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ABSTRACT

The development of remote small-scale energy systems such as small decentralized
hydropower olfers a unique opportunity for pursuit of a decentralized approach to
economic development. This paper presents a general overview of energy needs and
consumption patterns In rural areas, the nature of the energy output of small
hydropower systems, and how that output can be used most productively. In the
broadest sensc, "productive uscs" of energy are thcde uses which Increase or enhance
production In agricultural, industrial, comm :rcial, and home Industry activities. This
in turn enhances the economy of small-scale schemes through higher load factors and
Increased income generation. Oppoctunities to increase productive use of small
power generating stations are explored as well as the constralnts to proliferation of
productive uses In rural areas and the complementary zcograms required to overcome
those constraints,
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INTRODUCTION

Since the oil crisis of 1973, the dogma which dalm'eld that per capita GNP was inextricably related to per capita
energy consumption has been exposed as untenable.” "State-of-the-art” development theory encourages instead
ndecentralized” production centers, requiring less energy for transportation and distribution of goods and
services. Through the decentralization uf the various productive components of a nation's economy, it is argued
that higher living standards can be achieved without the high per capita energy consumption ievels
characteristic of the industrialized countries.

In the resuiting rush to develop small, decentralized, and renewable energy resources, frequently overiooked is
what uses these energy systems will serve, and how they will {it in the overall rural sector deveiopment plan.
Despite the enormous economic pressures which recent energy shortages have placed on rural sectors woridwide,
energy supply Is not in fact an economic end In itself. Rural development policymakers increasingly tend. to
regard energy resource development as a primary program objective, yet energy supply as a rural development
project goal is only a means: a means for increased convenience, productivity, production, employment, income,
or leisure time. This is true whether ‘energy is supplied by centrallzed means or from decentralized sources.
Thus, attention must be given to the uses of the enerzy, as well as to associated capital and institutional
Investments that are required to ensure the efficient use of the energy.

Mn a recent writing on this topic, Reddy (1978) points out that if India were to adopt U.S. energy consumption
practices It would require about three times the current total energy consumption rate of the US., or 130
times the prescnt production of commercial energy in India.



In rural areas, energy demand may come from four sectorss (1) agriculture, including both the production and
processing of agricultural goods; (2) industry and commerce, including small- and medium-scale industrial plants,
cottage industries, and commercial activities; (3) public utility services, princlpally electricity for municipal
lighting, water supply, and heslth care; and (%) the household sector, inciuding uses for cooking, heating, home
lighting, and household appliances, Energy may also be used to produce secondary energy resources, panhixlarly
when primary energy supply, such as with hydropowes, is controlled by seasonai variations (Roorkee, 1982).

Ths primary means of energy distribution used to serve these many diverse functicns is electricity, which Is
ciearly the most versatile energy form known today. However, not all these functions, particularly in the
dispersed rural context, require energy to be supplied in such a high quality form as electrical power. Many can
be served most effectively by mzans of direct mechanical power, in the case of certain agricultural and
industrial uses, or simple low-ievel heat energy systems, such as solar heat collection and biamass conversion, to
satisfy certain agricultural and household needs. The advantage of converting hest and other forms of energy to
electricity, however, is that electrical energy can be used to serve virtually any energy demand, other than
automotive requirements, and offers unique opportunities for effective energy distribution and management.
For this reason, rapid rurai sector growth and prosperity in modern histcry has been uniformly associated with
the introduction and expansion of modem rural electrification systems. The socio-economic impacts of rural
electriflcation are numerous. Unempioyment is decreased by greater agricultural activity and the creation of
jobs in new Industry. Agricultural p-oduction is increased and cropping seasons are extended through the
availability of a dependarie water source from modern irrigation systems. The potential for small-scale
agricultural as well as ron-agricultural industrlal units Is greatly increased by extending working hours and
facilitating the use of power machinery. Moreover, improved health, education, and other public services
increase the productivity of workers. This is not to say that rural development absolutely depends on rural
electrification. Indeed, alternative energy systeins play an Important role in providing low-cost and readily
available energy to serve rural areas, particularly In the initial stages of rural development.

