
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


-



11111::::;::::::1~.0 
hl1==: 

.' H 2 5 

'. 1' 1111 2 
. 11 ,-~ 

11111
1

·1 
llllll~ 

111!1~ 8;; 

111111.
25 

11111

1 
·
4 11111~· 6 

... , ' 



I 1 J /1 I 
1~rr1 

United Nations Industrial Development Organization 

Third Workshop on Small Hydro Power 

RCTT/UNIDO/REDP/Government of Mal~ysia 

7 - 15 March 1983, Kuala Lumpur, Mal_ysia 

REPORT FORMAT uUTLINE FORr FEASIBILITY STUDIES 

MINI-HYDRO POWER GENERATION PROJECTS ----·--and 

Distr. 
LDH'fED 

ID/WG. 403/11 
27 July 1983 

ENGLISH 

MINI-HLDRO POWER GENERATION PROJECT STUDY GUIDELINES 

* (As Used in the Republic of the ~h~lippin~ 

by 

** Zenaida A. Santos 

* This document has been reproduced without formal editing. 
** Executive Di rec tor, Mini Pydro Development Off ice 

National Electrification Administration (NEA). 

V.83-58904 



I • 

- 1 -

REPORT FORMAT OUTllNE FOR FEASIBILITY STUOffS 

MINI-HYDRO POWER GENERATI~ PROJECTS 

(As Used In ~he Philippi;ies) 

PROJECT DESCRI PTl<Jt.I 

1. I ntrod uc:tion 

1a. Project Rackwound 

1b. Objective 

1c. Data Rase Source 

2. Location 

2a. Location Plan and Access 

2b. Vicinity Plan and Access 

3. Access 

3a. Site Access Information 

4. Plant Ownership and F 1J1ding 

5. Existing Electric Facilities 

Sa. Existing Power Systems and Power Sources Ma!'l 

~. Present Demand and Energy Usage 

6a. Demand, Energy and Consumers CUM? 

7. Estimated MHG Plant Poten!ial 

11. GENERAL PROJECT lt*"ORMATI~ 

1. Geowaphy and Topography of General Area 

2. Climate 

2a. Climate and Rainfall Map 

l. CPnNal \onrli.tion'i of i\rPa 
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4. Seismidty 

5. Site I n~stigation Work 

(names, times, places, activities) 

111 • SITE CO.DITl<»IS ASSESSMENT 

1. TopoJJaphic Data 

2. Socio-Po~tical Assessment 

3. Environmental Assessment 

4. Land Rights 

5. Water Rights 

6. Local Materials Availability 

(optional dependinf§ on project nature and magnitude} 

IV. HYDROlOGY 

1. · Draina~ Area 

la. Drainage Area Map 

2. Rainfall 

2a. Rainfall Tabulation 

3. Existing Stream rlow Records 

4. Flow D11ation Determination 

"4a. Stream Flow Record (if any) 

4b. Revised FICJw Duration C LtYe · 



.--
1 

'. 

- 3 -

5. Sibtion Studies or Estimates 

6. Water Quality 

6a. Water Analysis Report 

7. Flood Studies or Estimates 

V. SURFACE CEOCOGY 

1. De~tion of Observations on: 

dam and intake structure, headrace, forebay penstod<., powerhouse, tail race. 

2. Descf'1>tion of Recommended Detailed I nvesti~tion (if a nv> 
2a. Table cl Detailed lnvesti~tions 

3. Initial Cond.J sions 

VI. ENERCY AND POWER DEMAND DESCRIPTl<J'>4 

1. Load Growth and Forecast 

1a. Load Growth Chart 

2. Assu~tions, Factors and Considerations 

3. Grid Connection 

V 11. PROJECT PLANNING 

1. Layout Concepts 

2. Design Dischar.ae 

3. Hydraulic Hea-:ts 

'4. Capacity Oetermination 
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5. Er.ergy Generation 

6. Civil Works Features incklding construction water oVP.rsion 

7. Mechanical f:quipmert and Auxilaries 

8. Electrical f:quipment, Auxiliaries and Facilities 

9. · Project Schedules (bar chart) 

VIII. PROJECT CAPITAL INVESTMENT ESTiMATES 

1. Engineering Costs 

2. Administrative Costs I ncklding Project Development Costs 

3. Construction Costs 

4. f:quipment Costs 

5. Contin~ndes and Escalation 

IX. OPERATl~S, MAINTENANCE• REPAIR ESTIMATES 

1. Annual Operation, Maintenance, Repairs 

2. Probable Occasional Major Incremental Repairs or Addtlons 

X. NEA PROIECT IIVELOPM&H CRITIRIA 

1. Capacity Limits 
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2. Ene1gy Costs 

2a. Isolated 

2b. Grid-Connected 

3. Benefit/Co~t l"!atio 

XI. FINANCIAL AND ECO«MIC ANALYSIS 

1. · Incremental Cost Analysis 

1a. Unit Number vs. Total Project Cost, 

Incremental Cost, rncrernental in(%). 

