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1.1 INTRODUCTION AND SUMMARY 

In November 1984 the Administrator of the U.S. Agency for International

Development (AID) ordered a reassessment of all renewable energy

technologies that were the subject of agency 
 programs. This 
reassessment had three objectives: 

* 	 "To assess priority applications of renewable energy

technologies 
 with emphasis on productive uses in agriculture and 
rural industry;" 

" 	 "To recommend development and application of those renewable
 
systems which, compard with
when alternatives, are the least
cost, site--specific solutions to supply enr-y needs:" and 

" 	 "To suggest means of developing local private-sector capability

to marKet, manufacture, and maintain the 
 most 	promising
renewable energy systems and to involve the private sector at 
an early stage in AID projects." 

This paper by AID's Bureau of Science -nt Technology, Office of Energy
(S&T/EY) responds to the Administrator's request by reussessing one ofthe most promising renewable energy options for developing countries,
decentralized hyd ropo'.ver. 

In 1983, decentraized hydiropu ei- was responsible for the generation ofnearly 10,000 .M\,of pover at remote sites around the world. By V9''l itcould generate ti ree times that amount of power. A sample of AlI)assisted 
 C lnt i's for which data are available shows that decentralized
hydropower poteontial represents abou, 10 percent of total hyd ropo,.ver
potential, and if! some countries is equal to total current power denand.
Thus. this resource can make a major contribution in meeting the priority
energy needs of many countries, particularly in agriculture and rural 
development. 

Where decc.itralized hydropower is technically feasible it offers many
advantages over conventional small power generating alternatives such as 
diesel systems: 

* 	 The technology is well developed, widely available, and easily
 
understood;
 

* 	 It exploits the high annual rainfall and rugged topography found
 
in a number of AID-assisted countries;
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1.2 INTRODUCTION AND SUMMARY 

* 	 It is economically competitive with both diesel power arid with 
extension of the existing power grid; 

* 	 It can be integrated with other water-resource development

projects such as irrigation to provide a power source at 
a 
comparatively low incremental cost; 

* 	 It reduces the demand on foreign exchange reserves by reducing
oil imports for power generation and by using a relatively large
component of local labor, equipment, and services; and 

• 	 It reduces expensive overbuilding of power generation capacity
because it is added in relatively small increments and has 
shorter construction lead times. 

Despite the advantages of decentralized hydropowe- countries face serious 
obstacles to its full utilization: 

* 	 The hydrological data required to assess a site and optimize
its economic performance are not widely available in developing
countrie3; 

* 	 Initial site design and capital costs may be unnecessarily high

because of reliance on foreign experts and equipment,

inappropriate designs, and unrealistic requirements for detailed 
site assessments; 

* 	 Host government energy policies may discriinnate against small
 
power producers;
 

* 	 The host country government and pi',vate sector organizations
 
may not have the technical and managerial capal ilitv to properly

design, construct and operate the fa,:i1itv; and
 

* 	 Demand for the power near the site may not be sufficient for 
the project to be cost-effective. 

To ensure the fullest realiztion of decentralized hydropower's potential,
S&T/EY has developed a wc."d strategy. First, it will leverage itslimiteJ funding by serving a, a catalyst to decentralized hydropower
development. It will do this by conducting preliminary reconnaissance and
prefcasibility analyscs to 	 sitesidentify potential for cost-effective
applications and then "brokering" these sites by bringing together potentialdevelopers such as U.S. and local sectorprivate institutions with potential
financiers such as local arid international lending institutions. These
developers and institutions will then 	 assume the "rimnary responsibility for 
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INTRODUCTION AND SUMMARY 1.3 

detailed planning, financing, constructing, and operating the sites, with only
minor additional assistance from AID. 

Second, S&T/EY will include decentralized hydropower as a key energy
option in the Small Utility-Scale Power Systems, Industrial and Village-

Scale Power Systems, Energy for Irrigation Pumping, and Energy for

Agroprocessing and 	 Industries,Other Rural and Irrigation and Energy
Planning in River Basin Development. Competing options will include both
conventional power sources such as diesels, grid extension, and industrial
cogeneration and other renewable power sources such as wind,

photovoltaics, and biomass. S&T/EY 
 will 	 thus insure that decentralized
hydropower will be evaluated wherever it can a need formeet 	 power, and
that 	 those applications where it is the best option will be identified. 

To implement this strategy, S&T/EY will focus on the following
accomplishments for FY86: 

* 	 Identify two AID-assisted countries that appear to have
 
significant decentralized hydropower potential;
 

* 	 Conduct reconnaissance and prefeasibility studies using U.S. and,
if available, host-country experts in these two target countries; 

* 	 Prepare a portfolio of "bankable" projects suitable for
 
implementation based on 
 the above studies; 

* 	 Identify government impediments in these countries to cost
effective decentralized hydropower dtevelopwlnt ('such as fuel
subsidies or electric power generation mon(ipolies ) and vork
with 	 host country energy planners to redn: - or eliminate these; 

* 	 Broker development of attractive sites bv brUiginqg loyether
potential site developers with potential lenders; and 

* 	 Provide training when necessary to host-country personnel in
 
areas such as: estimating project performance from hydrologic

data; preparing engineering designs; estimating capital and
 
operating costs; assessing local power markets and revenues;

preparing financial plans for lenders; carrying out project
construction; and providing project operation and maintenance. 

There are no budgeted funds for decentrali. ' hydropowe- efforts in
FY86. However, as of November 1, 1985 	 app o.,imately $350,000 remains
from 	previous years to fund general support services pro'ided under a
Cooperative Agreement (AID/DSAN-CA-0226) by the National Rural
Electric Cooperative Association (NRECA). To use these funds most
effectively, S&T'/EY will focus its efforts on two highly promising 
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1.4 INTRODUCTION AND SUMMARY 

countries. One of these countries, Madagascar, has already been selected 
for reconaissance and prefeasibility studies; one more will be selected by
February 23, 1986. 

The remainder of this paper is organized as follows: Chapter II
discusses the rationale for AIDs interest in decentralized hydropower, thestate-of-the-art of the technology, and the lessons learned from past
experience on how such a technology can best be implemented. Chapter IIIdescribes the strategy and implementation plan that AID will use to
maximize its limited resources. Supporting miaterials are provided in 
Annexes A, B, C and D.
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CHAPTER 2 

PROGRAM RATIONALE 

INTRODUCTION 

This section provides a brief background for understanding the issuesaffecting decentralized hydropower in AID-assisted countries and discusses
what is needed to insure its cost-effective implementation. First, the
 
energy problems facing developing countries are reviewed. Next, the

potential 
 for meeting these needs through dec-entir lized hvdropower is

discussed. Then, the current status of the decentralized hdropower

technology is summarized. 
 Finally, the lessons learned Abut imlIenoning
this technology in developing countries are described. 

THE ENERGY PROBLEMS FACING DEVELOPING COUNTRIES 

AID's Bureau for Science & Technology, Office of Energy (S&T/FY)
recently issued a policy paper on energy ' indicating that economic growth
and energy use (particularly of oil and electricity) in AID-assisted
countries are closely correlated. In fact meeting AID's target goal of a 2
percent annual growth in real per capita inorne will require an average
annual energy use growth rate of at least 7 Pe rcunt. Mlanv of these
countries will have difficulty meeting this c-ormnic grow h ta rget becaiuse
they will have difficulty paving for the e.ergy while maiUtiiin,
productive investments in other sectors of their ec otnics. For example,
half of all doveloping countries rely on imported oi! for over 75 percent
of their commercial energy needs reliance, a rhat is not lik,?lv to
decrease much in the forseeable futu re. Oil imports alo.e ahsorb one
quarter to one-half of export earnings, reducing the foregn exchange
available for productive investments. 

At present, developing countries are spending over 4 percent of their
GNPs on energy resource development, representing 25 percent to 3
percent of their total annual capital investment. This investment is much 
greater than the 2 percent to 3 percent typically spent in the late 1970s,and is likely to continue increasing. The World Bank estimates 
development of the energy sector in these countries wl require 

that 
annual

investments of $130 billion during this decade, over half of which will be
foreign exchange 3. S&T/EY estimates that electric power generationinvestments alone in AID-assisted countries will reCqluir, $177 billion to
$266 billion over the next 15 years " 
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PROGRAM RATIONALE 2.2 

Ample supplies of energy are particularly critical in agriculture, since 
most AID-assisted countries rely on irrigation to increase agricultural
output. Pakistan uses 23 percent of its pover generation for irrigation.
India's agricultural electric load which is used primarily for punping
increased from 118 MW in the early 1950s to almost 13,000 MW in the
late 1970s. Future expansion in pumping will need to- rely on electricity
and diesel power, since alternatives such as gravity pumping have been 
used as much as is oractical. 

To maintain its economic growth and meet the resulting growing demand
for energy, a developing country must r'ejy on a twofold strateg.,,. First,it must encourage the efficient use of energy by the major consu:Ming
sectors. Second, it must utilize domestic energy resources whenever they
are cost-effective. S&T/EY is assisting developing countries implement
both parts of this strategy 5 

CURRENT STATUS OF DECENTRALIZED HYDROPOWER 

Decentralized hydropower is among the most promising of the renewable
 
energy resources in many developing countries. It includes 
 relatively
small hydropower sites, typically less than 15 MW ( representing aninvestnent of typically less than $30 mill ion), which can be either islated 
or part of an electricitv grid. Thes, sites can provide either electrical ormechanical power and in mainy cases prima rily serve a local demand such as power for an industrial plant or i rrigation. Often. they are financed,
owned and operated by local users rather than a large c(entral electricutility. In contrast, centralized hvdropu)wer sites are usl'ally quite large
(up to thousands of MW), call corst billions of dol.ars aId are usually
owned by the government, a ptrastatal or a large electric urilit,'. 

Detailed surrveys of deent raIized hvd ropo,.er potcntial have Len carrited 
out in only a few countries and data are general diffic,I to obtail almd 
compare on a consistent basis (ce.g the C~lpa-itv Ci(C 1i tions for
decentralized hydropower vary significantly). The available data for 25
AID-assisted countries are 'i;immarizCd in Table .. For these countries,
the data suggest that decentralized hydropower is a lar-e resource,
averaging about 10 percent of total hydropower capacity in most countries
and at least equaling the total cur-rent power derand in a number of them. 

According to a stuly of the future worldwide demand for a variety of
different generating options 6, decentralized hydropower is expected to 
serve primarily agricul!ture and village electrifitation. The study
estimates that in isolated, stand-alone syst ems in 19$3, decentralized 
hydropower generation totaled nearly 10,000 MW worldw,'ide, cornpared
with 580 MW for diesel, 11 MW for wind generation, and negligible 
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Table I. Decentralized Ryd-opower 

Estimated total 
hydxopower

R-egion/Country potential (M'VJ 

West Africa
 

Guinea 
 5,000
Liberia 2,000 
Sierra Leone 1,300 
Togo 
 270 

East Africa
 

Buruand i 
 800 
Xadaascar 7,800 

Rw an d a 
 600 

South Asia
 

India 
 i00,000 
Nepal 18,250 

Pa-kis tan 
 19,600 

Sri Laika 
 2,500 

East Asia and the Pacific 

indonesia 32,000 

Papua New O'uL-.ea 29,000 

Phiiioones 
 10,000 

7-ai1 and 
 20,200 

Lat;- America a-nd 
the Caz beh 

Bo ivia 18,000 
Costa Rica 9,100 
Do%-inica 18 

Do r;nic PCeublic 1,900
;-n 
Ecuador 22,733 

Guate =:ala 
 5,4Z6 

Haiti 
 152Ho ndu-as 2,800 

Jamaica 
 100 
Pe r 60.000 


TOTAL. 
 369,549 

Potential of 25 A!D-A.sisted 

Decentralized 
hyd.ropower

potential (M-W) 

560 
150 
100 
30 

460 
270 

30 

10,000 

800 

300 

200 

1,000 

4,000 

4,000 

1,066 


500 

2,700 


18 
50 

1,000 

1,000 


152 

500 
100 

12,000 

40,920 

Countries 

Total installed 
capacity from all 

sources (MW) 

151 
322 
106 
152 

26 
250 
37 

42,374
 
150
 

5,570
 
879 

7,390 
427
 

7,774
 
7,632
 

618 
818 

8
 
1,365
 
1,799
 

952
 
173
 
608
 
760
 

3,578
 

83,919 
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V Sources for Table I
 

EStimated 
 Tota! HYdroPowqr C aio ot. Istale a, £kyarr vm A $.r n ta: I~*i13j?-d~~r~~t' 
1 . 

iI t.e~rmq~ e4 0 a 17~, 6 " r) oar. Ay-L V'prg L pi 

~r~ts~ieo
~ropweI 3eLa, estimrates are ram 

jQn- -va!uation de =essour:es dr. "ts Amenage!=e dolec::use
RP. de Gunee, R.aopor, de '.issi enne.eeMber 
7-is, 1.6i pp.3i5 
LLberia-Decen Era Ii.d H-Fdiopower Program stpif estim~ate.
 

