iso-
lated valloy. Three scenarios were prepared utilizing a 5%,
7.5% and 10% qrowth in KWl consunplion. The following is an
analysis of the PLA electric system's qgrowth in KW for the
(1970-79) period. ‘



Pable AlY:

Malyais of [m5y1(1rnwrl)l»y (Zﬂﬁﬂlmﬂf_;LmDHA
PIA
1970 1975
Residential 470,584 768,160
Growth ¢ 10, 30%
Menthly 'KWH 42.7 59.4
Grotvth
% 6.82%
Small Business 5,228 8,455
Growth ¢ 10.09%
—\\ CKVIH 2,115 3,072
Menthly
Grewth 2 7.75%
General DBusinoess 216 497
Growth % 18.14%
“l KWH 47,261 49,799
ienthly
Growti) j ; 1.01%
Medium Busincss 12 67
Growth ¢ 41.05% .
KWil 290,028 235,572
Menthly N
Girewth 9, (4.07%)

1979

1,542,303
12.60%
63.6

4.53%

22,166
17.41%
2,989

3.92%

954
17.94%
56,796

0 1.47%

106
27.39%
283,019

(0.27%)
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Analysis of KW Growlin

The residential consumer on the MEA systoem has had o growth
rate of 4.25% (1970-79) using 224 KWil/mo. in 1979, compared to
the same classification on the PEA system the growth rate is
4.53% (1970-79) using 63.6 KWH/mo. This is a reasonable result
taking into the differcnce of the levels of consumption as the
MEA user is 3.5 times more. A proposed growth rate for the

small isolated units will be 5.0%, with two additional scenarios

at 7.5% and 10%.

The Small Business consumer on the MEA system had a growth
rate of 5.90% (1970-79) using 804 KWH/Mo. compared to some
classification on the PEA a growth rate of 3.92% using 2,989
KWH/Mo. The differcence in level indicates a classification of
combinad rates in the two systems. A proposcd growth rate for
small Business is assumed to be $.06%, with consideration given
to the same scenarios at 7.5% and 0%,

The estimated denond of cach proj.oot arca was determined by
utilizing the so-called "A" and "B" fuctors from REA Bulletin
45-2., These factors wore derived by plotting KiW/mo./KW versus
consumers Lor actual Ficld measurcments and the following
eequations derived:

Factor A

2 1
Factor "A" = C (1-0.4C + 0.4 (C° + 40) %)
where C = number of consumers

Factor B3
.88
FFactor "B" = 0.005925 (KWH/mu/consumer)o 885
Demand = Pactor "A" x Faclor "B" in KW

In determing the value of (actor "R" the avg/kwh/month was
calculated by utilizing the total kwh sold/month and dividing
this figurce by custimated users for the project for the corres-
ponding year. The formula takes into consideration the system
lossess.

The annual load factor was determined by utilzing the esti-
mated demand for cach site by ycar.

A recapitulation of individual site demand is presented
in Tables AlG through A23, for reference. Population base data
was drawn from the Social Analysis undertaken by the PP Team,

J\






Table A 1Y

Bitimatod kwh Requirements and Salos
Mac Hat
Site #1

Proposed Rural Village System

Residential Customers
Avg kwh/mo.

kwh/month

Small Business Customers
Avg kwh/mo

kwh/month

MediumvBusiness Custoners
Avg kwh/mo-

Rwh/month

Total kwh sold/month
$ Line Loss

kwh of Line Loss
Total'kwh Required/ﬁonth'
Annual kwh Requirements
Estimatea Demand (kw)

Annual Load Factor 3%

727
24

17,448

24
T~ 240

5,760

1
2,400

2,400

25,608
15.0

3,841
29,449
353,388

102

39.6

Year Fnding

.5
1,066
29

30,914

31
292

9,052

2,917

5,834

- 45,800
14.0

6,412
52,212
626,544
178

40.2

10
1,719
37

63,603

43
372

15,996

3
3,723

11,169

90,768
12.0

10,892

101,660

1,219,920

343

40.6



Tahlm A18:

EQED“QE”d_kEHQBEQEEESNnﬂfS and Sales

Mac Suk
et

Site #2

Proposed Rural Village System 1
Residential Customers 317
Avg kwh/mo: 16
kwh/month ' 5,072
Small Business Customers 32
Avg kwh/mo _ : 160
kwh/month 5,120
: MediuﬁlBusiness Customers 2
Avg kwh/mo 1,600
kwh/month 3,200
Total kwh sold/month 13,392
% Line Loss 15.0
kwh of Line Loss : 2,009
Total kwh Required/month 15,401
Ahhual kwh Requirements 184,812
Estimated Demand (kw) “ 53.4
Annual Load Factor % : 39.5

- Year Ending

.5

474
19
9,006

36
194

6,984

3
1,945

5,835

21,825
14.0
3,056

24,881

298,572

85.3

39.9

10

778
25
19,450

42
248

10,416

2,482
9,928

39,794
12,0
4,775

44,569
534,828

152.4
40.1



Tabile ALY

Estimated KWH Requirements and Sales

Mae Aeg
Site #3
| Year Ending
Proposed Rural Village System 1 | 5 10
Residential Customers 357 531 867
Avg kwh/mo 16 19 25
Kwh/month 5,712 10,089 21,675
Small Business Customers : 28 32 38
Avg kwh/mo. 160 . 194 248
kwh/month 4,480 6,208 9,424
Medium Business Customers 1 1 1
Avg kwh/mo 1,600 1,945 2,482
kwh/month ‘ 1,600 1,945 2,482
Total Kwh Sold/month 11,792 18,242 33,581
% Line Loss ' 15.0 14.90 12.0
KWH of Line Lossg 1,769 2,554 4,030
Total KWH Required/month 13,561 20,796 37,611
Annual KWH Requirements 162,732 249,552 451,332
Estimated Demand (KW) 48,1 73.5 132.5

Annual Load Factor % 38.6 38.8 38.9



Table A1

Lotimated Xwil Reguirements and sales

Khlong Ta Riu

Site §I5
-t Year Ending

Proposed Rural Village System | 1 5 10
Residential Customers | 409 608 _ 993
Avg KWH/mo 16 19 25
KWH/month 6,544 11,552 ‘24,825
Small Business Customers ' 32 36 42
Avg kwh/mo 160 194 248
KWH/month 5,120 6,984 10,416
Medium'Business Customers 1 1 2
Avg kwh/mo 1,600 1,945 2,482
Kwh/month 1,600 1,945 4,964
Total kwh sold/month 13,264 20,481 40,205
% Line Loss 15.0 14.0 12.0
Kwh of Line Lossg 1,990 2,867 4,825
Total KWH Required/month 15,254 23,348 45,030
Annual KWH Requirements 183,048 280,176 540,360

Estimated Demand (KW) 54.1 82.5 157.6

Annual»Load Factor % "38.6 38.8 ) 39.1



Table AZ2:

Estimated KWIl Requirements and Sales

Proposed Rural Village System

Residential Customers
Avg kwh/mo

Kwh/month

Small Business Customers
Avg kwh/mo

Kwh/month

. Medium Business Customers
Avg kwh/mo

Kwh/month

Total kwh Sold/month
% Line Loss

Kwh of Line Loss
Total kwh Required/month
, Annual KWH Requirements
Estimated Demand (KW)

Annual Load Factor %

Khlong Ra
Site #6

413
16
6,608

20
160

3,200

1
1,600

1,600

11,408
15.0

1,711

13,119

157,428
47.3

38.0

~Year Ending

5

609
19
11,571

23
194

4,462

1,945

3,890

19,923
14.0

2,789

22,712

272,544
80.4

38.7

10

990
25

24,750

26
248

6,448

2,482

4,964

36,162
12.0

4,339

40,501

486,012
143.2

38.7



Table A23:

Combirned Consumer Requirements

-Custome

Sites 1 thru 6

rs
Years

Site 2 Name 1 5 10
: Mae Hat 732 1,099 1,765
2 Mae Suk 351 513 824
=z iae Aep 336 564 906

2 HMae Chon Luang {
5 Khlong Ta Riu 442 645 1,037
g Khlong Ra 434 634 1,018

TCTAD

34

Combined KW Requirements

.353,388

184,812

162,732

183,048

157,428

KWH Required

5

Years

249,552

280,176

272,544

10

1,219,320

534,828

451,332

540,360
486,012 -
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B. Sales to the Grid

An interconnecction agreement will be required between PEA
and NEA to account for both the surplus cnerqgy from the hydro
systems and the so-called.emergency or hack-up capacity and
eneryy to be furnished the three projects that are contemplated
to be interconnected to the PEA system.

A concept that might be uscd is the so-called "split the
difference"”" method. This means that there is a difference in
each party's average cost/KWH and it would be advantageous for
one or the other to reccive surplus encrgy. NAs an example, if
PEMA's average cost of producing cnergy for the arca by small
diesel was 3 baht/KWI and the NEA hydro costs were 2 baht/KWH,
PEA would pay NEA 2.5 baht/KWI and cach party would benefit
by the transaction. However, where PEA system is interconnected
to the grid and pays the standard EGAT rate, it would be more
difficult to practise this concept. If the goal of reducing
the country's dependency on imported petroleum products is to
be realized and the complexity of operating an interconnected
system, and the expericnce of both PEA and RFD, the overall
benefit to the ultimate consumer would be better served by this
proposed arrangement.

The following two sites arc contamplated to be inter-
connected to the PLA system:

Project Name
##2 Mae Suk
#6 Khlong Ra

PEA or EGAT could not provide spoeciflfic costs for this type
of interconncction, but during discussion with LEGAT personnel,
comparable costs were agrced upon. The costs of a non-syn-
chronizing interconnect installation including a recloser,
protection, disconnects, relaying and metering would be estimated
to $10,000. This cost will be added to the clectric system
costs on the above tHwa projects.

In view of the limited period of NEA's proposed operation
of the systems, it might be worth considering the need for that
investment for a relatively short time.  Another method of
determining the amount of cherqgy provided through the point
of interconnection would be to utilize the station production
meter less KWl sold and arrive at an agreed upon transfer each
month.

1






Therelore, with the astimates off continied petroleum increascs,
a substitution of hyro that can be assessed a total unit cost
of 3B/KWII scemss reasonable.

Best Available Document
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ANNEX C:  FINANCIAL ANALYSIS

-

This Annex is devoted to the provision of a detailed budget
-description fo the Project as well as a review of the recurrent costs
obligations that it will generate. These two aspects of the Project
are presented hereafter under separate headings.

I. Project Financial Plan

In accordance with standard AID procedures, a complete financial
plan of expenditures has been presented in Table C1. Final accounting
includes a generalized 10% allowance for physical contingencies as well
as a 15%/yr. rate for inflation, compounded annually over the life of
the Project. Al1 costs have been calculated in current 1982 U.S.
dollars at an exchange rate of US.$1.00 = 23 baht.

