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Introduction

Executive Summary

Institutional Issues Associated with the Fmancmg of Small-Scale Power Projects
Lessons from the Deve/opmg World and Implications for Nepal
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(b) Technology
ChOIce of technology and configuration

(a) Grid ExtenSIOn
Whether the project mvolves extendmg the national gnd to a preVIously unconnected commumty

Several Issues relevant to the consideratIOn of smaller scale power projects should be reviewed at the begmmng
of thIS monograph m order to claSSIfy "models" for fmancmg such projects These parameters mclude the
followmg

Parameters Relevant to the Successful
Development of Small-Scale Projects

The mvestment costs for gnd-expanslOn, mmI-gnd and stand-alone systems are slgmficant for such communIties,
",blch are often poor and econormcally margmahzed due to geograplnc, mstltutIonal, or other factors For rural
Villages, the acqUISItIon of even the most baSIC stand-alone system IS an mvestment of sIgmficant proportlOn
Wlule finanCIal mstitutIons have evolved m mdustnal natIons to fmance such mvestments, a finanCIal network
to support mvestment maffordable electncity generatIOn and transrmSSlOn systems m Nepal's rural areas where
electnclty IS lacking, or extremely costly, such as that proposed under the PDF second wmdow, has yet to become
operatlOnal mNepal

The U S Agency for InternatIOnal Development's MIssIon to Nepal (USAIDlNepal) cOmmIssIOned tIns study
to aSSIst m drrectmg the efforts of the MInIstry ofWater Resources' Electnclty Development Center (EDC) to
Identrfy sustamable project structures for the development of small-scale hydropower projects wlnch could be
financed by mmgenous approaches such as that envIsaged by Nepal Power Development Fund's (PDF) "second
wmdow" Under the second wmdow, the PDF would enter mto co-fmancmg relatlOnslnps WIth quahfymg
Nepalese fmancial mstItutlOns m order to address local fmancmg barners to pnvate power development Such
an approach Will provIde mcremental fmanclal support as needed to mduce partlcipatlOn of local fmancial
mstltutlons to on-lend to pnvate entities promotmg projects mvolvmg gnd connected generatmg StatiOns often
(10) megawatts (MW) and below or Isolated rural power systems lIcensed by the EDC The objective of
sustamablhty lffiphes that projects must ulnmately generate resources mternally for contmued activIties, and even
expanSlOn, Without contmued support from government, multilateral or even non-governmental orgamzatIons
(NGO) ThIs IS a challenge, because avaIlability and access to adequate fmancmg are a key problem facmg rural
commumtles that currently lack electncity Tlns Issue IS also problematiC for the busmesses m the renewable
energy sector that Wish to expand theIr markets to mclude such commumtIes

ThIs lack offinancmg, or m some cases, access to fmancmg, IS symptomatic of several other barners, wlnch go
be)'ond rural electnc servIces Fmancmg challenges are often combmed With a lack of farmhanty WIth fmancial
mstruments, and, m some InStances, the Inherent market mStOrtlOns created when pubhc servIces are "given"
away and Viewed as an oblIgatIOn by the authontIes, such as gnd extenslOn to non-paymg rural end-users
Fmally, financmg Issues are often coupled With typical busmess Issues, such as mstnbutlOn strategies and
procurement lOgistics
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(c) Fmancmg
Sources of fmancmg and Its terms and conditions

Determmants of Success for Rural Electnflcatlon Projects

(e) OrgamzatlOn
OrgaDlzatlonal structure for llUplementmg and mamtammg the project

(d) Subsidy
The extent to wruch that financmg IS concesslOnal, 1 e , has a grant component, soft loans, or benefits from
other mcentlves

There IS substantIal eVldence that rural commwutIes are wI1lmg to pay for electncity supphed by the gnd, a rntm­

gnd, or standalone household system smce the tmprovements m therr hfestyles, m terms of quahty ofhghtmg,
convemence and reduced costs, are slgmficant
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I Fmancial and econorntc feaslbIhty
2 Techmcal feaslbIhty
3 Commumty engagement
4 PohtIcaVreguiatory envrronment
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Among the features of a given proJect, the "determmants of project success" are essential Wlth regards to the
ablhty of the project to dehver servIces, willch meet the commwuty's expectatIons and needs These
determmants, m general order of llUportance, mclude

The key Issue that needs to be rughhghted m tills context IS that m a rapIdly evolvmg market, many of the
mvestment decISIons that affect the rural electnc market were made m a vastly different pohcy context Tills IS
eVident mthe tarIff pohcles, for example, where rural tanffs were set equal to urban tanffs thus treatmg all end
users equally, not based on costs to dehver servIces

However, some projects rntght be tmdertaken Jomtly by the reglOnal utIhty, be It pubhc or pnvate, Wlth a
commwuty orgaDlZatlOn There are reasons why tills structure mtght be more attractive For example, the
finanCIal return on a rural project rntght be qwte hrntted and often negative, especIally Ifend user fees have to
be reduced Vla a SUbSIdy There are also substantial advantages to ensunng commumty partICIpation, espeCially
because commwutIes respond better to projects m wruch they have a stake

Perhaps the most tradltlOnal orgaDlzatIonal structure used m rural programs IS that of the utlhty gnd-extenslOn
program, where a utIhty fmances and executes the tmplementatIon of a project to extend electnc servIces to a
rural commwuty Tills IS usually done m coordmatIon Wlth the local commumty, and the commumty may even
proVlde certaIn tmportant elements ofthe operatlOnal phase ofthe project, such as bIll collection In some cases,
on the other hand, the utIhty may have an exclUSIve responslblhty to prOVIde electnc servIce by law, thereby
precludmg commumty partICIpation beyond the lDItlal project phase

In off-gnd projects and stand-alone systems, the chotce of technology and configuratlOn IS cntIcal to successful
tmplementatlon, as developers must weIgh the cost of the mvestment agamst the performance of the eqwpment
used Performance IS cruCial smce commumty satisfactIon WIth the proJect, and hence therr support for It



The models may be expressed genencally as follows

Models for Fmancmg Rural Electrification Projects

Institutional Issues Associated with the Fmancmg of Small-Scale Power Projects
Lessons from the Developmg World and ImplicatIOns for Nepal

The regulatory envrronment also may playa key role m detennmmg wluch projects are undertaken and financed
Regulatory Issues and subsidtes for electncIty or other sources of energy may dtstort markets sIgmficantly, or
contnbute to a lack of servIce to margmalIzed commumties

ES-3AcresiUSAID Pnvate Electnctty Project

(c) Model 3 Credit
TIus model IS ill many respects close to Model I, except that the arrangements call for the use of credtt to
enable the end user to overcome the lllItIal cost hurdle The loan IS made by a local bank or other entIty
speclahzmg ill ongmatlOn of small-scale loans for renewable energy systems at the VIllage level The
transaction between the end user and the manufacturer/dIstnbutor IS commerCIal, and does not reqUITe that

(b) Model 2 Project Fmance
ThIS model features a structure closer to that of any project fmance arrangement, and as such IS lIkely to
apply to mvestments at the VIllage scale or larger Here, eqwty mvestment m the project may be prOVIded
by the commumty, a cooperatIve, a consortIum composed of commumty and other entitIes (whIch mayor
may not be the regIOnal utlhty, a pnvate sector company With a conceSSIon or other authonzatlOn to proVIde
servIce, etc) The eqwty mvestment IS leveraged by debt secured from local or mtemattonal fmancIal
lDStItutlons (at market or concesslonal rates), With repayment of debt commg from the cash flow generated
by the project through energy sales to the commumty Gnd-extenslon projects can be consIdered a specIal
case of projects undertaken usmg thIs model, With Important vanatlOns as to fmancmg, determmatlOn of
tanffs, etc

(a) Modell Cash
ThIs mvolves a straight cash transactIon, potentlally Wlth a cost-share component Tlus model IS most lIkely
to mvolve stand-alone household or fann systems It has often been Implemented Wlth a SUbSIdy from
sources such as the host country government, bIlateral donors or multIlaterallendmg agenCIes to offset the
substantIal mItial cost mcurred

Based on the dISCUSSIon of project parameters and determmants of success, It IS pOSSIble to Identrfy several
, models" for financmg small-scale power projects Each has been applIed or IS bemg developed m a vanety of
countnes mthe developmg world Wlth rnmor vanatlOns to swt local crrcumstances However, each of the models
presented here IS not necessanly swted to the range of crrcumstances that may charactenze rural commumties
across countnes or mdeed, Wlthm anyone country such as Nepal Clearly, some mechamsms Wlll be better swted
to less-developed commurutIes where knowledge ofelectncity IS llffilted and where even llffilted capItal resources
are scarce, others Will be better swted to more developed and SOphIstIcated commumtIes Wlth greater fmancIal
resources It IS lffiportant to note that most models presented here have not yet borne the test of tIme and are st1l1
m therr expenmental phase of deployment

The fimdamentalIssue to be addressed IS that ofownershIp and responsIbIlIty for the success ofthe project A
clearly delmeated sense of ownershIp and responsIbIlIty can be decIsIve for vanous reasons The commumty's
matenal support for the proJect, eIther m tenns ofup-front payments or m-land mvestments, may be Important
to financIal feaSIbIlIty In the longer term, partICIpatIOn m bIll collectIOn, mamtenance and reparr, and other
operatlonal support may also be a decIsIve factor Lastly, commumty partICIpatIOn can reduce the potential for
theft and fraud that could hInder the sustamablhty of a gIven project
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the vendor supply credtt to the end user The customer takes ownershIp of the eqwpment and assumes
responsibility for mamtenance and replacement parts, and services the loan, whIch may be at market rates
or contam some concesslonal element

SnnIlarly, Model41s illustrated by another Enersol proJect, two companIes, Soluz and Industnas Electncas de
Bella VIsta (lEBV), are creatmg a solar energy leasmg company With a capItaltzatIon ofUS $700,000 proVIded
by vanous eqwty mvestors, and US $1 3 mtllIon m debt, to develop an IDltlal base of 5,000 lease-paymg

(e) ModelS ConcessIOn
In thIs model, there are stmllantles to Model 2 Project Fmance and Model 4 Lease, however, there IS one
nnportant dtstmcuon, that a pnvate corporatIOn receive a conceSSIOn m order to electnfy a region and later
mtroduce competitIOn, whIch reflects the current poltcy envrronment vis-a-vIs rural energy m newly
pnvatIzed or quasi pnvatIzed markets The government or a larger regional UtIltty can grant the concessIOn
The gnd can be a vrrtual gnd or phYSical mfrastructure m a dIstnbuted generatIon mode

In the case ofthe Chalan Village 11lll11-hydro project m Peru, the project's econOmtCS depend on a certam degree
ofconcesslOnaltty mthe form ofbelow-market financmg from a revolvmg fund establtshed by the Inter-Amencan
Development Bank (IDB) and an mtematlOnal NGO A PenlVlan NGO also prOVIded a grant that, m effect,
represented an eqwty contnbutlOn ThIs project IS an example ofa Model 2 project fmance structure, mcludmg
a commumty electnc enterpnse Stmllarly, m the case of the AndhI Khola hydropower project m Nepal,
concesslOnai resources agam played a role mthe project's success With a Norwegian grant servmg as the proJect's
eqwty contnbutlOn, whIch then leveraged loans from fmanclal mstltutlODS

Several cases taken from recent pubhcatlons suggest that there IS typically at least some degree ofconcesslOnaltty,
although m certam mstances tins may not be reqwred To dlustrate tins DOoon m the case of the solar pump
program run by the FideicomiSO para Riesgo CompartIdo (FIRCO) m MeXICO, a prelunmary analySIS suggests
that some mdlVldual projects are attracove enough mvestments for the perceIved market The managers of the
program determme the level ofsupport accorded to each project, some may reach 50 percent of total project cost,
whIle others may be substantially less There IS also m-kmd support from a natlOnallaboratolY of the U S
Department ofEnergy ThIs project IS an example ofModel 1
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Model 3 IS IIlustrated by Enersol ASSOCiates' SO-BASEC scheme m the D011lll11can Repubhc In tlus case,
Enersol serves as the technIcal partner, trammg local solar energy entrepreneurs to proVIde lDStaIlatlOn,
mamtenance and related servIces to end users At the same tune, Enersol and the local busmess commumty create
a solar NGO to manage a revolvmg fund capitalIzed With outsIde resources ThIs fund prOVides credit to end
users who purchase umts and repay therr loans over penods of between two and five years Loan payments
mclude repayment ofpnncIpal (the total cost ofmstallaoon and eqUIpment) as well as a market rate ofmterest
Because the end users own the umts, they are responSIble for mamtenance and replacement parts

(d) Model 4 Lease
ThIs fmancIaI model IS m effect the mverse ofModel 3, With the technIcal partner actmg as mtermedtary
mthe project as well as dtstnbutor/manufacturer of the energy systems The commercial transactIOn With
the end user IS based on the assumptlon that the current energy needs of the end user are currently bemg met
at a lugher monthly cost than the lease offered In addttIon, the arrangement may offer substantial benefits
to the end user m that the lessor retams ownership of the eqwpment and hence respoDSlblhty for
mamtenance and any eqwpment replacements Indeed, some sources argue that tins arrangement offers the
lowest costs to the end user, compared to leasmg from an mtermedtary or other arrangements
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customers Customers pay US $IO/month per urnt, generatmg cash flow for the energy leasmg company to cover
debt ServIce as well as provIde a reasonable return on eqwty to mvestors UnlIke m Model 3, the customers do
not take ownershIp of the unIts, and hence the oblIgatIon of mamtenance and replacement of used parts IS the
leasmg company's

Argentma has Implemented a rural electrIficatIOn program based on a publIc bIddmg mechanIsm that provIdes
an example of Model 5 The Argentme model encompasses mmt-gnd systems as well as off-gnd proJects,
dependmg on the charactenstlcs and requrrements of the regIOn offered for bId
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1 Introduction

Institutional Issues Associated with the Fmancmg ofSmall-Scale Power Projects
Lessons from the Developmg World and Implications for Nepal

The USAID/Nepal Pnvate ElectncIty Support Project conumssloned thts study to asSISt m drrectmg the
ElectnCIty Development Center's efforts to IdentIfy sustamable models for mvestment m small-scale project that
could contnbute to Nepal's rural electnficatIOn deficIt Acres InternatIOnal CorporatIon performed a reVIew of
the recent lIterature on the subject of rural electnficatIOn to gather InformatIOn on current and future programs
and projects

In the analysIS oflessons learned from the developmg world contamed below, a conceptual framework IS proVIded
for analyzmg the frnancmg and mstItutIonal arrangements used m promotmg and executmg rural electnficatIOn
projects The paper begms WIth a reVIew of the key aspects of such proJects, referred to here as the "parameters
relevant to rural electnficatlon proJects" (SectIOn 2) and also conSIders the key factors m successful
unplementatIon, the "determmants for success" (SectIOn 3)

1-1AcreslUSAID Pnvate Electflclty Project

The paper then presents a senes ofmodels that have emerged m vanous recent projects m emergmg markets m
SectIon 4 (off-gnd projects) and SectIOn 5 (gnd extensIOn proJects) These models capture the salIent features
of a WIde range of projects, albeIt WIth some case-specIfic vanatIOns SectIOn 6 of the paper presents vanous
Issues assocIated WIth financrng small-scale projects rn Nepal SectIon 7 presents recommendatIons recently
formulated by the Federanon ofNepalese Chambers ofCommerce for overcomrng many ofthese Issues Frnally,
SectIon 8 presents the paper's conclusIOns regardrng how Nepal mIght go about embarkrng upon a small-scale
renewable energy electnficatIon program based on small-scale hydroelectnc schemes Appendix A presents a
summary classrficanon ofa number ofsmall-scale power project rn vanous emergmg markets The BIblIography
proVIdes a relanvely extensIve lIstIng ofrelevant documents avaIlable to the reader regardrng a multItude ofIssues
raIsed by thts paper