Sierra Leone-:-amara 
 OLB. Case Studv: stab ishirm I vr:.-:amrRydro Electric Power Develooroe Itor Ru~.ral 
f c 

1c:fc~~L ira-os
Ungedlacoru-evlup.Mrln .~roram"tNMO, Augus: i9~ 

'090-Associates LlRtwra Oevt!oomerlt,Situation. :eport pro.s nrc. the o eOfir~~v3e'.S.U~ Agenc 'o fa raoa , 
ec~c~
 

1981, pp. Z-31. 7t 

t e n . .N D ip a S. i. : 7unoU~e . - a . . re i: . ~ 0u'~- . v cr :U~ NPragera \L55-o. "Ovemmer
 

Madaqascar--css~bit.
 
55 =vre~:.us~o.d'v :heLaEconocmie et du Cone~. c:zze: 11. 

ap !.~ise 

Ldia-Decdas -.. "%zr-ye :eneratin L nia. N-D :0'.vc 3-q2Oc:ober-NJovembe. !950. A~asosee jr%Sem--.r Sma;1 Stat'2n.s: Centra!adr
Soaxd, of Lrriatson anod?oe.Janua.v 1C33, rs:a~s~c~ce
400 N1W omic:ro-ivd.oaoow. 'Up t ZOO 'xV, aofxl-c- 300O MW("a.e ira:c n .~r
supply canal drozps: anjd _zn-wd~aer.p: 1.'*',0C MIN.- 5.100 

3Pakistan-Decentria'ized Uvd.:powerogram staff estir-ace. 

Sri :.anka-Decental:e4 -izopauerProgram. staff e!suiat.
 

Ldonesia-No todjip.ro 
 H. 'Cdnr..aHi.ed vs. necentrali:tcd Svste= of ?--rolectFixaning ani ee~~o of M-ni Hfvro Powvert -he Lndvie~ian cis~e. paperpresented at UNDO worktshsop, 
 LL:pu:. Maa-esia. 

PNG-Decen-ra~j~ed U &:-cc.ser  staff estlat. 

7hatiand--see ref. , asbove.
 

Bofivia- 0ecen tralize d 
 r ~ ~ : .: r m ~ f s :: 

Costa Rica- Decnrai..e- i~ower Prpa st sti~ate.
 

ConLic-igux based or. 
Assumtion. :ha: I'.! hyd:-zower L1 sroa, ;sia.-.dcountr~e3 falls ;_-:z h ai-.~ w :-apac:n .tne
 

Oomuiican P--bl:-ee-a:. 
 -oonower P-ro:am staff sma. 

Ecudor~.lu c l:S i.de~ r:rto5 :ara aa.?unsc:ae
.i±~eLectricis Ie: :. nfor-e .a-.* _e Atston £v al at uaor.,Novmbr 1_-30. i. eaaznode 7tcicapaNaciones Unidas.:atn*cia 

a e
 

'jua:troa~a-:)ecen::-a~jl.d itoperra staff ts:ioat , 
1~atiFI.~ asd n asS.:. n -h~aatII ',%' .opowe: i sail isiand :u~efalLs o tle sral-:dopw* aac::vranI 

Jamaica-F!3-.±re based: :,n assupc ion -hat all nvd:power nS.-all tlnCountries fails ;--,c 'he Sa 00oower :apac:ty ran~t. 

?ers~ecenral1.d:~vd~coje:Pro~a~ saf sia 

http:Ecudor~.lu
http:todjip.ro
http:vre~:.us


PROGRAM RATIONALE 2.3 

amounts for other options such 

hydropower 

hydropower generation in 
as 

isolated, 
photovoltaics. 
stand-alone 

It pre
systems 

dicts 
wvill 

decentralized 
climbi to 

29,000 IW by 1991. 

Decentralized hydropower can be broken down into micro- and mini
1. Micro-hydropower sites are quite small, generally less

than 100 kW. These sites can provide either electrical or mechanical 
power to meet the requirements of small discrete loads such as agroprocessing and milling machines. In many parts of the world, the technical
expertise necessary to successfully implement inicro-hydropower projects-- water management, design and construction of rudimentar-y yet effective 
civil works, plant operation and management -- is locally available
because of experience vith traditional mills and irrigation systems. Micro
hydropower projects generally use simple, inexpensive equipment that often 
can be fabricated in-country. Entrepreneurs in several developing
countries including Nepal, Pakistan and Indiia have a re,dy begun
manufacturing turbines, generators, load controllers, pipe and, end-use
equipment locally. They can provide a 'turnkey package' service to rural 
customers to meet specific end-use power demands such as agricultural
pumping or grain milling. Micro-hydropower manufacturing enterprises 
are beginning to emerge in Africa and Latin America as well. 

Micro-hydropower is especially attractive as a low-cost energy optionwhen direct shaft power is needed to drive oil expellers, sawmills, cane 
crushers, and flour mills. It can also be used to drive heat generators
that heat air to several hundred degrees centigrade through viscous heating.
The hot air is used for such purposes as dyeing, soap making, juice
concentrate preparation, crop drying, and buttertat and chese making, th'us
saving fuelvwood and other ruralscarce energy resorces. 

Mini-hydropower for this discussion includes sites havi'inr power ou pums
from roughly 100 KW to 15 IW,. Typically these are sites often isolated
from the main power gr;ds which scrve important rural energy markets
such as groups of villagcs or small towns (possibly nrming a smll local
electrical grid), larger cioperatives, farms, agro-processing plants and
other rural industries. ,ini-hydropower is also quite adaptable to labor
intensive civil designs, and in many developing nations the local
metalworking skills and plant facilities are more than adequate to
fabricate most of the cwDmponents neetded to equip the sites. 

In addition to serving isolated loads, mini-hydropower sites often are
appropriate foi supplying a power grid. Several recent studies in
developing countries on the impact of mini-hydropower plants on large
transmission networks have shown that decentralized hydropover can
reduce the net costs of power expansion and-] generation generation 
programs in three xay s. First, they permit the energy generated by 
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PROGRAM RATIONALE 2.4 

decentralized hydropower plants when stream flow is adequate beto 
substituted for power generated by larger hydropower storage schemes,
thereby increasing the effectiveness of storage in serving dry periods or 
peak demand periods. Second, they delay the need for large generating
plants, thereby matching growth in generating capacity more closely with 
growth in demand and thus reducing the overa!l costs of power by.
Finally, they reduce the foreign curreicy requirements for power system
expansion by increasing the use of indigenous materials, equipment, skills, 
and labor.
 

RELATIVE COST-EFFECTIVENESS 

Decentralized hydropover can be used to isolatedsupply loads or it can be 
part of an electric grid. The economic merits of decentralized 
hydropower versus those of the common alternatives for serving a remote 
load -- diesel generation and grid extension -- depend pa rameterson 
such as the water head and flow rates and the civil works required whicl 
vary considerably from site to site. 

A study for the World Bank's Energy Department' estimated capital costs 
(in 1984 S) for "typical" decentralized hydropower systems. The turbine 
generator and control systems cost $300-600ikV, with the higher head 
systems (30m or more) at the lower end of that range. If the site is 
connected to an electric grid, power factor control and substation 
equipment will add about $100/k\V. Remote control equipment, if required,
adds another $20,000 per site. The greatest cost uncertainty is for the
civil works, which are quite variable from site to site. If the system is
retrofitted to an existing dan, these civil works can be as little as
$100/ kW. If extinsive civil works are required, their costs can be
$2,000/kV or more. Indirect costs such as sire evaluation, engireeriiu,,
finance and overhead are also quite variable, r anging from is little 10as 
percent of the di:'ect capital costs for large installations to over 
$6,000/kW for snall installations" . 

Because of the large variability in costs among decentralized hydropower
sites it is difficalt to generalize about the site characterist;cs that are 
necessary for a cost-effective project. General "rules of thumb" 
suggested by the World Bank Ene rgy Department are: a head of 3 to 50 
meters; a water flow of 0.5 to 100 cubic meters per second, annual
operation at full capacity of more than 2000 hours; and a size greater than
100kW. However such rules must be used very carefully since there is 
no guarantee a site meeting these requirements will be cost-effective, or
that one not meeting these requirements will not be cost-effective. 
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PROGRAM RATIONALE 2.5 

A detailed economic comparison of diesel and hydropower for a range of
typical capital and operating costs is provided in Annex B. This example
shows that the diesel option is more cost-eff(.ctive than decentralized

hydropower when utilization of the plant's design capacity is 
 low, e.g.,when there is little demand for the power, when the demand is very

peaky, or when the flow 
 varies considerably from scason to season or

from year to year. However, when the capa, -ty utilization is higher

(typically 25 percent or more) hydropower can be the more economic

option provided the energy is "firm", i.e., is available when needed. The
hydropower option would even favorablebe more if the numerous other

indirect economic and social benefits, such as the use of indigenous

resources and the conservation of foreign exchange, are explicitly included 
in the evaluation. 

An important factor in the attractiveness of decentralized hvdropower

projects is the relatively large component of costs that can be provided
locally, thus conserving foreign exchange. The 
 foreign exchange cost 
component of five hydropower sites ranging from 40 kV to 292 .\IV are

shown in Table 2 A. For conventionally designed projects, the local
 
component of costs 
 ranges from 75 percent for the largest installation
51 percent for the smallest. The micro- and mini-hydropower sites 

to 

usually have more of their costs supplied locally than do large hvdropo'ver
sites. A study by NRECA for AID estimated that in Costa Rica, proper
design could boost the local content of several projects under 1 .MWin
size to over 80 percent while reducing the sites' overall capital cost by 17 
to 33 percent, compared with a more conventional design approach. 
A direct rompa rison of the relative costs of grid extension, diesel 
generation, ad decentralized hydruopover generalion was givel in a stly

undertake.- in \estern 
Keny bv the United attions Depart:menr of
Technical Co-ope ration for Deve-lopment as part of a series of sidies of
47 developing countries " The area obtained e1 ic power For
 
industrial and commercial use from 
 small diesel generating sets that had a
peak cap.city of 380 kV. Under consideration ''as an 550 kit'
hydropow,er plant that would provide additional power for a population of
15,000 as well as for maize and coffee mills. 

The alternatives to hydropower generation were continuCd reliance
diesel or connection 

on 
to the national grid at Chv,'ele, which is less than 10

km from any portion of the proposed service are.i. The energy costs as
 a function of demand indicates that decentralized iydropower is clearly
favored over the diesel option except for extremely low utilization rates,
and slightly favored ov,r the grid extension option when the utilization rate 
was lens than 0.50 (see Figure 1)_ 

Hagler, Bailly & Company 



TABLE 2 
The Local Component of Hydropower Capital Costs 

"Capital Foreign
Size Cost FxchangeType Location (MW) ($/kW) Fraction 

Large Remolino, Fonduras 125.0 1800 0.67 

El Cajon, Honduras 292.0 2226 0.75 

Mini Guyamal, Honduras 8.0 1383 0.52
Humuya, Flonduras 8.0 2558 0.52 

Micro Providencia, Costa 0.C4 6000 0.51 
Rica 



2.c 

Figure 1. A Comparision of Rural Electric 
Falls project in Western Kenya 
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power Sites in Kenya: Report of Mission to Kenya, 17 Marchto 9 April 1982, Prepared for the United Nations Departent of
Technical Cooperation for Development 
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Two factors, however, make the grid extension option appear less
expensive in this example than it would in most other developing countries.
First, all the villages to be served are very close to the existing grid(within 10 kin), which considerably reduces transmission costs. Such 
proximity is frequently not the case in developing countries. Second, the 
cost of grid energy in Kenya was relatively low ($0.05/kWh in 1982
dollars), since about 83 percent of the country's generation capacity in
1982 was already based on hydropower. Such low costs are usually not the 
case in other developing countries, which rely heavily on expensive
imported oil for power generation. Even with these two factors strongly
favoring grid extension, decentralized hydropower remains competitive for 
capacity utilization rates above 50 percent. 