The detailed description of the individual financial plan entries
is noted hereafter,

Item At Final Enginecring

It is intended that ali final engineering of the Project sites
will be done on a contract basis with a local Thai consulting firm.
Final engineering here is defined as including both the drawing up of
finalized plans, specifications and bid documents, as well as
supervisory engineering services for actual site construction. Costs
for this item have been calculated, based on past NEA experience, at
11% of the total cost of Tranche I site developrent (excludes power
plant procurement). The percentage used on Tranche 1l sites was
reduced to 8% to account for the heavy incidence of inflation in the
year after engineering design. This cost item could be reduced
somewhat, if, upon completion of final engineering, NEA feels it is
capable of taking on part or all of the supervisory engineering
responsibilities, thereby excluding the necessity to utilize a
consultant. It is tentatively expected that USAID and RTG will share
these expenses on a 50:50 basis.

Item B: Construction Costs

Finalized construction costs will, of course, only be possible
following completion of final engineering plans (later in 1982 for the
first tranche sites). The construction costs reflected in the Project
Financial Plan are those submitted ty NcA as being representative of
the current cost of such structures in Thailand. These costs have been
reviewed by 0/EST and have deemed adequate for Lhe purposes of project
budgeting (+ 20%). It should be noted that the construction contract
and power plant procurement portions of the individual site estimates
have been separated for purposes of Project planning. It is currently
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anticipated that NEA will undertake independent power plant procurement
for each of the sites and that the construction contract will cover
civil works, transmission and major distribution lines only. Costing
of future site construction (item B.7.) was undcrtaken on the
assumption that averaqe site size for future projects will probably be
in the 400 KW range. Ccsts of second tranche siles were based on first
tranche estimates and were escalated out accordingly to include
inflation prior to and during construction. It was anticipated that,
due to improved loal manufacturing capacity, all power plants could be
purchased in Thailand (local cost only). It has been anticipated that
the civil works construction contract will be funded by USAID and the
RTG on a 50:50 basis. All power plants procurement will be funded by
USAID.

Item C: Project Staff

Staff utilized for the Project will be located in the Project
Operations Unit (POU) and will include both NEA 1ine pesonnel and
Project-funded contract personnel. Table C2 indicates the PP estimate
for personnel requirements over time. Although this estimate should
prove reasonably accurate for key Project personnel (NEA Engineers,
Senior Engineer, Construction Manager, Socio-economic Planner) it
should be noted that the need for, and Liming of, other part-time
specialists is highly speculative. Project management should be
allowed maximum flexibility in contracting for these categories of
personnel.

A full-time contract secretary has been assigned to the PQU
and will be located in Bangkok. A1l other POU support personnel
(drivers, accountant, supplemental secretarial assistance) will be
supplied by NEA.

Total expatriate personnel costs (salary, housing, etc.) have
been calculated at $10,000/month. Thai contract personnel have been
costed (all expenses) at $2500/mo. (Construction Manager,
Socio-economic Planner, short-term specialists). NEA staff salaries
have been calculated at global current NEA rates (Baht 9000/month for
engineer/short-term specialists and Baht 3000/month for support
personnel, including all expenses (per diem, travel, etc.).

Item D: Equipment for Technical Assistance

A lump sum of $20,000 has been allocated for minor equipment
directly supportive of POU analytical activities (programmable
calculator, simple soil kil, simple hydrology and surveying
instruments). Allowance for computcr time (estimated maximum $5,000)
has also been included under this item. NEA will procure three
vehicles with RTG funds for full-time use by POU. Two four-wheel drive
pick-ups will be purchased for up-country travel and one station wagon
will be purchased for use in Bangkok and occasional triaps to the
field. The two pick-up trucks were estimated to cost $13,000 each and
the station wagon $15,000.

00



Table C2:

Project Personnel Requirements
(In man months per calendar year)

Description 1982 1983 1984 1985 1986 Total Expect Source
1. N£A Engineer 9 12 12 12 2 47 - NEA
2. NLA Engineer ) 12 12 12 2 44 NEA
3. Senior Engineer Q 12 12 12 - 45 Contract
Z. Construction Manager 8 12 12 7 - 39 Contract
I. Socig-sconcnic Analyst(s) & 6 3 3 - 18 Contract
(mos. U.S. and
15 mgs. Thai Source)
=. Manufecturing Promotion 3 6 - - - 9 Contract
(3 mos. U.S. and
6 mos. Thai Source)
7. {Consumer Promotion 3 0 8 3 - 14 Contract
(6 mos. U.S. and
8 mos. Thai Source)
3. ZA Geologist/Hydrologist 3 5 - - - 8 NEA
. Forecasting Specialist 3 - - - - 3 Contract
(U.S. Source)
i2. NZA Computer Specialist 3 - - - - 3 NEA
. Secretary 9 12 12 12 2 47 Contract
2. hZA Accountant 6 12 12 12 2 44 NEA
. NZA Drivers (3) 5 12 12 12 2 44 (132) NEA



[Lem E:  Seminar Supporl

A Tump sum of *$5,000 has been allocated for two seminars to be

sponsored by POU (See p. 19 of Project Paper) to further widespread
understanding among public and private interest groups of the small
hydro sector in Thailand :

Item F: Special AID Evaluation

Some $69,000 (approximately $100,000 after contingencies and
inflation) will be utilized, as required, to finance special USAID
needs during the course of its mid-stream evaluation (see page 45 of
Project Paper). This constitutes the only Grant-funded item under the
Project.

II. Recurrent Costs

Although a public sector project, each of the hydroelectric sites
should generate sufficient revenue from electricity sales to consunmers
to cover all recurrent costs (overhead, regular and periodic
‘maintenance) over the 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 througn its financial analysis which stipulates the necessity
for an 8% financial rate of return. This rate of return on capital
investment should ensure auto-financing of each site, not only for
basic operating costs but also for future site expansion (e.g., new

transmission, second phase generator, etc.).

N



ANNIEX e SOCTAL ANALYL TS 4

Lo Project Social Profile

A. Demography and income:

Local demographic and revenue trends are exceedingly important
in hydro-electric site selection as they are the point of departure
in determining demand forecasts. Due to lack of time and resources,
demand forecasting of the first tranche sites (#1-6) was bhased
essentially on official data as corroburated by short field trips to
the villages located in the individual sites' =zones of influence.
The accuracy and localization of this data will be greatly enhanced
for sites 7-12 through the utilization of the field survey prescribed
in the site selection model contained in Anncx F.

The first six sites proved reasonably easy to characterize.
Though population density in the various site zones of influence were
low, there were still enough beneficiaries within the radius of i5
kilometres to make the program worthwhile. ‘At least 500 house-
holds with more than 2,000 population will bc benefited from each
clectric site (see Table D-1). There are differences in social an:d
cultural organization among the various selected communities of eaca
particular region, but all arec well inteyrated into the wider national
economy and society through the systems of education, transportation
and communications. Ethnically, they are also different, especially
the Femr  selected communities in Chiang Mai, but most still identify
themselves as Bucdhist Thai when faced with outsiders.

Furthermore, ecological differences make for differences in
occupation and nence differences in income distribution. Most of
the communites in Chiang Mai ., where most of the
population belong to various ethnic groups, are poor and remote so
that contact with outside is rather limited. Their main income is
derived from wet and dry rice cultivation, opium growing (among the
H'mong, Lisu and Lahu), tradc and working as wage labourers for the
Forest Department stationed in the areas. More than half of the
population have income below the World Bank's poverty line (¥2z,300/year).
In the South and the East (Phang Nga and Chantaburi) villagers earn

higher income from mining, but there is little opportunity to grow
rice, the main staple. More often, most have to buy rice for more
than six months a year. Thc¢ economy is highly commercialized and is

more subject to the outside markets.

B. Rural Energy Consumption Patterns

Though most communitics have no experience with the using of
the small hydro-electric generators, they are coertainly familiar with
electricity for home usc. There are, particularly in the North, some
villages which have already had household electricity generated from

*For greater detail on the results of PP field studies, see Preecha,
Kuwinpant, "Small Scale Hydro-electric site survey: A Preliminary
Study" May, 1981, not included in this PP.
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Tabla D1:

SUMMARY OF SOCIAL‘ANé ECONOMIC

CONDITIONS OF COMMUNITIES

Project | District ¢ Province i Villages é Pogulation Potential Resources ! Economic State
: i i ;
: i :
£1 : . |
Mae Hat ' Chiang Dao Chiang Mai 6 : 5,398 - rice mills . prosperous:
i Tai Yai, - estimated 10 { — main income
! Northern pick-up buses i from trade {
! Thai - 12 village shops . = soon becomin
f i sub-district
£2 :
Mae Suk Mae Chaem Chiang Mai 8 5,351 - rice mills - intermediate:
’ Karen, - pick~-up buses . — easily reache
Northern - village stores . - plenty of was
Thai : for agriculzu
# - ;
Mae Aep Hot Chiang Mai 7 4,069 - rice mills . intermediate:
: ‘ . Chinese Ho, - 5 village stores | - easily reache
Thai Yai, - pick-up cars | . - Forestry Cent
H'mong, - rrojects on .
Karen development

supported by :
Forest Department !




1
1
Project ! District ; Province Vvillages { Population ‘Potential Resaurces Economic State
' ' - o { 1 .
i % |
#b : ' ! !
Mae Chen | Mae Chaem Chiang Mai 5 e T
Luang i ; T =.ouzn
- B ' - ——
R 1 |
Klong Ta " Makham Chanthaburi 16 § 5,703 ! -~ wet rice the pocrest ==
Riu : ! Thai and in—§ — tapioca of the distric
‘ : : migrants from plantation road is m=ing
the North- - irrigation constructza
East and near - electricity will Volunieer Scic
by provinces be useful for Unit :
. :  pumping and thus 5~6 cwn ei=cII
) ; second cropping generatcIrs 2o.<
; : can be practised TV sets '
. : hirec¢ osuT>s
£ 6 : ;
Khlong Ra Thap Put Phangna 8 3 5,125 - mining most commerci:z

9

gt AR me - e o

ot ————1 e (—— Y} Hiue T e P e SeL o

Buddhist Thai
in-migrants !
from the i
North-East i

i

few rice farmers
rubber plantation
electricity 1is
available for
large mines

very close to the
town and. buses are¢g
available

mines are OwWnQ:
by townspeozis
almost all
holds own mC:<<
cycles

buying rice
consumption
TV sets avail:

[

e
dod

-
-
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small private dicsel engines. Thé poor, however, have lcss opportunily
Lo enjoy Lhe benefFit of vlutlririly. Close to the tin mining,
villagers in the South are also 1umplvd with clectricity, but little
chance to utilize it.

Villagers rely mainly on kerosenc lamps for household lighting
and wood (charcoal) for cooking. The cost of wood i3 nothing but
the surrounding treos. Kerosene is purchased from cither the towns
or village stores at the price of 10 baht for one bottle. The
average household use is 4-5 bottles a month, depending on the number
of household members and some special occasions such as house blessing
and the like. On some ceremonies at the wat (temple), a small
electrical generator is hired either from the town or tambon centers.
Thus, many villages, though remote and not yet hooked up to the grid,
are fairly familiar with electricity and its uses.