One ofthe key problems facmg rural commurutIes lackmg electncIty and the busmesses that WIsh to expand theIr
markets to rnclude such commurutIes IS accessrng adequate frnancmg The mvestment costs for mrnt-gnd and
stand-alone village systems are SIgnIficant for such commurutIes For a rural VIllage, the acqmsItIOn of a stand­
alone system IS an rnvestment of SIgnIficant proportIOn WhIle frnanclal mstItutIons have evolved m mdustnal
natIons to finance such mvestments, a finanCIal network to support mvestment m affordable electncIty generatIOn
and transmISSIOn systems rn Nepal's rural areas where electncIty IS lackmg has yet to become operatIonal despIte
the World Bank's proposal to capItalIze a Power Development Fund which would partIally finance small-scale
projects through Its "second wmdow" Therefore, the ObjectIve of creatrng sustamable rural electnficatIon based
on renewable sources of energy - that IS, projects and markets that wIll survIve WIthout contInued support from
government, multIlateral or even pnvate entItIes over the long term - poses a challenge
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2 1 Grad ExtenSions Versus Off-Grad Projects

2 2 Technology ChOice and Configuration

2 Parameters Relevant to Rural Electrification Projects

Institutional Issues Associated with the Financing ofSmall-Scale Power Projects
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2-1

The selectIOn of generation technology IS an espeCially Important Issue for off-gnd proJects, although It IS a
potentially relevant consIderatIOn to gnd-extensIOn projects as well, espeCIally m cases where system stabIlIty
and other technIcal consIderatIons requrre that generatIon capaCIty be establIshed closer to the source ofthe new
load (as mdIstnbuted generatIon applicatIOns) ThIS IS because rural end users have relatIvely low requrrements
as compared With urban end users In general, the technology optIOns for generatIOn mclude small-scale hydro,
diesel fuel oil or bIomass-fired combustion (mcludmg gasIficatIOn), wmd, and solar, or a combmatlOn of two or
three of the above m ' hybnd" systems

The first consIderatIon IS whether a gIven project extends the gnd to a commumty that did not have access to the
system prevIously Such projects may be undertaken by a regIonal utIlIty, or projects may be undertaken by a
pnvate or publIc-pnvate entity that has a conceSSIOn to prOVIde electncity m a certam regIon

Several Issues are relevant to rural projects and they should be reviewed at the begmmng of thIs analysIs to
classrfy models In many cases, the parameter Identified encompasses several related Issues Examples of
specIfic cases are gIven where relevant WIule the diSCUSSIon of the models m SectIon 4 Will consIder off-gnd
projects only, for the sake of completeness both gnd-extensIOn as well as off-gnd projects are conSIdered m the
diSCUSSIOn here

A smaller-scale subset of thIs type ofproJect concerns dIstnbuted household systems, whIch are cost-effectIve
solutIons to the problem ofelectnfyIng low-denSIty areas These two cases are the subject of thIs document, as
opposed to the electnficatIOn VIa gnd connectIOn

ISee for example NIgel SlDlth 'Affordable ElectriCity InstallatIOn mDevelopmg Countries,' IntennedIate
Technology Consultants June 1995

AlternatIvely, the project could mvolve the establishment of an Isolated system to serve a remote commumty With
generatIOn, transrmSSIOn and dIstnbution servIces A publIc utilIty, a pnvate, or a non-profit entIty rmght
undertake such projects In the former case, such actlVlty potentIally precedes actual gnd connectIOn, With the
latter step occurnng once demand growth has mcreased suffiCIently for the connection to break-even

AcresiUSAID Pnvate Electnclty Project

In the case ofautIlIty electrIficatIon program, It IS pOSSIble for that entIty to use a crosS-SUbSIdy to reduce the cost
ofServIce to the rural commuruty However, utIlItIes are slow to extend therr systems mto a large number ofrural
commurutIes due to lack ofresources ThIS IS because the load served m such areas IS relatIvely small, proVIdIng
little revenue to offset the upfront costs of IDStallatIOn ofextendIng the gnd to rural users For thIs reason, such
entItles may be WIllmg to permIt pnvate and local enterpnses to servIce thIs demand, although regulatory and
legal factors may prevent thIS At the same tIme, the Imperative ofreducmg the costs ofelectrIficatIOn has given
nse to a number of technIques, mcludIng alternatIve bIllmg mechamsms, the use of standardized home-WInDg
packages (referred to as harnesses) and other deVIces, all ofwhIch are covered m the lIterature I
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Technology selectIOn also mvolves provlClmg metered or non-metered (load lnmted) energy supphes to a gIven
commumty Typically, load IImlted supply IS conSIdered a means to reduce the connection costs, as thIs reduces
the mvestment requrred to momtor power flows, as well as to provide peak power loads, to newly gnd-connected
communIties 2

TypICally, however, the deCISIon to select a generatIon technology anses m the case ofoff-gnd projects, and It
depends on a WIde range offactors, mcludmg the nature ofthe resource (WIth seasonal or dIurnal vanations, etc ),
storage capablhtIes, the energy requrrements of the users (m terms of quahty and rehability), the remoteness of
the SIte from fuel supphes, etc The mcorporatlOn of features such as load hmIters m off-gnd systems would
proVIde greater seeunty or supply m such mstances, as they would prevent exceedmg the generatIOn IImlts of the
Isolated system The use of such features would also add to the mvestment cost of the project

Another Issue related to the rehablhty of the system IS the chOIce of back-up power, If any The back-up
generator m a mmt-gnd system will add nnportant mvestment and operational costs, whIle the chOIce ofback-up
batterIes for household solar energy systems can vary slgmficantly m tenns of cost and performance At the level
of the mdlVldual household or farm/ranch, the technology chOIce IS certamly gomg to be dnven by mstallation
cost, and to some extent performance requrrements

In all cases, the type of apphances and eqwpment that make up the load IS also nnportant For the purposes of
thts study It IS assumed that rural users already have some electrIc apphances that are powered by battenes, small
generators or other hIgh-cost sources ofpower Once a communIty has a regular and less costly source ofpower,
however, the demand for power qwckly mcreases ThIs tendency underscores the need for the technIcal approach
used to be expandable and presents the typIcal problem of addmg dIscrete blocks or "lumps" to the supply-sIde
of the energy equatIon, WIthout suffiCient demand to JustIfy the mvestment

2 2 1 Small-Scale Hydropower Technology

Ofpartlcular concern to thIs study are small-scale hydroelectrIc schemes Small-scale schemes WIll be
taken here to have an mstalled capacIty of 10 MW or less Systems of a few tens or hundreds of
ktlowatts are often referred to as rmcro- or mmt-hydro but smce the pnnclples of operatIon remam the
same for both mmt- small- and large-scale hydropower schemes, no dIfferentiatIOn WIll be made here

A "hydroelectrIc scheme" COnsIStS of the followmg elements
A swtable Site, conslstmg of two natural features a ramfall catchment area and a hydraulIC head
The head IS the dIfference m height between the surfaces of two bodIes ofwater, for example, the
level behmd a dam and m front of It
CIvIl works, conslstmg of a water mtake placed above a werr or behmd a dam, the dam Itself, a
method of transportmg the water from the mtake to a turbme such as a penstock or leat and an
outflow where the exhaust water returns to the mam flow
A flow control system
Plant and assOCIated eqwpment consIstmg ofturbme, generator, bwldmgs and gnd connectIon

Small-scale schemes are usually "run-of-nver", meanmg that they do not rely on a large water reservorr
proVldmg daIly or seasonal storage Some small-scale hydro schemes do have a reservorr and, rarely, are

2Ibld P 16-17
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configured for pumped storage Good practice requrres that run of nver schemes be desIgned to take
only a small proportIOn of the water m the nver to protect the downstream enVlfonment The unused
water, called the compensatIOn flow, may be requrred to be as !ugh as 95 percent ofthe average flow
ThIs means that a run ofnver scheme may have penods when no water IS available for generatIOn thus
!ughhghtmg the benefits of storage

2 4 Degree of Concesslonahty m Fmancmg

2 3 Fmancmg Sources

The degree of concesslonahty3 IS mscussed m the project case stumes m Section 4 Tlns reflects the lIterature
on rural models where, m all the models there IS an element of concesslOnahty The concessionahty of a given
finanCIal structure may be evaluated by considenng the followmg contmuum of fmancmg types, as shown m

It IS unhkely that there Will be SIgnIficant changes to eqwpment deSIgn smce the eXlstmg product range
covers the needs of most potential small-scale SIteS There may be small unprovements to machme
effiCIenCIes and some reductIOn m eqwpment cost The mam cost reductions are hkely to come from
more effectIve procurement strategies, by usmg common deSIgns across many schemes, for example

,;;
2-3Acres/USAID Private ElectriCity Project

3"ConceSSlOnahty IS used here m the sense of an objective measurement of the degree to winch the terms of a
gIVen transaction dIffer from those that would apply m an undistorted market enVIronment Another expreSSIOn IS 'grant
element but tlns IS not used as It suggests only the presence of grant payments or subSidies ConcessIOnahty IS
mtended to encompass both the role of grants or one-time subSidy payments as well as the use ofbelow-market mterest
rates and generous repayment schedules or grace penods

In the case of household or village-level proJects, the vendor or other fmancmg prOVIder offers rmcro lmes of
credit These entities must have suffiCIent dIstributIOn presence m rural commumties to faCIlItate transactions
As will be descnbed m SectIOn 4 on fmancmg models and case stumes, multiple sources of fmancmg may be
requrred to proVIde the nght rmx of eqwty and debt fmancmg for project fmance structures

The power available from a given hydropower SIte IS drrectly proportIonal to the product of the hydraulIC
head and the water flow DIfferent deSIgns of turbmes are requrred for the range of flow and head
condItlons that are to be found m Nepal Generally, unpulse turbmes are !ugh head, low flow machmes
such as the Pelton or Turgo deSIgn ReactIOn machmes operate at !ugh flow rates and low heads
charactenzed by the Kaplan and bulb turbme Between these two extremes are the genenc crossflow and
FranCIS machines Turbmes are available for power ranges upwards of a few hundred watts, heads of 1 5
meters or more and water flow rates exceec1mg 0 01 cubIC meters per second Machmes can be expected
to have an availabIhty of 95 percent or over and Will operate at capaCIty factors ofbetween 20 and 80
percent dependmg on the availability ofwater Machine type selectlon IS a straIghtforward deCISIon based
on the SIte conmtIOns

For proJect-fmance structures, potential sources rmght mclude resources prOVIded by a multIlaterallendmg
agency, a regional utlhty, leveraged With natlonal or mtematlonal credit, other publIc or pnvate agenCIes, and even
NGOs In the case oflarger projects, mcludmg mtnl-gnds, the rmx of resources may be complemented by m-kmd
or cash resources from the local commumty
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Table 2 I It should be noted that the spectrum does not consIder the magnitude of the subsIdy, rather It denotes
the type or modailty

Table 21
Spectrum of Concesslonahty

Some
ConcesslOnahty <11II======= =======. No Concesslonahty

Grants Grants and
ConcesslOnal

Loans

ConcesslOnal
Loans

Fiscal
Incentives

Market-Based Loans
and/or Self-Fmancmg •

The level of concesslOnality of a partIcular fmancmg structure IS difficult to assess, given a Wide vanety of
schemes and mstruments The Issue With regards to rural electnficatlOn IS rather what ll1lX of mcentIves (tax
benefits, utilIty conceSSIOns, market pnce SIgnalS, etc) IS requrred to attract pnvate or NGO servIce prOVIders
or supphers For example, certam fiscal mcentIves, such as performance credits or rebates, or deprecIatIOn
benefits, mtroduce a concesslOnal element mto the financmg package, but do not requrre an actual budgetary
expenditure

2 5 Orgamzatlonal Structure

Accordingly, communIty electnc cooperatIves prOVIde a successful orgamzational model adopted m several
developmg natIons as well as the Umted States and other mdustnahzed natIOns The largely pOSItIVe expenence
ofCosta RIca's cooperatIves, for example, demonstrates the value ofcreatmg electnfication lDStItutlons, managed
by local communIties Indeed, the move toward "cooperatlVlsm" m Costa RIca stemmed from dissatisfaction

"For example ill MeXICO the state-owned ComlSlon Federal de Electrlcldad (CFE) along With Its smaller
sister company Luzy Fuerza del Centro IS the only entIty that IS allowed by law to dlstnbute electnclty to end users
TyplcalIy, all gnd extensIOn projects must be reVIewed by CFE for techrucal compatIblhty With the natIonal system, and
the CFE must assume management ofthe program Thts does not apply to off-gnd and smalI projects whtch can be
undertaken by others

As suggested, however, some projects rntght be undertaken Jomtly by the regIOnal utIhty and a communIty
orgamzatIon There are reasons why thts structure rntght be more advantageous FIrst of all, the utilIty may Wish
to share the cost of a rural project, whose returns rntght be negative Furthermore, the hterature on rural
electnficatIon descnbes m ample detaIl the advantages of commumty partICIpatIOn WIthOut such mvolvement,
for example, the mCIdence of fraud and theft of energy IS lIkely to be higher CommunIties respond better to
projects m which they have a stake
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The orgaruzanonal structure IS another Important parameter to consIder m an evaluatIon ofmodels Perhaps the
most tradItIonal orgamzatlOnal structure, IS that of the utIhty gnd-extension program In thts case, a utility
finances and executes the ImplementatIOn of a project to extend electncity servIces This may be done m
coordInation With the local commumty, and the communIty may even prOVIde certam Important elements of the
operatIOnal phase of the proJect, such as bIll collectIOn In some cases, on the other hand, the utilIty may have
an exclUSIve responsIbility to prOVide electrIc ServIce by law, thereby precluding communIty partICIpation beyond
the lDltIal project phase 4
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26 Summary

among the more Isolated rural commwnties m the country at the level of servIce - or lack thereof- provIded
by state-owned entItles 5

Table 2 2 proVides a summary of the elements presented m the foregomg dISCUSSIOn In addItIOn, It mcludes
several examples ofprojects or programs, some ofwhich are reVIewed m greater detaIl m Section 4

2-5Acres/USAID Pnvate Electnclty Project

5See Gerald Foley "Rural ElectrIfication m Costa Rica A Case Study" ESMAP, November 1996 ffilffieo

6por the purposes of thIs study such systems Will be referred to as standalone systems
7RIchard D Hansen NGO and ESCO models paper presented at the Roundtable on Rural Energy and

Development World Bank. WashIngton DC Apnl 1997
8In MeXiCO gnd-exlensiOn projects begm With consultations between the CFE and the commumty comnuttee

that handles electrIficatiOn and commumty members may be mvolved m execution but operation and mamtenance are
handled by the CFE alone

A related Issue IS that of ownership Along With ownership, the question of responSIbIlIty for mamtenance and
repatrs IS also addressed ThiS IS espeCially relevant m the case of household systems where financed by the
vendor or a separate financial mtermedIary Ownership must be establIshed to prevent dIssatisfaction among the
end users when umts fall or need to be replaced

Smce the cooperation ofthe local commuruty IS lIDpOrtant, It IS lIkely that the commwnty Will be mvolved m some
way m the process, eIther at the plannmg stage, or through executiOn to operatiOn and mamtenance 8 Indeed,
many rural electnficatiOn projects come about because the commwnty has lobbIed for It

The orgaruzatIonal structures descnbed above are lIkely to emerge only m the case oflarger-scale undertakIngs,
whether they are gnd-extensIOn or mIDi-gnd projects In the case ofhousehold- or farm-level systems, these mIght
be referred to as havmg mdependent orgamzatIonal structures 6

