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I TRODUCTION

[t iz estimated that fwe billion people live without ¢lectricity and its services. In addition, fhere is a sizeable
number of rural villages that have limited electrical serviee, with cither part-day operation by diase] gen-suts
o1 pariial ¢lectnfication (local school or community center and several nearby houses). For many villages
comnesied to the grnid, power is often sporadicafly available and of poor quality. The U5, Mational
Renewable Encrgy Laboratory (MEEL) in Galden, Colorado, has initiated = program to address these
potential electicity opportunities in rural villages through the application of renewable enersy (RE)
technologies. The objective of this program is o develep and implement applications that demonstrate the
technical performance, ceonomic competitiveness, operational vizbility, aad environmental benefits of
renawable roral slectric solutions, compared to the conventional eptions of line extension and isolated diese]
mini-grids. Fhess four atobutes foster sustainability; therefors, the propgram is entitled Renewahbles for
Sustainable Village Powwer (RSVP), The RSVP program is a mulddizciplinary, mualti-technology, multi-
appiication program camposed of six activities, including village applications development, computer mode]
. developmenlt, systerns analysis, pilot project develgpinent, technical assistance, and Internet-basad village
pawer project data base. While the current program emphasizes wind, photovoltaics (PY), and their bybrids
with diesel gen-sets, micro-hedro and micro-biomase technologies may be integrated in the future, NREL s
REVP tearn is currently invelved in rurad clectricity projects in thirteen ¢ouatries, with 1.8, forcign, and
internationally based agencies and institmions. The integration of the technobogy developments,
instiutional experiences, and the fipancial solwtions for the implerentation of renewables ig the main line
rural electrification processes in both the developing world and remote repions of the developed world is
aur roal,

APPLICATIONS DEVELOPMENT

While NEEL iz primarity a technelogy development laboratory, with an emphasis on science and
enginesrng o underpin cost-shared, industry-based component and manufacturing process development,
the RSVE program fecuses on village applications, The main objuctive of the applications development
activities s to investigate RE-based systems that will reduce the life-cycle cost andior improve the
rerformance of commercial RE systeme, thereby expanding the market for rencwables. Many of these
applications hawve the potential o facilitate economie development within the village, 2 major goal of many
intermational development organizations and hest-country national and provineial governments.



Electrification of rural viilages has the potential to power substantial economic development activities if the
power 15 available during the daytimne and the appropriate trining and marketing infrastractare is available.
However, in most smaller vitlages served by diesat gen-sets it is cose-prohibitive to provide daytime power
and this economic development potential is not realized, Renewsable enerpy systems g belter suited to
deliver 24-hour power in small villages where income generation and economic development are policy
igals,

Currently the applications team is examining ice-making, water desalination, water purification, battery-
charging stations, and village hybrid power peneration.  The ice-making project is attempting o “direct-
drive” (l.e,, ne inverter} a commercial ive-making machine with a permanentanagnas-altemane-type (pma)
wind varbine, A number of initial technical hurdles have been addrvessed (e.g., start-up surge requircment)
while several others need to be resolved before this concept is ready for a pilot project. The werk thus far -
has consisted of computer medeting, svstems analysis, laboratory dynamotneter testing, and mited fietd
testing. This concept has significant appeal for remote, coastal fishing cooperatives. Tn the meantime, the
more conservative and expensive approach of a pma wind twebine connected to a batery-inverter subsystem
which, in bum, is connected to the icemaker will be frefd-tested.