C. Agsessment of the Impact of ERlectrification

To be Camiliar with electricity is nol to say that the
villagyers all rcalize about what and how to make productive uses of
it. In additien to lighting, most just do not know what they can
apply for to make the most use of it in terms of economic development.
Nevertheless, potential rcsources are there and only some gu1dance

needed.

As part of the country, electrification is crucial to inte-~
grate these villages into the economy and society. With electricity,
knowledge about the outside world increases through the employment
of radio and television, not mentioning lighting, refrigerator
and other household uses. The actual use of television is not for
one particular household, but is also enjoyed by other nearby house-
holds who cannot afford to have their own and the house soon becomes
a center for villagers.

Electrification also helps reduce the cost of kerosene and
extends working hours, particularly for houscwives to weave and for
children to study. Such conveniences are the main reasons for the
need of clectricity. Tn addition, clectrification also benefits
schools, hecalth centers and the wat for public purposes which will
be enjoyed by all villagers. Such institutes have already existed in
all communitics under survey,

As far as the Forest Department is concerned, at Mae Aep site
(Chiang Hot DListrict, Chiang Mai Province), electricity mainly serves
the forestry center. Several projects such as distribution and
experimentation of substitute crops for opium and industry of some
local products - flowers and fruits - have already been introduced.
It is hoped that electricity will attract more hill people to settle
around the center and also help accelerate economic growth in the
area. However, careful study and attention must be given to the
existing social and cultural forms of the local dwellers to prevent
any destruction of social life.
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In the South, clechricity will mainly boe conmmied by many
mining stations hopefully to increase their capacity. As the mines
arce qrowing, mora labor cmployment ig anticipaboed,  Fven individual
miners can also increase and enlarge their own operations, llowever,
caution must be given Lo potential conflicts between villagers and
owners for most of the land has been granted concession to large
minces.

Furthermore, all villages have several stores and rice mills
functioning as centers whereby any information is likely to be heard.
Extension of working hours means the increase of sales and the amount
of products. Normally, owners are prosperous and are able tc afford
television and other’ facilities, and often act as innovators intro-

'_ducing some new activities and methods concerning agriculture.
Hypothetically, the more the number of village stores increase, the
more chance that electricity will be used productively and success-~
fully. The poor thus indirectly enjoy the benefit and participate
in the phase of development.

Finally, though electricity is needed, there are many who
scannot afford to pay up the the real cost of electricity. Fifty
baht a month as compared to the use of keroscne is the average price
which most are willing and able to pay. This, however, is a matter
of further discussion among all concerns. Each particular community
may require specific arrangements according to social, economic
and cultural conditions of each area.

II. Institutional Analysis

A. Basic Strategy:

An electric utility is a unique business as it requires a
large initial investment with a relatively low rate of return,
normally orly one electric service entity in any given locality which
in turn makes the utility a monopoly. The operation of a utility is
a complex business requiring cc.upetent management and trained employees.
The PP team suggests, therefore, that first tranche sites (#1-6)
be turned over to PEA for management upon completion of power plant
construction. As the Project will only finance construction up to
the center of the user village, metering, hook-up and arrangements
for billing and collection will be the responsibility of PEA for
‘the first six sites. MNEA should therefore coordinate its activities
carefully with PEA prior to commencing construction so that downstream
users  will already be integrated into the power system when it is ready
. to be electrified.*

For the second trandresites (#7-12), however, advance
planning should permit greater flexibility-in experimenting with
other management options, including RFD, RID, EGAT and most importantly,
private ownership or cooperatives. Because it is a fairly complex
question, utilization of the cooperative option is discussed more
fully below, although the PP Tcam esteems that it would be premature
to attempt such a system at this point in time.

*NLA reserves the right to operate the power plant for a period of
one year to ensure proper technical functioning of the system, as

well as to permit a smooth transition to -tetaedtfH management ohmme QAL
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B.  ‘The Cooperalive Oplion:

In Thailand, the Cooperative mwovement has a long history
dating back to 1916, The First Cooperabive Socictics Act was promul-
gated in 1928. Later, in 198, the Cooperative Socicties Act B.E.
2511 (1968) was approved and the carlicr acl was repealed. The 1968
Act provided for the following six types of cooperatives. '

. Agricul tural Coops

. Fishery Coops

. Land Scttlement. Coops
Consumer Coops

Service Coops

Thrift and Crodit Coops

(2NN V) BT FURE S I 2

The Cooperatives in Thailand are vertically organized at
three levels: primary coops at the local level, secondary coops
at provincial level and the so-called apex coops at the national
level. This structure is very similar Lo lovels of cooperatives in
the Unitcd Statoes and provides < vehicle for growth of six types of
coops in Thailund.

Cooperatives Socicties Act B.E. 2511 (1968) provides that
the Director-General or its cquivalent Registrar of Cooperative
Societies will reyister all cooperatives and notify in the the Govern-
ment Gazette as to the type of coop in what locality and occupation
of the prospective members that will be accepted for registration.
In addition, the Act sets forth requirements of membership, accounting
records required, and provision of dissolution.

The Act also provides for two types of cooperative: a limited
and unlimited cooperative. In a limited coop, the liability of a
member is the amount remaining unpaid on the shares held, while an
unlimited coop the liability of all members is joint for the coop's
obligations. In addition, the Act permits 3 or more coops to operate
a so-called Federation, similar to the regional cooperatives in
the United States. At the national level or so-called Apex Coop,
the Cooperative Leaque of Thailand's duties and obligations are also
included in the enabling legislation.

The technical division of the Cooperatives Promotion Depart-
ment provides a complete and detailed model Bylaw for an Agricul-
tural Cooperative Limitced. 'The Board shall consist of at least seven,
but not more than fifteen directors. The bylaws arce very complete
and detailed, providing the quidelines and requircments of all
cooperatives.

The Technical bivision of the Cooperatives Promotion Depart-

ment indicate that an clectric cooperative could presently be organized

under th existing cnabling legislation undcr Agricultural type
Cooperative.
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productive uses ol electricity, but also in encouraging greater

participation in the Functioning of the system.  The future site

scelection model presented in Annex P will provide considerable data

for the gencrution and cvaluation of such concepts. '
Specifically, from a social soundnens standpoint, it is

suggested that the following tasks be carried out by Project specialists:

1. Sociv-vconomic rescarch and its follow-up of information
in all clectricity-site communitic:. Certain things can then be
said about the success and problems concerning the overall project.

2. Promotion of productive uses and rural development. Villagers
must be encouraqged to make productive use of electricity. Certain
types of help are necdod.  With a thorouyh knowledge, several develop-
ment projects could be innovated, Tt ig cexpected that liason with
rcelevant qovernment sorvices would make this possible, especially
those concerned with agriculturce,

3. Promotion of rural participation and decision-maxing.
This involves discussion with village leaders and villagers to insure
participation from the heginning to create a sense of ownership.
villagers must be well informed and encouraged to participate. With
a good underctanding of village social organization, the best way can

be determined.

4. Formal sources of credit for local industries. These
are nceded to help local entreprencurs and villagers with good local
"industrial" projcects wirich are worth credit investment. BAAC and
commercial banks and donors could bhecome involved.

5. Training of sclected employees to run cooperatives, and
training in various aspects of productive use of electricity. Certain
skills and resources cxinting in local communities should be identified.
Workshops could also be arranged for exchange of knowledge among
participants from the di{forent comuunitios.

Junoent of ab Jeast one clectricity cooperative

with appropriate methods and accepted forms.  This needs to be
discussed with villagers on a freguent basis.

To accomplish the abeve tasks, given institutional and timing
constraints, it is suggested that Project staff may wish to use a
local institution which has most of the needed expertise. Secveral
likely institutions are available in Thail universities. 1If utilized,
a contract should be signed out prior to construction so that village
participation can be derived from the beginning. This would probably
be most pertinent for second tranche site dovelopment. The contracted
institution must be able to point out cach yuar progress and problems
of the overall project and recommend what shall have to be done in
successive years. The first yecar of the contract is the most critical
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one, involving the bulk of conceptual development.
Operationally, the conclusions of this social research

should be ultimately integrated into the site selection model to

ensure that key social considerations arc addressed in a systematic
and balanced manner.

Best Avallable Document



Annex : Feonomic Analysins

1. Introduction to Economic Analysis

Considerabhle amount of time and field effort went into the develop-
ment of the cconowic analysis methodology in this project paper.

As will be noted in the following pages, economic analyses on a
cost-bencfit basis were performed for the first six project sites
to be constructed under the project. On the basis of the experi-,
ence of these first six site investigations, however, a simple,
justifiable site selection model which includes least-cost economic
analysis and comparative cost benefit financial analysis was
developed. That model is included in Annex F and should be
utilized for the future sclection of all new nroject sites done
under the project. 1This anncx will, therefore, present only the
cconomic methodology and results of Lhe cconomic analyses for

the first six project sites.

2. Justification for First Six Sites

Economic analyses were performed for six high-hecad proj:ct sites.
The IRR's range from a low of 1l% to a high of 46%. The primary
reason for the very high roeturn is that it was assumed,as is
expected, that all surplus encrgy generated will be fed into the
grid wherever possible substituting for cnerqy produced by diesel
or thermal powered gencerators. Bven if no enerygy is transmitted
to the grid, however, the IRR is still over 12% overall. Generally,
according to the methodology utilizoed nong the six sites, the
‘indirect benefits”per kilowatt hour of electricity used fce
agricultural use are much hiqgher (roughly 4 times greater than
those generated by residential social facilities or commercial
industrial uses in areas similar to thosc of the project). As

will be noted later in the finalized project selection model
developed under this project, becausce of problems of measurement,
the'indirect benefit’calculation has becn abandoned for future
project use. T pelenfenl Tor agricultural use in the six areas

is rather low, mainly as a conscauence ol Lhe terrain associated
with thesc high heal systems.  The jporoject does intend to install
some low hecad syalums ceventually, however, and these arcas are
likely to have more agricultural bamd thal could profitably

be irrigated by pumping. Sites 3 and 7 have velatively high
IRR's. AU least in part -this is explained by a comparatively

high utilization of capacity - for only two years after coming

on strecam will dependable powoer be adeguate to mecet peak demands.
FFor  the purpose of this cconomic analysin, it was presumed that
any deficit in power would be met Ly olher (extracsproject) sources.
This is far from certain, howoever, el ot course very costly.

In any case, the large deficitys between peak demand and dependahle {
capacity will result in some rather severe community problems.

The deficits could be reduced by a more restricted distribution

Best Available Documan:
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system ot the cost ol a Jower ulilization o Che plants outpul,
potential and service to a number of houscholds, The load factors
i.e. average relative to peak power, arce low for all sites,

about 40%.

The project shauld try to be innovative in keeping construction
costs down. It was in this context that the investment costs
were estimated and conscequently, ma%>e on the optimistic side.
Becausce of this, the sensitivity analyses assumed an extraordinary
large(33% increase) in these costs.  Au Table 1Bl shows, the IKR
was not very sensilive to this change. It impacted on the IRK
approximately the same at an assumed 25% doecrease in demand
(consumption) for encrgy. "This is also a rather large change,
so-usced because the projected level of consumption assumes a
special eftort to promote tLhe use of clectrical enerqgy especially
for "productive uses”. Estimates of indircct benefits are
subject to ralher large crror. A decrcase of 1/3 was assumed

in these benefits for a sensitivity analysis. ‘fhe impact on

the IRR was approximately the same as for the assumed increase

in capital costs and decreasc in energy consumption. The assump-
tion that the project would sufler all three of these adverse
changes, judged to be a very unlikely occurence, reduced the

IRR only about half.