Also oflIDpOrtance mthe conSIderatiOn of orgamzatIOnal structures m rural electnficatIOn IS the sIgmficant role
ofNGOs mmany projects The National Rural Electnc CooperatIve AssocIatiOn (NRECA) m the Uruted States
played an lIDportant role m the establIshment of the cooperatIves m Costa Rica m the 1960s In the 1980s and
1990s, Enersol AssocIates, a Massachusetts-based NGO, played an lIDportant role m dIssemIllatmg technIcal
expertise m solar electnficatIOn m the DOmmIcan RepublIc and later, Honduras, thIs effort has facIlItated the
emergence ofa solar energy sector m both countnes, makIng It pOSSIble to promote the sale ofvendor-fmanced
household solar umts Enersol founder Richard Hansen argues that NGOs occupy an lIDportant ruche m the
creatIOn ofmarkets for renewable energy technolOgies m areas unserved by for-profit or state-run utIlIties He
suggests that once those markets have been started by NGO actlVlty, often supported by subsIdIes and chantable
donatiOns, pnvate compames may step m and generate far more substantIal resources by offermg a reasonable
mIX ofnsk and return for mvestment m the sector 7

In all cases, the salIent Issue IS the attractiveness of the underlymg market, be It delIvery of services to heretofore
pent-up demand or created VIa a mIX ofpolIcy mcentIves (1 e, a rural conceSSIOn) and market dnvers (I e , cost
effective technology mnovatiOn or attractive credIt terms)
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Table22
Parameters Relevant to Rural Electrification Projects

Parameter Description Example(s)
Grid extension vs Projects may Involve linking communities Gnd extensions Costa Rica cooperatives
off-grid projects to the national gnd or regional system or

may Involve an off-gnd mini-system, or at Off-gnd mini-system APS-CFE proposals
the smallest pOSSible scale, standalone for BCS and Sonora
installations

Off-gnd standalone installations FIRCO
solar program

Technology chOice In addition to the chOIce of solar, Wind, Gnd extenSion, metered
and configuration mini-hydro, geothermal or conventional

thermal generation, technology chOice Gnd extension load IImJted Nepal,
Issues Include decIsions related to how Zimbabwe (Smith)
payment for servrce IS made, whether by
meter by fixed amount (load-limited), or Gnd extenSion, other kutlrlyothl program
based on the capacrty of the unJt India (Smith)
Installed (In the case of standalone
systems) Off-gnd metered Total (time on)

Off-gnd load-limited

Unit-limited FIRCO solar program any
standalone system program

Fmancmg sources The sources of financing may Include Mixed publlc/pnvate finanCing MeXICO,
Single sources or multiple sources, and Costa Rica Peru, BolIVIa Brazil
may Involve a constellation of
organizations from the public private Private finanCing Enersol In the DR
and NGO sectors

Degree of The type of concesslonallty In finanCing Mixed finanCing FIRCO solar program
concesslonallty ranges from 100% subSidy to 100% self-
mfinancmg finanCing Intermediate types Include Concesslonal credJt Enersol PV finanCing

prOVISion of concesslonal credJt or In the Dominican Republlc*, micro-hydro
market-based credJt Mixed finanCing credJt program In Peru (Barnes et al)
(grants and self-finanCing vanous types
of credJt) also IS common Market-based credJt New World Power do

BraSil

Self finanCing Communrty Power
Corporation IndoneSia

Orgamzatlonal The organIZational structure IS likely to Utlilty/communrty-based CFE gnd
structure be Influenced by project type For extensions

example, for grid extension projects, a
utility pOSSibly In conjunction With a Communrty based Costa Rican
communrty-based organIZation cooperatives for gnd-extenslon projects
(cooperative, patronato, or other) IS
almost a certainty, for off-gnd mlnl- Household systems FIRCO solar program
systems, the same IS true, With greater
likelihood of a community based
organIZation, for standalone systems
little organIZational Infrastructure IS
reqUired
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3 1 Fmanclal and Economic FeaSibility

Institutional Issues Associated with the Fmancmg ofSmall-Scale Power Projects
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The presence of certam determmants of success IS key for the project to provide electnc services adequately
Wlnle other factors, outside ofthe project design, may be very Important to successful Implementation, these are
not considered here

3-1Acres/USAID Pnvate ElectriCity Project

I See D Barnes W Floor J Mullaney and P Wolman, "Energy Strategies for Rural and Poor People mLatm
Amenca Industry & Energy Department World Bank January, 1997, muneo p 6

2See D Barnes et al, op Cit, p 17

In the case of commumty systems and gnd-extenslOn proJects, expenence m numerous countnes
emphasIZeS the need to ensure full cost recovery and fmancIaI sustamablhty as a cruCial mgrechent to the
long-tenn ViabilIty of projects In Costa Rica, the expenence of the cooperatives demonstrates the
nnportance ofpncmg electnclty to reflect all operatlOnal and long-tenn costs, thereby ensurmg that the
entItIes have suffiCient resources to mvest m extenSions, upgrades and new sources ofpower As Foley
notes, full-costrecovety helped assure the cooperative's suffiCient resources to mvest m new generatIon
capaCity, which could generate power at lower costs than electnclty supplIed by the natIOnal utIlIty, ICE,

Rural mhabltants have demonstrated a reachness to enter mto fmanclal obhgatIons, either m the fonn of
leases or loans, when It swts therr mterests The expenence of Enersol ASSOCiates m the DOmmlcan
RepublIc suggests that villagers are not only willmg to borrow but Wlllmg to pay therr loans back as well,
accordmg to Enersol, the default rate for Its Solar-Based Rural ElectnficatIon Concept (SO-BASEC) IS
less than 1 percent, although late payments are not uncommon 2

Ifthey are necessary, the subSIdIes requrred will reflect the commumty's Wllhngness to pay for electnclty
or, alternatively, Its Wlllmgness to borrow The hterature on rural electnficatlOn suggests that the
willmgness to pay IS hIgh among rural commumtIes that depend on lligh-cost sources of electnclty, such
as battenes or dIesel generators For example, a survey ofthe Asunta Valley m BollVla reported that rural
households were spendmg a slgmficant percentage oftherr mcome on fuels for hghtmg that are mfenor
to electnclty, m terms of hghting effiCiency 1

In most cases analyzed, finanCial feaslblhty was attamed m part through the provIsion of a suffiCient
amount of concesslOnal support Hence, the mIX of grants or concesslonalloans along Wlth end-user
contnbutlOns, eqwty fmancmg, and market-based loans, reflect the extent to whIch econOmlC,
mstItutIonal, or project nsk Issues were perceived to llmlt the project's VIablhty

The determmants are presented m therr general order of Importance Fmanclal feaslblhty of the project IS
generally considered ofgreatest nnportance, as It IS anecessary condItion for successful nnplementatlOn, whereas
the other determmants may be present but stIll not guarantee success The other determmants are techmcal
feaslblhty, commumty engagement, and pohtIcal/regulatory envrronment

3 Determinants of Success for
Rural Electrification Projects
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thereby enabhng them to pass along cost savmgs to theIr consumers The cooperatIves have been able
to proVIde electncIty at tanffs below those ofICE, m part due to such mvestments, but also partly due
to the fact that ICE's larger system has hIgher operatmg costs 3

3 1 2 Economics of Small-Scale Hydropower

The econOmICS of a small-scale hydropower scheme are charactenzed by a large lIDtml mvestment that
IS recovered over a long tune honzon WeIl-designed and managed schemes demonstrate lugh rehabIhty
and avmlabthty coupled With low operanon and mamtenance (O&M) costs Well-constructed elVll works
can last as long as 100 years and plant and eqmpment up to 50, although refurbIshment may be requrred
dunng that tIme penod Schemes are desIgned for given flow and head conditions and run at theIr
optunum efficIency at or near the deSIgn conditIon ThIs can have senous consequences on the econOmICS
of the scheme where flows fall below those antICIpated Thus, flow efficIenCIes are a partIcularly
Important desIgn parameter for run-of-nver schemes

Costs vmy substantIally dependIng on the scheme rendenng mdIvIdual mvestIgatIOn and taIlored deSIgn
essentIal Some SItes are naturally better adapted to small-scale hydropower schemes and thus requrre
httle work whIlst others, partIcularly those With low heads or where a reservOIr IS requrred, may reqUIre
werrs, extensIve slwce gates and penstocks, all ofwhIch can mcrease costs substantIally Generally, cost
per kIlowatt (kW) IS reduced as head mcreases and as illstalled capaCIty mcreases as well TypIcal costs
for a small hydro statIOn are presented m the table below

TypIcal annual O&M costs are m the range of2 to 3 percent ofcapItal costs broken down as follows

A 500 kW small hydroelectnc scheme With a capaCIty factor of50 percent and an annual cost ofcapItal
of 12 percent would produce electncIty costmg between US $0 037 and US $0 136 per kilowatt hour,
dependmg on where ill the range ofUS $1,000 to US $4,600 the capItal cost of the scheme fell

Item/Proportion of Total Cost Head 5 - 225 m, Power 5 - 1 300 kW
MInimum Cost MaXimum Cost

US $/kW US$/kW
Plant ex Factorv 33% 330 1520
CommissIoning and Installatron 9% 90 410
Civil Englneenng 36% 360 1650
Electrical Englneenng 6% 60 280
DeSign and Management 7% 70 320
Contingency @ 10% of above 90 420
TOTAL 1000 4600

Annual Cost

Item US$/kW

Insurance 11 0
Annual Survevs 56
Maintenance 140
Land Use 84
Administration 28
TOTAL 418

3Foley op CIt pp 46-47
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3 1 3 Risks Associated with Small-Scale Hydropower Schemes

3 2 Techmcal Feasibility
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More generally, electrlficauon projects must be deSigned for expansIOn, smce a commumty, once electnfied, WIll
tend to mcrease Demand growth WIll eventually cause the system to bump up agmnst the system's capacity,

3-3
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A project employmg a technology that cannot delIver electnclty m accordance WIth commumty needs and desrres
will lose the support of that commumty over the longer term Foley argues that the cooperatIve movement m
Costa RIca, as well as the case of the mumclpal utIlIty JASEC m Cartago, developed m part because of
dIssatIsfactiOn WIth service prOVided by the state-owned utIlIty 4

OperatIonal nsks mc1ude, mter aba
.. Techmcal non-performance of the scheme based on madequate or maccurate site data pred1ctmg

head and flow rates
.. HydrolOgical vanatiOn eIther from short-term fluctuatIons m water avallabllIty, due, for example,

to unseasonably hIgh or low ramfall or snowmelt upstream, can have a senous Impact on nm ofnver
schemes

.. VanatiOns of a long-term nature, upstream offtake, for example, can affect all types of schemes

.. Where the umt IS connected to the gnd and IS fitted WIth an asynchronous generator, there IS a danger
offorced outage due to gnd fallure

Small-scale hydro schemes share nsks m common WIth all power projects such as development and
constructiOn nsk, mc1udmg cost overruns, completiOn delays, fallures of plant to meet performance
specIficatiOns, physical, and government nsks Equally, the nsks common to all plant m the operatmg
phase, relatmg, for example, to polItical, legal, [manclal and revenue Issues have to be dealt With The
envrronment mwhich such schemes are bruIt, particularly by the pnvate sector, IS a function of the host
country and ItS laws and regulatiOns Hence, there IS a systematIc and country nsk assOCiated With all
pnvate power development from wmch small hydro schemes would not be exempt The paragraphs
below mghlIght some of the nsks speCIfic to small-scale hydropower development

Another case IS that of the X Calak project m Qwntana Roo, MeXICO Here, a llIDlted back-up power system
meant that a seasonal dtp m wmd generatiOn due to vanabilIty m the wmd resource could not be compensated
The lImItauons on the system's ability to proVIde enough power throughout the year to meet commumty demands
created dtscontent and also the hIgh costs ofmamtenance made It dIfficult to operate

Techrucal feasIbility relates on two ISSUes the first ofwhIch deals WIth the adequacy ofthe technology chOIce and
configtlfatiOn, whIle the other has to do WIth the avaIlabilIty of teclmlcal support If teclmlcal support IS not
readlly avaIlable mthe commumty, then the technology chosen must be suffiCiently robust to proVide a low fmlure
rate ThIs latter Issue lmpmges on Issues related to commumty support, as well, m two ways Frrst, support WIll
tend to be greater as local members are seen to be partlclpatmg m the on-gomg mamtenance of the project
Second, a reduced fallure rate WIll keep end users satIsfied WIth the servIce
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requmng rapId attentIOn to the system's lImItatIOns 5 In this regard, It IS often nnportant that the end users not
perceIve off-gnd projects as bemg an alternatIve to connectIon to the gnd TIns IS the case m Sn Lanka, where
villages are often not very far from the gnd, and where the penetratlon of the gnd m rural areas IS still relatively
low

3 3 Commumty Engagement

In many commurutIes, these resources may not be avaIlable, and even Ifpresent, there may be polItical dIVISions
at the commumty level that could create admmIstratlve problems Ifcarned mSlde the enterpnse or cooperatlve

~ The development of a commumty engagement m the project IS hkely to reduce the threat of thefts,
unauthonzed connectIons, dehnquency mpayments, etc Foley argues that the cooperatlve program m Costa
Rica benefited m a deCISive way from commumty partiCipatIOn 7 Commumty pressure can proVide a
dIscIplme that an outside entlty cannot reasonably expect to nnpose, or even afford

Most projects to date have found that commumty support IS cntIcal The fundamental Issue IS that of ownershIp
and responsIbIlity for the success of the project, whether It IS a mmI-gnd system, a gnd-extensIOn project, or a
senes ofstand-alone unIts A clearly delmeated sense ofownershIp and responsibIlIty can be deCISive for vanous
reasons

•
I
I
I
I
I
I
I
I
I
I
I
I
I
I

3-4AcresiUSAID Pnvate Electnclty Project

5Several studies have attempted to measure the tmpact ofelectnficatlOn on rural econotnlc development The
results appear to be mconcluslve, despite the fact that m certam cases electnficatton preceded growth m commerce m a
particular rural area because ofthe numerous other factors that also playa role See Foley op CIt, pp 51-58

6CFE

7Foley op CIt pp 45-46

~ Atrammg program for members to become profiCient m basIC mamtenance and reparr Will create a sense of
mvolvement and long-term benefit that enhances commumty support and the sustamabllIty of a project The
presence of tramed personnel near the project site or close to households or farms where eqwpment IS
mstalled may also faCIlItate project deSign and, m the case ofprograms to develop markets for renewable
technolOgies, may help propagate demand for those technolOgIes, as m the Enersol case (see SectIons 4 3 and
44)

~ The fmancIaI ViabilIty ofthe project may depend on commumty partIcipatIOn that reduces nnplementatlon
costs For example, Villagers may choose to "mvest" m a project to provide power m therr commumty by
proVIdmg labor for plant and hne constructIon Although the finanCial nnportance ofsuch contnbutlOns may
not be deCISive m some cases, such commumty participatIOn IS probably an nnportant mechamsm for
VIllagers to develop a psycholOgical stake m the project 6 Local knowledge IS also nnportant for project
IdentificatIon and constructIOn, where nghts ofway and other local permIts wIll be requrred

~ Lastly, commumty partiCipatIOn IS one strategy for clearly establIshIng ownershIp of a project or of
eqwpment ThIs IS essential to ensure that responSibilIties for provldmg mamtenance, upkeep, and
replacement ofold parts are understood and that the system's requrrements are addressed ThIs IS espeCIally
nnportant where financmg terms asSign eqUIpment ownershIp, and hence mamtenance responslbilitles, to the
end user or to the vendor
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Agam, the Costa RIcan expenence suggests the need for awareness of such problems, as m the case of the
cooperative m Guanacaste provmce, COOPEGUANACASTE 8