What is evidont from the existing experience with rural eiectrification is that electrical power supply can serve
an Important role in overall rural development, and that decentralization ¢* this supply can make a significant
contribution to the process of bullding a rural energy sector. The purpose of this paper is to explore ways in
which decentralized energy sources, using smail hydropwer piants as a basis for the discussion, can best be put to
use In decentralized rural contexts, It also suggests specific applications of small hydro Installations to meet
typical rural energy needs and which can help increase load Zactors, hence reducing unit costs.

Point of Departure

Any discussion of small-scale energy systems invites debate on a troublesome issue in rural energy development,
namely, what Is considered "small," and, on a related subject, what is meant by the teria "decentralized.” As
these terms often appear together in the literature, often to the confusion of the reader, It is worth pausing to
negotiate this semantic obstacle first. In certain contexts, "small® can mean any plant producing up to 25 or
even 30 MW of electrical power; in others, it can mean plants of as low as {00 kW of capacity or smalier. For
the purposes of this paper, the general issue of size will be left open. It can mean anything from the smailest
turbine-generator installation up to a hydro piant of one, ten, or 50 MW. Small, in other words, refers to an
energy supply system designed to serve an immediate purpose, or load. Excess energy that is producad to serve
a surrounding community or grid system is therefore possible in this definition, but not assumed; likewise, smali
is not limited to fully isoiated energy production and use. Thus, more to the point is the issue of
decentralization, For the purposes of this paper, smali-scale energy systems mean decentralized gencration, bur
not necessarily decentralized distribution. Indeed, an important consideration of small-scale energy resources is
the role they can piay in overall energy supply development leading toward a fully integrated national energy
system, both in the sense of electrical power sector interconnection and in the sense of complementary non-
electric energy production and use.

MATCHING TECHNOLOGY TO NEED

In addition to the form of energy, other principal factors in determining the most efficient technological choice
of energy sources to meet various energy needs include quality, capacity, supply (inciuding timing
considerations), and cost. Still other !actors, such as the social acceptability of an energy system and the
managerial expertise required to develop and control It, may come into play in . :atching technology to need. In
order to maximize efficient usa of energy resources, & screening process is generally advisable. A number of
methodologies have been propcsed for this purpose, notably one recentiy published by the Solar Energy Research
Institute (Ashworth and Neuendocrffer, (980). Space does not permit a detailed discussion of this process.
However, a few comments on the major factors mentioned above {follow.

The $u._!u_t_x of the energy source required is perhaps the most important consideration. Heat s considered an

or form of energy when compared to mechanical work. The quality of heat energy is related to temper-
atures lower temperatures correspond to lower energy intensities and thus are of lesser quality. Typically, one
classifies heat energy requirements as low temperature (drying foods), medium temperature (cooking), and high
temperature (electricity generation). Mechanical work (shaft power) and electricity correspond to infinite
temperatures and are the highest quality forms of energy (Meler, 1981). Electricity use for iighting is both

‘Ina project funded by the US. Agency for International Development, the University of Roorkee in India is
working with university counterparts in the US. to develop a hybrld renewable energy system integrating
small hydropower with blomass conversion to produce stored energy in the form of char briquettes. The
project also focuses on the use of excass hydropower to store energy in the form of hydrogen and oxygen using
electrolytic conversion of water.
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convanient and inexpensive. On the other hand, the use of conventional electrical devices for low-~ and medium-
temperature heating applications in traditional, low-income rural settings may be inadvisable -‘ue to the high
cost of conventional devices. Other, less costiy, traditional fueis and means may be more efficient for such
applications, provided these are available,

Supply constraints may also be crucial to the energy cholce. The supply of blomass, chiefly wood, is a probiem
common 1o many developing countries. Current efforts to reduce the use of fuelwood, which supplies up to 30%
of rural cooking r ements, have concentrated attention on alternative ensrgy solutions for household uses,
which are below. Supply constraint occur with other energy techiologies as well. For example,
where run-of-river hydio schemes have been developed as a substitute for traditional energy means, seasonal
flow variations frequentiy interrupt the supply of power. To combat the supply problem, technologies which can
store energy chould be emphasized. Increasingly, hyucld energy systems which combine two or more energy
forms, such as solar and wind, blomass, and small hydropower are being developed to serve year-round demand.

