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RIEWE RD 
TECIINI 1X(Y REVIEW 

The Egyptian Electricity Authit (EEA), the United States Agency for
 

International Development 
 (UiSATD/Ca, , o), and a group of U.S. consultants, form 

a team res ponsible for conducting!field test demonstration projects for eleven 

renewable energ;y applicati ns in >pi .hse.,. dom nstration projects include
 

tihe 'ise & photovoltaic, wind and I 
 her oLal s s t ems for wator puinnng , ice
 
making, desalination, industrial proos, 
 heat and grid connected eipetricity
 

generation. 
 The specific objectiyes of the four-year program are: (1) to
 

demonstrate the viability of renewable 
 energ, technolog~ies in Egypt, (2) to
 

comprehensively strengthen 
Ey ptia., technical and institutional capabilities in 

the full spectrum of renew'nble riner '! planning and decision making, and (3) to
 

establish the i'nfrastructure 
 necessarv to ensure that renewable energy
 

technologies, 
 which have proven success ful , are avaLable for widespread use in 

Egypt. 

Each field test contains seven generic tnsks: Tec;nology Review, Application 

Review, Conceptual Design, Preparation of a Statement-of-Work for a Tender
 

Document, Proposal Evaluation, Supe vi sion 
of Hardware Installation an.J Perfor­

mance Eva]uation. The Technology R.nv,.' for one of these f iel.d tests, Phiotov)oltaic 

Powered Lighting and Water Pumping, s presented in this document.
 

This Techno~ogy Revieow assesses the 
 en uponelt, and system technologies of 

this field test. and proides a rcpr' entative selection of manufacturers and 

Sys' temn int' egrat tig contractors, ha rIware : 'sstem specific;tions and examples of 

f ield expe rience wi &' other PV power.d I ighting and water pumping system 

appl ica cicri. 

This document is suhtask 3.7.? to the field test requirements under Contract 

AID 2 6 3-123C-00-4069-00, Task Area 1. 
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1 .0 	 EXECUTIVE SUMMARY 

1.1 	 Project Objectives
 

The primary objective of this field test is to 
provide EEA with practical
 

working experience in the desi!gn, 
op:ration and evaluation of photovoltaic
 

energy systems. This field thest: will accompli sh this objective by the demons­

tration and evaluation of three plhtovoItaic viLlage electrification applications: 

s
water pumping , decentral ized I i ght i n vs tems , d:i a central ied vi llage power 

system. The field test will al m provide information on the technical, institu­

t ional and financial pe rformanc' of th ,se systems for assessing the viabilit-y
 

of similar power systems for otler applications throughout Egypt.
 

1.2 	 Intent of the Iechlnoloy Revi-e-w
 

1here are a number of 
key factors that provide thr context for Technology
 

Reviews and support the evaluation of the desirability to proceed with a particular
 

field tert. The first factor is 
the degree to which the field test contributes
 

to the objectives of the overall PKET Project. 
 Th 	 Project has broad objectives
 

to investigate selected renewal enrgy options: 

1. 	Comprehensively strengthen EKg ypt ian technical and Institutional 
capabilities in the ful I spctrum of renewable energy planning and 
decision-making for techn"I ies and applications ; 

2. 	 Develop and sustain an FeYpt ian rcnewable energy infrastructure
 
through establishment of- data -ases, information systems and
 
organizations that 
 effeel fvlv sere both the public and private 
sectors ; 

3. 	 Design, realize and evaluiiit~o the performance of a series of field 
tests whi ch u i lize eoun:morci a ly avai lable technologies in applications 
having potential MYUnwi d proad i"so in Eg ypt. 

4. 	 Complete formal mnage rial and technical training, both on-the-job 
and specialized, and an intens ive information dissemination program. 