Lastly, national polICies may also lImit the resources avaIlable to support rural electnficatlOn projects, thereby
hmttmg the number ofViable projects m cases where such actiVIties requrre subSIdIes or the proVISIon ofcredIt
at concesslOnal rates

3-5

8Ibld , pp 39-40
9CFE

l!Renewable Energy Program NatlOnal COmmISSIOn for Energy Conservation (CONAE)

llFoley op CIt pp 42

Acres/USAID Private Electnclty Project

The regulatory and legal enVIronment may not be swted to certam types ofprojects m other ways Foley descnbes
how certam aspects of the tanffstructures set by the natIOnal energy regulatory body, the SerVlclO NaClOnal de
Electncldad (SNE) created SIgnIficant problems for the cooperatives early m therr development To begm With,
ICE did not have a tanffcategory specIfic to bulk power sales to the rural cooperatIves, With the closest substItute
bemg the tanff accorded large mdustnal consumers, whtch was substantIally htgher than the tanff applymg to
reSidential consumers As a result, early on, the cooperatIves were forced to charge therr reSIdentIal customers
higher tanffs than those offered to reSIdential users m other parts of the country In addItIOn, the cooperatIves'
tanffs were designed With steep pnce escalatIOn, even at low levels ofuse As a result, consumers often hmtted
therr usage to the lowest consumptIOn block, depressmg revenues to the cooperatives The cooperatIves lobbIed
forcefully for SNE to modify the structure II

For example m MeXICO, all gnd-extenslOn projects must be reviewed and approved by the natIOnal utilIty, the
CFE, and operatIOnal control IS requrred by the Law on the PublIc ServIce of Electnclty However, off-gnd
projects need not be approved or run by CFE, although It IS lIkely that CFE wIll get mvolved smce It IS the mam
publIc entity mthe country dealmg With electnclty Also Important IS the fact that proJect-permtttmg procedures
may dtffer dependmg on the size of the generatmg faCIlIty contemplated Agam m MeXICO, off-gnd projects of
less than I MW face far fewer permtttmg requrrements than projects larger than I MW 10

In most countnes, polItical and regulatory consideratIOns may shape how rural electrIficatIOn projects are
undertaken, and may also mfluence the fmancIaI feasibilIty of projects m the longer term Typical polItical
problems may mvolve restnctmg energy servIce prOViders

In the case of the X'Calak hybnd system, another source of commumty dIssatIsfactIOn appears to be poor
management ofthe rate-settmg functIOn and bIll collectIOn functIOns Although the state government requested
that meters be mstalled m the vIllage, end users are assessed a flat rate ObVIOusly, tlus has created resentment
among those who feel that they do not consume as much as other Villagers 9
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35 Summary

Table 3 1 provIdes a summary of the elements presented m the foregomg dISCUSSIon In addItIOn, It mcludes
several examples ofproJects or programs, some ofwhich are revIewed m greater detal1 m Section 4

3 4 1 Legal and Regulatory Risks Associated with
Small-Scale Hydropower Schemes

Although considered to be envrronmentally bemgn, small-scale hydroelectnc schemes do have some
envrronmental nsk Schemes are often reqwred to conform to some envrronmental regulanon, If there
IS none m place then there IS a nsk that It Will be Imposed retrospectively

-
-
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Legal and regulatory nsks associated With small-scale hydropower developments mclude, mter aba
~ Consequential damage resultmg from catastrophic fallure, especially ofdams,
~ Regulatlons concemmg the use ofwater for lITlgatlon Many dams m and areas are bmlt pnmanly

for lITlgatlOn and there may be restncttons on drawmg down water for power use eIther on a dally
or seasonal basIS, and

~ Changes to the regulatory and mspectlOn reqwrements followmg dam faIlures elsewhere

Acres/USA/D Private ElectriCity Project
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Table31
Determinants of Success for Rural Electnficatlon Projects

DeSCriptionI
I
I
I
I
I
I
I
I
I
I
I
I
I

Determinant
Fmancial feasIbilIty

Technical feaSIbIlity

Community engagement

PolItical/regulatory
enVIronment

This IS the crux of the Issue for any technically
feasible project that IS not financially feasible
will not succeed The key Issues are whether
the project can obtain the necessary mix of
credit and Subsidies to balance the community
contnbutlons which are In tum dependent on
the willingness to pay of the community or the
Individual In general the rural population
favors electnclty because It reduces overall
energy costs In the short term as Incomes nse
however electnclty consumption tends to
Increase as a share of total outlays In the end
programs! enterpnses must be sustainable
finanCially Implying that the full costs of
prolects must be recoverable
Equally Important and related to finanCial
feaSibility thiS IS perhaps the most Important
conSideration Technical Issues Include both
the robustness of the technical solution to meet
community requirements as well as the
technical support necessary to ensure that the
project succeeds after initial installation

ThiS IS related to the prevIous Item In the sense
that local support IS likely to be greater If there
IS local technical support and partlclpatron In the
project Beyond that community engagement
IS cruCial to the success and finanCial
sustalnabllltv of and-extenSion prolects
limitations on private partiCipation In generation
transmiSSion and sale of electnclty Will
necessanly limit feaSibility of gnd extension
projects and pOSSibly even off gnd projects
However It seems less likely that political and
regulatory Issues should playa major role In off­
gnd projects

ExamDle
The FIRCD solar program In MeXICO has
been successful because It prOVides a
subSidy to give ranchers! farmers an
incentive to go wrth solar powered pumps
for remote wells thereby opening up
othelWlse unused ranch lands for use

An example of where the technical solution
to a rural energy project fell short of
community needs IS the XCalak project In
QUintana Roo MeXICO Here vanatrons In
Wind generation (Bergey Wlndpower) and
limited back up appear to have limited the
system s ability to prOVide enough power
throughout the year to meet community
demands (NRECA)
The Costa Rican cooperatIVes and
muniCipal utilities were successful to a large
extent because of the support of local
Inhabitants who saw them as the only way
to bnng electnc service to remote areas
(Foley)
In MeXICO CFE must support project
deSign and must operate and manage gnd
extension projects due to legal restrictions
on private partiCipation In the power sector

In Costa Rica legal Issues and baSIC tanff
deSign flaws created problems for the
cooperatives In their earliest phase of
develooment (Folev)

I
I
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ITlus IS the case mClule, where pnvate or NGO entItIes pursumg rural electrIficatIon projects receive a one­
tune cash transfer from the government

4 FinanCing Models for Rural
Electrification - Off-Grid Projects

4-1Acres/USAID Prrvate Electrrclty Project

The example of the model presented m FIgure Ib IS drawn from the program run by the Trust Fund for RIsk
Sharmg (Fldelcomlso para Rlesgo Comparndo, or FIRCO) m MeXICO, ill conJunctlon With other government
agenCIes and the Sandia NatIOnal Laboratory of the US Department of Energy, smce early 1995 Under the
FIRCO program, ranchers and farmers ill several states have receIved subSIdies of up to 50 percent of the
mstallanon and eqwpment cost of solar-dnven pumps placed on ranch lands to mcrease the amount of rrngated
land available for grazmg The Ulllts also displace the cost ofpurnpmg water usmg dIesel generators and the labor
requrred to operate and mamtam those UllltS As a result the program allows partlclpatmg ranchers to reahze a
double benefit the expanSIOn of the productIve area oftherr land enables them to mcrease the number ofhead

Model lIS a strmght cash trallSacUOn, potentIally With a cost-share component, as noted m FIgure la These are
most hkely to be household systelUS, mwruch the end user acqurres the system ill a market-based transactIOn, and
pOSSIbly receIves a subSIdy to offset the substantlallllitial cost mcurred The subSIdy may take the form of a
financIal and/or m-kmd benefit that reduces the net cost of the purchase, and/or dtmImshes some of the nsk
assocIated With acqwsitlon of the eqwpment Tills may take the form of a one-tIme cash transfer to offset up­
front mvestment costs I There are some recent examples ofbusmess models where no subSIdy IS present, such
as Communlty Power CorporatIOn's project m IndoneSIa, and these are promlsmg new efforts, wmch have yet
to prove themselves

One of the key features of the apphcatIOn of a given model IS the extent of the subsIdy mtroduced to ensure a
proJect's successful Implementauon In most cases reVIewed, some concessIOnal element was requrred to reduce
nsk, overcome techrucal, econOmlC or mstitutIOnal barners, or SImply to secure communlty support However,
these cases are msufficient to determlne that, dependIng on the specIfic SItuatIon, It may be pOSSIble to elImmate
the use ofsubSIdIes or to deSIgn projects Without tills element TechnIcal and econOmlC Issues affectmg project
vIabIhty are changmg constantly, creatmg crrcumstances more (or less) favorable to projects m additIOn to
pohtlcal and regulatory changes Clearly, the use of subSIdies creates a constltuency that may reSIst efforts to
elImmate them, so, a strategy starhng With subSIdies 18 mconsistent With the notIOn of sustamabIhty (1 e markets,
customers, etc )

Tills sectlon proVIdes a reVIew ofmodels for financmg rural electnficatlon projects, and then prOVIdes an example
ofeach drawn from the recent hterature FIgures prOVIded at the end of tills sectIon Illustrate these models, and
are Identlfied by the same numbers as models

Based on the foregomg diSCUSSIOn, It IS pOSSIble to IdentJfy several models for rural electnfication Each ofthe
models presented here IS not necessanly swted to the range of crrcumstances that may charactenze rural
commumtIes across countnes or mdeed, Wlthm one country Some mechamsms WIll be better swted to less­
developed communItles where knowledge of electncity IS lImIted and where even lImIted capItal resources are
scarce, others Will be better swted to more developed and soprustlcated communltles With greater fmancial
resources
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raISed for sale or slaughter, and the solar pumps chsplace labor and fuel costs An analysIs of three representatIve
projects IS presented m the next sectIOn

Program funds are chsbursed on a case-by-case basIS Interested ranchers and farmers present proposals to the
FIRCO field offices, and these are revIewed by FIRCO staff, who prepare a bnef financIal, envrronmental and
SOCIal analySIS and detenmne the amount of subSIdy based on the project analysIs Once approved, the
particIpatmg rancher pays the quoted mvestment costs, and IS elIgtble to receIve payment from FIRCO of the
snpulated amount The partIcIpant assumes ownerslup ofthe eqwpment, and IS responsIble for mamtenance and
replacement costs 2 There IS no data avaIlable as to the program's rate of ImplementatIon (1 e level of
acceptance), however, the mterestlng aspect ofthe program IS that It demonstrate the mClpIent WIllmgness to pay,
WhICh has been leveraged WIth the FlRCO funds m tlus case, but could also be leveraged WIth market-based
mechamsms, 1e loans

A summary ofthe program's frrst two years ofoperatIOn IS presented m Table 4 1 Total mvestments under the
program have reached about 4 mIllIon pesos, eqwvalent to about US $504,000 at current exchange rates End
users have contnbuted roughly 51 percent, FIRCO contnbuted another 26 percent, and Sanwa's contnbutIon
makes up the remamder WhIle the maJonty ofthe projects undertaken fall under the FIRCO-Sanwa program,
several others have been undertaken m cOnjunctIOn WIth other state and federal programs m MeXICO

Table41
Summary of FIRCD Rural Solar Program

Fundmg by Source (thousands of pesos) BenefiCiaries

Program No ProJ FIRCD Sandia End User Total Users Area* Head

FIRCD-Sandla 13 101575 90321 149970 341866 276 2523 3,558
SeqUia 4 N/A 000 51839 51839 33 2230 980
Allanza 2 2095 000 2551 4646 6 530 289
Total 1,03670 90321 2,04360 398351 315 5283 4827

*Thousands of hectares Source preliminary data from FIRCD

4 1 1 DISCUSSion of FIRCO Solar Program

The FIRCO solar program's use of subsIches suggests that some of these projects would not be
finanCIally feaSIble on therr own A dtscounted cash flow pro-forma analySIS was carned out usmg
FIRCO data for three projects A detaIled methodology IS presented m the appendtx The results suggest
that some of the projects would be feaSIble WIthout the subSIdy even at htgh (nsk adjusted) dtscount
rates The three mdtvIdual projects analyzed present WIdely wfferent Internal Rates ofReturn (IRRs)
WhIle the FIRCO data avaIlable does not mclude the amount of the subSIdy payment made for each
mchVldual project, It seems lIkely that the more attractIve projects receIved smaller payments, whtle the
less attractIve ones receIved comparatIvely larger ones, thereby ensurmg that the IRRs WIth subsIwes
would be roughly eqwvalent

WIthOut subSIdIes, the least attractIve ofthe projects had an IRR of 19 percent and It also had a negatIve
NPV at the dtscount rate of 25 percent applIed m the Tables WIth a 50 percent subSIdy, the same

Acres/USAID Pnvate Electnclty Project 4-2
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prOject offered an IRR or 51 percent (and a siZable NPV when evaluated at a chscount rate of 25
percent)

The first scheme to be mstalled under the program supplIes electnclty to the village of Chalan, fifty mIles from
the national gnd Chalan has a population of 540 people m 120 fannhes In adwtlOn, nmeteen other small
settlements or hamlets m the area use Chalan as theIr mam center for servIces

4-3AcresiUSAID Pnvate Electrlc/ty Project

The llliuauve for the micro-hydro scheme came from the VIllage councIl and a local NGO that was workIng WIth
local farmers The fundmg for the scheme came from four sources a loan from the creillt program, a grant from
the local NGO, the resources of the VIllage councIl, and the labor of every farmly m Chalan, who agreed to
contnbute a set amount of tIme to construct the channel, mstall the pIpe, and bmld the powerhouse (the
commumty proVIded a total of 4,318 person-days oflabor) The ITDG supervIsed constructIOn and prOVIded
techrucal and management trammg

There IS a dlstmctIOn between projects financed by a regIOnal utIhty and those financed as off-gnd or separate
gnd-extensIOn entities, m that a utIhty nnght be m a pOSItion to cross Subslchze, whereas an off-gnd proJect, or
a gnd-extenSIOn project fmanced by a separate entity could not Model 2 best encompasses the latter type of
project

A reasonable project chscount rate nnght be 15 percent, With a nsk prennum for MeXICO of 5 percent,
and another 5 percent nsk prennum for an ''unconventional'' technology Thts would suggest a chscount
rate ofroughly 25 percent, m excess ofthe 19-percent IRR estunated for Project 2 Hence, some projects
would reqUIre a subSIdy, however, Project 3, With a pay back ofless than a year and an attractive IRR,
IS a good example of a sustamable project that does not need one In the longer term, assunnng that
current econonnc trends m MeXICO contmue to unprove, It would be pOSSIble to reduce subsiwes
sIgrnficantly

Model 2 features a structure most resemblmg a typIcal project finance, and as such IS hkely to apply to
mvestments at the village scale or larger Here, eqwty mvestment m the project may be prOVIded by one or more
enuues The eqUIty mvestment IS leveraged by debt secured from fmancial mstItutlOns, With repayment of debt
commg from the cash flow generated by the project through sales revenues In the case of commumty-based
proJects, ownershIp IS by the commumty enterpnse or cooperatIve, and management IS prOVIded by
representauves from the commumty, whIle the project and operational nsk IS assumed by the project enterpnse
along With the eqwty partICIpants

