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ECONOMIC ISSUES IN SMALL HYDROPOWER DEVELOPMENT
 

L Introduction 

Economic analysis of small hydropower projects is essentially a -oinpara.iv'e analysis 
of the costs of supplying energy from alternative generating sources within tde context 
of specific site conditions. The basis for comparison depends on alternative ea.'ruy 
supply means which are available to the energy planner. Most often the choiceb ' 

thermal or hydro-electric generating stations linked to a national ,.rregional 
transmission arid, or small diesel generators in the case of isolateu .ireas. Other .,:r~y 
technologies may also be considered: biogas systems, solar therma, or p:o..covoltaic 
systems, geothermal energy systems, or wind energy systems. The determining factors in 
assessing which energy option offers the most cost-effective investment option drt. 

derived from site studies aimed at answering questions such as: 

* 	 What are the costs of extending the grid to the site? 

" 	 What is the delivered cost of diesel fuel? 

* 	 What are the unit installed costs of alternative energy generation systems, 
and how often must plant be replaced? 

* 	 What constraints exist on the availability of fuel, winu, ,W~ter, swU1iint, and 
biomass feedstock for energy generation at the site? 

In addition to these questions are energy demand considerations which may affect the 
energy supply choice: 

Will 	energy demand be sufficient to warrant a large capital investment, such* 
as an extension of the grid or construction of a hydropower scheme? 

* 	 Do energy demand patterns correspond with energy supply patterns, in the 

case of renewable energy technologies, which may offer only part-year or 
part-day generation? 

Finally, in the case of projects which supply energy to small, isolated communities, 

issues relating to the ease of operation and maintenance, and the social acceptability of 
the energy system must be taken into account. The ultimate objective of economic 
analysis is to determine the net consequences of investing in small hydropower projects: 

do net benefits justify the investment? The first step is to establish the most cost­

effective means of providing energy. The second step, if the small hydro option is 
competitive, is to determine the net return on investment. 

IL 	 Cost considerations 

General statements on comparative costs of energy generation are not possible, since 
costs will depend on a wide range of conditions which may vary from case to case, both 
between countries and between regions within the same country. 

Capital costs for alternative generating options in the developing countries as 

estimated by the World Bank m 1980 are shown in Table 1. 



Table 1. Comparative capital 2_.jts of differeuL generation options 
in oil-importing developing coiunLzies 1.1) 

tives :nent Cos: 650Gt:nerator Type 
'S DoLlars per ,v :-,' ., e . 

Hydropower - :arge. High Aead 
- Low Head, Mini-Hydro 

1'00 
3500 

Diesel - Large, Heavy CAI Fuel. Coastal Location 
- Small, Light Oil Fuel, Inlana Locaticn 

4000 
S00 

Steam - Large, Gas-Fired 
- Large, Coal-Fired 
- Large, Oil i'ired (Imported) 
- Small, Heavy Oil-Fired, Inland Location 

Small, Wood-Fired 

800 
1000 
800 
1400 
1500 

Geothermal - Dry Steam Field 
- Wet Steam/Hot Water Field 

1400 
Z800 

Nuclear - Large Multiple Units 1600 

- Single Small Unit Z40 

0 b 
Z0,000-30,00


Solar Photovoltaic 

5,000-1 5 ,0 0 0 b 
Wind Generator 

a Investment cost includes costs of transmission and distribution. 

b Both solar energy and wind power are intermittent mnaST sources which require 

storage to make energy available on demand at all times. Investment cost given above 

are system costs with storage included. 

The figure shown for low-head mini-hydropower is not unreasonable, but experience has 

shown that the cost/kW installed of small hydropower projects in the developin; 
to each site. Some of thecountries is widely variable, depending on factors specific 

principal factors which influence capital costs include: 

" 	 Head availability. Higher heads tend to reduce unit costs since energy can be 

generated with less water than low-head sites, meaning equipment can be 

smaller and generally less complex. 