Finally, cost considsrations are important in the matching process. A technologically deal energy system Is of
limited value if it is not affordable — whether by the direct support of its users or indirectly through long-term
subsidization. An important consideration here, in terms of high investment options such as hydroelectric power
Is plant capacity and the capacity utilization rate of such a plant. More will be said on this matter below, but
sufflce it to say that the matching process for this production option will depend largely on the efforts of energy
planners to consider the total energy use of an Installation and to manage It effectively.

OUTPUT CHARACTERISTICS OF SMALL HYDROPOWER

Except where small hydre plants are designed to operate close to minimum flows or where large storage is used,
output Is usually highly seasonal, depending on the avallability of water. Aside from economic implications, this
Is rarely a major concern with grid-connected sites. In the isolated case, however, seasonal and daily
fluctuations of power availabiilty need to be closely matched to its uses.

The quality of the energy output of a small-scale hydro plant depends more on tha uses to which the energy will
be applied. Waterpowar at the point of entry to the turbine is kinetic and/or pressure energy. That energy ls
used to rotate a shaft which, in tum, drives either a generator to produce electricity or is directly coupled to
some machine. Thus, shaft power can be used mechanically or electrically. Some systems in Nepal, Colombla,
Pakistan, and elsewhere produce both mezhanical and electrical power.

Mechanical power, which has becn used for varlous purposes by harnessing waterpower for centurles, must be
used at the site. Contemporary exampies of mechanlcal use of waterpower are commonplace throughout the
developing world. In Nepal, crossflow turbines are used for rice hulling milling, and polishing (Meier, 198°;
Yoder, et. al,, 1980). In Pakistan, plants in the 5-13 kW range are used to drive grain mills, bandsaws, lathes,
and other rotary machines (Inversin, 1981).

An electric generater, either directly coupled to the turbine shaft or through a speed increaser, greatiy enhances
the versatility of waterpower. Generators can be direct current (DC) or alternating current (AC) DC schemes
are mler and less costly bacause speed regulation s not a requirement, but practical application of DC power
is usually restricted to low power requirements near the site. Two advantages of DC are the potential use of
vehicle generators (car, truck, alrplane), and the option of storing energy in batteries without intermediate
transformation. DC appliances, motors, and lighting fixtures, on the other hand, are not as readily available as
AC devices. The potential applications of electric energy in agriculture, industry, commerce, and in the home
are vast. Use of AC facilitates the transformation, transmission, and distribution of this energy. Both AC and
DC can be used for lighting,

Direct mechanical power, for practical reasons, is generally only appropriate for the lower end of the power
range (below 50 kwg.o Hybrld mechanical/electrical schemes add much versatility to the output but again, are
only appropriate for the smaller projects. DC, while simplifying speed control, cannot be transmitted
economically over very long distances without sophisticated technologies. AC generators can cover the entire
range of power outputs, but voitage regulation znd stability problems with small systems can cause problems.
Motoe joads can have starting requirements up to seven times running current, thus the systcm must be of
sufficient capacity to meet this instantaneous demand. Also, seve’e instability can result if a single motor has a
rating with respert to other loads of 1/3 or more of the system capacity (General Electric Company, 1963a).
Since reliability of power is ciucial to certain uses of power, these factors are of special importance.

In summary, a small plant can produce a full range of output possibilities — from mechanical power for elther
heat or motive force, to electrical power for either motive force, heat, or light (see Table 1). It can operate in
lsolaticn or can be grid connected. However, the availabillty of power and energy Is determined by the available
head, quantity and duration of flow, and the overell efficiency of the scheme. )

LOAD PLANNING FOR SMALL-SCALE POWER SYSTEMS

" A key aspect in matching energy sources to needs, as mentioned, is that of cost. This has implications for both
the technological approach used to harness the energy and degree of its use.— the capacity utllization, or plant
factor. All too frequently, small decentralized hydropower plants fail not for technical reasons but as the result
of low capacity utilization. The bane of isclated rural power stations, based on relatively high fixed capital cost
and low operating costs, is the chronic problem of low load factors, which invariably raises the unit cost of the
energy produccd. An example of the all important relationship of load factor to unit cost is seen in Table 2
which shows comparative load factors and unit costs for five isolated 200 kW hydroplants built in the Uttar
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Table | Type of End Use at Various Ranges ot Power OQutput