An example can be found m Chalan VIllage, Peru, where the VIllagers proVIded part of the eqUIty through an m­
kmd contnbutlOn of labor, and an outSIde mvestor (a PeruVIan NGO) proVIded the balance m cash (see the
example given m FIgure 2b) Debt for the project was proVIded by a speCIal-purpose fmancial entity (the
"revolvmg fund") created by the IDB m conjunction With an mtematIOnal NGO, Intennechate Technology
Development Group (ITDG) In 1993, the Intennewate Technology Development Group (ITDG) and the IDB
establIshed a rotatmg fund m Peru to make loans ofup to US $30,000 avaIlable to rural commumtles and rural
enterpnses for mIcro-hydro schemes The mterest rate IS 8 percent per year, and the amortization penod IS five
years
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The capacIty ofthe Chalan nncro-hydro scheme IS 25 kW and the capItal cost was US $82,700, therefore yteldmg
a urnt cost of US $3,308/11lStalled kW, which IS m general tenns consIstent With hydroelectnc capItal costs
DIrect connectIOns have been prOVIded to eIghty fannlIes to date, With most remammg households expected to
connect m the future A further 617 fannlIes from surrounding commurnties are mdrrect beneficIarIes of the
scheme as they now have access to Improved health and education facIlities, battery chargmg, agro-processmg,
and workshop and commumcatIon servIces and also benefit from publIc lIghtmg m the village

An elected comnnttee that IS mdependent of the VIllage counCll manages the prOject and IS responsIble for
overseemg operatIon and mamtenance, collectmg tanffs, promotmg safe and efficIent use of the energy, and
managmg the mtroducuon ofnew end uses, such as workshop eqUIpment At present, the power from the plant
IS pnced at US $ 091kWh, although this Will mcrease to cover the costs ofgeneratIOn and to proVIde a reserve
fund for repaIrS and replacements Conversely, as demand mcreases, the margmal costs ofgeneratIOn Will fall,
provIdmg the opportunIty to reduce tanffs

The credit program aImS to 11lStall around twelve schemes The program has already attracted consIderable
mterest among commurnties and enterpnses, government bodIes, and mternatlOnal agenCIes 3

A rough calculation suggests that a tanffdeSIgned to recover all costs from the Chalan project would be about
US $0 l3IkWh, Implymg a subSIdy ono percent compared to the actual sale pnce ofUS $0 09lkWh 5

Ofmterest mthe case ofthe Chalan mIcro-hydro project IS the fact that the fmancmg shows how concesslOnalIty
can prOVIde an Important nnssmg lInk to secure project fmance In bnef
~ The local NGO that parlJcIpated m the project acted, m effect, as an eqUIty partner m the deal, prOVIding up

to 64 percent of the total cost of the proJect, depending on the valuatIOn of the vIllagers' "sweat eqUIty"
component 4 However, the NGO treated the contnbution as a grant, and hence Will not reqUITe repayment
of dIVIdends

~ The tenns of the loan secured from the revolvmg fund are arguably below-market, given the nature of the
project, Its locatIOn, partners, and SIze Under commerCial market condItIOns, lenders would reqUITe a much
higher nsk premIWll on such a loan, not to mentIon the prennum for handlmg such a small transactIOn It IS
worth mentlonmg that this type of loan would lIkely not be avadable from commerCial bankmg 11lStitutlOllS,
given the project's nsk profile

3Stephen FIsher, ITDG 1996 Quoted mEnergy Strategies for Rural and Poor People mLatm Amenca
4It IS not clear from the mfonnabon avaIlable on the project whether the value ofthe m-kInd contnbubon made

by the VIllagers IS mcluded mthe US $82,700 given as the cost ofthe project

sThe tanffestunate IS based on the standard calculatIOn ofthe tanff requIred to repay a given mvestment m
power generatIOn eqUIpment The total mvestment cost IS dlVlded by the total capaCIty, yIeldmg a cost per urnt of
capaCIty Thts rabo IS then multIplted by the cost recovery factor (CRF) whtch IS 0 25 given the terms of the loan mthe
project (five years at 8 percent, see Grant ELand Ireson, WG, Prmclples ofEngmeenng Economy fifth ed (Ronald
Press Co New York), for a table ofcompound mterest factors) Thts yIelds the revenue reqUIred per urnt ofcapaCIty,
per year Thts ratIO IS then dIVIded by the plant availabIlIty, whtch expressed as the number ofhours per year that the
plant IS expected to operate Thts IS assumed to be 70 percent The fonnula may be summanzed as follows Tanff=
([I1C] * CRF) / A. where 1= mvestment cost, mdollars C= capacIty mkW CRF = CapItal Recovery Factor and A =
availabIltty mhours
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Lessons from the Developing World and Implications for Nepal

A vanatlOn on tlus model mvolves the prOVISIon of lease terms to the customer, With the lessor retammg
ownerslup of the eqmpment, at least until the end ofthe lease, IfIt IS a lease-to-own arrangement

4-5Acres/USAID Pnvate Electnclty Project

ThiS model IS quasI commercial m that the households are forced to pay market rates for the fmancmg Tlus
enables them to take on the IDltIal cost hurdle Indeed, there IS some credIt support that IS prOVIded to the end
users m terms of the fmancmg extended to the local NGO fund, wluch may not be strIctly at market rates
Furthennore, the NGO probably does not requrre the same retIrrn on Its loans, as would a bank The nsk of
default on the credIt IS borne by the NGO fund and not by the end users Fmally, the technIcal partner at no cost
proVIdes the mamtenance trammg and support

Tlus financial model IS meffect the mverse ofModel 3, With the technIcal partner assunung the role as fmancIaI
mtennedIary mthe project as well as the role as dIstrIbutor/manufacturer of the energy systems The commerCial
transaction IS based on the assumptlOn that the current energy needs ofthe end user are currently bemg met at
a higher monthly cost than the lease offered In addItion, the arrangement may offer substantIal benefits m that
the lessor retams ownerslup of the eqmpment and hence responsIbIhty for mamtenance and eqmpment
replacements Indeed, some sources argue that tlus offers the lowest costs to the end user, compared to leasmg
from an mtennedlary or other arrangements

ThiS model IS partIcularly mterestmg because It blends a fmancial mcentIve, the NGO fund's credIt, With
technIcal asSiStance and also nutIgates the finanCIal nsk to the end user, by havmg the credItor bank use the NGO
as a guarantee mechamsm

Enersol ASSOCIates' SO-BASEC scheme m the DOmIDlcan Repubhc and Honduras prOVIde a good example of
Model3 In tlus case, Enersol serves as the technIcal partner, trammg local solar energy entrepreneurs to prOVIde
mstallatlOn, mamtenance and related servIces to end users At the same tIme, Enersol and the local busmess
communIty create a solar NGO to manage a revolvmg fund capItahzed With outsIde resources Tlus fund
proVIdes credIt to end users who purchase umts and repay theIr loans over penods ofbetween two and five years
Loan payments mclude repayment ofpnncipal (the total cost of InstallatIon and eqmpment) as well as a market
rate of mterest

Model 3 IS sImIlar to Modell, except that the arrangements call for the use of credIt to enable the end user to
overcome the mItIal cost hurdle A local bank or other entIty specialIzmg m ongmatIon of small-scale loans for
solar or other renewable energy systems, eIther at the household or VIllage scale makes the loan The transaction
between the end user and the solar energy manufacturer/dIstrIbutor IS commercIal, and does not requrre that the
vendor supply credIt to the end user The customer takes ownerslup ofthe eqmpment and assumes responsIbIhty
for mamtenance and replacement parts, and servIces the loan

In the case ofa pilot project bemg undertaken by Soluz and Industnas Electncas de Bella Vlsta (IEBV), a solar
energy leasmg company has been created With capItalIzatIon of US $700,000 proVIded by vanous eqUIty
mvestors, and leveraged With US $1 3 nulhon m debt to develop an lllltIal base of 5,000 customers Customers
pay US $10/month per urnt under long-tenn lease agreements, generatmg cash flow for the energy leasmg
company to cover debt servIce as well as prOVIde a reasonable retIrrn on eqmty to mvestors
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WIth the exceptIOn of a Inmted nwnber ofenterpnses that are already m operatIOn (such as Soluz), thIs model
IS attractIve due to the stnct fmanclal covenants governmg the transactIOn (1 e the lease) Some proponents of
the model argue that new nsk-capItal resources are stIlllackmg for thIs type ofventures In thIs case, the fresh
capItal needs to be provIded eIther by pnvate mvestors, mvestment banks, venture capItalIsts or multIlateral
mstItutIOns, once such new resources can be channeled to qualrfied enterpnses m key developmg markets,
proponents argue, the powerful cost advantages to end users of energy servIces leasmg WIll propel growth m the
mdustIy6

4 4 1 Solar Rural Electrification m IndoneSia

TYPICally a SHS system WIll cost approxnnately US $500 per household The components of the SHS
are relatIvely straIghtforward, mcludmg a photovoltatC (PV) module, balance of system (BOS)
components, mcludmg battery to store energy, battery-to-charge controller, lamps, wmng and SWItches,
and mountmg hardware

The model IS based upon a drrect sale of SHS to end users by dealers, who WIll proVIde credIt to the end
users and SIgn lease-to-own contracts, referred to as "htre-purchase-contracts" (HPCs) The SHS dealers
will extend leasmg ofup to 4 years to the end user households, WIth the term dependmg on the dealers'
credIt analySIS

Fmancmg IS enVISioned as a combmatIon ofaUS $90 down payment by the user (18 percent of the total
mvestment cost), a GEF grant for US $125, or 25 percent, and US $285 m financmg over the tenn of
the loan (57 percent ofthe total mvestment cost) Hence, each mvestment IS composed 57 percent debt
and 43 percent eqwty, mcludmg the GEF grant Thus, If the end user IS to finance US $285 over a four
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The Solar Home Systems (SHS) Project m IndonesIa proVIdes another example of a Model 4, vendor
lease program, WIth one vanatIon mthat a Global Envrronment FacIlIty (GEF) grant helps buy down the
cost offinancmg for the end users ThIs ambItIous project mtends to prOVIde solar power to roughly I
mIlhon end users m three un-electnfied markets m IndonesIa (Lampung, West Java, and South
SulawesI), WIth 200,00050 Wp SHS umts, totalmg 10 MWp at a cost ofroughly US $118 I mIllIon,
eqwvalent to US $11 8/Wp 8

It IS unclear at tlus pomt whether subSIdIes will be necessary for the fonnatlon of a more mature energy leasmg
market Wlnle this may not be necessary at the level ofthe leases contracted WIth end users, It may be reqUIred
at the level ofthe financmg prOVIded to the energy servIces company In theJomt "concept paper" for the Solar
Development CorporatIon (SOC), E&Co and the World Bank wnte, "SOC would proVIde fmancmg to PV
busmesses for eqwty mvestments, workmg capItal and, mdrrectly, for end-user credtts ThIs fmance IS seen as
pre-eommerclal and parallel to commercial fmancmg Fmancmg WIll not be on a grant basiS but WIll be tatlored
as close to commercIal terms as pOSSIble ,,7 Tills would suggest that a concesslOnal element WIll be necessary
to get such finanCIal and energy servIces compames started, however, thts particular model may prosper WIthout
thts support

6See for example E&Co and the World Bank "Solar Development CorporatIon Concept Paper" mtmeo
7Ibld p 5
8It should be noted that Wp (Watt peak) costs are not comparable to typICal generatiOn costs used mmdustry as

benchmarks (1 e US $/W mstaUed)
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It IS dIfficult to estImate a priOri the cost of energy m terms ofUS $/kWh However, estImates ofgnd
extenSIOn costs are m the range of US $0 118 - 0 15 per kWh By companson, It IS lIkely that at
approXImately 15 each household per month or 0 5 kWh per day Will consume kWh ofsolar-generated
electrIcIty ThIs Yields a cost ofUS $0 52/kWh or about three tImes the cost to extend the gnd

More Importantly, Without the GEF grant component, the SHS financmg would have to be extended to
a maturity ofup to eIght years, and these terms are SImply unavaIlable to the SHS dealers through the
PBs m-country Hence, the GEF grant allows the amortIzatIOn penod to be shortened and therefore be
conSIstent With current financmg condItIOns

To mItIgate the nsk of non-payment, the SHS dealer must target the highest quartIle market and
undertake the dIstnbutIon ofSHSs accordmgly It seems unlIkely that this model Will reach all end users
mthe market survey, but given the household energy expendItures, It IS likely that the SHS dealer Will
be able to capture roughly 50 percent of the potentIal market, as long as there IS a suffiCIently "high
volume, low margtn" busmess

4-7

Furthermore, this model IS mterestmg because ofthe nsk allocatIOn ImplICit m Its deSIgn For example,
the end user does not assume any finanCIal nsk, rather It IS the SHS dealer that assumes most ofthe nsk
by borrowmg from the PartICIpatIng Banks (PBs) and assummg the lIabIlIty ofrepayment It IS assumed
that the credIt analySIS by the PB Will ensure adequate busmess plans and suffiCIent demand to make
mdIvidual schemes sustamable, however, ultImately It IS the SHS dealer who assumes the nsk ofnon­
payment by the end-user GIven typICal energy expendItures already mcurred by the rural households,
thIS would seem to be a small nsk LikeWise, any major force majeure event (1 e flood) that would
senously ImpaIr any end user's abIlIty to pay, poses a nsk that IS passed on to the dealer

ThIS SImple analysIs suggests that the GEF grant subSIdy IS fillmg an Important gap m this fmancml
structure WhIle the WIllmgness-to-pay surveys mdIcate a much higher threshold than the nommal US
$0 25/day calculated here, therefore Implymg that there IS demand at that pnce, the gnd-extensIOn
ScenarIO, or "hIdden" threat, has an ImplIed cost ofUS $0 03/day In practIcal terms, this scenano IS not
really an optIon as the gnd IS unhkely to reach these users m the near term Therefore, the grant asSISts
a venture whIch would otherwISe cost the end user approXImately 25 percent more, and commensurately
less attractIve than the gnd

year penod, he or she will be payIngroughly US $0 20 per day ill debt servIce on the system, m addItIOn
to the down payment, which ill nommal terms IS about US $0 06 per day The total cost to the user IS
therefore approXilllately US $0 26 per day In this analysIs, no ImplICIt dIscount on the payments IS
assumed, however, ill a more accurate fmancial analysIs the nommal cost to the user would have to be
escalated at the rate of mflatIon or some other swtable discount factor

Rural market research by the World Bank has shown a high WIllmgness to pay for solar electrICIty The
studIes suggested that the top quartIle by mcome ill the Lampung provmce spends US $6 67 - US $15
per month, or US $022 - 0 50 per day, for energy SpendIng by another 40 percent of the same sample
IS m the range of US $3 33 - US $6 66 per month, or US $0 11 - US $0 22 per day Gnd-connected
rural households, by comparISOn, have monthly electrIc bIlls m the order ofUS $1 or US $0 03 per day
These end users Will typIcally have lIghtmg requrrements, a radio and a TV

Acres/USAID Private ElectriCity Project
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4 5 Model 5" Concession

The final model presented here IS mtroduced mamly to hIghlIght a partIcular scheme, whIch has sIml1anties to
Model 2 (Project Fmance) and also Model 4 (Lease) The model IS sunply a utIlIty mmt gnd concept With the
key partICIpatIon of the pnvate sector The model IS best Illustrated through an example

Argentma has unplemented a rural electnficatlOn program based on a pubhc bIddIng mecharnsm that provIdes
a vanatIOn on Model 4 The Argentme model! encompasses nnm-gnd systems as well as off-gnd proJects,
dependIng on the charactenstIcs and reqwrements of the regIOn offered for bId (see FIgure 5) However, It does
not appear that the mmt-gnd projects would necessanly mvolve establIshment of a new system, mstead, the
bIdders would be competmg to operate, mamtam and expand already-establIshed systems ConcessIons are
awarded based on the best technIcal offer and the least amount of subSIdy reqwred per rural consumer served,
and would mclude a guarantee ofterrItonal excluslVlty Proposed tanffs are approved by the Secretanat for five
years, at whIch tune they could be renegotiated