[ many remote, rural areas, families vse lead-acid batteries for powering lights, radios, and relevisions. The
tamilies traneport these batleries to the nearest electnified town for charging ot a weekly basis; camrying
batteries is & considerable effont apd incoavenience. Booause many of these nural areas bave good renewable
resgUToes I ¢lose proximnity o the homes, a cenewable-bazed battery charging station (BCS) appears o be
a pood solution for the villagers; 1t also offere the opportunity of developing a local micro-emterprise based
on an enviconmentally foendly technology. Battery charging stations also provide an alternative approach,
W PY-powered solar home lighting systems (FY-SHS). Both PY and wind-hybrid BCS are being developed;
while there are a handful of PV-based systems in the field, the wind-hybrid systams wilf be nstalled in pilot
programs in 1997, The technical challenge of the wind-hiybrid approach is e adapt existing power
converzion devices to pina wind tarbices for groups of batteries in such a way as to minimize the jife-evele
cost of the aystem, including the batteries. Both individual battery contro] and “batch charging” (batleries

charged in paralie] on a single bushat) ate being investigated, The leading concept will be fizld-tesied in
Loa7y,

Water iz the lifeblood of many rurl communities, yet water quantity and quality is often low. While PV
and wind water-pumping techonlogies arg commercially available for potable, livestock, and imigation uses,
adapting renewable spurces to desalination and disinfection iz just cmerging, The RSVP tean has
investigated vanous desalination systems appropriate to village-scale needs and is in the process of
experimentslly characienzing a commercial vapor-comprassion distillation system For both brackish 2nd s=a
waler.  Other institutions arc cvaluating alternative rural desalination systems; comparison of the
performance and economics of thess varous approaches will be made. Additionally, a review of the
alternative water disinfection processes adaptable to renewables, including divect solar, is under way,

Eiecavse many villages have cither divsels dedicated o a particular vse of 2 diesel m ini-grid. they face both
economic {fuet cost) and maintenance problems associated with remote diese] operations. Yet in many of
these villages, the solar andior wind resources are good enongh to compete economicatly with the life-cycle



cost (LCCY of digse] operation. ™EEL has a significant prograsn addeessing the hybridization of diesel gen-
sets with renewables. The recently developed Hybrid Fower Test Bed is wsed to characeerize the
performance of emerging hybwid architectures, components, subsysterns, and control strategles for a
simulated village power load profile. The initial hybeid systemn test combined a 30-kW induction wind
turbine with a 175-KWh battery bank and a 30-%W dresel gen-set. Currently scheduisd tests inchude 3 50-kW
electronic inverter developed under NREL's PYMAT peogram and the contre] pancl for the Alaska “high-

penetration” wind-diesel retrofil project. Smaller hybrid systzras, in the 1.5-10-kW range, are scheduled
for testing latet i 1997,

COMPUTER MODELS

A significant barricr to the adoption of the appropriate renewable technologies for rural villages has been
the wbsence of analytic tools that accurately compare the afternative options, both conventional and
regwable, To address this barrier, the R3VP team has developed a set of models that address 13
optinization of hybrid systems (HOMER}, 2) the detailed technical and economic performance of hybods
(Hybewd2}, and 3} (he coonomics of alternative village electricily options.

While there are several models in usc for avaluating the performancs of hybrid systems, they suffer from
either limyited architectopss, control strategies, avaitability, or user-friendiipess, MREL, in collaboration with
the University of Massachusetts, has developed the Windows-based Hybeid2? model that is wersatile in s
components/architecturesfcontrol sirategy options and is publicly available. Ap extensive library of
commercial components is mcluded, as is the capability 1o input user-defined components and control
stmategies, Typisal hourly wind and solar resource data are availabie to seale if siee daka ars not available,
Village toad profile, system architecture and control strategy, unit ¢osts, and financial parametars are inputs,
The key outputs are component and system performance, dissel-fuel vse, and sconomic parameters. This
model is used regularly by analysts who want to compare the econamics of hybod system options to
eonvenlionsl dicsel gon-sets.

Recause of the limited expericnce with hybeid swstems, analysts who want to investigate the technical and
financial performance of hybrids have a diffienlt time gemting started in selecting an architecture and control
stralegy that is appropriate for the given village load profile and the avaikabic solar and wind resources, To
address this issue, the RSVP team developed a Flybrid Optimization Model for Eleetric Renawabies
(HOMER) using specialized oplimization software. The analyst inputs solar and wind resource data, village
load profile, desired service guality, unit costs, and financial parameters; the objective {unction iz least life-
cvcle cost. The program searches for and selects the architeeture and conteol strategy that provides the
lowest LCC. This architecture becomes the input to the Hybrid2 model. It is particularly useful for
sensttivity analyses on variables of resource, loads, dicsel-fuel costs, and financial parameters.