An assessment of the contriletion of this s pecific field test to the RiEFT 

project objectives must consider tle criteria necessary for a successful 

demonstration of a PV village electrificat.ion system. The Technology Review is 



primarily concerned with the evaluation of commercially available hardware and 

systems required for the successful design, installation and operation of the 

power system and the relevant end-un e technologies. The criteria used to 

evaluate technologies are lis ted below, athough not necessarily in the order 

of importance. 

1. Commercial availability of hardware systems 

2. Hardware performance/s s to-i'oliahility 

3. Capital cost and cost of aergy 

4. Operation and mai ntenance costs 

5. Potential for widespread development in Egypt. 

A review of the component ald sv tem technologies involved with this field 

test has been performed to support a it cision of whether or not to proceed with 

this demonstr1tti 01. A representa: ive sl ction of manufacturers system integra 

ting contractors, and hardware s pecifications has been provided. Finally, 

available design and applfcation experience with PV village electrification 

systems are included. 

1.3 Technology Perspective 

Field Test 07 involves three distinct applications of PV technology: 

water pumpin g, decentralized vill ..e. lighting, and centralized village power. 

Different considerations are involv'ed in integrating PV technology with the 

specific end use technologiies assniat ed with each application. 

PV water pumpi-ng technology has reached a significant level of commercial­

ization; there are estimated to lte over two thoisand s'stms installed worldwide. 

Packaged systems including hothI the PV power system ave, the pump.ng hardware 

are nva ilable from a vrieLv of manufatutirers. I)evolultrm.rnt efforts are currently 

focu.s ing on (1) making the systems more cost-effective, and (2) improving their 

reliability. 
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Design refinements center around 
making PV pumping systems simpler, and
 

with fewer components. Especially important 
is the use of DC (Direct Current) 

pump motors, which eliminate the ned for expensive and unreliable DC-to-AC
 

inverters. Many designs also eliminate the use of costly battery storage, and 

instead directly connect the pumps to the PV array.
 

The choice of pump type, either jack 
 pump, submersible turbine, or surface 

mounted centrifugal, depends 
on the water flow and 
head characteristics 
at the
 

well. 
 Accurate hydrologic information 
is vital to the design of a successful
 

PV pumping system. This success also depends to 
a great degree on careful
 

matching of the available solar resource, 
the PV power production equipment,
 

controls, 
the pump and motor, with 
the actual hydrologic conditions. 

Decentralized village lightin,., tec nology has also reached a si gnificant 

level of commercial success, with r:ny more than 1000 systems currently in
 

operation. A large number 
 of manufacturers and system integraccs offer
 

packages that include 
 both the IV power system and the lighting system. 

Most PV village lighting systems useare small PV arrays (30-50 watts),
 

batteries, charge controllers, 
 and onn or two highly efficient gas vapor lamps 

(fluorescent, sodium, or halogen) that operate on DC current.
 

TecKnical factors 
 that are critical to the implementation of saccessful
 

projects include 
(1) reliable charge controllers, and 
(2) availability of and
 

distribution system for spare parts.
 

Centralized PV village power technology has 
achieved a substantially lower
 

level of commercialization than either water 
pumping or decentralized lighting.
 

This is primarily due 
to the current 
high cost of PV modules. The individual
 

components of PV village power systems have proved themselves technically in 

several demonstration projects aroundl the world, and, as the cost per watt of 

PV power decreases, the use of such systems can be expected to increase 

dramatically in unelectrified villages in remote areas of the developing world. 
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One 	of the key technical 
factors affecting the successful implementation
 

of a centralized PV village power system is the 
reliability of the power
 

conditioning equipment. 
 All 	 of thss systems require battery storage and charge 

controllers to 
allow electricity consumption during non-daylight hours, but AC 

systems need additional hardwar, in the form of a DC-to-AC inverter. Large DC-

to-AC inverters are currently somewhat 
unreliable. If customer loads 
permit
 

it, a DC power system should be deployed, since it avoids the use of an inverter. 

An additional technical requirement unique to this application is the need for 

metering of power consumption by individual households. 

