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ABSTRACT

In {ts role of supporting the DOE Notional
Photovoltaic Pvogram, the NASA-LeRC is designing
and fabricating a stand-alone photovoltaic power
systerm for inatallation in the Papago Indinn vil-
lage of Schuchull, located approximately 120 mileg
west of Tueson, AZ, This villige presently has no
clectrical pever, The photovoltoic syatem i being
designed to provide eleetriciey for villuge water
punping and basic domestic needs ne part of a cost-
sghared experiment involving LoRC, the U.5, Public
Henlth Service and the Papage Trile of Arizenn,
The system will consist of o 3.5 kW {peak) photo-
voltaie array; controls, instrumentation, and
gtorage batteries located in an electrical equip~
ment building; and a 120 volt DC village distribu~
tion network, The photavoltaic system will power
a 2 0P DC electric motor {roplacing oh existing
diegel engine) for water pumping; 15 refrigeration
units, a washing machdne and a sewing machine in a
domestic servicer building; and {luoregcent lights
in the feast house, church and each of the 15
homes in the village,

INTRODUCTION

The NASA Lewis Research Center (LeRC), acting
on behalf of the Department of Energy (DOE), is
plonning a photovoltaic village power experiment
in Sebwehull (Gunsight), Arizona, located about
120 miles west of Tucson on the Papago Indian
Reservantion. Other participants in this cost-
shared experiment include the Public Health Sarvies
(PHS) and the Papago Tribe of Arizena (PTA). Some
of the funda for the PTA portion of the project are
being provided by the Four Corners Reglonal
Commission.

This paper diacusses the design and fabriea~
tion of the photovoltaic systom to be ipgtalled
ineluding a brief description of the selection
process employed in choosing the village of
Schuchuli and the specific load devices to be
powercd, Supporting activities are also discussed
briefly,

BACKGROUND

The DOE is pursuing a Nationnl Photovoltaie
Conversion Program almed at developing cost-

effective photoveltale power systems capable of
providing a significant amount of the natfon's
energy requirements by the yenr 2000, This pro-
gram has been divided {nta several projects, one
of which {8 the Teats and Applications Project
which is being mannged for the DOE by the LeRC,

one of the objeetives of this Praject is to
acquaint potential wgere with the featureps of
photovoleaic power syscemy to acecelerats thelr
entry into the commereinl market. Applicacions
which indicate near-torm cost-effoctivoness, tech-
nical feasibility, and/or substantial uge multi-
plication are censidered for Joint, cpat-shared
experiments,

Through diszcussions with the Publie llealth
Service (PHS), Tueson, one such application was
identified: village power for remote Indian vil-
lages, Technical criterin were escablished
Jointly by the LeRC and PHS to enable pelection of
a specifie village far a photoveltair experiment,
Reprosentatives of the Papago Tribe of Arlzena,
using the LeRC/PHS technienl eriterfa as a puide,
selected Schuehuld for the experiment, This vil-
lage, shown in Fipure 1, is located on the western
odpe of the Papago Reservation acd consises of 15
families (95 poople), No clectric power service
ip available to the villope. Petroleum fuelled
equipmant 15 used for pumping water, The diet of
the villagers includes items sueh as chili, beans,
tortillas and commereiplly available nonperishable
vegetables and canned foods. Food 1s gencrally
purchneed at Ajo, about 20 miles from Schuchuli,
with only jce chast storage available, Cattle
raising and wild game hunting provide an cecasional
supplemental source of food, Most dwellings in
the village are of tradirional adobe construetion
with a few of masonry block constructior, Lighting
is provided by kerosene lamps,

Representatives of the Papago Tribe and the
village approved the installation of the photo-
voltade system for the village of Sehuchuli, The
sclection of the loads te be powered was based on
a prioritized list develeped by the villagers,

An clectric motor to operate the existing water
pump was an obvious cholce to reploce the 7 HP
diesel engine currently used, This will eliminate
the cost burdens associated with diesel fuel and
maintenance which ploce a strain op the Cinancial
resources of the village. In addition, the vil-
lagers agrend to use other load devices