Conservative assumptions of plant efficiencies were used for
the economic analysis - 72% for the two plants which will install”
US manufactured turbincs and generator,and 60% for locally
manufactured. @n increa..ir &ficiency from 60% to,say,80%,
(a 33% increasc)would bhe accowpanied by the same relative
increase in capacity. 'This would be of no value for sites (not
connected Lo the grid) which will have adcquate power to meet
local requirements and for which there is no external market for
the surplus. Foe sites with inadequate stream flow, however,
the cost of manulacturing more efficicnt equipment should be
investigated and this cost meazured against the benefits of the
increased cnergy.

Another arca meriting investigation is the storage of water
during low power use for use during periods of peak demand.

This would require the construction of a dam instead of a

Wweirr and would cost more. This cost could be compared with the
extra benefits resulting from the higher power.

And finally, an effort should be made to devise a scheme which
prices peak power time energy substantially higher than at other.
times.
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Lo fneuy ol f-pealk Season unemp loyment than they would
be otherwise.  Tn addition, because of busy scason
labor shortayes, innovations and crop area extension
that roguire labor during peak teason are hampered.
Also, Familioes directly affectaed by such shortages may
opt fog expanding theilr sizae, an uncconomical way of
meeting critical cnergy noeoed:s.

Blectricity in work shops saves Luoel couts,IEncrcascs

labor productivity by substituting horse power for manual,
the former boeing much cheaper than the latter. Also,

domestic industrics that make electrical appliances and
fixtures gain because of an increase in demand for their
products. lUlectricity also introduces refrigerators and

ice to village shops, conscequently, rural people will have
access to many perishable products, to medicines that require
refrigeration, cold drinks, ete. Village shops also gain

by using power for pumping water and lighting.

Residential customers benefit by substituting electricity
for kerosenc through a) savings in fuel costs and b) by
using nights productively on such things as studies,

farm tool rupairs, mending shoes and clothes, sewing,
spinning, wcaving and producing other homemade goods.

Cormmunal (social) benefits are mostly non-guantifiable.
Bstimates can be made, however, of some such benefits, e.q.
of piped water and of qreater use of facilities such as
schools and health contors.

b) Costs

Project costs are essentially thosce costs provided to the
cconomist by NEA and the Project FPaper engineer. No allow-
ance has been made for any economice shadow pricing and
taxes have been judged to be such a small element of the
overall project costs that they have not been considered

in the economic costing either. Finally, as the costs
will be utilized in a discounted analysis, no allowance
was made for inflation in estimation of economic costs

£ the project. ®

Distribution of Bencfits

This project is lLikely to yield few dircct benefits to the poorest
houscholds .  However, throuyh employiwent generation, the indirect
benefits to the lowest income classes may be substantial, for NEA
views this project as fundamentally a rural development projecct and
stresses the promotion of productive "uses" - agricultural,industrial,
commercial, residentinl and communal - which can be made of the

N.B.: Fceneric analysis fer the sites 1=0 was undertdken in 1981, uging

mid-vear 1971 prices. This will differ - Project costs used elsawhere,
whicnh refliecy =arly 1982 prices,


http:fundamenta].ly

project taocnergy s Coteseguend Ty The poogect inelades o componond
for the exproess purpose of promoting such concrgy use in order Lo
increase output, income and demand for labor in the project arcas.
An example of such promotion might be the provision of electricity
at a very low price for pumping irrigation water during of f-peak
heriods.
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Table Bi: Recurrvenl dosibs

1. Repair & Maintenance: 2% of Lnvestment Cost (item 13)

Personnel/Support

a. One plant custodian per plant at B24,000/ycar cach

b. lLocal professional staff at K500,000/ycar each for project;
Cost covers supporbing services.

3]

- Year 1: 4 at AH00,000 ca = A2 .0 Million
- Years 2&3: 2 alt B500,000 ca = KL.O Million
- Years 4-10: 1 at ¥500,000 = A0.5 Million

c. Expatriate
- Cooperatives Expert: 3 mos., Yr. 1l; 4 Mos., Yr. 2; 2 Mos., Yr. 3
and 1 Mo., Yr. 4 at 385000/Mo. '
- Mechanical Engincer: 12 Mos., Yr. l; 6 Mos., Yr. 2 at $8350/Mo.

Table E4: Recurrent Cost Schoedule (A1000)

Project Site

a. 'Repair & Maintcnance 1 2 3 4 5 6 Total
Project Year “ . . . .y
2 14/ 150 AL 1,21 72 G5
3-50 WA o |rin o g L |aes /340
b. Personnel/Support
(1) Custodian ,
2-50 . 2 f 24 7y I 24 14/
(2) professignal el AR AR R T R AR C- B RO A I AN A
i a
fa) Local~
1 550 o P (N PPY Sifa | a e
2-3 215 20 16 . b 27 ;€
4-10 ,3"/ '/l‘ L '? 2 /_"é e T
(b) Expatriate— .
1 1¢o oo | oL fe |18 |90 Lo 40
2 T4 ool o A W 2907 Tl
3 ‘?_"'.'/ - - .o / 4] : PP PR ,./
I:Q N - ) )
c. 'Total Cugrent o/ 1771
1 151 D’ i 2y e oot by g e LD
2 ";7 /a G| 2y /¥ {511 O B A
3 1/ P IR 1 L) Y. ey,
4 f.51 Sl s s | 39y | wen o200
5-10 ﬁgg il [ LR YRy Yab | 2024
11-50 3ah 3l i N - I I 24

a/ Allocation based on proportion that cach plant 's capacity is of all
capacity: respectively for sites 1, 2, 3,4, O & 6,

b/ Cooporatives consultant cost allocated to sites Loa % only.  Allocalion
based on plants' capacities. Remain of consultant time allocuted same
as a/ above.
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Table kP =1
Site I Mae L
A._ Dlant*
1. Turbine discharqge (1ps)
' a. Minimum Yoy
b. Average (bekign) N
2. Effective hoead (M) [ e
3. Plant Efficiency (%) /o
4. Plant Capacity (KW) ,
a. Dependable -
b.  Average (Design) ETED)
*Ditta for 2 unity
B. Capital Cost ()
Mo R rotal Yoear ] Yoar 2
1. Headworks KUNEES LN LE07E
2. Headrace YRIENN T A
3. Forebay 73,000 ) /
PRI O A S
4. Penstock 77, 77 Q) e 5T /7. -
5. Powerhouse IEPREEIE o Ta N 7 500
6. Power Plant S P g e B fJ{’/;f'D
7. Trans/Distrib. Aua o0 oa {70 23 102 b7
A0 S T AR S
8. Road ,yg BFAR /2 O T I
- - . - ey . , —
9. Sub-total / b '/’ -—: KA e ."_;‘ ’,”vr 7] j_"/é" 5 (J g
10. Eng, Adm (10% of Item 9) la 13y XN /G,Ié /7
3 . . 7 . ‘ - ] -
11. Contingency (15% of Item 9) ‘) C:KDJ’ B, 0 55/, 95
12. Total ‘
a. Us$ TWOCAo |56 =0 | grs 171
b. ¥ 1000 (B21/5) 15,005 ) VN
’ / !
C. Recurrent Costy (HJOOO:HRI/USﬁ)
Project TRepair & Y o T T "
Year Maintunapuol custodian Consultants Total
! - fe 0
2 RN 2 (" I
3 AL s ‘) 101 L
4 A e "L, LA
5-10 250 ey ey 2
—r- ) -F 7. ’ ’ - .
11-50 LR Sy - O

a/

2% of Investmonl corl
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pemand & Surplus Dependable Capacity

Project
Year

Peak a/
Demand
(¥W)

14

16=50
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L/
c/

Surplus Dependable

Capacity b/
R
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4.

Additional Encrgy
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[ Incremental caosta ool Boenet i TRRR

(A Milliomn)

Project. Incremental Costs I'ncromental Benefits
Year Capi tal  Current Total Total Net

) BN | T RN -

2 r NN / CRE L ST el Al A

3 /L ' /o Ao e

4

5 l

6 ]

7 I

12
13
14
15
"16-50 R
[FERR: 17.4%
G. Sensitivity Analysis TERR
’,4' "‘
L. Capital Cosls Rise by 1/3 ",‘w‘__‘
2. Demand falls by 251 for cach year BE 2,
3. Combination of 1 & 2 ! g ")
4. Indircct Benefits fall by 1/1 e
Do Combination of 2 & 4 !,
6. Combinabtion ol | & 5 P
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Do Foevgy bemael Projection (EwWd [ M)

Annual
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ANNEX F:

SUB-PROJECT SITE SELECTION AND DEVELOPMENT MODEL




o0 TRIRODUCT T 10 SUB=PROJECT Dy i1 Ol Mk 1 FRUCKDUL WS
2,0. PRELIMINARY SCREBNING (DK Stuby)
3.0, BASIC FEASIBILITY DISPERMINATION (118 Srany)

Aol. Inbreduclion
. P lnpinearing: anl mavirenment, ! Feasibilivy
1.2.0, Ganmral

200 Lecal Shream Flew Data

<20 Aclual Head Dalla

o3 Actual Surlace Geelary Daty

cdolic Buvirenmentsl Angisysaent
;’3 rI
2,

e

7. Preject Data Sheat
v Pewmr und mnerpy Caleulaliens
ol Prealiminary Cest Fobimaleasg

3.3, Secio-ecenemic Frasibility
323010 Lecal Zeus of Influence of Preject (Z2IP) Delineatien
J3.3.2, Cellectien of Lecal Secie-acenoemic Data

3.3. Melhodelesy l'er Pewar Demand Analysis

-3.h. Marapgement/Dislribubiern Analysis

3.5. leastL-Cosl Ecenenic Analysis

3.6, Financial fnalysis

4.0 PINAL ENGIEEBRING 6L IDED [ NES (To be develepsd b pPUY)

hLOL Celd FHBC T T oN CODW s (le he (lﬁvelop-(l e o)

6.0, AUTACHMERTS

V =ATTACHMENT A @ INSIRUCLLIGHS KUk LSk OF VILLAGE SUCTU-KECONUMIC SURVEY FORY
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Fanctions), sorveyina instvment s, o dnand oneqer, .o ot babrle soi b tont g
Kit and simple water velocity quage. ersonne b peepni omeni s wi bl ine Do
a civil o engineer and cneray ceonomistl (Giiver aee Fwor wecdin cach) ad sone
Support o stalt (Taboress, rod man, cnimerat ors)

Based on preliminary discussions with NEA Lechnicians and the cxpericnce
dgained by I'" team membegs to dare, the fol Towing time Srame would appear to be
a reasonable initial estimate for Basic feasibility determination ver site,