In thIs case, the Energy and TransportatIOn Secretanat's "ElectrICIty Supply Program for Small Rural Markets"
Issues a call for proposals by pnvate entIties to proVIde electrIc servIces to speCIfied areas under a conceSSIon
regulated by the Secretanat The conceSSIon lasts 45 years, With the pOSSIbility of renewal after 15 years The
concessIOn applIes to prOVlSlon ofbasIC eleCtrICIty servIce to consumers ofup to 90 kWh/month for mmt-gnds
WIth servIce 24 hours a day, or up to 60 kWh/month for users With reduced servIce (five hours daIly), or
household or other off-gnd servIces Consumers of more than 90 kWh/month could not be served under a
conceSSIOn With temtonal exclUSIVIty or access to a subSIdy More than one company may be awarded a
conceSSIOn for one or two of these servIce "types," for example, m JUJuy provmce, one company has been
awarded the "dIspersed" market whIle another has been awarded the conceSSIOn for operatIon of the eXlstmg rural
systems

The SUbSIdy Will be paId out of the Tanff CompensatIOn Fund (Fonda de CompensaclOn Tan/ana), and WIll
be keyed to the denSIty of users m a gIven conceSSIOn area Whtle conceSSIOnalfes Will be responsIble for
mvestments made to proVide servIce to new users, they Will be ehgIble to receive connectIOn fees from the
SecretarIat, although these Will be paId out accordmg to a slIdmg scale, With payments declmmg With each year
ofthe concessIOn The scale consISts ofa multIple ofmonthly tanff payments to whIch the conceSSIonalfe would
be entitled for each new user served In the flfst year, the multIple IS set at 40, then 30 for the second year and
fmally 20 m the thtrd year and thereafter

The Issue offinancmg for the concesslOnarre IS not a dIrect concern to the Secretanat, smce It evaluates proposals
that presumably mclude a financmg plan based on the capabIlItIes ofthe bIdders For the purposes of the model,
It IS assumed that banks and/or other sources offmancmg Will work With the conceSSIonalfe accordmg to the
relevant, pnvately negotIated agreements

To date, concessIOns have been awarded to prOVIde servIce m the provmces of JUJuy and Salta, and suntIar bId
packages are bemg prepared for the provmces ofRIo Negro, Santa Fe, and La RIoJa

AcresiUSAID Pnvate Electnclty Project 4-8
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Figure la
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Figure 1b
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Figure 2a
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Figure 2b
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Figure 2c
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Figure 3a
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Fil!ure 3b
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Figure 4a

Model 4 Vendor financIng under lease and servIce contracts
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Figure 4b
Model 4 For-profit household and vIllage system
InstallatIon under lease and servIce contracts
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FiQ"ure 4c
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Figure 5
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5 1 1 Intermediate 1 Kilovolt Dlstnbutlon Voltage

5 1 Model 2. Project Finance - Nepal

Institutional Issues AssocIated with the Financing ofSmall-Scale Power Projects
Lessons from the Developing World and Implications for Nepal

To reduce dlstnbutlon costs, a study undertaken by the BPC concluded that an mtermedlate dlstnbutlon
of I kIlovolt (kV) would be the least-cost approach for supplymg the project's servIce area The
ranonale was the by usmg this hIgher voltage rather than the standard 0 4 kV, lme loadmg (as measured

5-1Acres/USAID Private ElectriCity Project

The Andhl Khola project has employed major techmcal and orgamzationallnnOvatIOns m the followmg areas
mtermed1ate I kllovolt dlstnbunon voltage, transmISSIon and dlstnbunon lme poles, low-wattage cookers, power­
based tanff and metenng, WlfIDg harnesses, users's orgamzations and motlvators

BPC proVided gnd extenSIOn at a cost of roughly US $200 per consumer usmg hght weIght tapered galVanIzed
poles, wmch could be manufactured locally m sectlons, to support a I kV transmlSSIOn hne, wInch IS hIgher than
the typIcal 400 or 230 V system The lme cost approXImately US $4,000 per km, much lower than the normal
costs of over US $10,000 per km and total connect costs of over US $600 per customer

The mstallatIOn does not use meters to momtor consumptlon, rather, BPC charges a flat fee ofUS $0 80 per
month for a base demand of 50 W A user group proVIdes local orgamzational and mstltutIOnal support,
arrangmg for bill collecnon and deposltmg the proceeds mto BPC's bank account, and handimg mamtenance and
servIces to the system under directIOn from BPC

The customers served mclude 500 households m SIX VIllages, located at a dlstance ofup to 5 kilometers from the
natIOnal gnd Annual mcomes are less than US $500, With many end users able to purchase only enough
electnclty for baSIC needs, amountmg to about US $I/month

A project executed m Nepal by the Umted MISSIon to Nepal (UMN), an NGO, provIdes an mterestmg case of
gnd-extenslOn coupled With use oflocal hydroelectrIc capacIty to proVIde electnclty to a senes ofremote villages
The fmancmg structure of the Andhl Khola hydroelectnc project IS slmllar to that depIcted m FIgure 2b above
where subSIdIzed credit m the form of a Norwegian grant was used to leverage debt from finanCIal mstitutlons
and the cash flow generated by the project's sale ofelectrICIty servmg as the source ofdebt repayment The Andhl
Khola project receIved all "eqmty" fmancmg through a SUbSIdiary of the UMN, the Butwal Power Company
(BPC), whIch, m tum, receIved external grant fundmg for the project BPC IS a pubhc utlhty operatmg and
managmg hydroelectnc power projects and assocIated dlstnbution systems

UMN boot a 5 I MW nm-of-nver hydro station and extended a transmlSSIOn lme to a nearby village that lacked
electnclty The project IS expenencmg good finanCIal performance (m terms of covenng Its operatIOn and
mamtenance costs but WithOUt the need to amortIze Its capItal costs) and customer satlsfactIOn

5 Financing Models for Rural
Electrification - Grid Extension Projects

In adwnon, BPCs tan:ff scheme estabhshes an mterestmg mcentlve to reduce the vIllagers' use offuel wood for
cookIng BPC offers an electnc cookIng opnon for US $2 20 per month, obvlatmg the need to gather fuel wood,
an actiVIty that has been a major contnbutor to deforestatIOn m Nepal
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mkIlowatts per kIlometer) could be mcreased by a factor ofnearly SIX In other words, SIX tunes more
load could be unposed on the same lme Without mcreasmg the percentage voltage drop Furthermore,
tins voltage permIts the use of msulated conductor and components commonly used for low voltage
(400/230 volts) applIcatIons at Its maxtmum voltage ratmg, thereby explOltmg the advantages ofIngher
voltage Without the need for addttIOnal costher InsulatIon

•

5 1 2 Transmission and Dlstnbutlon Lme Poles

514 Power-Based Tanff and Metermg

5 1 5 Wlrmg Harness

5 1 6 Users' Orgamzatlon
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Wlule WlShmg to proVIde electnCIty to outlymg areas, the BPC dtd not Wish to slgmficantly mcrease the
burden It would place on Itsel( nor was It WIllmg to compronnse on enforcement of Its regulatIOns The
project therefore gave BPC an opportunIty to test the effectIveness of relymg on electnclty user's
orgaruzatIOns to aSSIst It m Its task of rural electnficatIOn The users' orgaruzatIOns would maxnmze
local manpower and matenal mputs III the construction, mamtenance, and management ofvtllage-WIde

A WInng harness for houseWInng has been developed whIch can be prefabncated m a controlled settmg
where It IS eaSIer to ensure Ingher quahty workmanship The harness can be mstalled With mmImum
trammg and at mmImum cost It also results m a product less lIkely to pose a frre or safety hazard
Several standard configuratIOns are avaIlable

The project deSIgned tubular steel poles, used predommately to support prunary and secondary
dlstnbutIOn Imes, and steel lattice towers used as transnnSSIOn structures Both are fabncated and
galvamzed locally These can be carned by porters to the site and then assembled With SImple tools To
reduce the costs ofdtstnbutIOn WIthm a rural area even further, maxnnum use IS made ofwooden poles
contnbuted by the vtllagers and eXlstmg trees and bwldmgs

To reduce peak electncity demand attnbutable to cooking and to make use of the underuttlized capacIty
commonly found m rural systems (mamfest ultunately as a low load factor), the project has researched
several deSIgns of cooking apphance It has developed and IS promotmg a low-wattage cooker for
heatmg water, cooking nce, and preparmg stews

5 1 3 Low-Wattage Cookers

The avaIlability ofhydropower-based electnclty at a low margmal cost and the desrre to use energy for
low-wattage cooking prompted the project deSIgners to unplement a power-based (kIlowatt) tanff to
aVOId the eqwpment and operatIOns costs associated With an energy-based (ktlowatt hour) tanff Any
ofseveral types ofcurrent hnntmg deVIces can be used to IInnt the maXImum consumptIOn at each home
These mclude older electro-mecharucal deVIces, thermIstors, mmIature crrcwt breakers, and electromc
current cutouts These are less costly than meters Furthermore, because the tanff IS based on the
Illstalled capaCIty of these deVIces, penodtc meter readmgs are not requrred BIll collectIOn and
accountmg are thereby SImplIfied

Acres/USAID Private ElectricIty Project
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The model that IPRC IS developmg IS completely conSIstent With therr mstory as an electnc utilIty corporatIOn
IPRC mtends to establIsh a place mthe electnc energy market for Itself that crosses some boundanes, but m such
a way that they can establIsh benchmarks for rate of return on a suffiCIent volume of busmess to JustIfY the

The IPRC strategy, then, IS not drrected speCIfically at nrral electrIficatIOn programs usmg renewable energy
technology as ItS pnncipal source of busmess IPRC IS gammg market share m one segment of the market
through a SUbSIdiary vender system packager, ApplIed Power CorporatIOn (APC) APC has successfully bId on
a number of small and large eqwpment solICItatIOns, and IS bwldmg name recogrntIOn for Itself and Its parent,
IPRC

Recently, Idaho Power Resources CorporatIOn (IPRC), an mvestor-owned electnc utilIty With generation,
transmISSIOn, and dIstnbutIOn servIces m the northwest Umted States, made a deCISIon to expand Its busmess
mterests to non-U S markets IPRC was considenng many types of mvestments, from traditIOnal nrral
electnficatIOn mvestments through partICIpatIOn m pnvatizatIon offenngs to hYdroelectnc power development
projects After surveymg many pOSSIbilities mASia and South Amenca, IPRC deCIded to develop a busmess plan
for Braztl and other South Amencan countnes IPRC's strategy, however, was not focused on renewable energy
nrral electrIficatIOn only It's strategy has evolved mto an mtegrated plan that would mclude the followmg
elements
.. EstablIsh a presence through partICIpatIOn m buymg a dIstnbutIOn utIlIty, most lIkely m collaboratIOn With

other partners
.. Develop name recogrntIOn thorough the BrazIl-based utIlIty busmess
.. Pursue pnvate power hydroelectnc opportunIties, to both rehabIlItate abandoned hydroelectnc faCIlItIes

and/or to buIld new generatIOn statIOns
.. Expand nrral electnc servIce Via gnd extenSIOn m the conceSSIOn area ofthe dIstnbutIOn busmess and VIa

renewable energy systems m other non-conceSSIOn areas, as the law and opportumty proVIdes

systems They would furd1er stnnulate self-relIance and 10calnntIatIve and ensure vIllager comnntment
to the project They would also reduce the cost of nnplementatIOn and operatIOn for small vIllage
systems and place responsIbility for the fmanclal success ofthe project on the VIllagers (by havmg them
reduce operatIOnal costs, follow up With delmquent consumers, and ensure that theft of energy was
mmnmzed) Such an approach allows BPC to focus on the generatIon and tranSmISSIOn of electncity ­
more centralIzed functIOns whIch It IS better quahfied to undertake

In an attempt to ensure that most households m ItS servIce area have access to electncity m therr homes
and safely use It to therr benefit, BPC has hrred and tramed a team of "extenSIOn agents" commonly
referred to as "motivators" Through drama presentatIOns, comnnttee meetmgs, and household VISItS,
motivators carry out the followmg actiVIties
.. Increase awareness among villagers who will have access to electncity ofpotentIal uses to wmch tills

resource can be put
.. ASSISt m declChng to what level ofconsumptIOn consumers should subscnbe
.. Share Ideas about how best to electnfY therr homes
.. Respond to other questions potentIal consumers may have concernmg tills new commodity
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venture The model they are usmg will hkely have a lugh degree of unpact, but only after they have gone through
the paces of establIslung theIr electnc cbstnbutlOn utilIty busmess
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InstltutJonallssues Associated with the Financing of Small-Scale Power Projects
Lessons from the Developing World and ImplicatIOns for Nepal

Issues ASSOCiated with FinanCing of
Small-Scale Hydropower Projects in Nepal

Wlllmgness to Pay, Full Cost Recovery and Efficiency Issues

6 1 1 Improved Infrastructure Must Come from
Increased EffiCiency In the Production of Services

As bnefly chscussed m SectIOn 3 1, wIllmgness to pay IS a key element for the success of small-scale power
projects Several of the case stuches cIted have demonstrated that rural mhabItants are WIllmg to enter mto
finanCIal obhgatlOns when It srots therr mterests In the case of commumty systems and gnd-extenslon projects,
expenence mnumerous coUlltnes emphasIze the need to ensure full cost recovery and finanCIal sustamabIhty as
a cruCIal mgrechent to the long-term VIability ofprojects

The goal here IS to delIver servIces at the lowest pOSSIble lIfe cycle costs for socIety In the past,
however chosen technolOgIes often have faded to offer the lowest cost and htghest output, m part
because the best long-run decISIons have not always been made EXlstmg defiCIenCIes may result eIther
from some aspect of phySIcal deltvery (for example, poor technology or madequate operatIon and
mamtenance) or from the mstItutIOnal structure (poor fmancmg or mabtlIty to delmeate demand, for
example) In many cases, overcommg these defiCIenCIes offers the greatest potentIal for better servIces

Power sector Improvements are unlIkely to snmulate more rapId growth, except for unusual crrcumstances where
all elements of growth are m place except for adequate mfrastructure Nevertheless, appropnate mfrastructure
IS trnperatlve to a strong economy Infrastructure mvestments WIll have the greatest effect on econOmIC growth
when a mmtrnum complement of servIces IS avatlable, mcludmg transportatIOn, water, electncIty,
telecommurucatlons, and other servIces HIgher qualtty and more dIverse servIces should be targeted to speCIfic
areas WIth more sopmstIcated users

6-1Acres/USAID Pnvate Electnclty PrOject

Focusmg on demand represents a rachcal departure from the trachtIOnal preoccupatIon on the supply of servIces
WIth httle attentlon patd to the user The lack of a demand onentatIOn results m chssatIsfied consumers and leads
to wasted mvestments, lost econOmIC productIOn, and low WIllmgness to pay for servIces EssentIal actIOns for
acmevmg such a demand onentatlon mclude, mter alIa
~ ElectncIty must be proVIded by demand dnven mstItutIOns Demand onentatIon means that all processes

WIthIn an orgamzatlon are responsIve to consumers ThIs responsIveness must dnve deCISIOns such as what
to deltver, what technolOgIes to employ, and how pnces should be set

~ ServIce demands chffer WIdely across CItIes, regIons and mdustnes along the chmensIOns of accessIbIhty,
capaCIty, dIVersIty, qualtty, tIme, conchtIOn, and pnce The trachtIOnal focus has been on capaCIty, but
demands are mcreasmgly smftmg to other servIce chmenslons Dehvery plans must be m place to meet
demands that chffer along each of these chmensIOns both WIthm and across CItIes