* 	 Water supply. Under ideal conditions, water should be plentiful, clean, and in 

supply year-round. Intermittent flows, which are not uncommon on Lnany 
tosmall rivers and streams, means that impoundment dams may be needed 

store water during low-flow periods, increasing civil costs. Water which 

c-rries large amounts of rock and sediment may increase maintenance and 
st. ictures toreplacement costs and necessitate the addition of settlement 

the 	water before entering the penstock.remove rocks and sediment from 



a 	 Access difficulty. Difficult terrain surrounding the site may require 
considerable expenditures for access roads. 

Another factor often cited as a major determinant of unit cost -. - .iez j: ..e 
plant. There is considerable debate on ::is argument, which holds thd- .nit cc.iz. 
increase as plant capacity declines. Some say that there are unavoida>,;e "fixed" "-sts in 
small hydropower plants of any size, including site inspection, engineering, mana .. :.-c, 
and maintenance costs. Civil structurtes, including dams, powerhouses, and pnst.. 
and the turbo-generating equipment M Ly cost less in absolute ter.- for a v. r' sma,. 
plant, but these costs do not decrease )roportionally with capacity. In general, it is zmiz 
view that economies-of--scale tend to riake smaller hydruoower priiects uaiattractiv,-Ls 
investment options. 

While the economies-of--scale argui ient is difficult to dispute, given thL -- :,. rienc,: -,t 
hycropower development in the industi ial nations, the experience to date in te: 
developing countries suggests that eco iomies-of-scale may operate in reverse to Sol..,: 
degree. Table Z gives capital cost dat.. for eighteen small hydropower projects built i;I 
the developing countries since 1971. 1 quick glance at this data shows tlat the average 
unit cost instal., i ','r plants under 100 kW in this group is approximately half that of the 
plants above 100 KW. The explanation for this phenomenon rests in the fact that 

lydro Plants in Developing CounLzrs 

Cacity Co .t zqalpmm 

TABLE Z. CapitalCosts for Si all 	 is 

kWa consy He" (m) psi a % o c Cest, 

Thailand 800 40 SZ, .0 15% Concrete cnatructaun for civil .jrka 

cusdor 400 44, Z, 00 36% L nod canal; importLd eq-upmvnt 

Ec-uar 400 19 2, 00 30% Lined cs-I direct inctke; imported 
equipment 

b
Nepal zoo SE '00 36% Patly lined c4na&; .uoba-pacted rock dam 

Nepal Iz0 14 ,00 21% aiomry-Uned headrace 

Indonesia 120 1! 1, 00 56% No beadiracei local turbine 

Thaiad 100 7c ,50 Z1% Concrete conatruct:on for civil works 

PliHJrpiesb 100 Z"0 	 33% Local construction materials .nd turowe 

IrMndesia 30 Ic 1, SO 54% ocrete-lined headrace 

Nepal 80 It I. 50 .3% Local tuatertials an l turbues 

Nepal 80 34 I. J50 31% Local materials and turbines 

Nepal Z5 ,50 .8% kcsli un.tlton worKS 

Indonesiab is Z ,00 JU% No beadrace or governor, ise alternac.r 

Thailand is IR 2. ;50 41% Z£zth dam and headrace 

Thailand - 10 e 1, 0 27% L-ed canal; locaA turbine 

Poisu~tan 
b 10 c !70 61% Local materials and equipment 

Nepal 9.5 00 46% Local mat'iaL, and equipment, except 
penstock 

?akitan 7.5 .0Jr% L;cal materiaL=coo ,quipment 

a Not icludt *ransslonUm ;Atritbutiot coats. 

b Projects imemenced nd man.4ed lorallI 
?rec,-e noeicsu tmnown. aut .en-erativ oetu -iev m.-O". 



standard, conventional approaches to t ;re desi,n and contructio, .. very ._a11 piants 
may not be necessary. Case studies have been made of sm...., hvdrooower programs in 
several countries where micr'---.vdro plants "aave e zuilt ;an : I- iasis of local nitiative 
a" The m:::ery 	low cost. najor aLc:ibuces of -his nve.:.tiona; .:ch are: 

" 	 the avoidance of .,.ivenr:.,nai .,.ineerim! concepts .xhich require scaling 
down standard ,-ivil and uses : hydropower.n.chanical components 'arge 
plants to small,:r sizes, 

* 	 the adoption of site study approaches based -)n "minimum needs" rather than 
maximum potential, reducog the need for exactLng ..ydrologic data; 

* 	 the recognition of opportunities to improv, e civil .:umponents, taking full 
advantage of locally available construction materials and labor; and 

* 	 the use of locally-fabricated turbines and accessories based on uncomplicated 
designs and simple construction techniques which are adequate to serve 
modest energy requirements. 