TIME _
SEQUENCE PIZRSONNET, OB EVATIONS
Step 1 (2 days) 1 - engineoer Visual ficld test of preliminary
Initial Field I = ceonomist. secreening assumptions.  If confirmed
Reconnhajgsance call immediately for support persornel,
it ool contitmed, move Lo noext sile.
Slep (10 days) = cnginesy Fovpinecr wi bl andertake simplo sartaco
Data Collection I~ rod man gqeoloany, hydrology and survey work,
3~ Lok unskilled avolding expense of tull site crew.
1 - economist. Will be provided with necessary funding
2 = enumerators’ for local hire or may request volunteers
from local villagye,
Step 3 (3 days) 1 = engineer Will complete basic feasibility in the
Synthesis and 1 = ceonoumist Field prior Lo moving to next site or
Managyement returning to sangkok.
Recommendations

Because of the approximate nature of the Fielkd work, it would seem
essential that it take place only during the dry scason {i.e., period of
easiest hydrology measurement and poriod of casics! site access) and, cven
then, preferably during the height of he dry soeacon (February-March) . Tt
also should be notad that the above personnol proponal presumes tairly simploe
hydroloaical condition: and/Zor roliabile hydvoloacal historical data
(breterably the provioon 10 years) . 10 an indhividhia) site docs oot bear oul,
this presumntion, however, o profeasional hydiologist nay be required,  This
would also be the caie Vor local gqeological tonts,

Fiagure 2, attached, out bincs schomat i ally the aetivily soquence Lo be
foltowed by the Cield team.  Responsibility bor undertaking of tefG=hand
column activities lic basically with the [ield cnginecr and activities for
Lhe right-hand column lice with the Yield ccomamiat . Contral coluan activitics
and overall decision-making lie jointly sith hoth.  both should arrive in the
Field simultancously as well as operate cooperatively throughout the study
period,

WThe PPoteam has developaed this model witn o pumber of assumbtions which
simply analysis and reduce conts,  Notable assumplions ure made cxnlicit

below and may be modified as deemed reasonable and appronriate by RTG and Project

specialists.
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oo ibens vl cansiadber b ion Wi L b iU b e i ly o
Cooponib e g wi b onot cenoat Lo Ao o parnpaed ntorage uanloes
thode structures can be shown 10 be cost=elficient to the

project objective ol celectrical qgeneration.

2, Electrical supply and demand will be matched in the following
mnner .

- to avoid dmaage Lo the generation system, demand will never
exceed supply,

- no "topping of f" of hydro qencration with dicesel gencration
is anticipated, although any current PEA plans for qgrid
extension into the site arca will be considered,

- loecal cuarrent el Tuture demard will he forecast only {rom
local Jdata gathiered during the sar e,

= wvariants to the standoard torceceast noted From survey work
may be introduced in addition to the reterence hypothesis
if local conditions indicate the potential for demand
stimulation through promotional activities and/or tariff
manipulation and such activities are included in the Project.

3. To simplify construction and installation logistics, phasing
of construction will not be recommended unless deemed reasonable at
intervals greater than ten years.

Conclusion of basic feasibility [ield study then sets the stage for
active coordination of site dovelopment activities with the anticipated
oberating agency (o.q, PEA, EGAIY, RED, Cooperat ives, ctoe,) Lo quarantee
forward planning of construction, procurenent, training, cle. compat ible
with the objectives of bolh ayencices,
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1.2 Engineering and Hovi rommental Yeasihility

3.2.0 General

The following guidelines are to provide a qualified site
engineer with a list of the data to be gathered for the feasibility,
They are not mecant to define cach step, or to anticipate what might
be found at site. It is important that the engineer carrying out
the work be a qualified, experienced field engineer, with construc-
tion experience. With this background, tasks identified can be carried
out by the enginecer, and the methods of measurement and calculations
will be obvious. The guidelines will not provide, and cannot provide,
an inexpericnced man with Ehe hecessary guidance to perform this portion
of the Ficld invesitigation,

Additional data obuserved at sites should be added to the
site evaluation. The engineer should use good judgment interpreting
specific site data to be incorporated in the record, and to be taken
into consideration in advising on site feasibility. Photographs
should be taken at site and included in the report.

3.2.1 Local Stream Flow Data

If gauging data are not available on the particular stream
being studied, or nearby within the watershed, on site data can be
used to guide design decisions. If, however, long-term stream gauging
data is available, this clement of the site study can be eliminated.
If stream data are to bo collected, the following steps should be
taken:

A. Local tradition can provide historical data on how high
water rose up the stream bank during maximum £lood.
Talk to village leaders: older people within the village,
and determine, on a specific location, how high people
remember the water extending up a vertical bank rock
projection or other identifiable feature. Also, evidence
of recent high water marks can be found by observing
small piles of limbs, debris, or other items carried by
flood waters, which are deposited on the side of the
stream bank. Indications of stream low water can also
be gathered from local sources, to arrive at a "best
guess" on the normal low water, and possibly the extreme
low water at a specified location. A cross section of
the stream can be measured at the point where these high
and low levels have been estimated, and, based on the
measured average of stream velocities througk the area,
estimations of extremes of high and low water quantity
can be obtained.

B. At the section of the stream with uniform velocity and,
hopefully, confined banks, whcre high and low water
indicators are identified, crosg-sections should be
measured for Lhie various flow perimeters in Lhat scction.

o?
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Fijure 3:

IMPACY IDENMETETCAIION AND EVALUNTION FOIRM

Impact
Identification
and

Evaluation 2/

1. Changing the character of the land through:

A. Land clearing

B,  Changing soil chavactoer

2. Altering natural defenses

3. Foreclosing important uses

4. Jeopardizing man or his works

5. Health:

A, Changing a natural environment

B. Eliminating an ecosystem element

6. Other factors:

2/ Use the following symbols: No environmental impact

- Tittle environmental impact
Moderate environmental impact
- High environmental impact

- Unknown environmental impact

CcCm=B=
{

\DW









Fipure i

PROJECT DATA SIENE

Project Title:

Project No:

Province:

District:

General:

Drainage area

Head data:
TYpe of diver
Elevation at
Elevation at

Design head,

Waterways:
Intake
Open Channel
Pipeline (if
Penstock

Tailrace

Power Plant:

‘Turbine Type

Special Items:

Access road t
Project roads

Special work

Km 2

sion

diversion

tailrace

after losses

(if required)

required)

o site

(Lf any)
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POWER AND ENERGY CALCULATIONS

Project No: Project Title:

District: Province:
Item. No. Description Amount
1 Turbine discharges:
Maximum liters/sec
Minimum liters/sec
Design flow, average 'liters/sec
2 Head:
Gross head meters
Losses meters
Design head meters
3 Plant Capacity:
Installed capaciﬁy KW
4 Dependable Capacity:

I'low, depecendable

liters/sec

Ilead, at dependablc L meters
£low A
Capacity, dependable KW

W



Vot el iminoaey Costo e imate

In caleulaling the costs, usge an average cost of ~
pexr kilometer. lor ttem 9, "ngrg , Adein,, Constr, Mgmt";.ﬁflllzc
a figure of 12 percent of the estimated cost of Items 1 through 4
and Items 6 and 7. (No percentage factor will be applied to Item 4

"pPowaer lousce"). Other dtems will require that the engincer, basaed

on his background and knowledge of construction costs, and based on
his estimate of «the complexity of the work, give his best estimate
of each item in the table.
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: Finally, following completion of his data collection, the
cconamist should confer with the engincer to map out most appropriate
routing for all transmission lines, distribution lines and main stepdown
transformers. .

3.3.3 Methodology Eor Power Demand Analysis

Gcncrql

Unless specific demand forccasts arc already established
(e.g. local mining or major business venture) the cconomist should estimate
growth rates for cach demand sub-category: household demand, business
demand, public services demand.  Two rates will boe catablished, one (x) for
the initial period 1-10 years and o second rate for the period 11-30 years
(all calculations will be made over a 30 year timespan) . The seccond rate
will normally be conscrvatively calculated (given the higher base and the
difficulty of forecasting 11-30 ycars in the future) as threc-fourths the
initial rate (.75X). It should be remembered that growth rates are
exponential, not linear functions, e.q., 5% growth over five ycars represents
an aggregate 28% growth (1.05 x 1.05 x 1.05 % 1.05 = 1.05, or 1.05°), not 25%
(5% x 5 years).

sub-category Growth Forecasts

a) liouschold Demand: llouschold demand in the first year
of power generation will be caleculated from the survey diata, as corroborated
by official statistics. Average surveyed demand per houschold (kwh) should
be multiplied by all houscholds hooked to the system. Growth rate extrapola-
tion will be based on net population growth, and anticipated income growth
~in accordance with the following formula:

{a) + (b x ¢} = d
where a = estimated population growth rate

b = est. qrowth rate of houschold income

¢ = income elasticity

d = Growth rale of houschuld danand

ITtems a, b and ¢ may bu caleulated in the following manner:

Tlem "a" (population growth) = As o clement ot houschald
demand forecasting, it is nol clear it populat ion qrowth or "housing unit”
growth is the critical lactor to be caleculatad. 1t has been assumed herein
that they are roughly similar, although population growth is proposed for
calculation as it is a figure commonly used by government agencies, and
potentially morc rcliable. “population growth in the village being surveyed

can be determined from question # A. (). (2). and as corroborated by District,
Cb and census data.
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Trewm "h"™ (income growth) = Mmoapparecial fon ol current
tovedy ol Toval income van be established ug inq Nistrict data and corroboratod
by questious ¥ A (L.4.), (1.5.), (r.7.-9.), 8, and B (IT.1-4) .  An
order of magnitude appreciation of Futnre EU&ITE&.SI?E{ELL should be based on
the rize of the income base calculated previously and the potential for
expansion of the primary income occcupationgin the village. Knowledge of
planned future develomments in or near the villaye (new road, irrigation
improvements, etc.), subjective impressions furnished by the village head
and households surveyed, and Diclrict data will bo particularly relevant.,

Phom e (oneome clasticity) = The income elasticity of
electrical power should bhe anouncd to Lo 1.2 anless other veliable histor leal data
s availablo,  Project fmpoct sludics shonld permit farther roelinement of
this cootficiont oo o actand Tictd roesnl s, srrcesbiong fF Bo(V)Y (2.-3.)
may aluo bhe voetal o catabboshing o luvulnuud Coclbicient,

b} Bisiness Demand: Bosiness demand in the first year of
power generatrion will bhoe caleulated Trom the survey data, as corvoborated by
official statisites.  Question i AL (1V.) is the primary source of local data
for this calculation., Growth rate oxt upOldLlOﬂ will be based on yencral
econcmic growth estimates and known planned growth for gpecific ventures.

In no case should the busincss demanl growth rate be less than that of local
population growth, hrowever,

c) bublic Sevvices Demand:  Public services demand in the
first year of power gereralion will be calculated “rom survey data, as
corroborated by of 7icial statistice, Ouestion # 7 (I11.) is the primary
source of local data Cor Lhis caiadlation,  local of Micials should be
Auesbroned abont ant jcipated Patare development s in cducation, health, public
warks, oleo to circacaribhe Tong=term growth in this aroa.