1.4 	 Manufacturers and Hardware Systems
 

A selection of manufacturers, integrating contractors and 
 hardware system
 

specifications are provided in Sctions 7 and 8 of this 
document. It is possible 

that no single company will have the broad capabilities needed to respond to 

he tender document. Therefore, it is probable that an integrating contractor,
 

who may or may 
 not be a PV systen m:lnufacturer, will coordinate the design, 

equipment selection, testing, procurement, shipping, installing, start-up, and 

training among a bidding team 	 of com.panies. 

1.5 	 Conclusions and Recommendation 

The findings in this Technology Review support the recommendation to 

proceed wit. Field Test #7 from the point of view of the potential for wide­

spread use of the technology in EJ;ypt, and ba±sed on the growing commercial 

availability of proven hardware. 

This review indicates that there should be no insurmountable technical 

problems associated with this demc,nstration project. This review supports the 

following conclusions: 
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21 	 Pr oje ct Ob Ject1.e~
 

Th-e-piffary-blj-dctives-,r0 tiis~ ,Ie test -are-to royie -EEA 44itp'-1$'& ]
 

working,' experfence w1i th Piloot o I ai e rgy. systems, a n to: provide System 

iJ design an~d ,operationa.,raiping for Egy tKnennesfothpu sef 

assessing and implementing siiar -projects through-~ yt SecfTa 

thisfield t ii11 evaluiate the, performance of ph~otovoltaic (MY)energy
 
~systems uised in three villg el ti c io 
 pictos Water pumpi.ng
 

decentralized, lighting sys temis and centraliz'ed village 
power systems.,
 

~The application of PV power. systems for lighting-and water pumpi ng, at,
 

the Baharia Oasis will serve as a demonstratiGn~of th'e te'chnical, &financial
 

capability PV technology ,to
CCAof 
meet power ,demands in"remote l21ocations. This
 

~~.ield
~ od]2 ~ bet data' 


operational sppr that -are requie 


~ ~ - Ii~a'e on the levels of maintenne 

to supr nrai numbers of 'similar
 

applications in remote locations in-4Egypt. 
Thi2s Tehooy Review pr ovi des, a
 

-eaied review of 
 the specfi eqipetn technologies to be em l'oyd in'
 

this field test,1 i.e."-PV ower sysjsiis, wate 
 pming and '1ighting system.
 
-C--C C 4C	 ,' yC' ems, 

-Thiedocument is supemne ,' the technical' information 'provd i the 

~PVC System TechnologyReference Not ebook whiCh was published'inSetmr1985 -3 
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capital city, called Bawiti, surrounded by several \illage areas within a radius 

of 50 kilometers of Bawiti (See Exhibit 2-2). 

The electrical energy supply lor the oasis comes through a 132 kV transmission 

line from the Aswan Dam. Power is ;tuepped down to 33 kV and 6.6 kV for 

distribution in the village areas of El Kasr and El Aquis, two of six major 

vil.lage areas within the Baharia a;;is. A p:rincipal energy user in the oasis 

is a government owned and ope rated iron ore mine with major facilities at the 

northeastern border of the oisis. Outsidu of El Kasr and El Aquis, several 

villages have been supplied with rnemote diesel e ng'ne-generator sets (See 

Exhibit 2-2). The remaining villages are not electrified. According to government 

officials in Bawiti, there are no current plans to extend the electric grid or 

to provide diesel generators o the El Haiz village area, because of its remoteness 

from Bawiti, and because of capnacitv coostraints on the transmission line. 

Photovoltaic power systems are being considered to supply water and/or 

irrigation pumping and basic lighti ng needs for several vil.lages. Two potential 

village areas recently visited wre in the El Hlaiz village area: Ain (, omaa and 

Ries. For Ain G;nmaa , a derentraliz:ed approach is being investigated, in which 

smal l PV systems are installed ii individual houses to provide energy for 

lighting. Approximntely fifteen independent, smaIl li, ghti.ng systems (30-50 

watts of PV per system) would he installed, each consisting of a roof-mounted 

photovoltaic module, a simple c'ontroller, i battery, and one or more fluorescent 

lighting fixtures. 