1b. Unit Number vs. Generating Expenses, 

Incremental Cost, Incremental in(%). 

1c. Unit Number vs. Annual Energy, 

Incremental Energy, Incremental in(%). 

1d. A~rage Generating Cost per KWH, 

Incremental Genera~ .• 1g Cost p~r KWH/unit, 

Incremental in(%). 

2. Benefit/Cost Analysis (Internal to Project) 

3. Economc Benefits to Locality or Host Go~rnment 

-4. C oncknion and choice of Number of Uni! s 

s. Fundna Terms 

6. Operatlna Reo.enues 

7. Operatlna Expen"es 

&. Cast: Flow . 

9. Financial Ratios 
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10. Sensitivity Analysis (KWH Variation) 

a. water avail:lbility 

b. selected critical issues n~ included In the a1pltal cost estimates 

c. increases in construction costs 

XI I. PROJECT SUIMARY 

1. Financial Summary 

2. Technical Summary 

3. C ritlcal Issues 

XI 11. C<JifCLUSIO.S 

XIV. RECOIWENDATl<»IS 
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MINH-llUlO POWER GENERATICJ'll PROJECT STUDY GUIDELINES 

(As Used In the Philpplnes) 

I. PROJECT DESCRI PTICJ'll 

1. Introduction 

a. Pr.lject Background 

Disruss the power situation, including the power sector, power 

development, mini-hydro developmert In the arm and role of the 

project in the government development plan. 

Give the historical bac:kgrc.und. mentioning previous investi~tions 

made, diffirulties encountered and the present power status. 

b. Objective 

c. Data Base ~ourc:e 

Necessary data for the feasibility study submitted by the A&E. 

Climatological ciata available at PAGASA 1 and stream flow data from 

NWRo2, NIA3 and NPC.4 

2. Location 

3. Access 

Describe the project location and accessibility and prepare a location and 

vid nity map. 

a. loration plan and Acress 

b. Vid11ity plan and Access 

a. Site Acces!. Information 

4. Pent Ownersh~ and Funding 

1PAGASA - Phil. Atmospheric, Geophysical, Astronomical SeNices Adm. 

2NwRC - National Water Resources Council 

3N1A - National lrrir;trion AdrTiinistration 

4Nr~ - National Power Corporation 
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s. Existing Elect;ic Facilities 

a. Existing power system and power sources map. 

6. Present Demand and Energy Usage 

a. Demand, Energy and Consumers Projection Cu~ 

7. Estimated MHG Plant Potential 

11. GENERAL PROJECT INFORMA TIQt.I 

1. Geography and Topogl'3phy of General Area 

2. Climate 

Philippine 1 opographic Map, scale 1:50,CUJ M and contour interval of 20 m. are 

available at the Rure.1u of Coast and Geodetic Survey. 

Discuss the generai topography of the site and vicinity. 

Records of monthly average rainfal~ te01>erature, humidity, evaporation and 

no. of rainy days are aVdilable at PAGASA. 

Data cover at least 10 ye.1rs of record. 

The period of records for eYery statio11 are available on rftluest. 

Observations of the dfferent dimatoloi:;cal elements are made at least daily. 

Broken rainfall records are available at sorn:? towns and cities. 

Daily rainfall records are also available on 1"8'.luest from PAGASA. 

Maps showing climatological normals were prepared by PAGASA and available 

on nquest. 

Climate map is also available on rftluest. 

3. General Geologic CC\ndtion of Area 

A IJ?Glogi<: map of the Phil~pines subdivided into regions and islands was 
I 

prepared by. the Bureau of Mines and available on rawest. 

Determine the general geology of the area. 
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4. Seismidty 

Records of earthquake are availahle at the Phmppinc Volcanology Office. 

Discuss the earthquake magnitude and occurence and relevance to the design 

consid~rations for struct ~e. 

5. Site I n~stigation ·Vork 

Discuss site investiRation \".'Ork conducted to include names, time, places and 

activities. 