Aanygwlr Vunuruwly

The Do pean dntar ded e ot b e imat e et alt ond by the provions
ereroise musi e oo apitalated o an canv=to=read G onmat which will illustrate
total estimated power requircments over Lime and according to seasonal and
hourly fluctuations. The following procedurc is suggested.,

1) lmncediately upon completion of th“ interviews in a given village,
Figure 3 should bhe completed, indicating characteristic user patterns for
key-electrical appliances in ondy that villagoe, Th1a information is drawn
directly from question # B.(V.){4.). 1In the abscnce of local knowledyge of
power requivements Cor cach o orpliance, the valuens rogistered in Figure 4 may
be uged.

2) bDetermine visvally which items urilize the vast majority
of power gencration luse 80-90%) . Generally no more than five items will
consume most power oo small orural village, alrhough this number could
vary in eithoer dircect ion,
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Figure 3: Characleristic User 'atterns
Name ol Vil lage:

Watts/ No. of Usce Patterns
Item Item Tteoms Daily Pattern Seasonal Pattern

D T I

l . ]Ai‘!hl..
2. PFan
3. Refrigerator

4. Water Pump

Pigure 1: Powor Requirement. Tables

FEene Power Requinement. (one item only)

1. Light (either incandescent 10 w,
or fluorescent) :

2. Fan 35 w,
3. Refrigerator 180 w.
4. Radio - 5 w.
5. Television 100 w.

G. Tron 300 w.

7. Sewing Machine 100w,
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Capital conty (Colwmn G2) ol actual Lransmission (22 KV)
and distribution line construction may utilise 299,000 Baht/kilometer,
irrespective of-terrain and OaM costsy (same column) way be calculated at
1.0% of capital costs.

2)  Step #2:° Discounting
Total costs should be calculated for cach generation
option for each of the 30 ycars shown in Figure 6. ‘hese totals should
then be éiscounted at the theoretical opportunity cost of capital, which

may be assumed at 12% for rural Thailand.

3.3.6 Financial Analysis

Current national policy in Lhe power scctor is to encourage
investments and tariffs which permit the scotor to be financially viable.
Lt is, therefore, broadly expecled that hydroelectric investments should
not. only pay for Chomselves over time, Lut, oven further, that they should
gonerate the capital necessary tor future investment: in the scoetor,
Accordingly, this decision-making model includes o simple financial
analysis which will provde a qood indication of imndividual sub-project
financial feasibility and an indication of appropriate tariff rates
over time to attain that qoal.

This analysis will also complement the previous least-cost
analysis in that it will give an indication of absolute project worth
(financial costs and benefits over time) instead of simple comparative
worth (economic costs only, over time for scveral generation possibili-
ties). This analysis will also take into consideration the type of
funds utilized and eventually will indicate the types of financing
acceptable for this type of investment.
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Information nccessary to this type of analysis is illustrated
in Figure 7, attached. All financial inflows or outflows should be
.presented in current-year baht, including all ostimated contingencies and
inflation for each year of the entire 30=-year lifc of project. The project
can be assumed exempt from major income o corporate Laxation and Lo have a
salvage value of zero abt the end of year 30. Minor taxes on construction
and social charges for personnel will be retained.

Column # 1: Should include all capital expenditures for
construction of generation, Lransmission and distribution componernts of each
individual site.

Column §# 2: Should include all routine maintenance and
operation as well as periodic equipment replacement. (see "least-cost analysis",
Attachment C). Total 0&M may be taken as 2.0% of lotal capital expenditures
(column 1) for every year of plant operation.

Column it s+ Should include all debl service charges (interest
and/or principal) according to the conditions of available {inancing.

Column # 4: "Total Outflow" is the sum of columns 1-3.

Column # 5:  Should include any inlllow of borrowed capital in

the year that those funds are made available Lo the sub-project.

Column i 6: Should include all infiows; gencrate by the sale
of enmergy production. Equal to the number of kwh Limes expected kwh tariff
in the year oc calculation.

Column i 7: "Total inflow" is the sum of calumns 5-6.

Column i 8¢ "Net Cash I'lew" g sum of colunns § 4 and § 7 (miry

be positive or negative in any one year).

When complete, the ael cagh flow over Lhe ont ire project Jite
exhibited in Column # 8 should be vrun through an internal rate of return
analysis, cither using an appropriately programmed hand cadleulator, or
through the more Lime=consawing oigcount ing method,  his will resalt in o
Financial rate of return 1ol the sub-project under consideration, This rate
of return (ROR) should be at least 8% over the whole project life, in
accordance with LGAT general policy goals for rcturn on investment.
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NTACHMUNT A
INSTRUCTIONS FOR USE OF VILLAGE SOCI0-ECONOMIC SURVEY FORM

'Y

The attached form is intended for use in surveying all villages
located within the zone of influence (ZIP) of the individual
hydroelectric generation sub-projects. Data generated by the survey will
be mainly useful in power demand forecasting and as baseline data for .
subproject monitoring and evaluation. 1he format is deliberately focused.
50 as to answer specific forecasting questions and is kept as simple as
possible to render it understandable and time cfficienl for enumerators
Cand respondents alike.

Every village located in the influence zone should be surveyed. [t
is estimated that roughly one day should be allowed fur cach village
survey, although small villages may be done more quickly. Investigations
will be done both al village level - using quesLionnaire and inslruction
Form A to interview the village headman and/or olher types-of village
leader. At the houschold level, questionnaire and instruction Form B
will be used. A representative sample should contain 5-10% of all
village households. The following procedures are suggested, although
improvements to the questionnaire and survey techniques can and should be
incorporated as appropriate.

1. Personnel Requirements: Economist - with some background and
experience in local electricity design and evaluation, in addition to his
capability to build up a good relationship to villagers. This person
should have full responsibilty to select and train field supervisor(s)
and enumerator(s), and to conduct the overall survey. Since the
enumerator's role is crucial to the whole site sclection process, special
criteria and procedures should be established for their recruitment.
Highschool or university graduates with an interest in rural development
(agriculture, agricultural cconomics, rural studics etc.) should be
accorded priority. A particular emphasis motivation and morale should be
utilized. This might be observed during an orientation period or
personal interview. 1In rngions where local dialects (e.qg. Northern Thai,
Southern Thai) are widely spoken, cnumerators must have these language
skills.,

A 2.  Pre-survey Requirements: The eocnomist should gather village
pre-survey demographic and economic data from both secondary sources
(NSO, DOLA and DCD, etc.), and from primary sources - at province or
district level, prior to commencing actual village surveys (the District
Community Development Officer may be one of the best local sources of
official data). Complete lists of households and rough mapping of each
particular village could be collected during the pre-survey to provide




insights inlo the slatistical techniques to be utilized for sampling
design.* An introduction to the nature of work being undertaken should
be made for Amphoe officers, Kamnan (Districl Officer) and village
headman as well. Prior to comnencing actual field work, enumerators
should be described and questions should be pre-tested as required.

3. Survey Requirements: The model assumes a total of two weeks for
establishing hasic feasibility of each site. Survey work for a typical
village will require an average of one day. If the villages-level
formalities were completod in the pre-survey period, the eonomist should
immediately adininister Form A.  If appropriate Form B should also be
beyun simultancous Iy and also will be done through the rest of the day.
Prior to Lhe sample houscholds ist, an enumerator will try to locate
them and conduct interview to the household head or another relevant
person. One enumerator should be able to run at least 6 questionnaires
per day while allowiny enough time to undertake minor field audits, to
revise any omitted parts or the reconfirm unclear responses with
respondents.  Enumerators should be carefully supervised during the one
and half day orientation and another half day to practice of survey work
first two days of survey work to ensure that their comprehension of
questions and relationship with the villagers is correct.

4. Other Administrative Issues: To enter any particular village, a
letter of Tntroduction from the Amphoe headquarters might be useful in
initial contacts with the headman. Good understanding of the Team's
purpose will be conveyed to villagers by the head and so benefit the
survey. -

* E.g., for the iae Chaem Luang site, households were assembled in
spatial order (according to village numbering system) and a random sample
of very oLh households was selected. Adjustmenls, were then made for
simple stratification according to ethnic affiliation. Household heads
nol available for inlervicwing of the time when enumerators stopped in,
were replaced by their next-door neighbor, :



Project: Micro/Mini Hydrocleactric

Village Code Number .

Name of Village .....
Tambol .....ciecuev..

ANpPhoe oot

Changwal ..o eiiereenes

Name of enumerators .
Name of supervisor ..

Date of interview ...

Quesitionnaire Form A4

ceessees Village No.

ALD Project No., 493-0324

R N T S R O N B R BRI R Y B A
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I R O I I I I I S I N I A N A A N K]

*Form A for village leader, district officer, school teacher and/or any
type of person knowledgeable about the villaye.
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Iv.

Business Protfile

1.

9.

Types .

General Store

No. 1 Nome
No, 2 Nme

No. 3 Name

Nu. 4 Naowe

Grocery
Food shop

No. 1 Name

No. 2 Name

Tailor/scuamstress
Barber & beauty salon
Agric., produce
Blackemith/carpentod

Gas pump

Others (Spucify)

Mo, of
E@ployces

No. of Yrs.
in business

Seasonalily
of Activity
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Frogects MiviozMin Hydhroe e e MDD Loject No, d9d-ni2d

Intitruction Form A

-

General Informalion

1.

Questionnaire Form A iy designated to be used for village headman,
district officor, school teacher and/or any other type of person
knowledgnable Lbou!l the village. At Least one representative besides
village headiman spould he interviowed to confivm the village data

and information obtained From any particularv village.

Rescarcher and/or supervinor will e thin form Lo comduet intor-
vioews, copecially wilh viflage leaders:, ote, They should also actively
involve themselves in Uhe une of Lhe formm by enumerators duri..
Fieldworl:.

Introduction to the project and purpose of the work should be stated
clearly by researcher/supervisor at the beginning. The introduction
of him/herself is also necessary. Preparations should be made to
answer any of the respondent's questions as well,

Some definitions

Household is defined as a person or group of persons living together
under the same roof and having a comnmon arraugement (shared purchasing,
cooking, cating) for the preparvation and consumption of food.

Local Thai means local Lypical Thai poputation,  They might he
;!Ai}zi;f]xtjzxj e DYy redion sinee they use different dialec ty for crample
Horthicrn Thai, Southorn Thai o Hurtheantom tha i, Eastern Thaj and
Conleal 'Thai,

Sino=Chiyace relors Lo oa group of Chincue people (some are Thai citizans
by law) who maintain and practice their ways of living as typical
Chinese way cating habits, costunce, ceremony, tradition and manners, etc.

bLthnic groups rerers to any group of pcople who show clear distinctions

in most ways from typical Thais. Usually, it refers to various types
of hilltribes such as Karen, Hmong, Lisu, etc.
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Projoect: Micro/Mini HydrooleclLric

Village Code Number.

Name of respondent..
Name of village....

Tambol...oeeieveenn

APhoc. oo i ivienenns

Changwat........c.s.