~ Power sector mvestments should be made m cases where a known demand for servIces eXISts
~ Demand should be managed tlrrough properly set pnces
~ Services are best prOVIded to low mcome users by determmmg speCIfic servIces that are m demand and

Identrfymg cost effectIve measures for meetmg these demand
~ Better mfrastructure IS assocIated WIth better econOmIC growth but mfrastructure IS best used to

accommodate econOmIC actIVIty
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6 1 3 Costs Can Be Lowered and Demands More Effectively
Met by Integratmg Competition mto Service Delivery

Pnvate sector productIon and delIvery of servIces through devolved governments appear to be the best
means for mtefJecnng competItIOn Some aspects ofnearly every service can benefit from competition,
though vanatIon eXISts across servIces and CItIes Increased use ofcompetItIve forces shIfts the Central

6 1 2 Adequate Service Delivery Cannot Occur Without a
Proper Fmancmg System and a Satisfactory System
Will ReqUire that Services are Properly Priced

Properly set pnces Will generate suffiCIent resources to delIver services (m most cases), WIll ration
consumptIon to the appropnate levels, and Will serve as an mdtcator ofdemand Elements of a proper
fmancmg system mclude, mter aha
~ User fees should be set at margrnal cost Connection fees should be unposed as well m the cases of

electnclty, telephones, and water Most servIces can be fully fmanced With user fees, though some
servIces such as urban mass tranSIt and sewerage probably requrre some subSIdy

~ Newlyunposed user fees or sIgmficant mcreases m fees should be accomparued by unprovements
m servIce delIvery

~ User fees should be earmarked for servIce delIvery
~ EqUIty should be mtegrated mto the user fee system through speCIal programs for those least able

to pay Ltfelme rates and nsmg block pncmg structures are examples ofways to asSiSt lower mcome
consumers

~ Pnvate financmg schemes such as conceSSIons, and to a more lImIted extent bwld-operate-transfer
conceSSIOns, can be used to obtam pnvate fmancmg and the benefits ofpnvatIzatlon However, m
most cases, governments Will be expected to contmue to bear some of the nsks of servIce delIvery

•
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For example, unproved capacIty can come from strengthened mamtenance practIces that reduce water
and electncity losses The hfe cycle costs of an under mamtamed system often are several tune greater
than those of a properly matntamed system ActIons that can make mfrastructure servIce delIvery more
effiCIent mclude, mter aba
~ Servtce delIvery technologres should be selected With the goal ofmeetmg speCIfic demands ofusers

and facIhtatmg mamtenance Other factors m the chOIce of technology mclude the eXlstmg
technology and configuratIon of the urban network, costs, and service delIvery conditIOns

~ A mamtenance program must be developed that results m the maxnnum benefits from the
mfrastructure system, wlnle delIvenng services at the least cost Technologxes and servIce delIvery
mstItutlOns must have the abilIty to cany out mamtenance Service delIvery mstItutIons must be
grven proper mcentIves to perfonn mamtenance rather than rebwld systems Resources must be set
aSIde to fmance adequate mamtenance Self help can be an unportant means of mamtenance,
partIcularly m low mcome areas, but Will only occur Ifproper mcentlves eXist

~ An mventory ofeXistIng mfrastructure services should be mamtamed for evaluatmg current servIce
delIvery and for planmng purposes The mventory also IS unportant because the eXisting phySIcal
and orgaruzatIonal structure Will heavIly mfluence how expanSIons of urban servIces can be
undertaken

~ ServIce delIvery orgaruzatIons must be held accountable Examples mclude creatmg competitive
pressures and makmg agencies responsIve to users

Acres/USAID Pnvate Elecfnclfy Project
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6 2 Access to Resources to Employ the
Unsubsldlzed Project Fmance Model

The PDF would ImtIally be a pooled fund contnbuted to by the InternatIOnal Development ASSOCiation (IDA)
WIth the abilIty to solICit offiCial fmancmg sources, together WIth reflows of debt service payments made by
borrowers The PDF would not be a major proVIder offunds for anyone proJect, rather It WIll co-fmance projects

To proVIde addItIOnal capaCIty m Nepal's power sector to meet domestIc demand for electncIty, hundreds of
nu1lIons ofdollars are requrred m the medIum term) for small-, medIum- and large-scale projects However, the
magmtude ofthe resources IS unhkely to come from multIlaterallendmg agenCIes, bIlateral donors or other publIc
agenCIes MakIng these projects attractIve to pnvate capItal IS the only means of ralsmg thIs magmtude ofmoney
But at present, non-recourse or lImited recourse fmancmg for pnvate sector energy projects m Nepal IS lackIng
and the country's weak and mefficlent capital and stock exchange markets constram the avaIlabilIty of adequate
fmancial resources partIcularly for medIum-term project fmancmg

6-3

IAccordmg to the December 1997 Load Forecast Report prepared for the Nepal ElectrICIty Authonty by
Norconsult the FY 1997 actual peak load for the domestlc market was 293 MW on average The energy reqUIred by
FY 2012 IS projected at 960 MW ofpeak demand nsmg to 1 654 MW ofpeak demand by FY2020

government's role to an emphasIS on regulatIon to ensure that producers delIver relIable servIces, qualIty
outputs, and competitIve pnces Some specIfic actIOns to encourage competItIOn mclude, mter aila
~ Central government must create an enVIronment where competItIve pressures can be brought to bear

PrIvate sector productIOn of servIces should be actIvely encouraged PnvatizatIOn can be most
effectIve for electncity dIstnbutIOn Free entry and eXIt of fIrms mto other Infrastructure mark.ets
should also be encouraged In many cases where pnvatizatIon IS mappropnate, creatIvIty IS
necessary to encourage pnvate partICIpatIOn

~ Regulatory agenCIes must be enhanced m order to mamtam qUalIty and relIabIlIty, prevent payoffs
and COllUSIOn, and control pnces SkIlled staffs WIth suffiCIent regulatory authonty must be
developed RegulatIOns that mhIbit effectIve busmess practIces should be dIscarded Where
pOSSIble, regulatIOns that hmIt competItIve pressures, such as those preventmg competItIOn WIth
publIc servIce prOVIders, should be elImInated

~ The chOIce ofwhether to use publIc or pnvate sector producers should be made after consIderatIOn
ofthe effects on qualIty and relIabIlIty of servIces, potentIal for corruptIOn, and an analySIS of costs
that mc1ude contractmg, regulatmg, and momtonng pnvate fIrms

Acres/USAID Pnvate Electnclty Project

One potential source of funds for the project fmance model as depicted m Figure 2a IS the World Bank's
proposed Power Development Fund (PDF) The PDF has been deSigned to supplement pnvate and other publIc
fmancmg avaIlable for the development ofNepal's pnvate sector It WIll proVide long-tenn debt fmancmg for
power projects m order to overcome I) the lack ofsuffiCIent debt fmancmg for power proJects, n) the madequate
matunty ofavaIlable debt financmg, and Ill) the need to prOVide comfort to pnvate mvestors WIShmg to become
mvolved m "fIrst t1l11e" projects Given the thmness of Nepal's commerCial debt market whIch 1l11pedes the
development of pnvate projects fmanced on a lImIted recourse basiS, the PDF would allow potential mvestors
to access long-term fmancmg thereby offenng the pnvate sector the opportunIty to mvest m and own, operate
and mamtam new power facIlIties Only projects that have fulfIlled the necessary lIcensmg reqUIrements of the
EDC and whIch have receIved clearances from the Mlmstry of PopulatIOn and EnVIronment would be allowed
to SOlICIt fmancmg from the PDF
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WIth mtemanonal and domestic lenders, mcIuclrng commerCIal banks, mvestment funds, export credIt agencIes
the InternatIOnal Fmance CorporatIOn, and other multilateral mstItutions The aIm ofthe PDF WIll be to act as
a catalyst to maxumze the mflow ofpnvate capItal

6 2 1 The Power Development Fund "Second Wmdow"

Dunng the first two years ofoperatIon, It IS enVIsaged that the PDF would offer long-term subordmated
loans However, consIderation WIll be gtven to provIdmg take-out fmancmg, stand-by financmg, and
other finanCIal products and servIces on a case by case basIS for projects sponsored by qualIfied project
compames and for PCI partICIpatIon A reVIew ofthe PDF's operatIOn after year two would determme
whether demand warrants expanSIOn of the PDF's fmanclal products and servIces

By makmg mewum- and long-term resources available to PCI' s for onlendmg to pnvate sponsors of
small projects as defined above, the PDF can also playa sIgmficant role m mobIhzmg local resources
from these mstltutlons to prOVIde adwtIOnal fmancmg for elIgtble projects The obJectzve ofznvolvzng
Pels IS to leveragePDFresources By requmng loan fundIng m a ratio of 1 2, for example (US$1 lent
by the PDF for every US$2 rupee eqUIvalent that the PCI places m the project from Its mternal funds),
PDF resources would be leveraged WIth capItal from PCls, thus openmg the way for these pooled
resources to be used for small hydropower project financmg on a fully sustamable, commerCIal basIS over
the mewum- to long-term

The PDF/PCI partnership would contnbute to the creatIOn ofa sustamable commerCIal marketplace for
small hydropower project development and financmg However, some changes m the Nepal Rastra
Bank's monetary pobey, particularly With regard to "depnved sector" lendmg and/or tax conceSSIOns for
partICIpatlon mpower sector lendmg, may be reqUIred to mduce PCI partICIpatIon For example, liPCI
partiCIpatIOn m small hydropower project fmancmg were excluded from the base ofoutstandmg crewt
agamst which commerCIal banks are statutonly reqUIred to mvest deSIgnated proPOrtIOns m the and
depnved sectors, entry ofPCIs mto the power project financmg market would probably be more assured
ThIs, m turn, would generate expertIse mproject finance The expenence gamed and the mcrease m local
financialmstltutlOn partICIpatIon m the power sector would reduce transactIOn costs for and encourage
development ofsubsequent projects Entry of additlonal financmg sources mto the power sector would
encourage competItion, lower rates and promote greater marketmg efforts and market penetratIOn

Ofparticular relevance to the financmg ofsmall-scale projects IS the PDF's "second wmdow" The "first
WIndow" would be for projects that mvolve generatmg faCIlIties greater than ten (10) MW Under the
"second wmdow", the PDF would proVIde drrect fundmg to elIgible project sponsors and/or enter mto
co-financmg relatlonshIps With quahfYmg Nepalese financialmstltutlOns (styled as "Participatmg Crewt
InstItutions") m order to address local fmancmg bamers to pnvate power development Such an
approach would proVide mcremental finanCIal support as needed to create partnerships With Participatmg
CredIt Instltutlons (PCI) to enable them to prOVIde pooled fmancmg compnsmg both PDF and PCI
resources to pnvate compames promotmg projects mvolvmg gnd connected generatmg statlons of ten
(10) megawatts (MW) and below or Isolated rural power systems lIcensed by EDC Loans to project
compames for these smaller projects would be m eIther local or foreIgn currency at matuntIes Justified
by the econoIDlc Me ofthe project However, It IS unhkely that matuntles ofmore than fifteen (15) years
could be JustIfied by smaller projects Twenty (20) percent of the total amount of IDA's contnbutIon
to the PDF WIll be earmarked for the second wmdow
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One potentlal source offunds for the project finance model as depicted m Figure 2a IS the World Bank's
proposed Power Development Fund (pDF) The PDF has been deSIgned to supplement pnvate and other
pubbc financmg avatlable for the development ofNepal's pnvate sector It Will prOVide long-term debt
financmg for power projects m order to overcome I) the lack of suffiCient debt fmancmg for power
projects, 11) the madequate maturIty of avaIlable debt fmancmg, and 111) the need to proVide comfort to
pnvate mvestors Wlshmg to become mvolved m"fIrst tIme" projects Given the thinness of Nepal's
commerCial debt market whtch Impedes the development of pnvate projects fmanced on a hmlted
recourse basIS, the PDF would allow potential mvestors to access long-term fmancmg thereby offermg
the pnvate sector the opportunity to mvest m and own, operate and mamtam new power faclhtles Only
proJects that have fulfilled the necessary hcensmg requrrements of the EDC and wInch have received
clearances from the Mmtstry ofPopulatIon and EnVIronment would be allowed to sohclt financmg from
the PDF

OfpartIcular relevance to the financmg ofsmall-scale projects IS the PDF's "second wmdow" The "fIrst
wmdow" would be for projects that mvolve generatmg facIlities greater than ten (10) MW Under the
"second wmdow", the PDF would proVIde drrect fundmg to ehgtble project sponsors and/or enter mto
co-financmg relatIonshIps With quahfYmg Nepalese fmancIaI mstItutlOns (styled as"Partlclpatmg Credtt
InstItutIOns") m order to address local fmancmg bamers to pnvate power development Such an
approach would proVide mcremental financIal support as needed to create partnersInps With Partlclpatmg
CredIt Institutions (PCI) to enable them to proVide pooled fmancmg compnsmg both PDF and PCI
resources to pnvate compames promotmg projects mvolvmg gnd connected generatmg stations often
(10) megawatts (MW) and below or Isolated rural power systems lIcensed by EDe Loans to project
compames for these smaller projects would be m either local or foreign currency at matuntIes Justified
by the econOmIC lIfe ofthe project However, It IS unlIkely that maturIties ofmore than fifteen (15) years

The PDF would lllltlally be a pooled fund contnbuted to by the InternatIOnal Development ASSOCiatIOn
(IDA) With the ability to sobclt offiCIal financmg sources, together With reflows of debt servIce payments
made by borrowers The PDF would not be a major proVIder of funds for anyone proJect, rather It Will
co-fmance projects With mternatlOnal and domestIc lenders, mcludmg commerCial banks, mvestment
funds, export credIt agencies, the InternatIOnal Fmance CorporatIOn, and other multdaterallDStltutIons
The aIm of the PDF Will be to act as a catalyst to maxumze the mflow ofpnvate capital

Despite apparent acceptance of the PDF's Borrower's Implementation Plan earher this year by both
HMGN and the World Bank, no concrete steps have been taken toward PDF Implementation Tlus IS
particularly true With regard to movement toward fmahzatlon of the PDF AdmmtstratIon Agreement
between HMGN and the World Bank Furthermore, no one Wlthm either EDC or the MlDlstry ofWater
Resources (MOWR) has stepped forward to "champion" the cause of the PDF to ensure ItS
Implementatlon Tlus ambivalence toward the PDF can be attributed to a vanety of factors However,
the demand for PDF resources IS htghly correlated With the country load forecast The release of the
prehmmary "Power System Master Plan for Nepal Load Forecast Fmal Report" elaborated by
Norconsule
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could be Justified by smaller projects Twenty (20) percent ofthe total amount ofillA's contrIbutIOn
to the PDF WIll be earmarked for the second WIndow

Dunng the first two years ofoperatJon, It IS envIsaged that the PDF would offer long-term subordInated
loans However, consideratIOn Will be given to proVIdIng take-out financmg standby fmancmg, and
other financIal products and servIces on a case by case basIS for projects sponsored by qualIfied project
companIes and for PCI partiCIpatIOn A reVIew of the PDF's operatIon after year two would determme
whether demand warrants expanSIon of the PDF's finanCIal products and servIces