Mech/Elec DC AC
Mechanical hybrid electricity electricity
0- 50 k¥ Two or three Daytime repair shop | Central battery Small array of uses
directly connectad and mill; nighttime | chargings local including local
machines (e.g. rice | villoge electrifica= | electrification of electrification
huller & polisher) tion for lighting immediate vicinity
for lighting and
small appliances
30 = 100 kW Several large Blectrification In Local electrification
machines; entire Rare vicinity, concelvably | including small Indus-
factory for small Industey trial & agricultucal
use possibly supply
grid with excess
energy/capacity
100 - 300 kW Rare Rare Rare Electriflcation of
major Fopulallcn
centeris) scale for
larger users; us.ally
supplies grid energy
Above 300 kW | Non-existent to Non-existant to Rare Grld supply
author's knowledge suthor's knowledge

Pradesh reglon of northern Indla In the early 1970's (Dickinson and Whittington, 1978). Note that an increase in
the load factor of about 10% reduces th= unit cost of energy by as much as two-thirds.

For a modern form of energy such as electricity to contribute to rural deveiopment, It is generally feit that the
energy must be put to productive use, whether in agricultural, commercial, industrial, or even household
activities, Moreover, investment in costly, capital-intensive energy supply schemes in rural areas would

Table 2. Relationship of Load Factor 1o Generating Cest

Project s Gy R
Guptiashi 23.6 7.0
Gent-Chetra 20,3 8.3
Thwara 2.3 10.1
Kot 10,7 s
Deoprayag L 5% 6.5

represent a misallocation of scarce resources if used solely for domestic lighting or other household functions.
The productive utilization of electricity can contribute to the user's or community's income, ieading to
potentiully greater demand for the electricity. By eatablishing a productive use base ioad for the plant, unit
costs can usually be brought down to a point where electrical power for houschold uses, including home
industries, is affordable,

Base Load Appiications

The most. significant productive uses of decentrulized electrical power generation in rural areas are in the .
producticn and processing of agricuitural goods. Among those classified as uses in agricultural production, the
mest important is irrigation. With respect to processing, the use of small-scale machines employed in isoiated
rural settings to process crops are commonplace. Tabie 3 provides a general listing of electrical power use for
such purposes. This data is drawn from a study performed on power use in three regions of Indla, although the
load characteristics and consumption figures should approximate those in other parts of the worid for similar
equipment (General Electric Company, 1963b),

A second category of rural productive uses consists of a wide range of agro-industries. Some of these, offered
with their approximate kW requirement ranges, include: saw mill (5-60), carpentry shop (3-15), loom (0.5-6),
quarry (6-30), ice factory (6-60), fish processing (3-10), cold storage piant (6-60), and roofing tile plant (2-12).

Load-Levelling Applications

Despite the versatility of smail hydropower, finding good uses to increase load factors is often a severe
limitation. The best sites are frequently located in poor remote areas where economic actlvity is low. Thus,
even tiiough costs for site development in these areas might seem attractive, demand for such a quality energy
source can sometimes b2 so jow as to nullify investment benefits. There are a handful of potential appilcations
currently under development which, under certain circumstances, could save otherwise good sites from the
problem of finding appropriate uses. These applications, which utilize mechanical, AC, and DC electrical power,
deserve special consideration.



Table 3_Technical Charactaristics of Agricultural Processing Machinery

Motor ) Power
Procass or : Rating Output Consumption
Operation Equipment Abp) {Ibs/he) («Wh/100 ibs.)
Oll Pressing Hydraullc Press
& Extraction Large 2 1,300 - 13
Medium 16 1,000 B 15
Small 8 130 85
Screw Expeller
Large 20 2,000 1.0
Medium 13 1,000 1.5
Small 5 100 3.0
Rice Hulllng Disc Shelier
(German) 25 2,600 0.3-1.0
Japanese Rubber
Roller Sheller 3 300 20-2.5
Cereal Mllling Large ' 20 300 C L5220
Sm 3 180 2.0-3.0
Cotton Ginning Large 20
Small 5 73 ’ 2.73-3.2
Fodder Chopping Potary Cutter 2-10 2%-1.0
Sugsr Cane Crusher
Processing Reflalng Pan 315 «30-3.0