{appliances) In n commupal Efashlon and approved

tho construction of o domestic services building

to house the applisrees. The othor lond dovdees
chopen by the villagers based on powor availabilivy
ind need are listed belew dn orvder of priority:

B A 3lght in the kitehen of each houke

2} A 1ipht {n another room of eacly housa

1) Lights in o community building and fcast house
4) lefrdgeraters In o communicy buildlog

5) Washing machlne

6) Sowing machine

Following the dite selectlon and the prelimi-
nary definition of the photovoltade power systen
and loada, a Memorandum of Undergtanding and an
Implementation Plun were prepared delindng roles
and reapongibilitics as follows: ‘The DOE/NASA-LeRC
in vespongible for the design, fabricabtion and in-
stallation of the photoveltaie power aystem, the
elecerlcal cquipment building, and load deviecs.
The Papago Tribe has overall responsibility for
the electrie distribucion netwerk and the domestic
nervires butlding, The PHS {n responsible for the
well and pump, and water drainage as well as cp-
glte project coovdinatlon. 7The duraticn of the
experiment iy two years with instullnzion sched-
uled for the Fall of 1978,

SYSTEN DESCRIPTION

The Schuchuli Photovoltaie (P/V) Village
Power Syatem consists of o 3.5 kW, 120 volt DC P/V
array field, 2380 mmpera-hiours of battery storage,
controls and instrumentation, and a pole line elec~
trienl digtribucion notwork. ‘he batteries and
controls arc located in on eleetricnl equipment
beilding (EEB) as dnddcated In the block diagram of
Figure 2. The P/V array field and EEB are located
In the vielnity of the existing well, as shown in
Figure 3, to minimize power lopses to the largest
elegtyical loaod,

An all DG system wag sclected to aveld the
losges nssociated with commercially avadilable DC/AC
inverters und hence maxdmize system efficloney,

The system voltage was get ac 120 volts bo meet
clectrical code requirements for distributlon line
losges and to enable use of commercinlly avallable
gwliches and appliance motors, The lond devices
were Individually selocted on the basis of encrgy
efficiency.

System deaipgn, excelusive of the pole line disg=
tribution network was pexformed by LeRC personnel.
The pole line distribution network was deaigned by
the Papago Tribal Utility Authority, Modules for
the P/V array fleld were supplied from the DOE/JPL
Block IT procuromeat. A brief descriptilon of the
major syatem components and features follows.

Loods und Load Proliles

The P/V power system provides power for a vil-
loge water pump, village lighting, 15 refrigeration
unite, a elothes wagher and g pewing machine as
deseribed balow:

Water Pump, = A 2 HP permanent mopnet 120 wale
DC motor will be uwged to power an exiuting Jack
pump on the main woll. ‘the pump del fvers approxle
mately 1100 gal/hour inte the village water dip=
tributdon syatem which tncludes an 11,000 pallon
atorape tank located approximately 1200 feot from
the well. LeRC amd PHS peesonnel jaintly cstis
mated water conpumption for villagers and )iveptock
to vrange from 2500 gal/day in the winter to 3000
prl/day in the pummer. An odditional 960 palfday
wis estimnted by LeRC <o be requlired for the
clothes wapher., Total pumplng time therefore
vanges from 3,1 lours/day In the winter to 5,4
hours/day In the summer, A contrel system limits
pumping to daylight hours roughly contored about
mid-day, except for cmergency sitvattona, Another
vwell, powored by a gusoline englne, con provide
water if problems occur with the mais well or B/V
syatem,

Lights, ~ A total of 44 20 watt/12¢ VRC flun-
regeent lights will be Installed in the village,
The lights will employ o gpecial design 120 VIC/
23 kliz dnverter ballast which enables the lamp to
produce the same number of lumens as a 120 VAG/
60 Hz bnllast, The lights will be distributed ag
follows: 2 in each of the 15 houses, 6 in the
feast house, 2°1in the demestle gorvices building,
Z In the chureh and 4 in cle electrical equipment
Lbuilding, A lighting load profile was ponerated
by LeRC after vonsultatlon with the Sehuchuli
Village Chairman, 'ho totol leoad profile varies
with time of year ns does the morning and evening
digtribution of the profiie,