For Ries, a more centralized approach is being considered, in which 

a single large PV array will surve about 30 householdtls. Included would be 

the PV system, possibly with a DC-t"-AC inverter, local distribution wiring, 

house-by-house metering, fluorescent light fixtures and possibly other end-use 

equipment such as smal battery c'hargers or connectors for radios and television 

sets.
 

9 



A third village, named Ain Y(i,iocated in the El Harrah village area, 

is being considered as a site for th, water pumping component of Field Test #7. 

This village currently ha.; a w,.er ;upplyV and distribution system powered 1y a 

diesel pump located at tito eriga! the vil lage. The pump draws water from a 

sbal.low well and pumps it dirotlv into the distribution system; there is no 

water storage. The system servo; abnt 200 people. 

Under initial plans the di;o l pumping system would be replaced with a PV 

powered water pumping system and elIevated water storage. The proposed system 

would provide roughly 4n mm/day of water, .t 20 meters total head, to an elevated 

storage tank with capaci, ty for t hreeo da',s of use by the viage residents. The 

PV array size would be on the Wrdi of kW, and it would directly drive a IC 

pumpilg systm, wMtho"t need ftr btatories or power conditioning. it would tie 

into the existing water listribut ion system and would draw water from the 

existing well. 

Detail s of the preliminary sy;tem configurations, sizes and costs will be 

contained in the Application Roevi o.l Conceptual Design Document for this field 

test. This Technology Review otai I s an evaluation of the equipment components
 

applicable for use on Field TeSL t7.
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HISTORICAL, PERSPECTIVE ON COM P()NENT TECIINOILOGICES
3.0 

Field Test #7 will evaluate phlo.towltaics, technology applications for 

three distinct viilage electri fication applications; centralized and decentralized 

village electrification and wutr pumping. During this field test, each system 

and hardware cocponent wi l bw rptlrd op a technical , institutional and economic 

H power system the end 

ase equipment will also be evalustd. 

A perspective on the past nd current performance of each technology is 

provided in this section to identify possible areas ef concern for this field test. 

basis. The integrated perfnr .,nc,'oI the components and 

3.1 Pumps
 

Electrically driven water pamping is a mature technology that has been in 

widespread use since the invention of the electric motor. Numerous reputable 

companies worldwide, i.ncludino i fi nns, repularl.y design, manufacture,,'t "1an 


assemble, install and maintain witer pumping systems. A development occuring 

within the last 5 years that in part icularlv relevant to this project is the 

widespread co.merciaiizaiton of K muotor drien pumpsF, de,'igned specifically 

for use with PV power sources. Thpv are available in a limited range of snall 

sizes, and require no DC-ts-AC inverter; they may be directly connected to the 

PV array. 

3.2 Lights
 

Electric lighting is liko,.,i se a mature technology that has been continuously 

improved and refined over the pant century, with the emphasis in the past decade 

on energy efficiency improvemint:. Fluorescents are among the most energy 

efficient lighting types, and hav, Iined widerpread acceptance as being 

particularly compatible wi IPV and otler rtneto power sources. At the present 

time, a number of packaged P 1fluirescent light ing svstems are commercial Iv 

available worldwide, as are a variet y of portabl,, )C battery powered fluorescent 

lighting systems. 

11
 



3.3 	 Batteries 

Lead-acid and nickel-cadmium storage batteries, best suited for photovoltaic 

power 	system applications, are pvren t.chnologies. Iead-acid storage batteries
 

have 	 been produced on a commercial! sclo for over 75 years. Nickel-cadmium 

batteries, first developed around !10H, did not come into common use until after
 

1945. 	 Both lead-acid and nickel-cadinim batteries a;e available worldwide.
 

Development in bat.tery techno"y is- directed at lowering cost, increasing
 

life, reducing ma r," i 's:ir increarsing Progress
mintentiece r n ,;and 	 efficiency. 

toward these object ives is expected to occur slowly but steadily. 