Estimating the value of a decentralized hydropower site when it is

incorporated into a large electric grid 
 is often difficult. This estimate
usually requires sophisticated utility expansion-planning and cost-of-service 
models to estimate marginal costs of capacity and energy which becan
difficult to apply in developing countries (often due to a lack of accurate
data on generation, transmission, and consumption characteristics) orwhich do not have the capability for accurately evaluating the effects on

the main grid of small dispersed power generating systems.
 

Finally, care must be taken in site assessment to avoid inappropriate
applications. In particular, applications involving multiple uses for the
 
water must be carefully examined to be sure 
 the uses do not compete with
each other. For exanple, when hydropower is combined with irrigation
systems the use of water for irrigation may impose constraints on theamount of water available for power generation, and vice versa. In these 
cases determining whether a project is cost effective requires very
detailed cost-benefit analyses by competent economists. 

CURRENT RESEARCH AND DEVELOPMENT EFFORTS 

Decentralized hydropower technology is already well developed and no
major breakthroughs are expected or really needed. Research and
development has therefore focused on finding ways of reducing the costs
of capital equipment and of site assessment. 

Various approaches to reducing the cost of decenti-alize- hydropower
equipment are being pursued by manufacturers in the United States and
abroad. One approach has been standardization of unit designs, which
facilitates equipment selection and plant design and construction. Several
manufacturers are providing turbo-generating sets as preassembled
packaged units, which allows alignments to be made at the factory,
installation to be simplified, overall to reduced.and cost be Other 
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manufacturers have capitalized on the lower cost of mass-produced punps
and used these, with slight modifications, as turbines in sizes from underI MW to 2 MW. These designs offer a per kilowatt cost lower than
conventional turbine theydesigns, although are less efficient than
conventional designs when operating off their design conditions.
Manufacturers are also developing new designs such- as modified marinethrusters. As interest in decentralized hydropower installations with acapacity of less than several hundred kilowatts has grown, numerous new,very small companies based in developing countries have entered the fieldand are providing equipment at a lower cost than established suppliers inthe developed countries. Finally, recent advances in electronics have beenreflected in new micro-processor contirols and monitoring and generating
equipment for hydropower plants. These permit increased operating
efficiency for projects 
 with storage and reltuce maintenance and operating 
costs. 

A second area of research and development interest is reducing the costs
of site assessment. To determine the financial viability of a proposed
plant, estimates of the capital and operating 
 costs, annual energy output

and demand are essential. the techniques
Although for obtaining theseestimates for large hydropower sites are well developed, these techniques
cannot be readily applied to decentralized hydropover projects without
creating unacceptably high engineering costs -- the initial costs ofanalyzing the site and optimizing the plant design can exceed the project'sconstruction and equipment costs. Therefore, international lendinginstitutions are trying to develop approaches based on regional data and
general site characteristics as a basis for loan apprcval .
 The World

Bank has developed techniques (some using satellite photographs) for
estimating the number, size, and cost of decentralized hydropower projectsthat could be developed in a particular region or country under study.
Inter-American Development Bank is adapting 

lhe 
a computer program thatanalyzes water-supply projects to analyze decentralized hydropower

projects. These approaches are experimental, however, and have vet to be 
validated. 

Other approaches to reduce the costs of project assessment are beingdeve'oped by project developers, vendors and engineering firms.
Engineering costs have been reduced by adopting standardized plant designsbased on key site parameters. In procuring equipment, firms have
recognized that itis uneconomic to conduct standard model testing andfactory acceptance tests for smaller-sized equipment, and they haveadopted instead standard bid specifications that depend on performance
guarantees. And finally, rather thin hiring individual contractors andcarrying out detailed site construction inspections, the net administrativecosts may be reduced by having a single general contractor who provides a"turnkey" project with performance and duration guarantees. 

Hagler, Bailly & Company 
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OTHER ORGANIZATIONS' ACTIVITIES 

So that there is no unnecessary duplication of decentralized hydropower
activities, S&T/EY actively co-operates with other organizations. In the 
years following the 1973 oil embargo a number of development
organizations, banks and countries became interested-in assessing
decentralized hydropower potential in developing countries through studies
both country-wide and focused on specific river basins. The United
Nations Department of Technical Co-opeiation for Development (DTCD), a
headquarters department under the Secretary-General responsible of
executing programs of the United Nations Development Programme (UNDP)
has undertaken an ambitious survey of decentralized nydropower resources
and the potential for their development around the world. It has conducted
fairly extensive decentralized hydropower appraisal studies in 30 countries
since 195,0, with additional studies planned in 16 countries. The UNDP-
DTCD seeks to promote the development of the most promising sites and
has indicated its interest in financing decentralized hydropower projects in 
remote areas of lower-income countries, primarily in Africa. 

Several international institutionsfinancial have undertaken decentralized
hydropower assessments, including the World Bank, the Asian Development
Bank, and the Inter-American Development Bank. The assessments wereundertaken with an eye toward identifying and funding specific sites. In
addition, the UNDP and the World Bank carried out an extensive series ofstudies to assess issues and options in the energy sector in a number ofcountries. In these studies, they reviewed decentralized hydropower's role
in addressing ener~gy needs in each country and made recommendations for 
future activities. 

The World Bank's strategy has been to incorporate decentralized
hydropower into other sector projects (such as agriculture or rural
industrial development) wherever possible. For example, a 1979 World
Bank loan to rehabilitate Sri Lanka's tea plantations involved restoring
eight decentralized hydropower plants that provided power to the
plantations "3 Regional lending institutions, including the Caribbean
Development Bank (CBD) and the African Development Bank (AFDB), have
also participated in decentralized hydropower projects. The decentralized
hydropower efforts of several international financial institutions are 
summarized in Table 3. 

Through bilateral aid programs, developedseveral countries including the
United States, Germany, Switzerland, and Japan have assessed
decentralized hydropower potential in various developing countries. AID's
Office of Energy is providing assistance in this area through its
Cooperative Agreement with NRECA. Under this agreement NRECA has
undertaken regional or countrywide assessments of decentralized 
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Table 3. Summary of Several Decentralized Flydrapower Projects Funded by Landing 
Institutions (2 9 )a 

Capacity 
to be Amount Total projectLending installed of loan cost

institution Country (MW) (US$ millions) (US$ millions) 

Asian Development Malaysiab NAc Z4.0 NA

Bank Nepal 2.8 13 
 NA 

Papua New 0 .1Z0 d 2.6 NA 
Guinea 

Philippines 5 4.0 NA 
Western Samoa 2 5.0 NA 

Inter-American 
Development Bank Colombia 35.5 25 62.5 

World Bank Indonesia 7 7.6 13 
Malaysia 15 21 46 
Philippines NA NA 3 
St. Vincent 3.4 2.0 13.5 
Sri Lanka NA 0.83 0.83 

Source: Decentralized Hydropower Program staff conversations with 
senior staff of various international lending institutions. 



Table 4. AMl Missions with Decentralized Hydropower Projects (30) 

Number AID Installed
 
of financing capacity
Country project sites (US$ millionn) NkW) Status 

Dominican 4 1.620 500(1 1 site expected to be operational 	in December 1986Republic 

Ecuador 
 NAb NA NA
 
India 
 3 0.700 50'0 2 sites expected to be operational in September 1985
 
Liberia 
 0.150 301 	 expected to be operational in December 1985
 
Morocco 
 1 0.200 200 civil works started; expected to be operational in December 1986 

Pakistan institutional
 

training
 

Panama 7 0 .7 8 0 c 280 2 sites completed; 5 sites under construction
 
Peru 
 10 18.6 6200 5 sites under construction; 3 waiting for approval; 2 up for 

bidding in September 1985; all 10 expected to be operationai byNovember 1986 

Rwanda 1 NA 150 NA 

St. Vincent 3.3 8 0 0 0 d1 	 expected to be oprational in December 1986 
Thailand 1.5 10,Oo0c1 Ze 	 1 site currently under construction; 3 designed, but found to be 

uneconomic; 2 up for bidding in August 1985; 6 contracted 	for designZaire 3 1 site eperating; I site eK-pected
2 9?0 to be operational in December 

1986; 1 site under way (completion date unknown) 

aIn addition to the 6 sites, AID financed an institutional training component.
hinformation not available. 
CEstimated. 

dnetotal project cost is $300 million; the project is being co-financed by the WorldDevelopment Bank, and the Canadian 	
Bank, European Investment Bank, CaribbeanGovernment.eln addition, AID financed 4 pilot projects, all of which are now operational, with a total installed capacity of 375 kW, at a totalproject co.it of $4I00,000. 

'J 
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hydropower potential in nine countries. Tha AID Missions have also

financed decentralized hydropower projects, which 
 are summarized in
Table 4. The efforts of the other developed countries are often in direct 
support of efforts by their manufacturers to sell equipment. 

While many studies have assessed decentralized hydi-opower technical
 
potential, relatively little assistance has been provided fot planning,

implementing, operating, maintaining
and such projects. The major effort
in this area has been made by the United Nations Industrial Development
Organization (UNIDO). In conjunction with the UNDP, UNIDO supports
global and regional activities including workshops, conferences, and a

decentralized hydropower research/training center for Asia in Flangzhou,

China.
 

Other institutions have been involved in developing guidelines for project

appraisal. The Latin American Energy Organization (OLADE) has

prepared a series of publications describing various facets of

decentralized hydropower plant implementation and U.NIDO, in conjunction
with OLADE, has prepared Mini Hydro Power Stations, A Manual for

Decision Makers. 

LESSONS LEARNED 

In the past few years individuals and organizations involved in
implementing decentralized hydropower projects worldwide have gained a

wealth of experience on which others can build, 
 although unfortunately
little of this experience has to date been documented. S&T/EY has
collected much infformation during in-country project work aid from
conversations and corrcspondence with engineers, public servants,
representatives of international financial institutions, and project managers.
From these hundreds of sources, a consensus has emerged on the major
obstacles to implementing viable decentralized hydropower pants or 
programs: 

lack of physical data; 

inappropriate designs; 

* discriminatory energy policies; 

* poor assessment of demand; and 

* institutional and management problems 
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LACK OF PHYSICAL DATA 

Data on the physical characterisi2s of specific basins and sites are poor
in many developing countries. Since decentralized hydropower schemes 
are often located on ungauged watersheds, there is little or knowledge
of the hydrologic characteristics 

no 
(i.e., rainfall and streamflo,v) for

sizing the plant or for determining the potential costs and benefits. Noris there detailed data on site topography or subsoil characteristics to

accurately guage project feasibility. There are many examples of
decentralized hydropower schemes were
that not successful because ofthis. Near Pokhara, Nepal, for example, a 250 kV plant was installed toprovide independence from imported fuel, meet the growing power demand
of the agricultural project, and ensure a steady supply of electricity 24hours a day 14. Unfortunately, the plant is forced to shut down for halfthe year because the flow in the stream is insufficient to generate power 
even at minimum capacity. 

INAPPROPRIATE DESIGNS 

Frequently, firms or agencies familiar with large hydropower technologiesand design practices will attempt to simply scale these down to implement
micro- and mini-hydropower projects. This approach usually results in
costs that are higher than they 
 need to be which have given small
hydropower projects a reputation for being expensive. Problems arise as 
a result of requiring a range of increasingly detailed site studies beforeimplementation, relying heavily on imported construction materials and

sophisticated imported turbo-generating equipment, developing capital
intensive designs, 
 and depending on overseas consultaints and firms that
 
may have little experience in the particular developiig country.
 

For example, equipnent of the required size ,nd sophistication for largehydropower schemes is available only from foreign sources, resulting in
foreign currency requirements for these projects a eraging between 65percent and 75 percent "of total capital cost . By contrast, the foreigncurrency requirements of decentralized hydropower projects vill generally
not exceed 50 percent of total capital cost even when the turbo-generating
equipment is imported because the civil works components ustally can bebuilt with local engineering and materials In add tion, several developing
countries such as India, Indonesia, Nepal and Thailand are now able tomanufacture turbines to Theseup 0 XIW locally. countries also
manufacture governing equipment and are preparirg to fabricate larger
turbines under license with a European firm 6. The local fabrication of
such equipment can reduce the foreign currency requirement for a typical
project to 20 percent of capital cost 

Hagler, Bailly & Company 



2.11 PROGRAM RATIONALE 

As another example, the Small Hydel Development Board in Nepal relied
heavily on overseas consultants and engineers who were not experienced
with small hydropover or conditions in Nepal. As a result, its Kini
hydropower plants (1 MW and 5 MW) ranged in cost from $5,000/k0V to
$11,000/kW. These costs stand in stark contrast to the costs of plants
actually implemented by local companies. For these: locally designed
plants, indigenously manufactured as well as refurbished turbines were

used, the engineers had considerable experience both in Nepal and with
 
small hydropower, maximum use was rmiade of local manpower 
 and
indigenous expertise, and designs were tailored to the specific site
conditions. As a result, the locally designed and constructed micro
hydropower units, as well as the locally designed versions of the I MW
 
and 5 MW 
 plants designed by the foreign consultants, cost about
 
$1,000/ kW.
 