Rofrigeration Units, - A total of [iftcen
(15} 4 cubic foot refrigerators (with a small
troezing compartment) will be provided in the do-
mostic servieeg building, These rvelrigerators are
a custom desipn developed by a manulacturer of
marine refrigerators and will be complefely ip-
stalled with a minimim of 3 inches of palyurcthane
foam. Eaech will have an autematic dpsr claoscr and
a key lock, Three refrigerators will be assembled
as a unit and powered from n sipngle compressor
with s 1/8 HP 120 YDC permanept magnet motor., The
manufacturer reports that the duty cyele should be
nbout 25% "en" in a 110° F ombient epvironment
based on teat vosults from a similar unit, The
refrigeracor evaporator cold wall contalns o re-
frigerant gel which is Frozen by the refrigerant
circulating in the system. The refrigeration
units will be located against the north wall of
the domestic services building in a locker~type
arrangement with the compressors located on the
outside of this wall for improved heat rejectlon,

Clothes Wosher. - A standard wringer-type
washer hag been procured and fitted with a 1/4 Up
permanent magnet 120 VDG motor, A wringer-type
wagher was sclected for ovorall simplicity and to
reduce water consunpeion, The washer, operated
from n clock timer, can be run for 12 hours/day,
seven days a week, At 1/2 hour/load, this pro-
vides for washing approximately 1.75 loads/person/
week, Water consumption was estimated at 40 gal/
load,
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Sewlup Machlne, = A commerelally avajlpble
sewlng machine with i vortety of ntitehes, a lipht
amd a 178 Hp, 120 v unlversol metor will Lo fnotal-
ted in the domestie services building. For system
nlaing purposcs, the unit was apsumed to operate in
the late afternoon for 3 hoursfday,

MY Array and Battery Sizing

The destgn of a P/V aysten depends almosk ens
tirely on two factorst an accurate defInitdon of
load power requirements and dubty eyeles, and the
determination of the preper slze P/Y arvay ond
enerpy storage capaelty, In additfon, lomds should
b desipned or modilicd to operate ouly when re-
quired und should bo gelected based on their cnerpy
of f teleney characteristics,

The basle approach to determining P/V orvay
alre aml battery capacity (s ro mpteh the combina-
tion of B/V arvay output and onorgy storage ca-
pacity to the load requirementa. For skand-nlone
pyatoma, this meang that che P/Y arvvay must gener-
ate enouph power to meet the totnl ammual load re-
quirements ineluding battery charging Inefficien=-
vloa, ond that the batteries must be Iarpe cnough
ta puntnin system operation during periods of
below average scasonal and divrnal insolation,

LeRC has developed a comptiter progvam which
detemmdues average hourly P/V cell output by menth
for a partleular location and alse calewlaces BJV
array size, tllt angle ond battery storage eapaciiy
Inputs to the P/V cell outpul calceuliation are
average manthly values of insolakien, skycover
from the Climatic Aclos, preeipirable witer and
atmospherie turbildity; and solar cell area, effi-
cleney and maximum power veltage, The F/V system
slmulation uses the output from tha P/V cell cal-
culation and matehes 1t to an hourly load prelile,
The almulatioh program provides monthly system out-
puts for o 16 month period for apeclffed numbers
of scries strings, battery capacities and tilt
anglen, ‘'fhe simulation {nciudes provinions for
/v module degradation and rovdem variation in dn-
solatlon, The P/V drray and battery are generally
silzed to limit battery woaximum depth-of-dlscharge
to about 50%, Tilt mugle is gelected to optimize
the array size and battoery capacity. Selection of
the eptimum neray size and battery capaelity combi-
natian can be modified by system considerations
{c.g., physleal Limltatiens for P/V array or bat-
tories) or cconsmic considerations.

Uging thie sizing program, LeHC has determdned
that the B/V nreay for Schuchuli showld be 3.5 kW
and that the battery capacity should be 2380
ampere=-hours, The slzing Indieates that, with 20%
degradation of eell output due to potential encap-
gulont darkening and dire accumulation, and a 120%
varintion from avevage values of insolation, the
battery maximum depth-of-idlischarge should be about
60%.