Name of enumerator......

Questionnaire

Form B*

I I IR B NN N S R S AP

..+ .Housechold address.....

ATD Project Mo, 493-03.24

cee.Village NOwew it ienenentnonanecnnnnnns

Name Of SUPEIVISOL ... uueeeneannresarenaniveannenns

Date Oof InLorVIeW. vttt r e eeranesanannens

*ORM B. for houschold interview vither be the honschold head or any other

person residing in honschold who ig knowledgeable on household
earnings, living conditions and attitudes especially on electricity

“utilization.

A





http:I.I.I.Mt
http:M,',i;.1.11

Ao
Sold

Livestock/fishery

a.

b.

C.

Cow & buffalo
Pig

Chicken

d. Fish
Homemade product
a. Pottery e -

L.

Carving

D R I I R I A A S S R A S R R )

employment

Describe any types of primary processing which have been made

farm labor

Other (specify)

lLucome
Earnings

in HHI before consumption or trade. Specify clearly on any
cequipment,/instrmuent, needad,

. e e e
. LAY
. e e .

R O L S R S B R R R ] R RN NN N S R LR
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‘Refrigerator, gas

Household bedomgings = oxistimg oleet joal iboms and or which
patentinlly oy clectrical roplacemenls,

How of'ten you use

Items . Numbor: mon.yr. -day/mon. hr./day

For Lightening

Kerosene lighting

Candle

‘Flashlight

Gas lighting

Pump

Flourescent

Incandescent

Other (specify)

Home appl innce

Radio/casnetle

Iron, charcoal

Sewing machine, floot

Ice box

Electrical fan

1ron, electric

T.V.

Refrigerator, uvlectric

Sewing machine, electric

Rice . cooker, vlectric

Other (specify)

L R I I T O Y e o s e 0 a

W



Iv.

How ot Len you utie

Ttons Number Won. yr.
Bepuipment,

Water pump .

——ts e e st [

day/mon.  hr, /day

Mill

Other (specify)

Household sources of cash credit. -

Total amount of existing debt ..........ecvvveevve.....baht

Sources of credit

Friend, rclatives, neighbors N _baht with ) % interest rate.

Business-patron (storekeoper, cmployoer, cte.)  baht with _ L

intevest rate,

Commercial source (BAARC, Commereial banks) _  baht with 1
interest rate,
Amount needed if Il is electrified (approximate) baht.
Potential sources of credit and terms
Source Amount nceded Interest Rate Repayment. Period
1. L
2. .
3.




V.

Hangehodd power dewandd

1.

Existing power consumplbion (only power thiat electricity could
subslitute tor)

Monthly Annual
) 'rice per total CXPONSes
Type unit units (baht)
Ke%oscnc
Candle e
Batborics o i . e
Diesel (not for car)’
Gas
Benzine (not for car)
Others (specify)
Future powcer consumption
(1) If your village were clectritied would you be w;lling
to pay the ......... ...+, baht nccessary to hook up
to your household?
( ) Yes (skip to (3))
( ) No. EFxplain why.o.o.oeee.... e eeieeen et eseresen e
(2} IT you receive some appropriate credit to pay for the

hook up cust, would you be willing to do?
{ ) Yes
() No, Explain why ....eeiiiriiuiveenansanesasorsessuns

If both (1) and (2) are no.  Stop the interview otherwise
proceed.
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Projoct: Micro/Mini Hydvaws loart yjee Al l'puj:-rl: Mo, A493-03.24]

Instruction Form

Ganeral Information .

. Pucstionnaire Form B iy designated Lo by gsad por houschold sample 1 or
household heads or any other parson residing in houschold whey iLs
knowledgeable on houschold earnings, living condilions and attitudes
especially on electricity utilization,

2. This form will be used by enumerators to conduct an interview of sample
household which have been identified by supervisors prior to the
interview. After thesc forms have been used in the field, enuwnerators
should review, edit and hand it to their supervisor as soon as possible,
Tt is best if revisions can be macde in the ficld since some omitted parts
Or unclear responses cun be reconfirmed with the respondents.

3. Enumerators nced to understand the tasks, the project and its purpose
clearly cnough Lo make o good introduction for the houschold samples,

1
Individual techniques might he developed to build p & strong relationship

between him/her with the villagors = explaining the purpose, introduction
at the door, ANSWOT TG Some respondont's quest tans ol setting the stage
for the good intervicew. Also, they should poactice some techinigues of
"probing" and try to aveid JoLling down too many "don't know" answers,

q, Some definitions.

Note all definitions on Instruction Pomm A livuschold, local Thai,
sino-chinese and cthnic Jroups.

The village code nunber on Lhe cover page refers to the computer code
which is commonly aussigned to a particular viliage throughout the
country. (Enumcrators do not need Lo £i11 oul by themselves) .,

Individual Ouestion Instructions (Only those questions that need
clarification - others are omitted)

1. lHouschold manbers.

Fdentify the mumber of total members who live in at least one yoear or

more.  List menbers who are £ teen years and older and oxplore Ghe

M activity of coch g bog the wel and aiy season, Houschold hiead

should Le the firo person oo Lhiis Tist,  Lotes Phe pames are,not, ..C »/-.
. -— IXRY M’\:f'.,./\.u'-l. [ [

required to be porfectly correctly spelled since they wi-k béheiil—for.

smaGH)~i-nq~t-h0..j.nLm'-virc\-ring—.un(l for paycholugical reasons only,

_/;;-(,.' i/ﬂ'fe. RO RNV
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1v.

Land hotding: aned annoal produet ion,

(1) &% (3 rrovidings punber of Tand have boeen used by houschold in
rai whatovoer how many picces are and who owns those land.  Make
distinguish hotween low Land rice field and upland rico/ . ch
crop plantation.

(3 Anttial pocatonction, I includes all prodoction figure:s Chroughout,
a year (erop year not calendar year), B stre to have both wet
and dry season hanvest for crop product ion, For livestock/fishery
and hoetema de products, the aanount sold are applicable. For ahor
cmployment, specily the total amount (in terws of numbers of univs
or days -f work iu column "ancunt sold”) and income carning (baht)
measured taroughout a year, ‘

(4) Describe any types of primary processing. It 1s designated to
cxplore the craddit bonal practices of Some primary processing on
houschold o oductron aach an o widing ol rice, threshing of maize
or bean, aroling Cor tish, cte.  there might be some demand
potential for electricity utilization for replacement of traditional
equipment/instrurents.  As sone processing might be done by
househnid own instriument wihile some are not, mark (*) beside any
eqilipmont/instrunent. that belongs totally to houschold.

Houschold Lelonaings,

T in expectod that cnnerators wi bl gather intormation on only those
houschold assets which could be tepluced by electrical devices. All
other belonging ave omitted,

Houschold cash/credit.

To trace oul houschola cxisting cash/credit and plan, this section is
designated to cbLtain existing amount of credil, sources and texms.

Tt is anticipa%ted that a houschold will require some source of credit
after the village or his house has been electrified.  Sources of credit
are qrouped into three main cateqouries based upon the differences in
interest pates. Approdimete avcunt of croedot needed after houschold

»
i

is elecerificod, their sources and terms will be explored.
Houschold Fowor bemond,

The estimated demand for electyicity of a houschold should be carefully
conc e ed toonbitain the “erfoctive demans In other words, the

Aemared Finnres shonld be obtained under Ghe capport of  "purchasing

power'™ bhoth tor investment cost and operation cost. Tnis section will
caplore the guestion 0 household capacity to cell -t inance electrilicoation
versus any regiirement for crvedit.

Best Avallable Documem

\9"


http:ctIegO)ri.es

L.

Exinting power domand contsuuption. Thie tocuses only on the
items that could be substituted by clectrical power such ag
kerosene, candles, battering, diesel/benzine cte.,  Bach cateqory
will be noted fov the price per unit, awonnt of uses per month
in temm of volume (specily it clearyy) and Iil\?ﬁi‘/, total
annual expenses.

Future power consumption,

To explore nouschold;s willing to et clecrricity if they need
to bear costs both hook up and o; serational cout, Tlons v o ‘;"( Te.

,-’.vuc‘/nc R I R SR (f 20 (Ll pma n ol fAENAC Iﬁ“-q./’114'1‘\(’."”'/»‘7
N el b ce S Gy r\f,ll\vi.fn RPN B S S B A A Ny A 2T ALV
(1) Ask 10 a houfehold neods Lo pay tor a . baht J
(depending upon the engineering cstimatce how mich it costs for > /:’"/’-
a hook=-up}, are they willing to pay for this? ,y/7.1|f /

oviada i

(2) The same as (1) supposes a houschold recceives some form - f
of credit for hook-up cost. an bl A

G (/L "l /»..fl
If both responses (1) and (2) are no, stop the interview /qutOCCﬁ,
othcrwise proceed.

(3) This is to check the desire of a houschold to have
electricily in his houne i he has to pay double as much, equal
and half as much baht he uses to pay tor power uses.

{4} Explore houschold willing to obtain if they get electricity.

Column heading "Rank first five jriorities” would be
filled in by numbers (1, 2, 3, 4, up to 5) according to the
spondent.'s plan. The rest of coluan will be filled corresponding
to those 1 to 5 itaong.
column "Expected nunber" would be fillea in by desired
numbers to obtain for cach corresponding itcms,

Column heading "How to obtain® ig asking for a mark (‘/)
for a relevant angwer. 1 they choose "others', specifly the
concept:s behind as much as possible. (10 the space provided is
not chouah use the back of Lhat questicnnaire paje wherever you
want Lo).

Column heading “How often Lo use” s designed 1o obtain
the [reqgiency of clectricity utilization to provide information
for demand cstimation and its fluctuacion during a year.
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while perhaps veasonable when measurong oeder o magni L ade
e b it Lo o Tavge clectrilical jon oo am sonch an Chal
stwdied by the Wordd Baak, wan Vo Lao gqeneral to e ol utility
Lo the nelection of dpecailic sabenites. Thin was cnpecially
Lrac dn Lhe PPoanalysia an wost ol the sub-site lmpact arcas
under consideration did nol commonly contain uuch indircet
benefit items an 'V s5oln, raﬁs, refrigerators, irrigation
pumps, cte., even though an averaye 70% of total beneflits

wore attributed to Lhe tndivecct cateqoLry.,

This ambiguity in sub-sitc benetfit valuation was of
particular concern to thce PP team since one of the primary
goals of the project is to gcnerate a simple but workable
field assessment mocel which could be utilized by RTG personnel
in its selection of individual sub-sites. '

A decision was made, therefore, to limit cconomic
analysis of futurce sub-site sclection to that of a least-cost
comparison ol the three major oplion:s cutrently availahble
for site development:  hydro, dicesel, or grid extension. This
decision was rendered even more appropciate by the RT6G political
decision to extend electrical energy to the whole of Thailand
by 1990. Lt could then be assumed that Lhie primary concern
of the economic analysis should be to indicate the least-
cost option of supply. This loqgic is respected in Lhe pp
modael through the discountod comparative analysis, over time,
of the primary cliectrilication options available Lo the project
area.