In a number of developing countries the decentralized hydropower potential
remains untapped because the generation and dtistrition of electric power
is under the exclusive purview of public institutions such as state-owned 
utilities that are often preoccupied with large power projects and other
activities. As a result, the utility may not have the manpower or interest 
in identifying and developing cos-effective decentralized hydropower
projects. In addition, development of decentralized hydropower resources
 
by other agents may be prohibited.
 

Finally, government policies on energy pricing have also discouraged
development. Prices are often subsidized for electricity, diesel oil,

kerosene, and other conmmercial energy products. This subsidization
 
prevents decentralized hydropower from demonstrating its true cost
effectiveness thus retarding its development, particularly by private
 
operators.
 

POOR ASSESSMENT OF DEMAND 

Adequate local demand for the generated power is critical to the viability
of isolated projects. Many projects have been uneconomic because 
productive uses for the energy did not alwavs materialize as assumed. 
Often sites are selected for political reasoms or because the site had
suitable physical characteristics rather thar for an actual demand for 
power. In sites, it thatselecting potential is c,"itical productive loads
exist or have an excellent chance of being created. In the latter case, a
significant effort must be made to integrate productive end uses with the
project. This integration requires the close coordination of various 
government agencies or organizations, which is often difficult to achieve. 
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If there are few productive loads, isolated hydropower projects become
Anancial burden to the sponsoring agency. The revenue often fails to 

a 

meet recurring operating and maintenance costs, let alone service the debt 
or cover depreciation. With grid-connected decentralized hydropower
plants, the relatively small increments of power are readily absorbed,

usually displacing more expensive oil- or 
 coal-fired generation. Thus
insuring a local demand for the power is not usually so critical.
However, there is then more direct competition with grid-provided power
which may make the decentralized hydropower site less economically 
attractive. 

MANAGEMENT AND INSTITUTIONAL PROBLEMS 

Decentralized hydropower projects can suffer the same management and
institutional problems that can affect other types of projects in rural 
areas of developing countries. These problems arise primarily from the
lack of trained people for constructing, operating, and maintainin, the
sites. Other problems arise from difficulties obtaining project financing,
obtaining spare parts (or the foreign exchange needed to purchase them),

collecting bills, and balancing the :equirements of power generation with

those of alternative uses for the water such as irrigation.
 

Institutional issues can arise because there can be entrenched interests in 
many developing countries favoring alternative power supplies for rural or 
remote areas such as diesel generator packages or expansion of the
existing power grid to those areas combined with additicnal large power
generating systems. These prefererces occur because the people
responsible for system selection, design, operation and maintenance may
not be familiar with small power systems and thus are afraid to
recommend them. In addition, the infrastructure in the country for
marketing and maintaining the alternatives to small hydropower,
particularly diesel generating packages, are usually much better developed
that that for hydropower. Diesels are also perceived as being more
flexible, since if the expected demand does not materialize they can easily
be removed and installed elsewhere. Finally, there is often little noor
interest on the part of host government policy makers to actively pursue
decentralized hydropower projects Aecause of the perceived difficulties in
assessing the costs and bcnefits o individual projects which translates 
into additional risks Without striking compensating benefits. 

Management and institutional issucs are particularly difficult to resolve indeveloping countries because often the government organizations which may
contribute to some of the problenrs are the only ones with the expertise to
properly design and operate the systems and may be the only ones vith the
financial strength to attract funding. Thus even though it may be 
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desirable to encourage the local private sectors to own and operate
decentralized hydropower facilities in rural areas, these sectors may
require extensive training and even then may not be able to finance a

project. There is no simple resolution to this problem; each country 
 must
determine its best balance of public and private sector participation and
 
responsibility.
 

CASE STUDY OF A SUCCESSFUL DECENTRALIZED HYDROPOWER 
PROGRAM 

To understand the requirements for successful implementation of
decentralized hydropower projects, AID has supported the preparation of 
case studies of several decentralized programs and projects. One of
these studies documents a particularly successful private-sector approach
in Nepal, where hundreds of decentralized hydropuver projects can be 
found. 

Two companies in Nepal -- Balaju Yantra Shala (BYS) and Butwal's
 
Small Turbine and Mill Project -- have each implemented more than 100

plants since their ten years The werefounding ago. plants originallydesigned to provide direct shaft power for agroprocessing machinery

flour mills, oil expellers, and rice hullers. One factor 
 in the financialviability of these schemes was the inclusion of end-use machinery as an

integral part of each mill. Now the plants have been put to other uses:

sawmilling, paper-making, 
 crop drying, dyeing of yarn for carpet-making,
preparing fruit juice concentrates, and recently, generating electricity.
The Agricultural Development of Nepal, fromBank with support the Asian
Development Bank in Manil, , is actively promoting these nicro-hydropnwer
plants by providing loans. The typical total cost for a hydro-mechanical
plant including tur:bine, mill, huller, expeller,flour rice oil penstock,
powerhouse, material transpor , site design, land, right-of-way, and
licensing is on the order o' $10,000. electricIf pover is desired the
mechanical equipment for tnis plant could be r.placed with a 5 to 15 .0V 
generator and controls, proaably with minor cost savings. 

The two companies that first began vork on micro-hydropower plants in
Nepal initially required te,:hnical expertise and financial support which was
provided by German, Swiss, and Jap:,nese government agencies and firms. 
Later, because of the emphasis on a local approach to equipment design
and plant implementation, the necessary technology was quickly trans ferred 
to local personnel and now six other companies in Nepal have undertaken 
micro-hydropower projects on their own. Nepali Yantra Shala, which was
started by a former empioyee of BYS, has already implemented aboait 20
plants. The National Structure Engineering Company has initiated work on 
an original turbine desigri without outside technical assistance, and in the 
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past 	4 years has implemented approximately 100 plants :. Despite their
small size. the micro-hydropower plants in Nepal are already contributing
2 MW to 3 MW of power for the development of the country's rural 
areas. 

These two programs in Nepal have been successful largely because the

major obstacles to implementing cost-effective decentralized hydropower

projects were carefully avoided:
 

• 	 The lack of hydrologic data was addressed by relying on local

villager experience with the flows in streams 
 and irrigation 
canals over the years. 

* 	 To reduce costs, simple civil designs comnmonly used with 
irrigation schemes and traditional hvdropower mills throughout
the country were used and instead of using imported equipmlent,
all turbines were designed to meet the local site conditions 
(head and flow) and fabricated locally. 

" 	 There were few discriminatory energy pricing policies by the
 
government.
 

* 	 Management problems commonly associated with small
 
decentralized schemes were avoided by 
 relying on private
companies to implement the schemes and on private 
entrepreneurs to own and manage the installations. 

" 	 Demand for the power was ensured by first determining
existing needs at a site and then designing hydropower schemes 
to specificall' cater to those needs. 

CONCLUSIONS 

In many AID-assisted countries, decentralized hydropower is an attractive
energy-supply optior. competitive v,ith alternatives such as diesel generation
and grid extension. However four interrelated problems iriake it difficult 
for this resource to achieve its full potential. 

Policy deve.opment. AID host governments nust address policy 
areas that currently inhibit cost-effective decencalizei 
hydropower development, including price subsidies for 
alternative energy sources such as diesel, kerosene, and
electrical energy supplied by parastatal utilities; restrictions on 
the ownership and commerce of electric power facilities,
including decentralized hydropower plants; lack of energy
planning and interagency policy coordination; and the absence of 

Hagler, Bailly & Company 

0 



PROGRAM RATIONALE 2.15 

good data collection and dissemination on power markets, site 
parameters, and design standards. 

Technical assistance and training.L Skills training is needed for 
local engineers and entrepreneurs in estimating the potential 
power output at a site; on estimating the potenrtial local marketdemand for power; on engineering and design, construction, 
operation and maintenance, and preparation of business plans and 
loan applications. 

• Information dissemination and networkin,. To help countriesavoid the common mistakes, case studies Showing econornic 
benefits, the lessons learned, and the management awlt 
institutional structures that appear to work well mu bc 
prepared and distributed to appropriate inpliementw rs and 
planners. 

Research. development and demonstration. AltliouJh the 
technology itself is well-developed, research is needed to
develop tools such as simple computer programs and approaches
that will overcome the lack of technical and financial expertise
in many developing countries, reduce site assessment costs, and
provide credible justification of project costs and benefits to 
potential lenders. 

AID's energy assistance resources are limited. To Inaximize the effect 
of these resources, USAID should focus its efforts on developing a
portfolio of technically and economically viable and attractive projects in
those countries where the institutional, technical, and financial 
characteristics most favor such projects. A strategy for developing4 this 
portfolio is discussed in the next section. 

I AID Policy Paper on Enercy; US A ,ency for International Development; July,
193.1 

2 R. Sadove. Senior Energy Advisor, World Bank. Luncheon Remarks, April 4, 
1985
 

3 The Ener;_Zv Transition in Developing Countries. WZashittIon, D.C.. The World 
Bank, Aug~st 1933, p. xix 

4 J. Sullivan, S&T/EY, based on the assumptions: 

Current Power Generating Capacity in AID--assisted ccuntries = 

84,000 MW
 
Annual Power Generation Growth Rate = 7 
 percent 
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* Generating System Capital Costs = S1,200 to S1,S00 per kW. 

5 These programs are described in detail in AID Office of Energy. FYS6-FYSSProgram Plan and Program Initiatives. Discussion Draft. August 5, 1985. 

6 "Remote Power Market Is Predicted to Swell," Renewable Energy News, July, 
1985
 

7 These definitions are somewhat arbitrary, and are presented 
here to assistin conceptualizing the ways these systems can fit into a country's energyresource mix. It should be noted that other assistance organizations may
define these terms differently. For 
 example, the UN differentiates betweenmini/small-hydropower systems (which are of a size and application

warranting external assistance) and micro-hydropower (which are small and

essentially local 
 and which do not warrant external assistance). 

a Small Hydroelectric Components in Irrigation and Water Supply Projects;International Bank for Reconstruction and Development, international
Development Association; Energy Department Note No. 60; July, 1985 

9 For example, an Army Corp of Engineers study estimated the costs of
mobilization and demobilization 
 of an overseas contractor for a 120 kW
scheme in Micronesia to be almost S6,000/kW which equal to all the
was 

other projected site costs.
 

Charles T. Main, Inc. Updating of the Hydroelectric Potential in Honduras, 

June 1984
 
Canadian Energy 
 Development Systems International (CEDSI), Small Scale

-lydro Prefeasibility Stud',, March, 1935
 

11 Wayne, W. and Forsman, A., Regional Assessment of Small Hvdro-PowerSite; in Kenya: Report of Mission to Kenya, 17 March - April9 1982, prepared
for .he United Nations Department of Technical CD-ope ration for Development. 

12 For example, Tudor Engineering Company recently c.mrpleted Regional
 
Assessment of Small Scale 
 Hydropower: AMethodology, for the World Bank,
 
Aug'ist, 1983
 

13 Bqased on conversations with senior staff of the World Bank and other
 
int-rnational lending institutions by 
 Decentralized Hydropower Program staff 

14 Based on visits to Nepal by NRECA staff members Allen Inversin in February 
1984 and Elizabeth Graham in April 1935 

15 Based on Decentralized Hydropower Program staff--experience. 

16 Based on visits to Nepal by NRECA staff members Allen Inversin in February
1984 and Elizabeth Graham in Aoril 1985 
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17 Based on Decentralized Hydropower F-r-ram staff experience. 

18 Based on A. Inversin conversations with Andreas Bachmann of UNICEF/Nepal 
who documented several efforts to implement small-hydropower schemes in 
Nepal. 
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AID'S DECENTRALIZED HYDROPOWER STRATEGY 3.1 

This 	chapter summarizes the strategy that S&T/EY will follow for
developing decentralized hydropower potential within its limited resources.
First it describes the general approach. Then, it summarizes the activitiesneeded to implement the strategy. Finally, it presents the budget and schedule
for these activities. 

GENERAL APPROACH 

Because of its limited resources, S&T/EY's strategy for encouraging cost
effective decentralized hydropower development will have two complonents.
First, it will concentrate on financing country-needs studies iin two countries
to identify a portfolio of "bankable" projects -- those projects that have
been analyzed in sufficient detail that they will attract follow-on funding
from private sector, international lending, and AID Mission oiganizations.
These organizations will then finance detailed feasibility studies, project
construction, operation, and related activities. 