Conventional nurai-elecirification methods include extending the wilily grid or implementing an izolated
diasel mipi-geid. For those communitics without these solutions, batterbes, kerosene, and candles are ysed
extensively, even in the rerotest villages. Recently, the uze of PY-5S has been adopted by a number of
countries a5  viable altemative 1o non-grid lighting sources. The World Bank’s Asia Teclmical Depanment
{A5TAE) developed 4 spreadsheet model to compare PY-SHS to conventional slectricity options foc



Indgnesia. The RSVE team has collaborated with ARTAE to expand the comparison to include wind and
F¥-based hybrids and an optimun: mini-gad. This teol can now compare optimum RE-based hybrids to PY-
SHS and conventional options, therchy providing an economic comparizon of AC and DC optiens, bath
eonventional and RE-based,

SYSTEMS AMALYSES

Becanse renewabls solutions for villages are relatively new, the anlylical capacity o evaluate options 15
limited, The RSVE team is collaborating with indusiry, government agensies, MGOs, and international
organizaticns in analyzing villzge options using the aforementicned compater models. The analyses fall into
three categoties: prefeasibiliey, design, and post-installation systera perfornance. The prefeasibility analyses
generally are sensitivity analvses about the key parameters that the collaboraters spectfy. During the last -
year, the RSVE team performed such analyses for small, remote wind-hybyids for villages in southern Chile,
witd-diesel retrofits of isclated communities in southern Argenting, a 5Q-kW wind-PV-diesel mini-gtid in
ruprthern Brazdl, wind-FV-diesel retrofits in remote fishing villages in Mexico, a wind-diesel retcofit of an
eco-tournizm resort i W acatan, diesel retrofits of mini- and micro-grids in eastemn Indonesia, PV-wind hybod
lvouschold and villsgs systems in Inner Mangolia, wind-FY school systems In Argenting, wind-diesel reteofit
of remote locations in the Munmansk region of Russia and fishing villages in northwest Afaska. (The
specific resulis of these analyses ars publizhed in other conference proceedingsh.

Becanse the RSVE wam recognizes that industry uses its owm set of design tools and methods, we ganerally
do not eonduct dstailed desizgn, Howewer, we have worlied with industry to assist theim in the use of Hybrid?
st that they can adapt it for specifie desipn studizs. The use of systems analysis toods to cvaluate the
performance of apecating systems lias peoven very valhiable, While most village system installations anc
- cotmrnissioned, they do not tnchide performance monitoriog dala acgoisition systems. The RSV prorram
and other kechnical organizations are encouraging some level of monitoring, since monitored data is the best,
if not the only, way to deterrnine compenent and system performance over time. Comparing actual
performance to prédicted performance can greatly help the system designer and component manefacturer
improve their products, Because monitoridg i3 both expensive and time consuming, a st of protoecols has
been developed for differsnt levels of analysis. Beporling the cesuits 0 the villape-sysrems design
comunubity ks critical o the continued improvement and competitiveness of RE-baged systems.

PILGT PROJECTS

The tole of pilot projects in the development of a sustaingble. RE-based rural clectrification program is
critical, Pilot projeces requice details; detarls riquire attention and commitfment that lead (0 in-country
knowladpe, in-country knowledge is the beginning of sustalnability, The pilot-profect process addressas
three critical areas: technical performance, econamic competitivenass, and institational viability. Because
rencwables s gensrably an unfamiliar solution to thoes who are eesponsible for the planming,
implemenkaticn, and speratton of rurdd electmnfication selutions, it is essential that the hardware be installed
in-region. The process of site selection, load astimation, resource assessment, prefeasibility znalyseas,
tamifianzation wilh commercial BEE cquipment and suppliers, system specifications, procuremment
development, instablation and commissioning oversight, and analysiz of performance data are extremely



valuable to the in-country participants. in many cases, the initial pilot project is heavily invested by the
RSVE teamn, but subsequent pilots it other regions are led by the now-gxperienced in-country team.