[ TAY Array

The 120 VDG 3,5 kW (peak) P/V array will con-
sist of 24,4! x 8 panels, Ench panel contnins 8

e

modules ¢onneeted In serles to make yp o 120 vio
serdea otedng,  The paneln will be arvavped In 3
rowy of B and wIil be located fn g 70" x 10!
fencod area,  The gevond and thivd rows will he
stepped 6" and 12" higher than the first row o
mindmize ahadowing and row spacing,  The panel
Crome and support srrocture has been deaipned to
withotand 100 mph wind loads omd wilI be Tabe feated
from commercially avatlable hardware, Tilr anple
will he adjusted 4 timen a veer to 3.5° (numer),
26° (opriopg and £all), and 4B° (winter).

Batrerics

The battery storape will conviat of 51 each
2180 imporo=honr capacity colls connected 4n serfou
with a parallel arcanpement of 4 pilot colls for
load management,  One pilot eell has o 10%% ampere-
hour capacity and the other 3 have 310 ampere=lhour
capacttdes, A1l capacitles pee ap o 500 hour 77° ¢
diacharpe rate, The cells woro depipned Lor opeta=
tfon with P/V syatems aml have lead-calelum platen
capabile of deep discharpe eyele operation, The
batterdeon will be housed in o gepacate, ventaod room
1n the electrieal equipment building,

Load Manazement
R e e et

Because of upknowns din the uge of the leads
iid varlations it insolation, a lom! manapement
aubsystem was lncorporated dnte the design to (1)
protect the bagteries Erom exceasive discharge and
potentinl damage, and (2) to malutain operation of
the more critical louds at the expense of lens
erdtical loads, 'The load management subsyatem go-
quentinlly discouncets loads as the battery va-
pacity decreases to preset levels,

At 50% depthenf~diseharpe, the washing and
gewing machines are disconneeted, at 605 che lghts,
at 70% the water pump wotor, nnd finnlly at BO%
depti-of-digeharge the refrigerators arve discon-
neeted, As the battories ave recharged, loads are
gequentinliy veconnected fnto the system In reverse
order, The four pllot cells provide sensing of
the depth-of-discharga,

Syptem Voltage Repulation

System voltage Ls vepulaced by array steing
switeliing, ‘There are relays (one per string) which
connect the strings to the main bus or open cireuit
the strings through a {leldeprogrammable drum relay,
Tho drum relay ls commonded to ineresse or decrease
the number of connecked atringas by a controller
wvhich senpes system voltage, This same drum relay
ig also used for the load management stibayatom,

In additien to system voltoge vepttlation,
under and over voltage protectlon ig provided, IF
gystem voltage exceeds the maxdmum allewable value,
the P/V array is disconnccted. Tf system voltape
drops bolow the mintmum allowable, the loads are
diseonnected . Alarm lights ave provided for these
condiciony,
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Tnateumentation

The Schuchuli village P/Y powar system is an
cxperinmental aystem and {5 completely {nstrumented,
There are two fndependent Inptrumentation subsyg-
temsy o opanel meter subgyatem and an automatic
vagette data recorder, The panel mecery will bhe
read dally by a village resident who will be
teadned to take readlings ond te roeognlze apomalonn
operation, Moagurements will also be recorded
every [ifteen minutes by the automatic data aypcom,
The cassetves will bo malled to LeRC for annlysils
ag will the ponel meter dota,

tavameters to bo measured Ipelude eurreents,
voltages ond ampere-hours for tie P/V arvay, bat-
terdes amd all loads. Run=time meters will be pro=
vided for each loal and water consumption will algoe
be recorded.  This fngtrumentatdon will enable
direet determinatfon of electrieal performance and
will provide local weather dats amd gelected toem-
poerature datn for comparison with basle desipn
criterln,

Sire Plan and Dlstribution System

A gite plon and layout of the power distribu-
tion mystem f8 shown in Figure 3, The pole 1ine
distribution network has recently heer installed
by the Papage Tribal Utility Authority and generally
follows the watep diatedbutlon line, thus oytab-
lishing a uellity corrvidor avound the villoge.