An impo rtant devel-opment in lWat trv storage technology for PV systems is 

the 	commercial availability of derp cyclI.e , sealed lead-acid batteries that use 

recombination hat.ry technology. iecombination battery technology significantly
 

rdtduces water con,;umption by designing the battery cells to recombine any 

generated hydrogen and oxygen inuto water. This permits the battery to be sealed 

and 	results in a relatively malintninoe free battery. Although the cost of
 

these 	 batteries is higher than "ventd" lead-acid batteries, which require 

higher maintenance levels, their ore in photovoltaic systems is expected to 

steadily increase. The effect: of high tmperatlre battery operation, as can 

be expected in Egypt, is an impnrt:at ronsideration in the selection of a specific 

type 	of battery.
 

3.4 	 Photovoltaics
 

The development and growth of terrestrial photovoltaics has been
 

Impressive over the past 20 years. The cost of photovolatic equipment has 

dropped dramatically while pprtrinanc, has toa(lil-, increased. The reliability 

of today's photovolta ic modul, s isrvirtuallv in)n, acc ording to reports from 

NASA-Lewis Research Cnter bared na the ir extensive PV application and evaluation 

experience. Related application expr ionce worldwido supports Lhis view. The 

1­



productive life of photovoltaic modules is currently expected to be approxi­

mately 20 to 30 years. Ten year performance warrantees from manufacturers are 

now available.
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4.0 	 PV PUMPING SYSTEM TECHNOLOGY 

4.1 	 Pump Options 

Several types of pumps are ova Ii able for well pumping applications, including 

positive displacement "Jack" pumpn S;nhmerged rotary turbine pumps, and surface, 

mounted rotary centrifugal or tr L~i U pump.-;, iach is suitable for a specific 

class of applications, and has unique operating constraints. Exhibit 4-1 

summarize; this information graphical lv. 

Positive displacement or -jack- pumps are best sulted for low flow rates 

or deep we[1s. The motor and coiLtrol ,s are located on the ground at the well head. 

They 	 ,perate wh a recipr,)catinp piston action to draw water efficiently from 

a wel 1. Ilweve r, bhcausQ their rec i procating action imposes a fluctuating 

energy load on the power system, they are not con;patible with directly connected 

photovoltaic power sources. 'Twomeans employed to "match" the jack pump loads 

with PV arrays are to use (I) a bue ry buffer or (2) a control system and flywheel
 

to accomodate the 3teady supply Ad eorgy from the PV array 
 to the cycling energy 

demand of the pump. Field experience with such systems has proven their designs. 

Submersible rotary turbine pumps are suitable for moderate to high-flow 

applications, especiall.y those with hi gh head requirements such as are found 

wels. submersil arein deep Most l ,,Iers AC (alternating current), which 

requti 	res the power output from l{' l 'Varray mnst he converted from DC (direct 

current) to AC before it can h, use'd to drive a pump. Submersible pumps function 

quit 	 well connected directly tl rmrugh an inverter to the PV array. DC motor 

submersible pump "nits are available today up to power levels exceeding 1 lP. 

Fiel.d 	 experience is vcry pns i r iv and sveral companies of fir DC "submersible" 

systems. The tradeoff wit h DC' c(omes, from usi.ng brushed vs. brushlss motors. Isrshed 

DC motors must he pul led out of ti e ;. 11 every 2-5 years to change the brushes. 

Brushless AC motors use an el ectrouitc commutator. Th benefit of DC submersible 

pumps 	 vs. AC uni ts comes chief ly froN the ahi liy to eliminate the DC-to-AC converter. 