Resistive heating applications. Resistance losses in electrical circuits result In heat generation. This Is the well
known iER term icurrent squared times circuit resistance). Virtually all medium~ and iow-temperature
electrical heating devices work on this principle. An Iimportant application of this technique Is for cooking.
Recent developments with simple energy storage cookers have revived interest in an old idea to combat forest
depletion. The key to this approach has been to develop an inexpensive means of storing energy for cooking
during peak load periods. Traditionally, the heat was stored in material with high heat capacities, such as cast
iron. More racently, research efforts have focused on the use of locally available materials in which to store
heat (Yoder, 1981). This consists of a heating element imbedded in an insulated bed of stones, as shown in
Fig. . Water is introduced into the heated stones to generate steam at atmospheric pressure. The steam
provides heat to a conventional cooking vessel piaced on top of the stones, where it condenses and then recycles
back Into the stone bed, which stocres the energy. Using this system, an energy input of only 250 W can produce
heat required to cook the daily meal of an average family. This was accomplished at considerably higher
efficiencies than those found with conventional wood and gas stoves (2% vs, 3-6%). Simpie resistive heat
elenients can also be used to perform a variety of other tasks, inciuding heating water, space heating for homes
or drying crops, ice-making, or even refrigeration of perishabie foods and medicinal goods.
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Fig. 1. Heat storage cooker

Mechanical heat generator. With respect to mechanical applications, shaft power can also be applied to gener-
ate heat without hm converting to electricity. A mechanical heat generator, coupled to a turbine shaft by a
V-belt drive, is being developed in Nepal to serve this purpose (Inversin, 1982). Fig. 2 presents the general
schematic design. is drawn in by a fan through the inlet. The air then circulates over stationary baffles
which are arranged radlally. Kinetic energy heats the air as it forms into eddies. This hot air passes through the



outlet

Fig. Z Mechanical heat generator

valve which Is attached to the movabie intake tube, mixes with the incoming cooler air, and Is drawn in again by
the fan. A portion of the heated air is passed through the outlet opening into the drying racks, while the rest
recycles over the baffles, The flow and temperature of the alr is controlled by the valve. When it is in closed
t‘osltion, the generator is simply a fan blowing air at ambient temperature through the generator. As the valve

opened, by sliding the intake tube outwards, incrementally greater currents of air are cycled over the
oaffles, If the valve is fully opened neariy all the air leaving the fan is drawn through the baffles, thereby being
heated to the maxiinum temperature of about 100 C (at 2,500 rpm). Any temperature between these two limits
can be obtained by varying the opening of the valve. .

Battery charging. In addition to mechanical uses and resistive heat
Nitric Oxides appﬁ'canons, a third means of raising off-peak lcads for

+ Air Qut predominently househoid lighting and appliances Is with a battery

charging system. Frequently rural households in low-income

regions initlally have low demand for electricity, making the

conventional electrical distribution uneconomical. Yet the

provision of a few hundred watts to provide lighting, or to power

- Flame small DC electrical appliances, radios, or televisions can make a

big difference in a family's living standard. By hooking up a
_- Feeder Spark rectifler to the generator, excess power can be stored in a "battery
bank" for general distribution to the public, particularly to families

J ! living a great cistance from the distribution system. Alternatively,
— Black Iron Pipe the “hattery charging system could be deployed in .a local

_ White-hot C distribution netwock, where AC power is distributed directly to

: gl te-hot Core onsumers and stored In batteries in the home or shop. Under this
system, a limited quantity of electricity is distributed at a
constant rate to be stored by the consumer on a continuing basis.
The consumer then uses the stored energy at the appropriate time
\ and quantity required (Nasaruddin, 1982).° This additional feature
of an isolated power system Is aiso useful for keeping automobile

Alr [n = l. —— Alr In and farm equipsnent batteries charged.