The 120 vDC pole line distribution network consiusts
of two eirveuits each with two No. I ACSR bare alumi-
num conduetors, (e of the two distribution eir-
rults provides power for all appliances in the
domestic serviees building. ‘The other edreult pro=
vides powor for lights In all the other buildings,

Genernl Siufety Precautlons

The photovoltale aystem has been deadpned to
withstand 100 mph wind conditions. In addition,
the photovoltaic system desipgn and ingtallation
will conform to Natlonal Electrieal Codes and OSHA
Safety Regulakilons ond specifications, Addicfoncl
gafety features provided are listed below:

1) Tha array £ield will be eurrounded by a 6-foot
high ehaln=link fence and locked (necess by
authorized persomiel only).

2) Warning signs (NIGH VOLTAGE) will be mounted on
the fence,

3) System operation will be monitered and eon-
trolled putomatic¢ally,

4} A sign will be mounted ot the pimp indicating
automatic operation of the motor,

5) A shicld will he provided for the pump motor
pulley and belt, :

6) The clecgrical equipment building will be se-
cured by a suitable loeck with authorlzed access
only,

7) Turbine ventilators and an eyewash stntion will
be provided In the battery room of the electri-
cal equiraent building,

8) village pergunnel Invelved In monltarlng and
malatenance witl be thorouphly trafned to tol-
low wafe operating procedurcen,

SUPTORTING ACTIVITIES
Environmental Tmpact Asgessment

The knvironmental Impact Asacsement preparcd
for this project voneluded that the installation
aml operation of & photovoltaie power ayatem In the
village of Schuchul{ will have uo adverse envirens
mental impact. Ag auch, no Enviroumental Impoct
Statement ip required for thiy project,

Socio~Feonomie Study

A coveurrent study of the goeip-cronomic
effectas of futroducing the photoveltuale asystem Into
the villape of Schiehuli 4s boing conducted by
Arizona State Univernity., The study {a divided
into two parts: o d-month Mbapgellne study® to
characterize the villoge prior to initlal opera-
tion; and 4 12-month follow-up study to document
the Impact of the solar cell gyatem on the domestic
and commimnal activitles within the village.

Usce Fducation Propram

An orfentation and education program will be
ineluded na part of thie project to aequaint the
realdents of Sehuchuld and other Tribal pervonnel
with the wse and operation of the photoveltaic sys-
tem including loads, This cducation program will
he developed by representatives of the Papapo Tribe,
LeRCG and the PUS, The Papago Tribal Uedlicy
Authoricy and Papigo Constrection Company will also
partiedpate in the orientation activity and will be
rvesponsible for maintenance aud vepair followlng
conclusion of the 2-year experimont.

CONCLUDING REMARKS

The Schuchuldi P/V village power aystem i+ now
in the fabrleatioh ond construction phase. The
experdence gained during the design phase mdiecates
that an nll-DC photoveltaie power aystem {5 prac-
tical for romote sltes, ‘There ave availahle
appliances which operate [eom DO and which are
more efficient than their commerelal AC counter-—
parts, System operation ia scheduled for the Faxl
of 1978, This project has gained widespread inter-
est and will be dmportant to the future use of
photovoltales,
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VILLAGE OF SCHUCHULI, ARIZONA SITE AND LOCATION PLAN
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Abstract
In its role of supporting the DOE National Photovoltaic Program, the NASA-LeRC is designing

and fabricating a stand-alone photovoltaic power system for installation in the Papago Indian
village of Schuchuli, located approximately 120 miles west of Tucson, AZ, This village presently
has no electrical power. The photovoltaic system is being designed to provide electricity for
village water pumping and basic domestic needs as part of a cost-shared experiment involving
LeRC, the U.S. Public Health Service and the Papago Tribe of Arizona, The system will consist
of a 3.5 kW (peak) photovnltaic array; controls, instrumentation, and storage batteries located in
an electrical equipment building; and a 120 volt DC village distribution network, The photovoltaic
system will power a 2 HP DC electric motor (replacing an existing diesel engine) for water pump- |
ing; 15 refrigeration units, a washing machine and a sewing machine in a domestic services
building; and fluorescent lights in the feast house, church and each of the 15 homes in the village,
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