6 4 1 Effective Demand for Power Development Fund Resources

6 4 Constramts to Implementation of the Power Development Fund

By makmg medlUm- and long-tenn resources avaIlable to PCl's for onlendIng to pnvate sponsors of
small projects as defmed above, the PDF can also playa sIgnIficant role m mobIhzmg local resources
from these InstItutIons to prOVIde addItIOnal fmancmg for elIgible projects The objectIve ofmvolvmg
PCls IS to leverage PDF resources By requmng loan fundIng m a ratIo of 1 2, for example (US $1
lent by the PDF for every US $2 rupee eqwvalent that the PCI places m the project from Its mtemal
funds), PDF resources would be leveraged WIth capItal from PCls, thus openmg the way for these pooled
resources to be used for small hydropower project financmg on a fully sustamable, commerCIal basIS over
the medIum- to long-term

DespIte apparent acceptance of the PDF's Borrower's ImplementatIon Plan earlIer thIs year by both
HMGN and the World Bank, no concrete steps have been taken toward PDF tmplementation ThIs IS
partIcularly true WIth regard to movement toward finalIzatIOn of the PDF AdrmmstratIon Agreement
between HMGN and the World Bank Furthermore, no one WIthm eIther EDC or the MIDIStry ofWater
Resources (MOWR) has stepped forward to "champIOn" the cause of the PDF to ensure Its
tmplementatIon ThIs ambIvalence toward the PDF can be attnbuted to a vanety offactors However,
the demand for PDF resources IS hIghly correlated With the country load forecast The release ofthe
prehmmmy "Power System Master Plan for Nepal Load Forecast Fmal Report" elaborated by
Norconsulf revealed, somewhat surpnsmgly, that preVIOUS load forecasts conducted m the early 1990s
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The PDFIPCI partnershIp would contnbute to the creatIon of a sustamable commercIal marketplace for
small hydropower project development and fmancmg However, some changes m the Nepal Rastra
Bank's monet:aIypohcy, partIcularly WIth regard to "depnved sector" lendIng and/or tax concessIOns for
partICIpatIon mpower sector lendIng, may be reqwred to mduce PCI partICIpatIon For example, IfPCI
partICIpatIon m small hydropower project financmg were excluded from the base ofoutstandIng credIt
agamst whIch commerCIal banks are statutonly reqwred to mvest deSignated proportIons m the and
depnved sectors, entry ofPCIs mto the power project financmg market would probably be more assured
ThIs, mtum, would generate expertIse mproject finance The expenence gamed and the mcrease m local
finanCIal InstItutIOn partiCIpatIOn m the power sector would reduce transactIOn costs for and encourage
development ofsubsequent projects Entry of addItIOnal fmancmg sources mto the power sector would
encourage competition, lower rates and promote greater marketmg efforts and market penetratIon

2Norconsult InternatIOnal AS, Power System Master Plan for Nepal Load Forecast Fmal Report, Report
Funded by ASian Development Bank for the Nepal Electnclty Authonty December 1997
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sIgmficantly overstated projected average annual growth rates m electncity demand ThIs, accordmgly,
downplays the need for domestIc energy generatIon expansIon requrrements m the medtum-term and thus
lessens the urgency to borrow IDA resources to capItalIze the PDF

Followmg the abandonment of the 201 MW Arun III project m 1995, NEA revIsed Its generatIon
expanSIOn plan which called for addIng an addttIOnal 1810 MW developed and owned by eIther
mdependent power producers or NEA SUbSIdtary compames through 2015 WIth a reVIsed growth
projectIon of8 percent per annwn through 2020, NEA's expanSIOn plan Will obVIOusly have to be scaled
back unless export outlets to India are establIshed Barnng the development ofexport potential to Indta
mthe near term given the current pohtical economy, demand for the fIrst tranche ofPDF resources - an
ImtIaI US $100 mIlhon from IDA potentially cofmancmg US $400 nnlhon worth ofproJects3

- may
stretch mto the next mIllemum

The preVIOUS forecasts conducted by Electncite de France m 1991, the Japan InternatIonal Cooperation
Agency also m 1991, and the World Bank and the Nepal Electncity Authonty (NEA), both m 1993, all
"overshot" the actual projected energy reqwrements and peak demand for fiscal year 1997 For the
1998-2011 penod, these three forecasts together With that ofNorconsult all project an mcrease of about
8 5 percent m average annual growth In terms ofpeak demand, the dtfferences between the forecasts
are qwte small By 2020, however, there are Wide dtfferences between the World Bank, NEA and
Norconsult forecasts, With energy projectIons by the World Bank and NEA bemg more than double those
ofthe Norconsultforecast For peak demand the dtfferences are smaller, largely due to much lower load
factor assumptIons mthe Norconsult forecast For the entIre forecast penod, peak demand reqwrements
will mcrease by 105 to 11 percent annually accordIng to the World Bank and NEA, whereas Norconsult
projects these reqUIrements to grow an at an annual rate of only 8 percent

6-7

3The PDF may finance mdlvldual mvestments not exceedmg 25 percent oftotal project cost
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7 Institutional and Regulatory Reforms
to Encourage Small-Scale Hydropower Development

The report prepared for the FederatIOn ofNepalese Chambers of Commerce and Industryl made a number of
cogent recommendatIons regardmg mstltutIOnal and regulatory changes to promote hydropower development m
general The mtent here IS to not repeat or to comment on the fmdmgs of that report - the reader IS encouraged
to review the report and draw hIslh.er own conclusIOns - but SImply to summanze the most salIent pomts
addressed by the docmnent whIch could affect the fmancmg of small-scale hydropower projects These mclude
.. Anew SectJon 15A to the Electnclty Act 2049 permlttmg the mortgagmg of Immovable properties and the

pledgmg of shares of the lIcensee m electnclty generatJon, tranSmISSion or dIstnbutJon to foreign lenders
mvestmg m the project

.. A new subsectJon ofSectJon 12 to the Electnclty Act prohIbltmg fees of any kInd on the above mortgagmg
of lIDIDovable properties and the pledgmg shares to foreign lenders

.. A new SectlOn 15B to the ElectrICity Act whIch waives the requrrement for work penmts for foreigners
employed by a contractor WIth a vahd hcense for electrICity generatIOn, transmISSion or distrIbutIOn

.. Rewordmg of subsectlOn 7 of Section 12 of the ElectrICity Act stJpulatmg that only one percent customs
dunes and no value added or other tax shall be leVied on the ImportatIOn ofplant, machmery, eqwpment and
spare parts, constructIOn eqwpment and spare parts and constructIOn matenals

.. ExemptIOn ofhydropower projects from value added tax

.. A new subsectIOn 8 of SectIOn 12 of the ElectrICity Act whIch waives the ImpOSitIOn of mcome tax on
diVidends resultmg from mvestments m hydropower generatIOn, transmISSion or dIstnbutJon

.. A new subsectIOn 9 of Section 12 of the ElectrICity Act whIch waives the ImpOSitIOn of local taxes of any
kmd on an mdIvldual or corporate entJty mvolved m hydropower generatIOn, transmISSion or dIstnbutlOn

.. Rewordmg of subsection 10 of SectIOn 12 of the Electnclty Act stlpulatmg that no addItIOnal or new tax,
fees, charges or any form ofrevenue for the govenunent whatsoever called shall be leVied by any agency of
HMGN on a lIcensee other than those prevadmg under eXlstmg laws on the date of Issuance ofthe lIcense

.. A new subsection 3 ofSection 11 ofthe Electnclty Act whIch stJpulates that the lIcensee shall pay twenty-sIx
percent of the royalty amount payable by the lIcensee to HMGN drrectly to the Dlstnct Development
Comrmttee where structures and faCIlIties for electrICity generatIOn are located for local development m the
dIstnct

.. The Electnclty Development Center should be deSignated as the fmal authonty to exercise the power ofthe
"prescnbed authonty" under the ElectrICity Act Furthermore, the ElectrICity Development Center shall be
the responsible hydroelectnclty development Ulllt ofHMGN to develop or cause to develop hydroelectnclty
and to encourage pnvate sector entrepreneurs for the development ofhydroelectnclty and to follow up the
works relatmg to hydroelectnclty development
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I Nepcon Pnvate L1llllted Proposed Changes m Hydropower LegIslation and Institutional Framework
diSCUSSion paper prepared for Federation ofNepalese Chambers of Commerce and Industry July 1998
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The financmg models that are mentioned above are by no means the result of an exhaustive body ofwork The
models that have been presented have not been operatIOnal for an extended penod of tune The PDF second
wmdow, for example, has yet to become operattonal Most have enjoyed some level ofpubltc sector subSIdy and
none have matured to the pomt that they can be saId to be truly self-sustammg

8-1Acres/USAID Private ElectriCity Project

The questiOn then becomes how to scale up when m most cases so httle mfrastructure eXiSts The above
dISCUSSIOn would argue that there are many, many optIOns to choose from UttIittes can be used as veIncles,
around whtch one may develop a program, but utIhttes are typIcally very conservattve, and utIltty engmeers are
not known for therr openness to change NGOs can and have unplemented projects successfully, but they often
have a very well defined mlSSIon statement and a focus to serve that D11SSIOn statement TIns should be carefully
consIdered when decIdmg to work With NGOs Busmesses that offer eqwpment are very seldom mterested
offenng servIces The nsk IS much lower If they can sell eqwpment rather than rent eqwpment, due to the fact
that a cntIcal mass ofusers has to be reached before they earn a profit, and It IS not therr busmess expertIse to
commercIahze energy servIces

How then, does a government deCIde wInch model to employ? As eVIdenced above, each model that has been
adapted has been selected With a specIfic set of publtc pohcy goals m mmd Each has been adopted to fit mto
a particular set ofcrrcumstances Some ofthe models are bemg used as part of a greater strategy to proVIde basIC
mfrastructure to rural areas wInle others are bemg unplemented specIfically as part of larger rural electnficatlOn
efforts

The lessons that have been learned m conventIOnal electnficanon program deSIgn and unplementanon can and
should be apphed to any plan deVIsed by HMGN to embark upon a small-scale renewable energy electnficanon
program based upon small-scale hydroelectnc schemes, ifthis program is gomg to reach a level of self-suffiCIency
necessary for Its entrance mto the commerCIal marketplace Small-scale hydroelectnc schemes need to be market­
based, by aVOiding ongomg subsidtes, by settmg cost recovery goals and mmnnum quahty of servIce standards
to Insure user satlSfactlOn Moreover, ifthese condtnons are gomg to be met, and the Job of creatmg a sufficIently
strong demand for the servIces IS to be reached, reforms such as those proposed by the Federatton ofNepalese
Chambers ofCommerce will need to be unplemented and some form of oversIght Will be needed from an agency
such as EDC whose role IS ttghtly defmed so as not to encourage unneeded government mvolvement

Clearly, the challenge IS to mcrease the scale, to mcrease the market penetration rate to the pomt that programs
can be estabhshed rather thanJust projects Projects by themselves serve commumtIes, serve beneficianes, and
are unportant m therr own nght But a cntlcal mass of the market must be served before a real program eXiSts
to the pomt that the market can sustam Itself

Some ofthe expenences mentIOned m this monograph have shown that sustamable projects With a Ingh degree
of cost recovery and a very low percentage of pubhc mvestment are possIble TypIcally, they have been
nnplemented where there IS fleXibIhty on the part of the project owners to provIde a menu of servIces They are
more successful when the mstituttons are not over-burdened With costly adrnmtstratlOn systems, but where they
are well tramed and prepared to offer a qualtty servIce for a reasonable fee But the caveat must be mcluded that
there IS a scalmg Issue mvolved m the projects that have used the models herem They have been small m SIze,
and the models are by no means mature as ofyet
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These are the chfficultIes one may face when decIchng which model to use Many mstItutlOns have learned how
to overcome the obstacles and are presently m the process ofexpanchng theIr programs to reach the cntical mass
necessary to earn a profit on the projects they are undertakIng Many ofthe nsks or paths to faIlure are not yet
IdentIfied, and It IS lIkely that much more will be documented mthe commg years as the base ofexpenence grows

PrOVidIng rural energy servIce IS not a complIcated endeavor, but It IS an undertakIng that reqUIres conSIderable
expenence and can be very capItal mtenslve It IS also a process that reqUIres a great deal of trust bmlt through
good faIth efforts of the groups workmg With nrra! people One fact that should not be overlooked IS that the
success or faIlure of a program can turn on the trust that IS bmlt through the servIce proVIder to the commumties
served ThIs means that the models depend upon mstItutlOns more than the mstItutIons depend upon the models
The wayan mstitutlOn does busmess Will determme the appropnate model

However, there are some umfonn rules that can be followed to mItigate nsk for new small-scale projects These
mclude the followmg
~ To the extent pOSSIble, determme the Wlllmgness to pay for the servIce offered, whether the model employs

fee for servIce or drrect sales ofeqwpment
~ EstablIsh qualIty standards that Wlll be proVIded m terms ofeqwpment to be prOVIded, after sales servIce,

mamtenance of eqwpment, methods for clIents to commumcate With the servIce proVIder
.. Be very conservative when estImatmg admmIstrative costs, mcludmg bIllmg, COllectIOns, mamtenance (If

offered), promotIon, and other costs
.. Always seek to establIsh the program With groups that have some expenence With commercIalIzmg a nrral

publIc servIce, If at all pOSSIble
.. Survey all nrral development and nrral servIce mstItutIons to fmd pOSSIble synergy With local groups

Acres/USAID Pnvate Electnclty Project 8-2

•
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Institutional Issues Associated with the Fmancmg ofSmall-Scale Power Projects
Lessons from the Developmg World and ImplicatIons for Nepal

Appendices

Acres/USAID Prrvate Electnclty PrOject



I
I
I
I
I
I
I
I
I
I
I
I
I

I III

Institutional Issues Associated with the Financing ofSmall-Scale Power Projects
Lessons from the Developing World and Implications for Nepal

Appendix A

Classification of Projects by Model

As a follow up to the above dIscussIons of parameters, detennmants of success and project and program
fmancmg models, It IS helpful to consider the range ofprojects Identified m the recent lIterature on rural
electnficatIon and categonze them accordmg to the models presented m Section 4

Table A
ClaSSification of Project by Model- With Descriptions

Project
Project Name I Location Tvpe Model Description of Key Variations
FIRCO solar pump program SS 1 Direct subSidY to end user
PAPP Wind pumping program Brazil SS 1 PAPP IS funded by the World Bank Northeast Rural

Development Project
Costa Rica rural cooperatives GE 2 USAID prOVided concesslonal loan financing In early phase of

development
Arizona Public Servlce/CFE MG 2 The US $650 000 Investment In Wind and solar generation plus
Hybrid mini grid In San Juamco Baja effiCiency upgrades In the eXisting mlnl-gnd Will replace diesel
Callforma sYStems
Gas fired generation In Santa Cruz BolIVIa MG 2 USAID/NRECA partiCipation suggests donor techmcal

assistance Involved
Nepal grid extensIon GE 2 Grant sourced eaurtv" component In financing
Indian grid extension (kutlr Jyothl) GE 2 State Electnclty Boards appear to charge below-cost tanffs for

rural users
Mini hydro Chalan Peru MG 2 NGO financing by IDB supported revolVing fund and equity

partiCipant
Roatan Electnc Company Honduras MG 2 USAID/NRECA participation suggests some donor techmcal

assistance
Enersol SO BASEC Dominican RepUblic SS 3 NGO to prOVide mlcro-credlt

Argentina MG 5 Long term service terntory concessIon awarded to low bidder
With least amount of subSidy requested

Soluz Dominican Republic SS 4 Intent IS to create unsubsldlZed sustainable ESCO
Chile SS 4 Government takes bids on concessions to offer lease-financed

household systems In spectfied areas The bidder requesting the
least amount of oovemment subsldv wins the concession

SHS IndoneSia SS 4 GEF subSidY buys down financlnO nsk

I~

I
I
I
I

Legend

Sources

GE grid extension MG, mlnl-gnd SS, standalone systems

Vanous publications from bibliography

I
I
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