Fertilize; production. The use of chemical fertilizers can greatly
Imprave agricultural yields. On a large scale, the most economical

High Voitage way of producing high quality fertilizers Is with the Haber-Bosch
Electrode process. This process uses natural gas or liquid hydrocarbons for
S . —_— the production of ammonia, but is highly energy intensive,
Fig. 3. Nitrogen fertilizer Furthermore, the centralized nature of fertillzer production leads
generator reaction cell to high transportation costs in reaching remote consumers.

Another method of producing nitrogen fertilizer In a decentralized

mode is the electric arc discharge method. The basic principle of
the process is simple. Alr is injected Into an electric arc reactor, producing nitrogen oxides (see Fig, 3). To
make the fertilizer, the nitrogen oxides are then passed through an absorption column of either limestone or
rock phosphates and mixed with water. The result is high quality calclum nitrate fertilizer. An experimental

3n Malaysiz, consideration is being given to the use of a "current limiter” and a battery chargei at each
electric connection to permit Latteries to charge at a constant rate of 60 to 100 watts. A similar zpproach to
DC power appllcation is being considered in Indonesia.

v



3 kW unit requiring only readily available components and low-level technology has been operating successfully
in the US. that produces sufficient fertilizer for up to 20 hectares (Charles F. Kettering Research Labocatory,
1980). In years past, the elecirlc arc discharge method was considered an uneconomical means of producing
fertilizer, and was abandoned. However, set in the context of a ballast load application, as proposed here, to
utilize excess energy, this technique deserves renewed consideration.

LOAD MANAGEMENT WITH MULTIPLE-USE ENERGY SYSTEMS

Each rural site will have its own set of technical, economic, and administrative circumstances, hence, the need
for a careful assessment of energy resources and end-use requirements. Assuming that an energy resource such
&s a small hydro plant exists, and that a number of productive uses can be found, a model system for a
decentralized energy system might include many, or possibly all, of the foregoing categorles of rural end-uses,
both mechanical and electrical. For example, given a small hydro plant of 100 kW capacity, one could provide
enou$ energy over the span of a yesr to run irrigation pumps, operate an electric arc reactor to produce nitrate
1 er, process crops (including drying, grinding, hulling, oil expelling, etc.), run other light industrial
machines, heat water or air,. provide power for lighting and various appliances, or charge batteries — all at
varying times of the day or year — for a community of perhaps 300 families or even more, depending on the
number of uses and the energy required. The key to a multiple use system is effective load management. A
relatively expensive component of a conventional hydro plant to meet this varied and irregular demand would be
the plant's governing system. Recent development of electronic load controliers, however, which Instead of
controlling the turblne speed, control the distribution of the load served, promise to make this a relatively cheap
and effortiess task. Detalled explanation of electronic load controllers can be found elsewhere (Woodward and
Boys, 1980), but simply put, an electric load controller allows continuous operation of the turbo-generator at full
capacity. By sensing the frequency or voltage electronically, It directs the distribution of excess power to
alternative tasks as required. Under the direction of the load controlier, for example, base loads could Include
irrigation pumps, agro-processing and/cr light rural industries luring the daytime, at different times of the year
according to the farming cycle, and lighting during the night. Off-peak ballast loads year-round cculd include
any number of resistive heat loads, such as for the storage cooker, ice-making and refrigeration, or heating
water or space; preduction of fertilizer, or secondary energy supplies; or battery charging. Some controllers
currently under development, moreover, can be programmed to change load distribution automatically. This
would be especially useful for nighttime appllcations.

CONCLUSION

Decentralized energy systems, which are small by definition, can thus serve an important role In rura! energy
supply. When the energy source available can provide low-cost electrical energy, as in the case of small
hydropower plants, the chief concern is to develop adequate and appropriate uses of the energy to keep
utilization rates high and provide greater income to the community so that the energy Is atfordable. The cost of
Introducing electricity to isolated rural areas is an expensive proposition due to high investment costs. But by
the promotion of productive uses, the system capacity factors can be improved, lowering the unit ccsts and
making the power more affordable. The key term here is "promation.” Productive uses of electric energy which
serve as a tool for integrated rural development are constrained by numerous factors. Electricity is often
considered a soclal good, and government responsibliity and electrification programs in rural areas often place
emphasis cn househoid and public uses of electricity. Electric suppllers and users face severe shortages of
capital and are understandably unwilling to take risks. Power supplies are aften expensive and unreliable, Itis
difficult to convince consumers who have purchased diesel machinery or other non-electrical cnergy meens that
electric energy is superior. This Is due to supply problems, the user's sunk investment, and his lack of familiarity
with electricity. Ancillary electric machinery is rarely readily available, and the additional cost of purchasing
such equipment tends to further -etard electricity demand growth. Last but not ieast is the widespread lack of
understanding of electricity and its proper and productive application.