To be sure, the economies of scale rule hold. true, given the approach to 
development. Fig. 1 compares the capital cost curve for conventionally engineered 
projects with two alternative approaches to small hydropower dev.eiopru.ent which aave 
been aocumented in the ceveiopmg countries. Each approactt, :epresented In 

WUOO-	 6000 

t ,.nvont ion"
 
5000 *" design 5000
 

S4000 	 - 4000 

.... 
~3000 	 - 4 30000 

O0 	 - ' , ZOO. 

N Ia(Butwal) """ :'J 	 ) , - ', ,""'"" 

o2000- O 

Pakistan (ATDO 	 , , -
I I I I I1I I 11I I III I I 

5 10 50 100 500 1000 10 so 10 Soo IU00 
Installed capacity (NW) Installed Ccipjcity (kW) 

0 IIII I I itI I I 

Fig. 1. Cost curves for different Fig. 2. Cost curve of smull 
approachesto small hydro hydro plants listed in Table 2. 
development. 

different curves ranging from the very simple (Pakistan) to the ur, re complex 
(conventionally built smaU hydropower plants in the U.S.), has its ow;! economies-of-scale 
character. But taken together, the data shows that costs tend to increase with plant 
size, as confirmed by Fig. Z. The underlying thesis is that with very small projects, 
innovations are possible tha, are not now possible with larger plants. An alternan~ve 
approach which helps to bridge Lne cost gap between unconventional (smaller) and 
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conventional (larger) plants would be to standardize certuin compunents using if f-the­
shelf designs and equipment, as reflected in the pump-turbine curve shown in Fig. 1 (3). 

While the unconventional approach may result in plants that do not capture the lull 
energy 	potential of sites, energy requirements-and the means to pay fcr .m,'r-v-are 
likely to be modest in many remote rural communities. And altho.lh Lhebe pia ' :may 
be less 	efficient and more rone to more frequent maintenance and earlier rep, -::ent, 
they 	are also more easily maintained and replaced then conveni.onaily engineer. .ts 
built in 	such areas. Moreover, as energy requirements increase, plants built -, ,13 1ie 
lines initially may be up-graded at a later time to capture more energy ci_.tial :norz 
efficiently. 

IL 	 Use considerations 

The benefits arising from small hydropower projects are derired from its uses, in both 
quantitative and qualitative terms. Benefits are realized in difterent forms. Benefits 
from the producer's point of view may include: 

* 	 cost-savings in providing energy more cheaply than
 
existing energy sources; and
 

0 revenues from energy service to new loads.
 

Benefits 	from the consumer's point of view may include: 

" cost-savings fi-om reduced energy expenditures; 

* 	 additional cash income resulting from increased productivity and extended 
working hours; 

* 	 leisure income; and 

" social benefits (comfort, convenience, security, prestige, etc.). 

Benefits from the national point of view may includes 

* 	 greater reliability of energy supply; 

* 	 potentially fewer negative environmental impacts; 

* 	 potentially greater positive environmental impacts (erosion, deforestation, 
flood, and sedimentaion control); and 

* 	 foreign exchange savings. 

Before moving to a discussion of how these benefits are considered in the economic 
analysis, some comments on the quantitative and qualitative nature of energy use from 
small hydropower plants are in order. 
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Capacity utilization 

Capital costs are meaningit-bs in determninng the ultimate -elivered cost .f"energy 

:hie plant is used, economicallywithout first taking into account the de-ree to which 
"_c:crt: :aital osts and capacity

speaking. Thus, unit energy costs vill ,epend on twk 

utilization. 

by wt-r supply conditionsCapacity utilization of small hydropower plants is affr-. 