Second, the decentralized hydropower efforts will be merged during FYS6 intothe following S&T'/EY Program Initiatives: Small Utility-Scale Power 
Systems, industrial and Village-Scale Power Systems, Energy for Irrigation
Pumping, Energy for Agroprocessing and Other Rural Industries, and
Irrigation and Energy Planning in River Basin Development. In this way
S&T /EY can ensure that decentralized hydropower systems are assessed
together with conventional energy options (e.g., diesel generators) and that the
hydropower option is wherever is mostused it the cost-effective. 

STRATEGY IMPLEMENTATION 

.mplementing this strategy wili require three acivities: 

*'dentify target countries having both 	 andthe physical the 
institutional potential for significant decentralized hydropower
development; 

• 	 Cond,,et coulntry-needs studies in the target countries identifyto and 
evaluate attracti,,ve decentralized hydropower sites; and 

* 	 Broker follow-on efforts to promote de-velopment of attractive
 
sites by private investors, lending in' titutions, and AID Missions.
 

Fhese activities are discussed in detail b,.2low. 



3.2 AID'S DECENTRALIZED HYDROPOWER STATEGY 

STEP 1: IDENTIFY PRIORITY COUNTRIES 

S&T/EY will focus its efforts for FY86 on two countries having significant
potential for successful implementation of decentralized hydropower projects.Vhile many more than two have significant decentralized hydropower
potential, the available funds will not support additional efforts. These twocountries will be selected on the basis of physical potential, energy need, andinvestment climate. One country, Madagascar, has already been selected; the
second will be selected by the end of April, 1986. The procedure for 
selecting countries is as follows. 

First, the relative physical potential for decentralized hydropower in individual
AID-assisted countries determined. suchwas Although a determination wouldnormally require extensive analyses and on-site visits that are beyond the resources of this effort, an approximate estimate can be developed using twoapproaches. The first approach assumes a country's decentralized
hydropower potential density (in kV,' km 2 ) is proportio::al to its totalhydropower potential density, as estimated by the World Bank and other
organizations. The second approach assesses the potent ial based on countrytopography and estimates. proceduresrunoff The for these approaches aredetailed in Annex C. Both approaches gave approximately the same results,
identifying 37 countries with significant decentralized hydropower potential. 

For these 37 countries, both energy need and investment climate were
evaluated to determine existence of marketthe a for the power and theabsence of significant institutional barriers. Energy need was evaluated usingthe projected growth rate for energy demand for the 1985-1990 period, andthe estimated percentage of electric power generated from oil in 190.Investment climate was evaluated using estimates of host go,vernment slppo rl
for decentralized hyd opower", local capability to implement these projects, afavorable climate for private-sector inv,cstinents in power gene ration, an(It
active donor interest, particularly on the part of the responsible I) Mission.
The results of the ene rgv need and investm'lenlt climate assessments for. the 37countries with sigiificant physical potentlal shownare in Figui' 2 and 
detailed in Annex C. 

On the basis of these assessments, 17 countries, listed in Table 5, were
identified as having the best potential fcr decentralized hydropower
development. One of these countries, MIadagascar, has been selected as a 
target country. Mada-ascar was selected for three reasons. First, the
World Bank indicated that is was verN interested in funding cost-effective 
power sector projects in that country xeginning in early 1986. Second, theAID Mission had significant PL 480 funds available (approximately US $25million) for productive investments inc-luding decentralized hydropower.
Finally, the Government of Madagascar indicated it was interested in
exploring an enhanced private sector role in the energy sector, possibly
beginning with decentralized hydropower projects. 
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Jamaica (1501) 

Haiti 

Indonesia (1301 

100 

Malawi 
Morocco 

80 

Burundi 

Philippines 

Rwanda 

Papua New 
Gu.nea 

Congo 

Sri Lanka 

Hondura-s 

Nepal 

Guatemala 

Ecuador 

60 

Kenya 

Peru 

Pakistan Sierra 
Leone 

Cameroon 
Zimbabwe 

Guinea 

Bolivia 

Fiji 

Togo 

Dominican 
Republic 

Lkdia 

Thailand 

Madagasca-r 

40 

Tanzania 
Lesotho 

Panama 

Costa Rica 

Dominica 

Swaziland 

zo 

Liberia 

Zaire 



Table 5. Priority AID Countries for Decentralized Hydropower 

Africa and 
the Middle East Asia and the Pacific Latin America 

Congo Fiji Bo.,via 
Guinea 
Morocco 
Madagascar 
Rwanda 
Togo 

Indonesia 
Nepal 
Papua New Guinea 
Sri Lanka 
Thailand 

Dominican 
Republic 

Ecuador 
Guatemala 
Honduras 



3.3 AID'S DECENTRALIZED HYDROPOWER STATEGY 

One additional country viii be selected for prefeasibility studies i-rom the 16
other countries oil the list. This selection will be made af;er in depth

discussions within AID and with experts from 
 other internttionil 
organizations, and will be based on the presence of favorable factors such as were present in Madagascar. This selection will be inade by th, end of
 
April, 1986
 

S&T/EY recognizes that this approach may result in countries having

significant decentralized hydropower potential being bypassed 
 initially.
However, it feels it is at this time far more important to identify a pair ofattractive countries and concentrate its limited resources to insure efforts
will have a significant impact. Then, using the examples 

its 
set in these two

countries, additional efforts can be mmounted in other countries funded by
other organizations such as the AID missions with the guidance and advice of 
S&T/EY. 

STEP 2: CONDUCT COUNTRY-NEEDS STUDIES. 

For the two countries identified in Step 1 country-needs studies will be
carried out; the studies will consist of preliminary reconnaissance and
prefeasibility studies. These will be conducted by S&T/EY in coordination

with host country energy and development organizations (both public and

private), private U.S. organizations, AID Missions and geographical bureaus,

and other lending and assistance organizations such as the World Bank. The

preliminary reconnaissance will use existing reports, discussions 
 vith host
 
country and other experts, and -- where practical -- in-country and on-site

visits to identify the most promising decentralized hydropover sites. The

sites will be selected 
 on the basis of answers to the following Questions: 

Will the site serve current or planned high priority development
activities that have energy ne,.ds? 

Is the physical power potential su'ificient to sup ply all or a
significa it portion of the identifi ed nee s economicalvly, comparedt
with altc rnative energv sources? 

* Is the investment climate favorable, with interested investors, a
supporti'e institutional and policy environment, and project
implem ntation capabilities, particularly in the private sector? 

For each site which has an affirmative answer to these questions, a
prefeasibility study will be carried out to expand the reconaissance findings
with more detailed assessments of the technical, financial, and institutional
factors affecting site development. The output of this effort will be a
portfolio of "bankable" projects representing attractive investinent
opportunities, which will be presented to prospective project developers and 
lending institutions (see Table 6). 
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Table 6. Hypothetical Eramples of Sqimmary of llemtlts from Prefeasibility Activities 

Site State oraameprovince 

iivei 
Capacity 

(kW) 
Head 

(i) 

Type of 
schemea 

(pital cost 
(US$million) 

Z1IR 

(of) 

Conatruc t ion 

l-ixpriod 

(months) Comments 

1. Bishala Central Shivu Kisnp 900 '12 R 1.65 1z 1.4 integrated with irrigation 

Z. Wanigan Central Shivu larama 1,100 15 R Z.1. 15 12 

scheme covering 850 ha 

replace diesol which 

supplies a sawmill, a 
furniture manufacturer, 
and a small town (delayed 

grid-in t ercotinfct 
1. Kagamina Marohe l--msatra 550 67 S 1.38 10 25 

probable) 

to power .gro-)rocesing 

4. Sarin Kenlugo Minima 2,100 28 11 3.67 9.1 19 

industry to complement 
major AID maize project 

to 9ulpplemnent grid

suppziemd energy serving 
govern ment center and 
densely populated area of 
30,000 

al = run-of-river, S = storage (with dam). 

C) 
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The prefeasibility study for Madaga.scar has been completed, and the

Executive Summary of that study is presented 
 in Annex D. This studv serves as a good example of the miethodologv and p rocedures xhich xill be IIsed inthis type of effort. First, the overall developrnl"Ilt oals a d acwi vities of thetarget country are assessed. Nexi, the natiaonal trip:ry ned-ds anld resour es
 are assessed and projections of future requirements are reviewed or
developed. Then, an evaluation of how and where decentralized hydropowerprovides the most cost-effective means to meet this reed is made, based ondetailed evaluation of specific regional needs and of specific sites. 

STEP 3: BROKER FOLLOW-ON EFFORTS 

S&T/EY will use the experience and contacts it has developed in the past -1years of decentralized hydropower efforts, together with the prefeasibility
study results, to identify and bring together potential project developers andlenders and obtain comriritiln,1ts to iriplernernt specifir pr'ejects. Wherenecessary, it will redJtre oostacles to imhYlernration Lv offerig te,(irical

assistance and trainirg to local engiceers and 
 r in site
assessment, local inarketpower assessillerlt, consutI'llctioln, , o eration1 aIl

maintenance. S&T''/EY will ,also provide training for host governm ent
personnel in energy planning to help eliminate legal or 
 regulatory barriers tosite development, and it will provide computer models and other aids to

streamline the technical and financial assessment 
 process. 

An important part of this effort will be the encouragement of host countryprivate sector individuals and organizations whenever they are willing and ableto play a major role in the financing and operation of these projects. Thisinvolvement will begin in the initial assessment stage throtrgh disc-lrssions wilh
Interested private ind vidtrls and organ izat ion to determin e theci r perrepti on s.)f the risks and rewards of decentralized hvdropowe rrojects and the
abstaIces they perceive to its developm en t. T'hen, the, will 'e gi enevaluations of esitinited benefits 
them in determi ing whether thy' are attIactive enorr 'h to jrr'sti1', furteIr 

the costs 'rltd of specifir sits to issist 

investment of time and money. Finally, S&T'iEY will assist the:r infinancing the project by mit roducing therIl to potential leriders and by helpiring
them prepare loan documents. 

RESOURCES 

The financial resources available for FYS6 activities are residual funds fromFY85, since S&T/EY has no FY86 funds for the Decentralized HydropowerProgram. The budget estimates given in Table 7 for the period October 1,1985 to September 30, 1986 are based on a projected availability on October1, 1985 of $475,000. The primary support is provided by the National Rural
Electric Cooperative Association (.NRECA) under a Cooperative Agreement
(AID/DSAN-CA-0226). NRECA provides skills in a number of fields, including 
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Table 7. 
Summary Budget for the Decentralized Hydropower Program for Fiscal 
Year 1.986 

ITEM AMOUNT 

1. NRECA base support $415,000 

2. Country B subagreement 60.000 

T"OTAL $475,000 

,Aq
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engineering, economics, product development, program management, datadevelopment and analysis, information network maintenance, administrative
Support and other areas as required. When required outside consultants are
 
also engaged.
 

As an indication of its commitment to the Cooperative AgIreement, Nl,%I-CAprovides an in-kind contribution, which currently averages over $2,000/month.In addition to this contribution, NRECA has supplemented the Madagascarsalaries from its own overhead funds 
team 

to ensure adequate time for preliminary
efforts before departing for Madagascar. 

These funds may be supplemented by AID Mission funds, which will allow amore extensive study. This was the case in Madagascar. The potential forsuch support, however, cannot be determined until the second country is 
identified. 

SCHEDULE 

The expected schedule for remaining decentralized hydropower efforts issummarized in Table 8. The final report on all efforts supportingdecentralized hydropower will be presented to AID by September 30, 1986. 
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Table 8. 
Proposed Activity Schedule for the Decentralized Hydropower
Program for Fiscal Year 1986 

Country A: Madagascar 

October 21, 1985 Present draft final report to S&TiEY 

N-ovember -, 1S5 Receive S&TM,'EY comments 

December 8, 1955 Complete finl report; brief All) develop 
next step strategy 

Country B: (To be determined) 

April 30, 1986 Identify final country and agreeon scope of 
work 

June 13, 1986 Complete team selection 

July 11, 1986 Complete interim rql~ort; brief AID; team 
departs
 

August 29, 1986 1'resent drinft findI report to S,"1',,'EY 

Septeriber 12, 1%S6 Receive S&I, :IY conrtir'iris 

Septembe r 30, 1056 Complete finl report 



ANNEX A. SUMMARY OF USAID'S DECENTRALIZED HYDROPOWER
 
EXPERIENCE SINCE 1980
 

THE 	DECENTRALIZED HYDROPOWER PROGRAM 

In 1980 the U.S. Agency for Interiational Development (\ll)) Bureau for

Science and iTechnology, Office of ['nergy (,S,. / 1.' signed a

Cooperative Ag re eme(t (AID/IDSA.N-CA-0226) with the N ional 
 PIu ra!
Electric Cooperative Association (.NRECA). This 	a eenlvut provided the
Decentralized llvdropo'.vr Program sc.rviCs in: 

Administration -- forln;ilato, prn, lra '.:11vi1'i,.s, f,:tocute
subcontracts, arrniii.e workshops, d",velop (aiadtraining lls, 
car ry out field support activities; 

" 	 Project Idenitification and design -- identify potcntial sites,

conduct prefeasibilitv 
 studies, carry out detailed feasibility
 
studies;
 

* 	 Database development -- survey state-of-the-art in developing

and developed countrie,; identify equipment infrastructure;

assemble databases of skills and avail-ahle techmology; anld
 
prepare manuals, bulletins, and resoirce directories.
 