Based on the PP team expericnce in developing the
site sclection model, it is suggested thalt future project
analysts focus on the following issucs early in their examina-
tion of the least-cost methodology:

1. Shadow Wage Rates

Given that sub-site construction should take

place during the dry season, which also coincidens with the season

ot the year ol highest un and underemployment in rural areas of
Thailund, 10 @Ls suggestod that analysls oxamine Lhe possibility
ol develeping shadow wage rates Lo be applicd Lo the costs of
construction. This may be particularly important for the micro/
mini-hydro electric construction option, since an estimated

20-30% of total construction cosls can, in most cases, attributeod

to the costs of unskilled tabor. Tn cconomiae terms, therefoure,
Lhe application ol a shadow wage rate to the cosh comparison
may furtihcr enhance the value ol Lhe hydroclectric option.

2. Co-lz{ficivnlts and Huuiu D ta

A number of numerical assumptions have been intro-
duced into the least-cost cconomic analysis in order to render
that analysis simpler in utilization. 1luncluded, in approximate

Best Available Document

\_5:»


http:i.I],.il
http:i.........11




ol a sub=-project nila. Normatly this absalube (cost~bhoenel i)
Lype comparicson would take place in rconowic analysis,.  lor

the reanong stataed previounly, however, it is Felt that measuroe-
mento ol the coonomic bhener it stream would e owisleading 0 not
enbively imposaible Lo vudertake in the context of this decision-
making model,

Othcr reasons also work in favor of the utilization
of a financial cost<bencfit analysi s. These include a sim-
plifiecd calculation of project cvosts and benelits since these
costs and benefits will be in terms of acrual monctary inflows
and outflows and will not reqguire the considerable amount of
generalized conjecture which was the casce with the economic
benefit analysis. Data colluction will also be simplified in
this respect. Of further intercgst to the RTG in keeping with
their policy of fanancial viability, suen o L[inancial dnalysiy
may assist the qgovernment in thinking through the implications
of appropriate tariff levels for cnergy utilization in the sub-
site arca. And finally, current USAIDL palicy favors o realistic
look at the financial as well as cconowic viability of U.S.
Government investments abroad.

As a yencral rule, it probably can be anticipated
that the financial analysis will be more rigorous than an
ecconomic cost-benefit analysis would be given that the financial
costs are only marginally higher whercas a substantial portion
of the economic benefits may not be captured in the financial
benefit stream. If the sub-sitc in question passes the financial
rate of return test successfully, there is reasonable basis
for considering it to have simultancously a favorable cconomic
rate of return.

Once 1in the ficld, it is suggested that project
analysts focus their attention on the appropriatcness of
co-cfficients and data base agusumption: presented in the
financial analysis in a tashion similar to thal suggested
previously under Lhe ceonomic analysic discussion. Includaed
in this list, in approzimate order of presentation, are: an
assumption that the project will be exempl Irow major income
Or corporate taxation; thalt salvage valuce will be zero at the
end of year 30; assumptions on taxes, calculated on construc-
tion and social charges for personnel; capital expenditure costs
for generation transmi ssion and distribution; a 2% ostimate
for overhead and maintenance; an assumption that an acceptable
financial rate of return for the sub-site should be 8% over the
project life.

Finally, it nceds to be underscored that, in calcu-
JTating all parts of this model, the banie qoal of Lhe I'P team
has been to develop o rational, simple and Udeld-utilizable
framework for sub-site selcection of micro/mini-hydro eLectric
projects in Thailand. This model can nut! be cxpected to be
definitive in its approach. The time, resource, and personnel
limitations of the project paper did not permit an analysis at
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AGNEX H: INDICATIVE TEMS OF R IshNCE FOR
KIBY PROJUCT PEISOILH,



TITLE: NEA Project Manager
STATION: Bangkok (NEA); occasional field Lrave]
DURATION OF CONTRACT: NEA Tine employee

DUTIES:

1. Head of POU; ultimately respons1b1e for all managerial decisions
related to the Project; liaisons closely with NEA management,
particularly Deputy Director General.

2. MWorks closely and shares operational responsibilities with the
contract Senior Engineer/Project Coordinator.

3. Responsible for the entire organization of the POU, and for
activities carried out by that organization. This will require a
delegation of authority to various staff members, as well as
defining the responsibililies those positions carry in project
activities.

4, Responsible for administering the program within the terms of the
loan agreement and for coordinating with AID to assure that
approvals and documentation meet the terins of the loan agreement.

5. Responsible for publishing and distributing quarterly reports on
the project activities, three copies of which will be sent to the
Project Officer at USAID, Bangkok.

6. Coordinates with, and notifies, both AID and NEA management levels,
on problems requiring policy action by either of these agencies, in
order to carry out the activities of the project.

7. Responsible for scheduling and contracting for technical
assistance, to supporl the various project activities in such a way
that professional assistance is made available in a timely fashion,
to carry out management, conslruclion, procurement, and
manufacturing for other activities on a timely basis,

QUALIFICATIONS: Project Manager:

The Project Manager must have served with NEA for a period of not
less than-five years, in a position of responsibility, and have an
intimate knowledge of contracting financial and other standards
established by the GOT or NEA. He should have a good grasp of the
English language, and be able to converse and understand technical
subjects in English. He must be a proven administrator and manager, of
not only projects, but direct line staff.

SPECIAL OBSERVATIONS:  Reports to NEA Deputy Director



TITLE: Senior Engincer/Project Coordinator
STATION: Banygkok (NEA); occasional field travel
OURATION OF CONTRACT: 45 months (est. March 1982 - Dec. 1985)

DUTIES:

1. Senior Project consultant to NEA management and Project Manager,
Responsible for developing daily work plans for operational staff,
both engineering and soico-cconomic aspects.

2. Reporting directly to the Project Manager, he is responsible for
carrying out project assignments which cover a broad range of
project activities, including contracting for professional services
of construction activities. These activities are to be carried out
within the agreed policy lines and contracting restrictions imposed
by both NEA and AID. Guidelines on these policy determinations are
available, and Lhe incumbent muat hecome familiar with both systems
in order to assure thal these policies are adhered to.

3. Actively involved in the promotion and detailed development of all
" Project-related planning and analytical activities. He should work .
closely with the Socio-ecconomic Analyst and NEA's Planning Division
on these activities. '

4. A direct line officer of the construction manager, he is
responsible for review or final designs, contract documents,
specifications, or projects to be undertaken. Most of this work
will be carried out by the construction manager. Quality on these
activities remains the responsibility of the Senior Engineer.

5. He will assist in preparing the quarterly reports for NEA and AID.
He will assist in following up with periodic inspections of work in
progress, Lo insure that quality standards and schedules are met.

6. Ildentify spécia] training of utility to the Project and undertake
"on-the-job" or arrange for special Project training.

QUALIFICATIONS: Minimum 10 years experience in hydroelectric
engineering, planning and construction in developing countries,
preferably part in SE Asia. Past experience and specialized training
in "run-of-river" hydroelectric schemes desirable. Should have minimum
Bachelor degree in engineering (civil or mechanical), as well as
supplemental degree in Economics, Planning or, Public Administration.

SPECIAL OBSERVATIONS: Should be flexible, innovative organizer;
capable of managing operational details of overall Project. Some Thai
language, or at least past exposure Lo Thai culture desirable. Reports
to NEA Project Manager.



TITLE: NEA Field Engincer

STATION: Bangkok (NEA); perjhans 50% of time in field

DURATION OF CONTRACT:  NEA line emp]oyee

DUTIES:

1. Forms a team and shares responsibilities with contract Construction
Manager to ensure generally high standards of design and
construction throughout.

2. Undertake relevant engineering analysis for selection of second
tranche sites.

CUALIFICATIONS:

SPECIAL OBSERVATIONS.

&



TITLE: Construclion Managoer
STATION: Bangkok (NEA); perhaps 50% of time in field,
DURATION OF CONTRACT: 39 months (est. May, 1982 - Auyg. 1985)

DUTIES:

1. Form a team and share responsibilities with NEA Fields Engineer to
ensure generally high standards of site engincering design and
construction throughout.

2. Assists in contracting for final engineering design and supervision.

3. Assists in contracting for power plant procurement and civil works
construction,

4. Training of NEA employecs, as required.

QUALIFICATIONS Minimum 5 years cxperience in supervision of design
and construction of hydroelectric sites in developing countries.
Minimum Bachelor's degree in Civil Engincering, '

SPECIAL OBSERVATIONS:  Willing to travel and work in isolated areas.
Good spoken Thai required, Past experiences in Thailand or SE Asia
desirable.

&



TITLE: Socig-economic Analyst

STATION: Bangkok (NEA); perhaps 20% of time 1n field

DURATION OF CONTRACT: Total 18 months; utilized over four separate
periods beginning July, 1982 and ending November 1985.

DUTIES :

1. Generally responsible for detailed development of socio-economic
analytical models and concepts promoted by the PP and the.POU
Project Coordinator, including:

- site selection model (socio-economics, computerization as
deemed appropriate, forecasting, survey techniques)

- manufacturing promotion analysis
- consumer promotion analysis

2. Undertake socio-economic analyses for selection of second tranche
sites.

3. Furnish advice and socio-cconomic anaysis Lo NCA and RTG on
sectoral planning, as required.

4. On-the-job training of NCA employees as deemed appropriate.

5, Responsibility for establishing basic evaluation methodology for
overall Project.

QUALIFICATIONS Minimum 10 years experience in socio-economic planning
and analysis of infrastructure projects, preferably in areas d1rect1y
related to hydroelectric generation. Should have PhD degree in
eccnomics or sectoral planning or other relevant social science field.
Fluent in written and spoken Thai. Should have basic understanding of
survey research techniques, tnderstands and is able Lo operationalize
Project concerns of distribulion and equity analysis at local as well
as higher levels.

SPECTAL OBSERVATION: Because of nature of contract, -and necessity to
use the same analyst over the life of Project, NEA may have difficulty
locating an appropriate candidate. Should explore all available
sources, including University, free-lance consultant, TISTR, as well as
local consulting firms.



TITLE: Consumer Promolion Specialist '

STATION: Bangkok (NEA); perhaps 50% of time in field

DURATION OF CONTRACT: 14 months; utilized over two separate periods
beginning July, 1982 and ending September 1984),

DUTIES:

1. Responsible for field examination of all "downstream" Project
activities, including but not necessarily limited to:

- the productive use of local electricity generation

- local operation of the Project generation system (coop or
private owncrship)

- modification of hook-up costs or user tariff schedules
- local training nceds
2. Will participate in 1984 Project evaluation exercise.

QUALIFICATIONS: University education. Minimum 5 years experience in
consumer promotion-related activities and/or small-scale rural industry
and electrical applications thereto. Fluent written and spoken Thai,
knowledge of local Thai dialects desirable. Professionally motivated
to assist in development of rural areas. Some previous training in
economics. Innovative and analytically oriented.

SPECIAL OBSERVATIONS: Willing to travel under difficult rural
conditions. Preferably of rural origin., Some skills listed herein may
have to contracted to other individuals.