Wind-electric and PV generators, and their belance of systems, ape very differcnt from conventional
Eeneration equipment in 1oamy aspects, and therefore somewhat intirnidating oy the regional mral lectrieity
pravider. To make the transition o comfort, the systems wilt need to perform as well as or better than the
conventional solutions. Robustness, reliability, quality of service, and serviceability are the technical
parameters that the local provider will be interested in evaluating. The performance data, including system,
resource and [oad date, need to be collected, collaboratively analyzed, and reported te the project sponsors.

Most rural electrification prograns have a methadology for comparing conventiona gptions and providers’
approuchies and costs. It is important to integrate the renewable solutions 110 the extsting methodology. The
pilot projects form the basis for comparing the seonomics of RE-based systems to conventional soluticns.
However, the absolute costs of the pilot project are not the appropriate velues for the compavative analysis;
after all, the conventional options are mature with significant in-¢ountry investment and raarket. Therciore,
it is important to ovake the comparisous with a joint-venturs (cunceptual} scenario, Whete $oMe n-country
yaapufacturing and assembly sre combined with limited direct imports; add (o this the parameter of
reasunable volume and the comparison is appropriate for planning for the RE optiens. The bridging strategy
of developing this in-country capacity can then be ¢ealt with from a policy perspective.

while the techmical veracity needs to be demonstrated, and the sconomic comparisen needs 1o be made in
the country context, the most significant value of the pilot projects is the development of the institutional
wiahility. There have been countless RE-based, donor-gided mral projeets that tmade technical and {long-
termm) seohomic sense, but never were replicated, and in many cases became non-operational because ¢are
was nat teken in the jostitutional aspects of the project. RE systems, like all energy systems, require
adeninistration, operatipnal, and maintenancs attention’diseipline, The administration ineludes the
establishrnent of a tariff {or fee for service) strugture that reflects the ability and willingness to pay, as well
23 energy usc; the collection of revenues; the discipline of payment; the management (including traiting)
of the operators and maintenance contractots; and the provision for operational and capital expenses. The
type of institution that will serve the nirat electricity needs will depend on the local situmion and the regional
and national regulatory and legal structure. '

The RSVE team is inwolved with a wide vadety of institutions in its pilot prajects, including national and
regional utilities (both public and private), electeicity and fishing cooperatives, federal and regional
sovermment agencies, intemational snd local NGOz, and prvate companiesenircpreneurs. la some cases,
the operational aspects of the pilot syster ave divided among several institutiens, with the agdirinistration
by & different oeganization from that performing the daily operational support and ihe penedic maintenance,
The BSVP team iz invelved in ieaining of these institutions at the various stages of the project.

Corently, the NREL team 15 invelved in thirteen countries i the design, implementation, andfor evaluation
of rural vilape pilots; the counwics include Argentina, Brazil, Chile, China, Dominican Republie, (hana,
Cimaternala Indig, Indonesia, Mexico, Fussia, Sauth Africa, and the Unitzd States {Alaska)l, The technical, .



cconomic, and instilutional lessons Jeamed in these pilots will help lead RE adaption in other regions af
these countries and establish a base for other country programs.