111. SITE CONDITION ASSESSMENT 

1. T OJX>~aphic and Hydraulic Data 

Detoermine the existence and true valt.E of the gross head as well as the 

discharges and deterrnine also the topographic conditions at the sites of riajor 

civil wor~-s coMponents and as affected by flood and pondage. 

2. Socio-Pohical Assessment 

Make an assessment of the social and political mndition at the project site and 

vicinity for implementation glidance and decision, as they may stop increase 

costs or haYe scheduling infh.ences. 

3. Erwironmental Assessment 

State ecological impact of the project on the flora and fauna, as well as the 

. sodal Impact. 

4. Land Rights 

· land rights for the project are the cooperatiYes's responsibility. 

·Right-of-way acqlisitlon and access road constru-tion Is prtrnarilt the 

. responsibility of the electrice cooperati'l.-e in cooperation with the local 

· goYernment • 

. Assistance is gi..en hy NEA in special cases. 

5. Water Rights 

. Application for water rights to NWRC is to he made by the ~ectric coop with 

·the assistance of the NEA. Prior water rights in the area should be taken into 

. con~ideration. 
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6. Coordination with ether Agencies 

Projects that may interfere with the mini-hydro projects rrust be coordinat~d 

with the aeencies concerned. 

7. Local Materials Availability 

Locally availab~ materials are to be used for project construction as rruch as 

possible. Depending on the project nature and magnitude availahle, 

information on sources, quantitv and prices of construction materials "Nithin 

the vicinity shoul.:i be gathered and assessed for decis:on on alternative 

material sources. (Necessary investigations for bulk material needs will be 

conducted with prior NEA approval). 

I V. HYORCI.OGY 

1. Drainage Area 

2. Rainfall 

Give the size using available topographic map and also description of the 

watershed arm to include relief, vegetation, avaieble data on soil condition and 

estimated surface storage. 

a. Draina~ area map. 

Daily rainfall records of at least 10 years are available from PAGASA. Describe 

rainfall ocairrence, existing rainfall station In the vicinity. 

a. J{ainfall dtta tabulation to inch.Jde average mor.thly rainfall, <:1verage no. 

cl rai'"'Y days and rainfail intensity-duration-frftluency data. 

l. ~.-::ting Streamflow Records 

Daily strmmflow data are gathered <:t NWRC 11e.1rby stream flow wiuging 

stations most of whii:h ha~ more than 10 year~ !.f collected mta. 

Discuss the availability of streamflow gauging' station and :<?cords of the 

vicinity to include name, location, length of stream flow record. 

Tahulation cl stream flow dtta. 
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4. Flow-Duration Determination 

Mini-hydro ~ite streamflow and rainfall records are generally non-existent. 

Stream fl<l'tY data for the site are calrulated ly correlation from the a·;ai~ale 

NWRC stream flow record within the vicinity with .ait least 11) years of record. 

Srte streamflow d.Jta are also calculated by rainfall-run-off or rainfall-discharge. 

Car.elation with 2t least 11J years cJ rain~all daca. 

a. T abu lat ion of stream fiow cbta for sit~ 

b. Revised flow-duration rurve 

From the estimated streamflow data, a flow-du:ation relation is 

established and graphed. The flow-duratio'l data and rurve 

are ad~sted by using actual sit-: dry season discharge measured 

on site visit~. 

s. Siltation Studies and Estirrntes 

~ormal erosion from watershed areas may be considered at 5 to 15 Tons/Ha 

afld 20 and abo\4! for accelerated erosion or use available data. 

6. Water Qua~ty 

Conduct physical and r:hemical test of th~ river water. 

a. Water analysis report, to lncludP. effects on concrete and metrtls. 

7. Fiood Studies or Estimates 

Estlrmte the design flood for spillway and maximum flood level at ti1e 

powerhou!le site using the regional fnquency curves developed for the a.-ea or 

by the Rational Formula using at least a l(l{)-yr. r.-;nf.all intensity. 

Ched< the estimated maximum flood level by observations of flood level signs 

and inte>View of local residents. 

Determine inundation effects and prepare additional topographic data as 

needet'. 

V. SURf ACE GEa..OCY 

1. Descri~tion cJ observation: dam and intake structure, headrace, forcbay, penstod<, 

powerhouse and tailrace. 
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2. Descrt>tlon d recommended detailed inwstlgatlon (If anv) 

a. Table of detailed lrM!Stt&-Jtions - pits, boring. saq>le tests, corin& pressure 

tests, permeability, (trenching & &eophysical methods). 