Small rivers and streams in ropi -...:reas frequentiy sufferand by demand conditions. 

from intermittent flows, due to the concentration of annual r: . 7fall during wet seasons.
 

Unless excess flow during these periods can be stored behind ,L..ns, operation of the plant
 

during dry periods may be limited.
 

Even during periods when the plant may operate at full capacity, utilization may be 

constrained by irregularities in demand for energy. Load factors, which give the ratio of 

are indicators of the nature of demand constraints for a given
peak load to average load, 

plant. Low load factors indicate the plant utilization is high only for very high periods, 

with much lower plant utilization during the majority of the time the plant is operated. 

Low load factors alone can have disastrous effects on the economic viability of small 

gives average load factors for five ZOO kW plants installed
hydropower stations. Table 3 

Assuming capital recovery over six years, the kwhin northern India during the 1970's. 

costs for each plant vary considerably, even with a relatively small difference in load
 

factor.
 

Table 3. Effect of load factort on generating cost (4) 

Average lad .".rerage kWh 

Project factors (%) cost (cents) 

Guptkashi 23.6 7.0 

Genti-Cherra 20.3 8.3 

10.1Tilwara ZZ.3 

Koti 10.7 Z7.5 

4.1 62.5Deoprayag 


a Assumes full depreciation over 6 years. 

is evident that small hydropower plants may not be economical
From this example it 

Other energy
in situations where utilization rates remain low and highly variable. 


such as the installation of diesel-driven
solutions may be sought for such cases, 
a 

generators. Figure 3 illustrates the conditions under which diesel generators offer 


means 
than a similarly sized small hydropower
more cost-effective energy generation 


for the hydro option increases as utilization rates increase,
 
plant. Cost-effectiveness 

for the diesel option. This is due to the low operating cost of 
whereas the reverse is true 


no fuel cost is involved. Fuel accounts for the majority oi

hvdropower systems since 

the other hand, meaning that the diesel option is competitive only
diesel energy costs, on 


below 20% ain this analysis.
if utilization rates are low, 
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Fig. 3. Effect of capacityfactor on unit cost of production (100 kiV 

plant). Assumptions: hydro capital cost is $3,000 per kIW; diesel carof.4i 
cost is $450 per M',V; annual 0 & I cost is 1.5% of capital cost for hivxo, 
4.5% for diesel; fuel cost for diesel is 18 cents per kwh; useful life is 30 
years f or hydro, 20 years for diesel; discount rate is 12%. 

Supply and demand management 

With all small hydropower projects, but particularly with small isolated plants, it is 

important to attempt to achieve a dynamic equilibrium between energy supply and the 

demand for energy. It has been seen how plants which are underutilized result in high 

energy costs. Two methods may be employed to minimize plant underutilization, one 

dealing with capacity (supply) planning, and one dealing with load (demand) management. 

In the latter method, load leveling techniques are used to build up energy demand 

during off-peak periods, and reduce demand during times when energy requirements are 

normally high, such as evening hours and during mealtimes. Energy pricing policies may 

be used to penalize energy use during periods of normally high demand, and reward users 

of energy during times of low demand. Alternatively, more direct measures can be taken 

to level out loads on the plant. One measure is to develop means of storing energy during 
Battery storage can be used in the case ofoff-peak periods for use during peak times. 

low-level electrical applications. For uses requiring heat, such as cooking, electrical 

energy can be converted into heat by means of resistance coils, and then stored in an 
Another measure is to promoteappropriate medium, such as insulated metal or stones. 

"productive" uses of energy during off-peak periods. Examples of productive end uses 

include irrigation pumps, foodstuff processing machinery, commercial appliances, and 

low-horsepower motors used in light rural industries. It has been NRECA's experience 

that promotion of productive uses such as these can have a considerable impact on the 

economic viability of rural electrification projects by raising energy demand and income 

growth in a community. 