TECHNICAL ASSISTANCE

Becanse RE solutions for villages are not widely implemented, there is a substantial gap between the state-
of-the-art knowledge of renewable technologies and applications and the in=countyy knowledze and
experience. The RSVP team provides technics] assistance to government agencies, privats companies, and
intemational mstitations in the form of resonrce assessment, prefeastbility systems analysis, specification
devetopment, pilot project design and development, taining, and performance monitoriog and evaluation,

The estimation of the solar and wind resqurces is eritical for the assessment of the competitiveness of these
RE systems to conventionai options, Historically, the quality of wind tesotrce data, and to 2 lesser extent
solar data, has been inadequats to make reagonable estimates of the performance of the RE sysieme. There
is a substantial cffort under way at NREL to assist cowntries in assessing their wind and solar resources.
Based on recent information on the substandard quality of wind data in the developing world, a number of
coupiries have begun programs to develop wind resource data in suspected windy régions. To 25518t in these
efforts, WREL has undertaken a wind-mapping program thst uses a variety of metcoralopical data bases,
custom sottware, and state-of-the-art Geographic Information System ((HS) techniques oy develop regianal
and, eventually, national wind resource maps. These maps help graady in wWentifying regions of suitable
resaurce for wind-basod village systetns, as well as regions where wind systers will probably ot be viable,
These maps have become the screening reference for identifying pilot project locations, These HIApS Are
vselul for locating regions for additional anemometry o quantify the wind resource and project value.
NREL wind mapping is under way in Argentina, Chile, China, Indonesta, Mexico, and the Philippines, with
negotiations wnderway for similar ¢fforts in the Dominican Repubtic, Thailand, and India.

The R3VP team's training efforts include participation in country workshaps on wind, PV, villaze hybrids,
and resourts assessment. A valuable training experience is encompassed in the wisiting professioual .
program. Country engineers and analysts typleaily join the RSVP team in Colorade for 2 periad of one 1o
¢ighteen months to partcipats in experimental and analytical research projects. During their stay they are
expused to the latest technicai developrents in village systems, interact with the RSVP team members, and
carry Oul projects appropriate to their countriss. Visiting professionals have worked on battery charging
stations, iee-making, hybrid systems modsl development, praductive use load estimation, village mini-grids,
wind mapping, and diesel retrofits. The visiting professicnal réturmns to histher country with the knowledge
of the current state of technology and analytical toofs, 2nd a personal comnection o the RSVE team,

The ESYF program sponsers an annval village power confarences in Washington, 0.C., in order to update
the international ageneies on current RE-bascd village activities. Additionally, it 15 a formn for the
discussion of alternative approaches, lessons-learncd, and challenges 1o RE-base rural electrification AMong
mdustry, NGOs, government agencies, inteenational development agencics, and ressarch organizations.
Tapics for diseussion have ingluded financing, country projects, computer modeds, institutionsl approaches,
techinical issues, operational sustainability, agency initiatives, and COMPaMILYVE £oONoMIcE.



PROJECT DATA BASE

The most common request by in-country officials and engineers.is for information on successful projects
in other countries. With the advent of the Internet, the ability to communicate quality, up-to-date
information on a world-wide basis is rapidly emerging. The RSVP team has respanded by making a data
base on RE-based village power projocts avaitable through 1he Intemet. The data base includes project
descriptions, including locatien, application, systern description, economics, financing, participants, and
lessons-learned. There is a search ¢ngine that can jocate specific aspeets of interast to the inquirer. We
cutrently have 155 projects in the data base and expect to have 250 by the end of 1997,

We also have taken advantage of the Intemet to develop a village power diseussion group of raore than 100
professionals in the field of renewables and rumf electrification from around the world. While anyons of

the group can address the list-serve with a particudar question, we also convene modersted discossions on
village power topics.

SUMMARY

NREL has developed the RSVF team to address the enormous opportanity of bringing eleetriciny to rural
villages with ecanomic and environmentally sustainable rencwables solutions. Whils the program is only
several years old, 1t is well positioned to heip develop, communicate, and irplemment RE-based rugal
applications, A eritical aspect of this effort is the partnerships with industry, in-country organizations,
international development institutions, government agencies, national labs, and universities. The
clectrification of the tured world is an overwhelming challenge, but with internarional coepetation and
ingenuity we intend to “mrake a go of it.” '