During the past five -e'ars a sllbstallii ii.tlliuii o kn"owled'ge ldexperience v.ere" 0a1iI'd weli+	 ., 	 diad,'s,,v"c",' DedVtov encourage th,,, 

cost-ef'entio ,vl'pni,.t c' d,.'utrl i; 
, nvl1ow'.','r r,,-source-s in All)
assisted cou :ntii S.
 

PROGRAM RESULTS 

As part of the program, four technical workshops were held world w ide - Quito, Ecuador in 1950; Bapgkok, Tlh.il,md in 1S,1; Abidjaln, Ivory Coastin 1982; and Mbabarie, S wazi lan in 1983. Over 100 deeloping coiirv 
engineers, planners, and project manageis met to exchange information and
experiences and to learn about the principles and practices of decentralized
hydropower. These workshops included classroomn and field exercises and 
team problem-solving. 

Two 	 small but important seminars were conducted in Washington, D.C.
One in March 1981 focused on the iSSuies and opportunities associated withfinancing decentralized hydropower systems in de2Veloping countries. This 
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was attended by invited representatives of the internationl tnaulcial
Commlflity. liFe other in July, 19S2 	 brotight tOLethrr (!ehq)jrs aind
manufactunre rs froin the LS. private sector to discuiss ptotl ins withopportunities for decentralized hydropower development 	

amit 
in AID-assisted
 

countries.
 

Training assistance was provided in three ways. One was by the

transfer of technology to the i ,-country counterparts bv All) technical
assistance teams. The 	 second was by several week-orra study tou's
which familiarized developing country engineers with U.S. hydropowe r

equil)nment nianufI actlrers and decentralized 
 hydrjr)vr lOJ ts. "IlThethird was bv developing atnd p)resentig a rigoroust'.,v)-,,, ('use ilhydrology in Mlanila, the PhilipTpines. The course was atten,,ded by selected 
government an:d priv ic-se-or rlyin-a..rs iivoklv, i' itiot rl- : tr: !izdhydropower prograins int0 t1ilippins, 	 m1 Vi land.I,,isi. I.l,','A. 


1'O documlinellt its worksh,-.ops, its fildings inl runt ,--p ,L'i laln'!'!s,the experience that it has gainer! since its inrept i , the l)cccn rlized
-Jydropower Ptrograin has prepared a nunber thri incat ions:of 

Case stulies on va r inus ,,,,) ,. ," to :'ld. . ti,

decentralizerd hv, r,)%vrr.ir, 	 Nekispan,r is in ,epal, and Zaire; 

*Irefeasibility and feasibility inerr)tholn"ies and guAielines for 
evaluation, enironitent.1 assssunn aml hydrologic aual is; 

Special stiudies -- a SIV,, on drrrltriA;,, ,r ,is h"IltrANlized 
Fia ll~a~ 
 l[''',ilt ,1ro~~rlilt-	 )I .!t (r.l ',i~lI("r.l I ,
 
nianutfacirrr' am! a ntivn-h'j,frn 1
 (' risonir:'iOrrk 

* o>rksh,~1 Inrt or rrrgi fvni G~ KAPP ( P S o l. y.;~:Ksh~)
I'hMilant (I11:,1ish), lIvw V M IS,( I:.., a p! 't : hK), a!d 
Swaziland ( ..,.ia )' 

T'echnical articles -- econonicallv ) i' c ve uises of energy,
state-of-the-art in elect rogeneratin.l, criniriient, 1 )ro,,hes to 
rural development; and 

* 	 Country reports -- documentatiun of the trcan technical
 
assistance services and attendant 
 recominnenra tions. 

The 	 Decentralized Hydropower Program has developed information oildecentralized hydropower around the world and has used it to prepare
training and reference materials for pl:nners and engineers a: i to respondto the mum erous requests for information fron ihndividuals at 
organizations active in decentralized hy:iropowetr in develrpirn cotintri S. 
This information is consists of: 
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* A library -- holdings of nearly 4,000 books, Iqports, newspaper
and journal articles, and periodicals on all aspects of
decentralized hydropower, rural elect rii calion, economic
analysis of development projects, and other energy technologies; 

" Slides -- over 2,000 slides documenting the design,
implementation, and operation of decentralized hydropower plants
around the world; and 

* An information network -- a network of research institutes,
universities, government agencies, development organizations,
manufacturers, and individuals involved in decent ralized
hydropower; a talent bank of over 200 specialists in
engineering, economics, sociology, and other fields with
a)propriate language and oversea.-s experuie. 

In response to USAID Mission req"Iests, th, Decentr'alized lt I'tropowei"
Program has provided short-ternl assist nce to the 21 count ries listed in 
Table Al. 
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Table A.1 
Countries in Which the Decentralized Hydropower Program has
Provided Technical Assistance Since 1980 

Bangladesh Ghana Madagascar Rwanda
Burundi Guinea Morocco Sudan
CapeVerde Honduras Nepal Thailand
Dominica Indonesia Pakistan TogoDominican Lesotho Panama Tunisia

Republic Liberia Peru Zaire 



ANNEX B. FACTORS AFFECTING THE FEASIBILITY OF
DECENTRALIZED HYDROPOWER 

The feasibility of a decentralized hydropower project country-are andsite-specific. The critical physical, economic and institutional factorsaffecting project feasibility are reviewed below. Where possible, typical
numerical ranges are offered as a guide to project appraisal [1]. 

PHYSICAL FACTORS 

I-lydraulic energy (usually electrical or mechanical po.'er) (c-an be )roducedwhere a flow of xater undergoes a drop in elevation (known as thehead). Flow, river slope, accessibility, transmission distance, are soilconditions are additional physical characteristics of a particular site which
will affect the project's costs and benefits. 

As a general rule, the cost of developing a hydropower site is inverselyrelated to the head undecr which the turbine would operate. The lower the
head, the larger the flow that must be handled and the larger and moreexpensive the turbines required (although in many cases the civil works
for low head systems will be cheaper than for high head systems,partially offsetting the more expensivye turbiine). As a "rule of thumb", a
site should have 
 a head of at least 2 meters for hydropower to be
feasible, with most sites having hoads betweeu 33and 50 inters. 

FLOW 

The flow at a site is a function of the rainfall pattern, drainage area,and runoff characteristics, which (can be sumimar~zed by flow-duration 
curves. To estimate the flow accurately, a country should have at least
10 years of 
good flow data on large rivers and of rainfall data.Generally flow's of 0.5 to 1()0 cubic meters per second for at"ast 2000hours per years are considered desiralble. The size of a drainag, basin necessary to prodcuce year-round flow varies from roughly 1 km 2 in wet,
tropical climates to over 200 km 2 dryin climates. Preferably, areasonable flow should be available year-round, because an extend,.d dryseason with no power output may make the prcject uneconomic. This isparticularly true isolated notfor sites connected to a utility grid. For
grid-connected schemes, the possible displacement by hydropower of 
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expensive oil-based generation could make even an intermittently operating
plant a viable project. 

RIVER SLOPE 

Most decentralized run-of-river schemes are located'over a stretch ofriver, rather than at a single drop. The cost of the power canal and
penstock necessary to produce the head required for- power generation is adirect function of the river slope. For a project to be viable, a minimum 
stream slope of about 5 percent is usually required. 

ACCESSIBILITY AND TRANSMISSION DISTANCE 

Adequate trails or roads must be available to a potential decentralized
hydropower site to allow initial investigation and stibse u- _n e on st iOlI 'tlictwork. In addition, to keep transmission costs reasonable, the distalce
from the site to the lcad center(s) should not be too great. Generally
speaking, the maximum transmission distance should not exceed 5 km for 
a 50 kW site or 10 km to 15 km for a 1,000 kW site. 

SOIL CONDITIONS 

Topsoil and subsoil conditions affect the feasibility of small hydropower
plants because of their effects on water sed::,;! ; ,dthus on plant antd
equipment lifetimes. Catchinent basins with siglificant agri .;l1uralarealand with little vegetation to hold the soil _an stiffer" soil erosion whichresults in large of in t - It'amounts sediment rivr. the sm,1l h,,Ir)I w," ,site includes a m,i then the settling of selo behin!d i'1 1
caused by the dlecrese in1riv t'lo"w 1ate will 

It 
shai:i 

n 
tn,there either

Iife of tle project, or" will fCt-il.e't an1d possiblyssitte !' expensie
cleaning ,out. For run-of-river plI.::ts W'hout a dam the floingsedi Ilient
through the turbine will cause blade eros1ellonaii thus shrteni the equipmlent
life. If settling basins are const'ucted to prevenlt this they will increasethe site costs and may require frequent cleaning Out, thus again increasin.g
capital and operating costs. 

ECONOMIC FACTORS 

T he primary economic factors that influence the feasibility of a project
include capital and operating costs (compared with alternative systems),
the usage economicrate, the discount rate or internal rate-of-return, and
the financial performance of the project. 
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CAPITAL AND OPERATING COSTS. 

Although decentralized hydropower capital costs are highly site-speci [ic, anidea of the possible cange of costs is provided in Table B. This tableshows the actual installed costs for recently installed plants in developing
countries of 100 kW and larger. It indicates that such plants can cost

between $860/kW and over $6200/kW.
 

A study for the World Bank Energy Department gave the following ranges
of capital cost estimates: 

Turbine-generator and $300 - $600/kW 
controls
 
Power factor and sub- $100/kW
 
station equipment

Remote control equipment S2 ,000/unit

Civil Works 
 $100 - $2,0001kW 

To these estimates must be added indirect costs which can range from
$100/kW to several thousands of dollars per kV, depending 
on the 
specific site. 

Annual operating costs for decentralized hydropower sites typically range
from 1.5 percent to 2.5 percent of capital costs, 
 although wide variationsfrom this range are quite possible. These costs include operators'salaries, administration, and routine maintenance. There are of course no 
fuel costs.
 

A. common alternative to hydropo'er for isolatw ednerg- loeais is diesolgeneration. Capital invcstment costs are usu ll minh less for isel
generation because it requires WWnial consitlction o civil works or!;upporting infrastructure and, can be located clos, scatter,dto ind smlli;cale applications. Depending on unit size, the installed capital cost will:un anywhere between $700/kW and $1,200ikV installed, or roughly onethird the cost of comparable hvd'opower installations. 

Operating costs for diesel geneiatiom, however, are significantly higher
than those of hydropower prim<-rily because of high fuel costs.
Unfortunately estimates of opeiating cost elerments are either unavailable or unreliable, especially for of dieselthe operation equipment in isolated areas for relatively small applications. The delivered cost of diesel fuelin rural areas is generally assumed to be about $0.30/liter, while fuelconsumption for this capacity range can vary between 0.4 liters/kWh to0.6 liters/kWh, depending tae rating at which the engine is run and theon 
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Figure B1. B.a
A Comparison of Unit Generatin'- Costs 
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degree to which it is maintained. A reasonable fuel cost range is 
therefore $0.14/kWh to $0.1!kWh. 

PLANT LIFE. 

Another variable that affects a cost comparison of decentralized 
hydropower with diesel is plant life. Although the hydropower plant
operating life experience in developing countries is not as well documented 
as that in developed countries, many hydropower plants installed in the1940s and 19 50s are still operating. A reasonable estimate is therefore 
about 35 years.
 

Diesel generating sets have exhibited much sho rter ifetimes in developing
countries. Although their theoretical life may be 20 years o more, inpractice they last than ten yearsoften less because of heavy us, qe rate
and poor maiitenance. Experience has hin ed diese gratii
lifetimes ranrgi i from six years to 

st 
twenty years. The World lank, in astudy of diesel and hydropower generating alternatives in Madagascar

(discussed in more detail later) used a diesel lifetime estimate of ten
 
years, which is reasonable 
 for small remote systems in developing

countries.
 