In the case of an isolated project, it is more difficult to approach a dynamic
 
but not impossible. "."he
supply/demand equilibrium from a supply point oi view, 
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objective on the suppl',y side is to cioid investing premcii.reiy ii- .. tpacity whici, is not 
likely changeneeded. In a 20-year ,r 30-veur lanning period, energy demand viii most 

dramatically over time. k c,)nmnmity requiring 10 MY )f Ca!l .,iEV initially may need 

several hundred kW twenty yezirs 1acer. However the invetb:n,:.i :n a larger hydropower 

ziant than is retiuired for the first ten .'ears )rso could :nae e .iverage cost it 2nergy 

over the life of the proiect prohibi iveiv.! high. One me~nod *,,f p,-rmitting incremental 

capacity growth is to build the plant in tages. For exaznp!... hiuits ..av be ,..signed to 

operate with several turbines, hviich can be added iver a nerio, : ,everal years. 
be used Lor the mntiial period .vhichcould beAlternativel,', a very simple design can 

upgraded vith more elaborate structures and equipment at a later date. Another 
aincremental appro.,h would involve the installation of a small Aiesel generator, having 

much lower c-apital cost, to serve the community during the initial load-building years, 

which could then be replaced by the hydro plant when energy demand warrants the 

greater capital investment. 

IV. Methodology for Prefeasibility Analysis 

The methodology used for conducting economic prefeasibility analysis depends on the 

purpose of the energy project. Small hydropower projects can serve two objectives, from 

a supply point of view: 

11) to displace a more costly means of energy production; iand 
(2) to provide a new source of power. 

In the first case, total project costs are compared with the cost of the alternative 

energy production means, where the benefits are equal to the cost-savings resulting from 

the provision of small hydropower to displace more costly energy. i the second case, 

total project costs are compared with benefits arising from the addition of new 

from the sale of energy. Projects maygenerating capacity, usually shown as revenues 
serve both objectives by reducing existing energy costs and providing additional capacity 
to serve greater energy demand. 

An analysis must first be performed to assess whether the small nydropower 

investment offers a cost-effective means of supplying energy to serve a given amount of 

energy demand, stated as energy (kWh) production. 

Cost-effectiveness 

This level of analysis is a useful tool in screening projects as part of a regional or 

national survey of potential small hydropower sites. It is also an essential step in 

assessing the net benefits of small hydro projects whose primary purpose is to displace 

the higher cost of delivering energy by other, existing means. The most commonly used 

to find the present worth value of total life-cyclemethod to make this comparison is 
Costs, including capital costs and recurring costs, are enteredcosts for each alternative. 


in the years they occur. Total annual costs are then discounted to take into account the
 

time-value of money.
 

the
The discounting process is needed to reflect the opportunity cost of capital, since 

real value of an expenditure made in the future is less the real value of an equal 

made today. This is important in comparing the life-cycle costs oi producingexpenditure 



energy from hydro and diesel plants, since the majority of costs for tzie hydro project are 
made initially, while the costs of the diesel alternative are spread more evenly 
throughout the life of the project. 

Recurring costs include operation and maintenance (O&M) costs and energy costs 
(with or without a real escalation factor). Inflation 'm m-e cost of money are aready 
reflected in the discount rate, and thus are not need,'d, provided the discount rate 
selected approximates market interest rates. Equation (1) is the basic formula used in 
finding the total life-cycle cost in present worth terms. 

O&Mn + (EnX Pn)= CC+Total Cost 
1 (1 + r)n 

n 

where: 

CC = capital cost 

L = life of project 

O&M n = operation and maintenance cost in year n 

En = unit energy cost (S/kWh) in year n 

Pn = kWh production in year n 

r = discount rate 

Equation (1). Present worth cost calculation. 

Capital cost in the case of the grid extension option includes the cost of extending 
transmission lines to the area to be served, and necessary transformer and protection 
equipment. Capital costs for the diesel alternative should be the average unit in! talled 
crst of diesel generators times the number of kW which the small hydropower plant 
would supply. It should be noted that diesel generators have a shorter lifespan than 
hydropower plants. Capital replacement for the diesel should therefore be shown every 
5-15 years, depending on the average useful life period of such plants in the area. 