A recent study of rural electrification In Indonesia found that the two most significant factors contributing to
the expanded use of electric power in productive activities were the availability of capital to the consumer and
the ability of the user to market his goods and services (Brodman, 1982). A third factor frequently mentioned in
this study was the user's access to information about electricity and its uses. "Incorporation of the means to
stimulate productive uses will be an essential factor in the achievement of positive project net retum” Isa
statement that applies not only to the Indonesian rural electrification program but generally to any rural
context. Technical solutions to problems represent only part of the effort required to make effective rural
energy systems work, particularly those that are isclated. In addition to credit facilities and market extension
services, this effort should include the development of consumer services to assist in planning enesgy uses and
reviewing socio-economic factors relating to those uses, to make users aware af credit marketing programs and
sources of end-use machinery, and to perform a wide range of training, informational, and general support
activities essential to effective use and maintenance of energy systems and associated machinery.

In the United States, overcoming the constraints to productive use of electricity in rural areas did not happen
overnight. It was the result of a concerted, dedicated effort on the part of several diverse groups, Including
rural electric cooperatives, banking institutions, agricultural extension services, electrical equipment manu-
facturers and their distributors, and major universities. The rural electric cooperatives took the lead in this
activity. Through member service departments they conducted si promational and educational drives,
provided financing for equipment purchasing, and performed sev services to enable proper and pro-
ductive use of electricity in rural areas. The lesson to be learned from the U.S. experience is that properly
concelved and implemented promotional/educational programs, integrated into other developmental efforts, are
vital to the success of rural energy programs.



REFERENCES

Ashworth, 3. H., and J. W. Neuendorffer (1980). Matching Renewable Enevgy Systems to Village - Level Energy
Neads, Salar Energy Research Institute, Gol ora

Brodman, J. (1982). Rural Electrification in Java. Resources for the Future, Washington, D.C. p. 82

Charles F. Kettering Research Laboratory (1980). A nitrogen fertilizer production system for farm use.
Kettering Foundation, Dayton, Chio.

Dickinson H., and H. W. Whittington (1978). Rural electricity supplies. University of Edinburgh School of
Engineering Science, Edinburgh, U.K.

General Electric Company (1963a). Small-scale power supplies for rural communities in developing countrles.

LS. A for International Development, Report No. TA/QOST-AN-63-3-1,
Genéral Electric Company (1563b), Anaiysis of demand for electric power in rural communities, U. S. Agency

for International Development. Contract AID REPAS-I.
Inversin, A. R. (1981}, FEIEOtan-vm ager impiemented micro-hydropower schemes: a case study. National Rural
Electric Cooperative Association, Washington, D.C.

Meier, W (1981). Local experience with micro-hydro technology. Swiss Center for Appropriate Technology,
St. Gall, Switzerland, . .

Nasaruddin, H. (1952). A radical approach to rural electrification for developing countries. Small Hydropower
for Asian Rural Development. National Rural Electric Cooperative Association, Washington, D.C.

Ro«m%eedlng of an International Workshop on Hybrid Micro-Hydro Encrgy System,
Water Resources Development lraining Centre. Roorkee, India.

Woodward, J. L., and J. T. Boys (1980), Electronic load governors for small hydro plants. Water Power and Dam

Construction, 11, 37-39.
Yoder, R. (I§§ﬁ. ergy storage for domestic cooking in Nepal (Master's thesis). Cornell University, New York.
Yoder, R., et. al, (1980). The United Mission to Nepal's involvement in smail-scale waterpower development for
milling. Cornell Universitv. New York.

B emmﬂhﬁ

Dast Available Document