CAPACITY FACTOR 

Because hydropoveF is so capital intensive, annual costs for operation,
maintainarce, and capital are fixed tu a I arge degree. Thus, the cost per
kilowatt-hour is inversely proportional to the usable output. lo' grid
connected systeni, the, c icity factor (or usa , rate or Iid far or) is
ustally hi( h Si , the 'wvill Ily' absorb th~ ,grid ,mr iis to,v,,,..,1.whenev,r it is a,,ilaI,'. l:r isolted s.s,,is, iIII f s ,r,tviai l 
low C'rF,unit linn-'s o 1 cn A raoin tin s ai, capaa~factors for seven Idian a l -"hililpine d,,trliz:. h-, ',) vr sites
shows a Fange fFoi1 0. 11 to 0.53. Even sinle sit", havea wvidevariations in calacity factor frorn ypar-to-vei- due to fluctutmions in river
flow and local cenirand,. A 250 kTW plant in the Domin ican Republic
between ) a variation1973 ad I00 shv.'! in capacitv factOF fetrn 0.44 to 
0.53, with a, rage of 0.61an ..

The wide variation of annual capacity factors, even for a single plant, 
may be due to a lack of water or a lack of demand. Water may
sometimes be inadequate because of poor hydrologic analysis, poor project
design, or dry seasons and drought. I.ow demand can result from theabsence of a stable industrial load or from very "peaky" demand patterns. 
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This can often be corrected by sevcral means. Prai'ams can beinstituted to p'omole income-producing CIcti-cirty usage. I od--levelin1 
techniques can also be used to improve energy usay, paItterns. Where 
capacity limits are reached during peaks but capacity uti1 ization is low,
load management techniques can be used to "shave" peak loads and fill
valleys in the load curve. The costs and benefits of such options must
 
however be carefully evaluated to determine if they are truly economic
 
and practical to implement.
 

The effect of capacity utilization on the economic competitiveness of
decentralized hvdropowe r is illustrated in Figuie 131. Average values are
used for capital costs, useful lifes, and diesel fuel cost, although capital

costs and the cost of diesel oil 
 vary widely. This example indicates that,
 
on the average, the br eak-even point between selectin diesel or

hydropower ;rill ustuIlly faill somevhe 
 Ir,bet',veen a 20 percent and a -0
 
percent capaci ty factor.
 

DISCOUNT RATE 

Another factor that strongly influences the economic feasibility of
decentralized hydropover is the discount rate. As discount rates increase,
decentralized hydropower becomes less competitive with diesel and other

thermal alternatives, which generally have low capital costs and 
 high
variable costs. Tile effect of discount rates on the competitiveness of 
energy-supply aItoI' atiVes is deinaolstiorated inI Figure B?2. Using data from
the example given in Table 132, the present worth casts of the hydropower
and diesel alternatives at a 50 perceit calmiW fa.ctor are plottc-d. The

"crossover' rato.,discouIt where the_ lI'es t ',vi'tlh ost I,- e(ill for bo,)thalternativs, is22 porin! in this e.\atil,. I h.rt i I th e 'St af 
capital is Crearer tht.ni diesI is' th ,l.,22 p,-'renr, ,
hy,]d.iopoA,.r is the cihoic,. A a 20 ptr,', Ce p. iv f., o ' i,hel'

Crossove: rSe is muc lwor (II perc.'ent), s":r dhi 1I.fn1 cost is
substanti, !v reduced, while the hvdropov,'er cost does at h 

Given typical values for" capital costs, project life, fiel cost, and capacity
factor, t.ie crossover discount rae between decentralized hydrop ver a1(d
diesel v,ill general1 fall bet veen 1- percet ani 20 percent. l)iscou!t
rates imed for project analysis in the developing countries are Mpiailvin
the 8 p21rcent to 15 percent range. This implies that decentralized 
hydropower can be economically viable for these countries in many cases. 
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Table B.1
 
Installed Capital Costs for Selected Plants (1984$)'
 

Capacity Year of Installed CostLocation (kW) Installation (19845/kW) 

Thailand 800 1982 3192
Thailand 100 1982 1064Ecuador 400 1982 2464Ecuador 400 
 1982 3024

Nepal 200 
 1982 1008
Nepal 120 1982 1008Philippines 100 1980 945Zaire 320 1976 3082Indonesia 100 1976 1984
Indonesia 160 1978 863Indonesia 100 1978 1583Indonesia 100 1978 1840indonesia 575 1979 3451
Indonesia 210 1979 5853
Indonesia 185 1979 6217 

Sources: Clark, P. "Cost Impiications of Srna 1 lyd ropower
Systems," Small Scale tlydropower iII A-ica, pforee(lin"S of' a
work shop heldt in AL idjan, IvoII R -NtO . Ir v Coa st la'ch 1-5, 1O&2"1 

- ., ,.Nationa I'Urial Elec'tri Cooperattive As--Citi,, 1%2 
Subroto, I., Ct al, "'Micro-IIydrolowelalts in Iiidoni 

Small tlvdronower for Asian Rural [),Vtvlopmeit, proceed,tis of 
a workshop held in BaIngkok, Thailand, june 5-11, 1951, NRECA 
and AlT, 1983 

'Includes mechanical, civil, and electrical equipment, but no transmission 
equipment or financing charges. 
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Note: Data for this figure developed from a site analysis in theDominican Republic by Decentralized Hydropo-wer Program staff 



Table B2. 
Comparative Economic Analysis 

Comparative Economic a isis of Small 7ydrcpower 
for a 100 kW Power Station in Madagascaz (33) 

Elydcropower 

Installed cost (USS/'k,) 4000Life of investment (yTrs) 35 
Capital recovery factor 0.104kWh/kW Linstalled/./ (50% load factor) 43SQ 

Costs 

Depreciation ' US3.;',j,.vr) 414.8
Staff (US3 %2',-r) 2.9
Operation and e USS,,'-a.n-eno-, '.-' 13.
Overhead (US'-,- ar,/" 37.9 

Total fixed c.D:s-_ " 3 " -- .5 


Fixed i,,, U5kw, 0.108
Variable c, 0.001 

Total (US ,_,-) 10.91 

aDiesel = FMG 18 6 .0/liter; exchange = FMGrate 625.0/USS; /t 
from 1984. 

Source: Unpublished World Bank report. 

B. d 

and Diesel Generaticn 

Diesel 

950 
10 

0.163 
4380 

154.6 
29.2 
44.7 
49.1 

277. 

0.06 
0.14 

20.62 

2.5; daa e 

9/
 

http:US3.;',j,.vr


ANNEX B. B1.6 

FINANCIAL VIABILITY 

Financial viability applies both to raising initial capital ind coverin
operational costs. The developer must be ain credit position to borrow
funds, which may be difficult because foreign exchange is likely to bcinvolved. Decentralized hydropower projects at the larger end of the
capacity scale may require up to 50 percent of the initial capital in hard currency. At the operational level, a project should be self-sufficient,
with revenues at lPast adequate to cover operation and maintenance. Such
self-sufficiency implies that the hydropower energy cost is moreattractive to consumers than the cost of alternative energy options (for

example, diesel or kerosene), and that consumers are able to pay this
cost. For isolated projects, there generally must be an "anchor" 
 load -
preferably where the demand is continuous and is used for an
economically productive activity to-- establish a financial return
 
sufficient to pay for the system.
 

In the past, many decentralized hydropower systems were implemented
without being financially viable, since it was felt that resulting socio
economic benefits justified the investment. While this in principle is
justifiable, in practice these systems were at risk to government financialcrises which forced shutdowns. In addition, it was almost impossible toattract private sector investors to such projects because of the high
political and financial risks. 

NET SOCIO-ECONOMIC BENEFITS 

In addition to directl y quantifiable costs and benefits evaluated in fiaincial
analyses, power projects in developing countries usually have "surplus'
benefits to prolu crs whichconsimiers or ma', or ayv not b, qituit:iLidKK ein an economic analysis. AIoreov,'r, there are other i:t,inq:lgite W ,'tsthat are generally not qiLanti'iable,. These so-called "merit goods" are
social benefits to the nation as whole.a Government or donor policies
tend to define these benefits, which, in the case of the elect ificaHtion
projects, could include adv inces in social or political integrat:on andstability, inprovements in the economic standing of a disadvantagod region
or minority, or the elimination of a critical i rfrastructural hottleneck. Ifthese are sufficiently la rge, a project may be gco( even if 'he revenuesdo not cover the expenses, and thus may require a subsidy, usually from
the government. While this is proper in principle, recent experience
shows that developing countries cannot afford to permanently subsidize
such public services. A more advantageous approach may involve atemporary subsidy during the early years of a project, but one combined
with direct activities to promote prodtuctive, in1comle-producing uses of 
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ANNEX B. B1.7 

power that will enable consumers to afford the cost of electricity over
 
the long run.
 

INSTITUTIONAL FACTORS 

Institutional factors affecting decentralized hydropoxaer viability include 
government policies, project management capabilities, and cultural factors. 

GOVERNMENT POLICIES 

Except for very small schemes, decentralized hydropower development
usually requires the aclive support of the national government. Ilowever,
the government need not be directly involved in projct development.
Instead, the governmeme can proiote developn Ient by, f' _xi plIe, cnacf
policies and laws to encourage private-sector or local developmnent of
hydropower, by planning river-basin developn e~ t scheines, or v develhping
national standards and standardized designs. Generai!ly, decentralized
hydropower programs will be more successful nationalwhere regt!,ations
do not restrict the authority to generate or sell power. In many countries,
subsidized prices for kerosene, diesel, or electricity make decentralized 
hydropower financially unconpetitive even though it is less costly in real
economic terms. 'he elimination of these price subsidies could prove a
significant boost to decentralized hydropower and other renewables. 

PROJECT MANAGEMENT 

Where national institutions have implemented proje ts. the te(chnical and
managerial skills ive someties been inadqualte. . Inv projects hve 
SLiffe red from poI de"csign, excessive (cost, or intdeqiae post
commissioning inaoa ni,,To increas,e ot. th, e, tive,,s oa ")Ij't
implementation a1d redue costs, therefore', the auth:ritv to dIvnl ardd 
operate projects should be delegated to local Ia'nioeoltselectionThe
of financially and cconomicallv profitable projects ccru1 best be ensured 
by seeing that there is a vested, private interest in each project. To ,his
end, high priority should be given to establishing in-countrrv enigineering ,nand
contracting skills, as well as establishing local cor nunitv wanag, leent
capabilities in such areas as plant operation, load franagement, and 
metering and tariff collection. 
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ANNEX B. B1.8 

CULTURAL FACTORS 

In a number of traditional societies, harnessing xva.terpowr is a Famrtiliarconcept. The basic components associated with hydropower -- diversionweirs, canals, and some form of waterwheel -- can be seen throughout
the countryside. 1' raditional hydropower installations are used to provide
mechanical power to perform various tasks, such a driving millstones orrudimentary lift-irrigation pumps. In these areas, modern turbine
installations are being readily accepted aid inmrICOIS no ', prodcI,,tive enduses for shaft pow er are easily discovered as the needs arise. lowever, 
consumers in these countries are less quick to makc effective use of'electricity, partly for c tu iral reasons such as an u1n '.ilingIuness to usseelectric appliances. For this reason, care should be taken to educate 
consumes in a ne'vlv eleetrifi ed ar'ea to concep ts such as ene rgy rates,
electricity uses, and the inlport.c- o" nlail:tolatn( e. Incntives such asproviding favorable credit terms and tax breaks, shnrlt als;- be considered
to encourage consumers O invest in )rodtctive uses of lectric p)wo'. 

n The raLges provided are for information purposes Only, since
wide variations in these estimates for any particular- site are 
the rule rather than the exception. 
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ANNEX C. METHODOLOGY FOR RANKING COUNTRY POTENTIAL 

Several factors affect the ability of a country to successfully implement adecentralized hydropower program. First, the country must have the

physical potential -- the topography must be suitable and 
 the year-round
stream flows adequate in areas near load centers. Second, there must be 
a demand for energy. Third, the country must have a good investment

climate. Finally, financing must be available, either locally' or through

donor support, ilcluding AID missions.
 

To select priority countries, three factors -- physical resource potential,
investment climate, onel rgv --and leed Were LsCd. Because a Country
must first have the physical potential for gcnerating hydropower, AID
assisted countries were ranked on the basis of decentralized hydropower
potential. Then, those countries with physical potential were ranked interms of the other two criteria--investment climate and energy need (see

Figure 2 in Chapter III).
 