3. I nltlal Condulons on Surface Geology 

VI. ENERGY AND POWER DIMAND DESCRlmOrol 

1. Load growth and Forecast 

a. Lmd growth chart 

2. Assur11>tlons, Factors and Considerations 

3. Grid Connection 

V 11. PROJECT PLANNING 

1. Layout Cana.pt 

Ru n-of-rt~r type d mint-hydro with or without pondqe Is &enerally adopted 

with judicious consideration d the available natural t..Md for Increased plant 

capacity, consldeOng oca.mence d extreme e11ents. The 9!neral layout cl the 

scheme d de\<elopment Is 10¥erned by the topOFlf>hv and &eology of the 

area. The scheme of deYelopment, structure type and size are forrn.ilated 

during the field Investigation. 

Prepare nap of the &eneral layout of the scheme of de¥elopment. 

2. Desl1n DischalW! 

Discharge for firm capacity Is considered at approxlmn:elv 97% of the time In 

the flow-duration wrve. 

Discharge for maxJrn.im capacity Is &enerally oons4dered at 25 % of the time for 

the storalJ! type of ~opment and 40 to 50% fl the time for the run-ohl..-er 

type. 

For fat efflden(:V, hydraulc '.:urblnes as crossflow m1chlnes with operational 

range d Qmax to 1/6 Qmax the maximum dlscharee rmy be taken as 6 times 

the firm dlscha9. whldt may be In the nelahborhood of 25 % of the time. 

Other <lscharlJ!. atteria are adopted for pea.i•,.rtttes off~. 
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3. Hydraulic Head 

The gross hmd is established by running a lne d levels from the river section 

at the dam site to the powerhouse site. 

4. Capacity Detennnation 

The Milximum capacity of the plant Is ralrulated by the formula: 

P max = 9.81 x "t max x n grmx x Qmax x H0 where 

P max = max. plant capadty, KWH 

'lmax = max. efficiency d t•ubine 

ngmax = max. efficiency d generator 

Omax = max. de~ign dscharge; rumecs 

Hn = net hmd, m 

The finn apacity is approximately ala.iiated by 

Pf =i 9.18"tf x "gf x Qf x Hn where subscript 

f stands for firm. 

s. Energy Generation Potential 

The annual energy generation is C0"1Juted by use d forrru b (1) or (2 ): 

(1) For PreUmlnary Estimates: 

E c 8760 x.C.x Bx P max where E =KWH 

.C. = annual utilization factor 

B =assumed factor for plant effiden<.y 

drop 

= o.e 
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(2) For Feasibility Analysis: 

P = n (Q. x 'N:x 9.81 He where Q
1
• = ith Q value from Flow-Duration 

;;S I I 
.-, Cu~ 
1•1 

'Ii = eff. of turbine and ~nerator at Qi 

He = nethead, m 

-I 
E = n 24 ( p. x o. ) 
~ I I 

Di = no. of mys i to i~nterval 

i •I P =kW 

E = kWH 

(. Civil Works Features, including construction water di~rsion. 

Describe the ~neral eyout d the scheme " development. 

Base the elevations ci the major civil works co1T1>onents on ground su~. 

Describe the civil works co"1)onents as dam and intake, heedrace, desilting 

structure, forebay, penstock, power house and tailra<E together with specific 

site conditions. 

Describe upstream and downstream developments, if any. 

7. Mechanical Equipment and Auxiliaries 

Describe the selected type d the hydraulic turbine together with the controls 

and auxiliaries. 

8. Electrical Equipment, Auxiliaries and Facilities 

Describe the ~nerator type together with the aU) !liaries and facilities. 

9. Project Schecitle (Bar Chart) 

Prepare proiect schecitle from pre-construction to construction phase for 

implementation ~idanc:e. 

Subdivide the schecitle Into mana~ment sectors for finandnp,, engineerinR, 

prorurement, construction and commissioning. 

2. Renefit/Cost Analysis (Internal to Project) 

3. Economic Benefits to locality or Host Go'A!rnment 

4. Funding Term~ 
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6. 

7. 

8. 

9. 
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Operating R~nues 

Operating Expenses 

Cash Flow 

Financial Ra~ios 

Sensitivity Analysis 

Consider: 

a. Water Awilability & kWH Variation 

b. Selected Critical Issues Effeds (na inch.lded in capita&zed cost 

estirmtes) 

c. Increases in Construction Cost. 

XI I. PROJECT SUMIAltY 

1. Financial Summary 

2. Technical Sumnary 

3. Critical I ssues 

XI 11. COllCLUSIOG 

XIV. RECOMl&a>ATl(Jl6 
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