I , 



Surface mounted centrifugal pumps are most useful in low-lift applications 

such as providing water for irri gation from canals and shallow tube wells. Thev 

cannot muster the suct ion head rn, i d to draw wat:er from deep wel Is. They 

provide the most efficient mat inqo [i a PV array of the pump/mo tr technologies 

The water pumping application for Field Test 07 has been tentatively sited 

at Ain ,did, located in the El larrah village area. At Ain Gdid and most 

other placos within the Bahari a (e. ;f, , water is obtained from artesian wells 

that carry ground water to the surfiac under natural pressure. The pressure 

head requirement for pumping this wnter is therefore mi nima. Surface mounted
 

centrifugal pumps are ide al ly soui fl
For application under this condi tion. 

The system confi guration tha is proposed flr tii fi. ield toPt is the use 

of a surfaceom iit(ed cent rItFuIilo I ne] ing aii el e.,a ta,d s torage an01. tha will 

allow distribution of the water undor gravi ty pressur throughout the day. 

The Regional Development: Plan for New Val ley 2 projects that increased water 

usage will not cause si gnific:nt draw down of the wells until after the year 

2no0n. This exceeds the ex pectei ego ipmoent lifetime of the initial pumping 

system, a though it is still witlii tie expected lifet ime of tin PV array. 

However, drawdown information .pt 'i fic to the field test SitO should be col Jected 

prior to specifying a pump. If IUli dynamici suction Ita is less than 5 meters, 

then a surface nounted centrifagil pumpi .on dI le a good aho te. if it i.s 

greater than 5 mters, submerslb!.; slshouldi be considered. 

In the long rin (an. I(ii v,, ;), fal in g piezom ta-ic pressures will require 

that formerly free-flowing wcls be piuinpedt. By the year 2086, tho pumping 

depth of the water can be expect it! , i"ncrease to approximately i inet:ers below 

the surface, according t, the Fg ima lDevelopment Plan (Sep Exhibit 4-2). 

When these candi t ions prevail , the type of replacement pumpi ng system specl fied 

will have to match the chaned condiiions. 

2 Ibid. pg. 60 15 
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4.2 Power Systemu Options­

Th~e photovolta~c.power systemn that drives -,the water pump a t Ain Gdid n
 

be confi~gured4 in sevr different ways. The mosa motn sem optiLons'
 

i4nclude~ direct~ connectipinof PV a m A connection Lthe
with DC tor ~\direct of a r ry: 

through~ a DC-tboAC inverter~ tog-an- AC mo tor,- andT -h~ncror o ofbttr 

ADC direct- connect-ion po'wr system rconfiguration requires the use~ o f~ 

a 4pump with a DC motor. DC 'motor driven -pumps -areilimited to a, range of small -4 

~sizes (eealles.ta1W) In the absence of battery storage or diesel 

bakup h pump. will fun ction whenever there isadequate sunshinet rvd 

' power. The mechanical! chracteristics o'f tipupgnrlyallow it to operate 

'at part load'when only ,partial. power, is availabl&''in the early morning'and -4 

lataferoon. fr.example., Bq6cause9 t hedirect current '(DC)'"producedz by
 

the PV a r yi't l z d w t o t i ~ r e i~ conditioning ", this" is anp extremely
 

4-'eegy-efficient4 C'nfiguration.4 B"avn the pump ~feed 4a large storage tank, '
 

the timing-'of"the water use does no aeto match that of the p~ump operatio.
 

~he,T second configuration exami~ned here is an AC system' ttiscnnce 

4 4toi the PV, array through a DC-to-AC i tlverter -'In~ this design, the DC 'output 

,--of the PV array is converted 4to AC power~wihaprxmtly1%pwer losses.J~ 

-- 1This 'AC power2'is then. used to' .directly drive- a, PLMp' with"uanA oor ic 

m'4iost motors for' all 'sizes "and piimp~ types are.AC?"4 this system cofgrto 

ofesmore fixblt nPu seeto-4 ateD configuration "described , 

aoe HoeeDC-toAC inertr cniteben shown Lobe~ the most~ 

unelable part of,'P ytt m, an "''i use si'nifcnl derae Lhe
 

exece -'ib~lt ofsj!poe ys te. use ik 44eLconc te
theer. sy 

4" 4-
WOW sL . " 4{e 4; 



~b~,this 'co'figurat~ion would allo~w part-load operation and-'would' work best 

wlAieiin feeding an elevated water storage ta nk. 