Unit energy cost in the case of a diesel pklnt is the cost of diesel fuel to produce one 
kWh of energy. In the case of a grid extension option, it is the cost of producing (or 
purchasing) a kWh of energy on the grid.* This cost should be the long-term marginal 
cost of producing an additional unit of energy. E-tension of the grid does not necessarily 
eliminate the need to invest in additional capacity, particularly in view of future load 

growth. The long-term marginal cost should therefore be based an demand studies which 
take into account additions to capacity that will be needed to serve the additional load 

over the duration of the period being studied. In the small hydro case, energy cost is 

zero, since there is no fuel cost. Escalation factors may be applied to the energy cost of 

both the diesel and grid options, to reflect real cost increases for fuel. A 2% escalation 

*In cases where the power is purchased from sources outside the country, this cost should 

be shown as the wholesale purchase price of electricity. 
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To find the full annual energy cost for either option, :he average
rate is generally used. 

kWh energy cost is multiplied by the annual kWh production assumed for the small
 

hydropower plant.
 

costs for the small hydro option are generally considered to be i. % of cap;:aO&M 
of very small plants, where a more precise calcul.Ation -acost, except in the case 

made to reflect actual costs of an operator's salary, and minr maintenance and 

:or the diesel option, requiring greater maintenancereplacement costs.* O&M costs 
expenditures, is generally shown as 4.5% of capital cost. O&.1 cost for the grid option is 

zero, since these costs are already reflected in the long-term marginal-cost of energy. 

The study period over which total costs are calculated should be the expected useful 

life of the small hydro project. This period is frequently given as 30 years, although 

as long, if properly maintained. For purposes of prefeasibilitymany plants operate twice 
be left out of the calculation.analysis, depreciation costs can 

found by adding the total annual discounted costs for eachLife-cycle costs are 
The option giving the lowest total cost is the preferred investment strategy. Ifoption. 

the small hydro option fails this preliminary test, it should be rejected. If the sm..il 

hydro option offers a lower cost option than the diesel or grid options, then further 

analysis of the small hydro project may proceed. 

Return on investment 

The purpose of the cost-effectiveness analysis is to enable planners to achieve 

efficient resource allocation. In developing countries, political decisions are often made 

to provide electrical service to rural areas regardless of the net economic consequences 

of such a decision. The results of the cost-effectiveness analysis may .therefore provide 

a basis for making investment decisions. This is not advisable, however, since benefit 

considerations have not yet been taken into account and may show that investments in 

alternative projects, such as transportation, would be more worthwhile. Needed, then, is 
Moreover,a basis on which inter-sectoral resource allocation choices can be determined. 

lending institutions generally require that further analysis be provided which examines 

the return on investment. 

are two economic indices used in determing the return on investment:There 

" benefit/cost ratio 

" internal rate of return. 

In each case, annual net cash flows are calculated by subtracting costs from benefits. 

Cost, benefit and net cash flows should be shown in both nominal and discounted terms 

for each year in the study period. 

This is a commonly used index to assess whether projects areBenefit/cost ratio. 
The discounting process used in the cost-effectiveness analysis is

economically feasible. 

also used here, only benefit flows are calculated as well The comparison of total
 

For a 50 -W nlant costing 5 ,3001kW installed, for example, total capital costs would 

costs would likely exceed 1.5% of this cost ($1,300).be 5100,000. Annual O&M 
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present worth costs and benefits provides a ratio which indicates the ±_,:Onomic 

attractiveness of a project. Equation (2) gives the economic formula used to derive 
benefit/cost ratios. 

L 

E 1 
n 

rBCn = (1 11P 

E
L n 

n n = +r) 

where: 

Bn = Benefits in year n 

Cn = Costs in year n 

L = Life of project 

r = discount rate 

Equation (W). Benefit/cost calculation in present worth terms. 

Projects with a benefit/cost ratio of less than 1 are considered unfeasible. Projects with 

a ratio of I or greater merit additional study to assess what rate of return is possible. 
This calculation is reviewed next. 