PHYSICAL RESOURCE POTENTIAL 

Quantifying the physical decentralized hydropower potential in AID-assisted
countries is not a straight forward task. Although data are available for
total estimated hydropower potential in these countries, there have been
studies of decentraHzed 

no 
hvdropowcr potential. To detcrmin those

countries in which All) should focus its decentralize:d hvdrop'..'r effforts,
 
two approaches wvere e:n )oyed.
 

APPROACH I 

This approach assumed that a country's decentralized hydropower potentialwas proportional to its entire hydropower potential. To eliminate the bias
stemming from country size, a country's hydropower potential denstv
( kWokm2) was used, as tabulated by the World Bank (I1). lTsing this
approach, 37 AID-assisted countries were identified as having gooc
decentralized hydropower potential (See Table Cl). 

APPROACH 2 

The second approach assessed the suitability of decentralized hydropowerbased on the following factors: averaage runoff, seasonal distribution of 
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C.a 

Table C1. AD Countries with Significant Decentralized Hydropower Potential (41) 

West East Asia and Latin Near 
Africa Africa the Pacific America East 

Cameroon 
Congo 

Burundi 
Kenya 

Fij i 
India 

Bolivia 
Costa Rica 

Morocco 

Guinea 
Liberia 
Sierra 
Leone 

Togo 

Lesotho 
Madagascar 
Malawi 
Rwanda 
Swaziland 

Indonesia 
Nej-p-
Pakistan 
Papua New 
Guinea 

Domainica 
Dominican 
Republic 

Ecuador 
Guatemala 

Zaire Tanzania Philippines Haiti 
Zimbahwe Sri Lanka Honduras 

Thaila-nd Jamaica 
Panama 
Peru 



ANNEX C. C.2 
0 ipy Th reason 

runoff, and suitable topography. The reason for selecting each criterion 
is described below: 

* 	 The average runoff in a country gauges the volume of
 
rainwater that finds its 
 way into the country's smaller streams
and rivers. The water found in major rivers originating in 
neighboring countries -- which is generally not tapped by
decentralized hydropower --plants is usually not reflected in 
the runoff. 

* 	 The seasonal distribution of runoff is important because

decentralized hydropoer plants generally not
do rely on dams 
storing large voiunies of water. Consequently, for power
generation, rainfall must be evenly distributed year-round, not 
restricted to a few months each year. 

* 	 A suitable toj ographv is n.eded becausecent ralized
 
hydropower frequently 
 relics on the contour of the land, and not 
a dam, to provide the necessary head for power generation.
Consequently, the percentage of land topographically suited to
hydropower generation is an important factor. A country with 
hilly or mountainous features is favored aover generally flat 
country. 

For this approach, values from 1 to 5 for each of the three criteria were
assigned to all the countries for which data was available. All the
countries with a rating ahove 1 are ranked Table C2 in of theirin order 

physical and hydrologic potential.
 

CONCLUSION 

The countriCs selected using the first approach coi Icide fairly closely
with the countries .eltcted using the second approadh. IHowever, some of
the limitations encotintered in estimating decentraliz cd hydropower potential
using these approaches are readily apparent. Egypl, for example, could 
have been included as one of the AID-assisted ",urir-is having sufficient
physical potc :ial u ing the first approach, sir r1, 'sence of a major
river, the Nile, giMs it a relatively high hyd.opov; , "tial density.
However, the wat,.rs of the Nile originate largel) itside thecountry, with littl,. small-hydropower potential fou. aloii, the lower
reaches of the river, other than some potential at irrigation canal drops.
For Egypt, the second approach to a accurateseems give more measure of
potential. Because the country has low rainfall and runoff, a long dry
period, and few mountains--all factors that imply a negligible
decentralized hydropower potential according to tie second approach--it is 
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C.1 

Table CZ. Index of Physical and Hydrologic Potential for Decentralized Hydropowe-r for
AID Countries Ranked the Highest by Approach 2 

Ra Mb Lc pd Country Ra Mb Lc Pd Country 

5 4 5 100 Papua New Guinea 2 3 3 18 Cameroon 
4 5 4 80 Indonesia z 3 3 18 Congo
4 4 5 80 Costa Rica Z 3 3 18 Thailand 
3 5 5 75 Ecuador 
 3 3 2 18 Guyana

4 4 4 64 Philippines 
 1 4 4 16 Rwanda

3 4 5 60 Guatemala 
 1 4 4 16 Bux-ndi
3 4 5 60 Panama 2 2. 4 16 India
 
3 4 - 60 El Salvador 
 1 3 5 15 Malawi
5 3 3 45 Liberia 1 3 5 15 Lesotho
 
3 3 5 45 Nenal 
 3 4 1 12 Fiji

2 4 5 40 Honduras 
 1 3 4 12 Zambia
2 5 4 40 Zaire 1 3 4 12 Zimbabwe

3 3 4 36 Guinea 
 1 3 4 12 Morocco
3 4 3 36 Sri Lanka 1 2 5 10 Swaziland
 
Z 4 4 32 Portugal 
 1 4 Z 8 Sudan
5 3 Z 30 Sierra Leone 1 4 Z 8 Tunisia
 
Z 3 5 30 Peru 
 1 2 4 8 Togo

2 3 5 30 Madagascar 
 4 2 1 8 Bangladesh

2 3 5 30 Dominican Republic 1 2
3 6 Ghana

Z 3 5 30 Haiti 
 1 2 3 6 Pakistan
2 3 4 24 Suriname 1 Z 2 4 Somnalia

2 3 4 24 Bolivia 
 1 2 2 4 Benin
2 3 4 24 Jamaica 1 3 1 3 Algeria

1 5 4 20 Tan z an ia 
 1 3 1 3 Mali
 
1 5 4 20 Kenya 
 1 3 1 3 Niger

1 5 4 20 Uganda
 

aRunoff: 0 mm to 250 mm = 1, 250 mm to 750 mm 2, 750 mm to 1500 mm = 3, 
b1500 mm to 2500 mm 4, above 2500= mm= 5.Months with less than 5%o annual runoff: 0 months to 2 months = 5, 2 months to
 

4 months = 4. A -nonths to 6 months 
= 3, 6 months to 8 months 4, S months to 
12 monthis = 1 

CPercent of land copographically suitable for decer.tralized hydropower: 0: 20%to 1,
20% to 40% = 2, 40% to 60% = 3, 60% to 80% = 4., 80%,o to 100% = 5.dProduct of country-specific criteria rankings (R, M, and L). 



ANNEX C. C.3 

Similarly, one reason for Pakistan's high ranking using the first approach
is the presence of a large river, the Indus, as was the case with FOXpt
However, this factor masks the absence of actual decentralized
hydropower potential in a large part of the country. The second approach
lists Pakistan fairly low on the scale, but this too is misleading, because
the potential is averaged over the entire country. While the hydrology and
topography over most of Pakistan are not favorablefor decentralized 
hydropower generation, this is not the case in all regions. The NorthWest Frontier Province, for example, has significant precipitation and the 
Himalayan terrain results in significant drops in elevation. The first
approach erroneously indicates favorable countryw ide potential and the
second approach erroneously implies that there is low potential throughout
the country. Yet, the northern mountainIous portions of the country have 
significant potential that is already beginning to be exploited.
Furthermore, the North West Frontier Province_' is an attractive area for 
decentralized hyropover activities because of its remoteness. 

INVESTMENT CLIMATE 

A means of measuring the criteria used in the second factor, investment
climate, is the most difficult to determine. There are few tangible
indicators of aspects such as donor interest, institutional capability, and

policy environment that can be converted to numerical 
 values. Nonetheless, 
a relative ranking of candidate countries is possible. For such a ranking,
each country was rated subjectively on a scale of 1 to 3 for the following
criteria: AID Mission suppoi-t potential; tha attitude of the national 
government toward decentraIlized hydio we:r level of interest shown byvarious capital funding institutions, such as dcvelopment bNk, in suport
of decentralized hydrotower; and the general in-country calpacities fui
effcctive project design an! it angetent. -Th, rs,sltant couintry ranki in. 
by investment climate is shown in Tale C3. 

ENERGY NEED 

Much of the world's hydropower potential exists in areas where there may
be a need but no market or ability to pay for the energy generated.
Although markets will develop in tnese over time,areas it is important to 
concentrate on areas where ener3 need and electricity demands exist or
wiil soon develop. These areas may be assumed to be in countries with a
high growth rate for electricity demand and thus a need for additional 
generating sources. These countries will also need hydropover to
displace higher-cost energy supplies. Countries vih higni energy costs
usually depend on imported oil and generate much of their electricity from
oil. For the purpose of ranking the AID-assisted countries, energy need 
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G3.. CI, Ranking of Cotmtries In Table C Accorlng it; '--e-tment Climate and Energy Need Criteria 

Investment Energy Investment Energyclimate n"ed climate need 
Ia 2 b 3 c 4d Se f gR6 7 8 h 9 1 lJ a Zb c d e1 3 4 5 6 f 7g 8 h 91 1 0 j 

,,-"Jo Z Costa Rica3 3 1 9 10 67 !6 1R 85 Jamaica 3 1 1 
2 

3
1 

8 
6 

6
3 

40 1 1 41 
11i,-a 

1 Z 20 90 100 120Z Z 3 1 8 7 46 11 12 58 Boliviai,'rra Leone 3 Z 3 1 Z 8 8 53 32 1 1 7 3 565 33 17 19 52 Perui,.ria Z 3 3 3 Z 2 6 7 47 IZ 13 602 2 9 3 Z0 3 3 23 Panama",1" I Z 3 2 8 5 333 3 3 2 11 10 67 8 9 4Z0 0 67 Haiti I Z 1 1 5 11 73 28 3? )5A, ,1ioon 1 2 2 1 6 7 47 Z 2 49 Dominica 2 3 Z 1 8.oir- 5 33 6 7 403 3 2 1 V) 1 7 Z 2 9
•"I.'jaacar 3 3 3 2 11 7 47 14- 15 62Z Middle East
 

w 
1 3 2 1 7 10 67 4 5 72
1 1 2 1 5 9 60 25 28 88 Morocco 3 3 3 2 11 9 60 25 28 88,',I,,,a 1 1 1 2 5 7 47 4 5 52w.1,a 1 3 3 81 10 
 67 (l 7 7.1 Asia and the Pacific an.ia 1.1 2 1 1 5 5 33 2 Z 352i,,.dhwe2 Z Z 7 

iland I1 
7 .17 0 0 47 Nepal 1 3 3 3 102 2 3 R 4 27 1 1 12 80 2 Z 8ZZR Papua New Guinea Z 3 2 1 8 3 20 46 53 731 2 3 1 7 3 20 11 15 35 Philippines 1 2 1 3 7 8 53 15 17 70 

Tha iland 3 3 3 3 1Z 8in America 53 11 1Z 65
Sri Lanka 1 3 3 Z 9 9 60 14 15 75,,ihiras 2 IndonesiaZ 2 3 9 10 2 3 3 3 1167 3 3 70 India 15 100 21 Z3 123,,-ilnican fleptihlic Z 3 3 3 11 7 473 3 3 2 11 7 47 9 10 57 1 1 48FIji 2 3 3 2.t1 I,T.ala 3 3 3 Z 10 7 46, 10 1Z 58I I I 8Z0 4 5 85 Pakistan 1 Z2 6 8 53 0 0*n,,.or 533 3 Z 3 11 10 67 11 IZ 79 

'"1,ins.trated AID Mission interest, based on NfECA experience, rated on)'Ii ,onstratel national government support, 
a scale of I to 3; if unknown, value of I Is given.based on NIl'CA experience, rated on a scale of I to 3; if1-imnaitrated donor/lender interest, based unknown, value of 1 is given.on N H ECA experlen(:,t rated on a scale of 1 to',, ,itrated iinstitutional capacity, 3; if unknown, value of 1 is given.based on NI1ECA experience, rated on a scale of I to 3; higher value given where private-sector potential 

.,,,hined "inventment--climate' v . erived by adiling values from columns I to 4.',i-'cted 19R5 to 1990 avferape annual electricity-demand growth (%}.I, 1un 6 value divided by 15 to normalize data (%).
,tnated 1990 percentage of total electricity Reneration from petroleum.
* ,hln 8 valoe divided hy 90 to normalize data (M). 

n,,linieci "er..y-needs" valthe derived hy adding valoces from columns 7 and 9. 

0 



C.4 ANNEX C. 

wvas based on the projected growth 'rotc of annual electricity de1mantd 11or"1985-1990 and the estimated percentage of electricitv gen cI'ation frompetroleum sources in 1990. The ranking is shown in Table C3. 
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