'The thfird posilepower sys Lem' coniurto i n that i4ncorporates 

batr soae Batteryk'storage, co'uld be 'coupled with either a~DC or an AC 

sytm Itlh tr aIIowthe pump~ to operate *~somewhatwol eeg independent 

of- the PV array., Specific Iadva.ntages vwould4 include (1) the 2possibili ty of~i; 

'operating the 4pumfp du'c~ o4U~ih ~ uffer to 12> 44 4" 

alowoertinof an Arregular~ or cylcleegyla uha that impose~l 

by< a 2up ault17USe for andreirctn -,) service excample,4 Pumping' 2',"j>2>2>2 

ligh'ting> nee1ds and'(. ihroeaigefcec resulting from constant4 > 2­

pumping at full, lp ad -T1e >disadvant>ages of b) -er storage il>>2a ' high Cos 

an~jd increased -r e eurmns Teueo water storage makes man: 

aspecdts><',battery storage redIundant .,~ i2 

>-A '4Dr Jrect-connect system itiu batr storage-sh'oulbe used for j 

~kField Tes t: # >22>> 1 2>222 

chnol21'22f22'>22.2>--PV4'4'3 -a >-a.-42>".i> >-a 

a >22"'2 - 2-222222>2 

chno MuntyPV oweePumpingg ,yems a44'>a'm t-Over tw o wate sytm~>~'~ 

istalld wordwide
been 'Most of <t.ii d r'inag the' last decade"'.>4 ,212A ait'o 

2<systems'large and small', 'DC and AC, :1with2'andc without- battery s torage2'have2been4 

intle i :Egypt over> the " >>tfwyears.-

~ Pri.mariy bea~ of ~'the 2expene ofth P arrds the most pp ara 

c o e tf e t v'2P p n 2 s . l2 ave " e e,n lo wapm 2>e po weIr ,1 al o w o w l e d , C 

dirctconecsstes.Acording to>2th>e Meridian<report, footnoted "above, > 

ums)'formos rmot
dieel oweed aplictins,.re ulrig less >than 25m y 

at25. ed yaeas reported to b~ econoic 
2 >2> ' 2 4>"<'>4 2>~)k2'2242 -2 4 J>2n c)r specific app]. catioons 

i , 2-Ip g.-> - 2 44 ~ aa4 , ~ '~> 2> '2 

-~ 2 - 1 2~>>A .1 >2' 2'> -a~>IS­

http:aplictins,.re


requiring less than 550 m3 /day at 25 m head, but may not be financially 

viable for applications larger than that. 

Spire parts nvnabi I I tv is ,ruc ial for the success of any pumping system. 

It is particularly important for a PV punping system because the lifetimes 

of the pump and motor (ca. 6 years) are so much shorter than that of the PV array 

(ca. 20 years). Thus, in order to get the full benefit from the investment in 

PV, replacement pump parts must be road Iv available. 