Interl rate of rettnur To refine the assessment of net economic return on 
In the preceedinginvestment, the internal rate of return is calculated for the project. 

cashf low analysis, a discotmt rate is selected which represents the opportunity cost of 

capital. The purpose of this analysis is to find at what discount (interest) rate total costs 

and benefits are equal. Thu- the undiscounted cashflows are used in this calculation. 

This interest rate, which represents the internal rate of rettun for the project, can be 

determined by trial and error in applying different discount rates to the cashf lows until 

Projects should have a internal rate of return exceeding thethe correct value is found. 
rate of return possible with other competing projects to be worth undertaking, strictly 

internal rate of return approximating long­speaking. However if the project yields an 

term market interest rates, the project is generally considered feasible.
 

It should be noted that the feasibility of projects as determined by the rate of return 

will depend considerably on the source of financing, Financing from private sources may 

require an internal rate of return of more than 20% for small hydropower projects, due to 

the high degree of financial risk that may be perceived with such projects. At the other 
to constructextreme, where local communities may be able to raise their own resources 

toprojects (possibly with government support) the rate of return may not be as important 

the investment decision as non-financial considerations relating to the overall socio­

economic development goals of the area. International development banks generally look 

internal rate of return of about 10%, although again, decisions to finance may alsofor an 
rely on how well the small hydropower, project complements other development projects 
and goals in the area. 
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Calculating project benefits 

Although many direct and indirect benefits may be used to justify an investment on 
small hydropower, for purposes of prefeasiriiitv analysis only benefits which can .e 
represented in monetary terms are generally included, reDresenting more of a financial 
than an economic analysis. Thus, certain long-term social and economic benefits such as 
education or health improvements, and the socio-ooliticai benefits resulting from the 
provision of electricity to new rural areas; and short-term benefits, such as increased 
productivity and security, are difficult to compute in monetary terms and are generally 
not included as specific benefits for prefeasibility analysis purposes. Tnese benefits may 
be stated in qualitative terms, and could make a project with only a marginally 
attractive rate of return appear more worthwhile. Benefits which can be quantified 
more easily in monetary terms include cost-savings from the displacmenet of other 
energy sources and revenues from the sale of energy. 

As mentioned at the beginning of this section, small hydro projects may serve the 
function of reducing existing energy costs or providing a scurce of energy to serve new 
and additional energy needs. A second distinction is also needed in defining the basis for 
calculating economic benefits, from a demand point of view; a distinction between plants 
which are interconnected with a transmission grid and those serving an isolated load. 

With grid-connected projects, benefit calculations for purposes of prefeasibility 
analysis are relatively simple. Annual benefits for hydropower projects in the. lower 
capacity range are generally equal to total cash savings from the displacement of other 
more expensive energy production serving the grid. For these projects, assuming the 
transmission network covers a sufficiently large demand area, the basis for calculating 
these benefits is the annual kWh production capability of the plant. More detailed 
analysis of daily and annual load charactevistics on the grid system at the full feasibility 
stage may show that demand fluctuations prevent full absorption of the'plant's 
generating capability, particularly during off-peak periods when the base load may be 
served by cheaper means (2..large hydropower). 

In conducting prefeasibility analysis of isolated projects, demand analysis becomes 
more important. Benefits in the form of cash savings and revenues are based not on the 
estimated output, but on estimated demand.* Since loads are likely to be variable, and 
possibly quite low, assumptions for sale of power and energy displacement must be fairly 
carefully defined by estimating the nature of energy demand for specific categories of 
consumers, or specific end uses. 

Small isolated projects serving new loads may also present special problems in 
quantifying benefits, since in some cases revenues - representing to some degree the 
economic value of the energy - are either not collected or are based on tariff schedules 
substantially below the economic value of the energy provided. To allow a more 
complete assessment of economic benefits, a measure of the willingness of users to pay 
for the energy provided may be surveyed by estimating the user's existing energy costs, 
the resulting increase in productivity, ani the higher quality of life which is attributable 
to the energy (5). 

* A general review of demand analysis is provided in Jackson & Lawrence, "'Electrical 
Distribution and End Uses for Isolated Systems.' 
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