PV pumping te chnoloy ha; hee, shown to have extremely high reliability 

compared to diesel pumps, which atr the most common alternative system. The 

success of the PV pumping systen e nds to a great degree on careful matching 

of the available solar resnurce, the PV power production equipment, controls, 

the pump and motor, and the Atual hvdrologic conditions. The availabilitv 

and proper use of credible dat a nn sol)ar resource and well vield characteristics 

has avoided significant under- and over-sizing of systems. It has further been 

shown that effective training in the use and maintenance of the system is 

important to correct misconceived muser expectations and to reduce sysem downtime. 
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5.0 DECENTRALIZED LIGHTING SYSTEM TECiINOIOGY 

5.1 Lighting system Options
 

Photovoltaic power fo r area li ghtirng and home power systems is emerging as 

a significant technology in Lne (livclnpi up world. For example, in French
 

Polynesia, moie than 1,000 home pow,r svstems were installed over a three-year
 

period.5 This application inclides one--to-rwo-mdidule systems used in individual
 

househ iids as well as systems ised to provide area lighting. The small household 

systems have been primarily dedicated to lighting, bu they can also he used to 

power radios, televisions, refrigerators and/or water pumps. Area lighting
 

systems have been used for communi cy, streer and security lighting purposes.
 

The demand Fsor lighting in ru r ii are:; of develnping countries has typically 

been supplied by kerosene, cindl , ,"i primary batteries. Lighting from these 

sonurces is oft:en expensive and of poor qenlity. For example, a kerosene pressure 

lamp provides about 12 lux of light, wrilie a 20-watt fluorescent tube with 

reflectors will provide I lux ,ightingis used for evening activities suchiu;. 

as cooking, reading, simple work and social activities. During the night, a 

lamp is often kept lit for security and safety reasons. 

A light consists of three major conmpnents: a luminaire (or bulb or tube), 

a hallast (for fluorescents) and a fixture. PV powered lighting applications 

identified for developing countries use gas vapor lamps (e.g., fluorescent, 

low-pressure sodium. mercury vapor and metal halide). These lamps require a 

high-voltagp electric charge to excite the gas molecules, thus producing light. 

Once initiated, lighting can be macintained with lower volt ,ges. The charge is 

sparked and the operating frequency is regulated by a hallast--a high frequency 

5 Ibid, pg. 6-1 20 



Exhibit 5- 1
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inverter and transformer that controls the current flow into the lamp. The 

ballast and lamp are mounted in a fixture. The only difference between an AC 

and DC fluorescent light is th bM last design. 

Conventional lighting pract ice.,s observed in Baharia usually involve the 

use of kerosene-fueled lamps. A typical househuld may have one or more hurricane 

lamps or lanterns (wick linmps with a capacity of 0.5 to I liter of kerosene), 

and sometimes a pressurized lamp (e.g., the Coleman variety). Electrical 

loads, such as radios, are powered by automotive batteries that are recharged 

by engine generators. Primary batteries (e.g., throw-away batteries) have also 

been used to power electrical loads. 

In rural areas of developinup countries, kerosene-fueled lamps are used 

both indoors and outdoors. There fore, an important design aspect of small 

lighting systems can be portability. Tn Papua New Guinea, this issue has been 

addressed by using PV to charge nickel-cadmium batteries for fluorescent lanterns 

(Exhibit 5-1). These systems lroive been developed and tested to compete with 

kerosene-fueled lanterns.
 

5.2 Power System Options
 

Exhibit 5-2 depicts a typical area lighting system. These systems consist 

of one or two PV modules, batterv storage, a simple charge controller, timing 

controls and a light. Several companin offer self-contnined units (the type 

depicted in Exhibit 5-2) equipped with Light poles and weatherproof containers 

for battery storage and electronics. Area lighting systems represent a relatively 

new remote lighting application i n the developing world, made possible through 

the advent of photovoltaics. 

lome power systems are typi call y one-to-two-module systems operating two­

to-four- fluorescentI ights (it0 to, 40 watts each) in a private household, this 

type of lighting is usually combined with other end-use devices (such as 
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EXHIBIT 5-2. Area Lighting System
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ELECTRONICS 
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EXHIBIT 5-3. Configuration of a Home Power System 
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PV 
ARRAY 
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o Fans 
o Radio 
o Television 
o Refrigerator 
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refrigerators, radios, televisions, fans, etc.) operated from the same PV power 

system. The basic configuration of such a system is outlined in Exhibit 5-3. 
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5.3 	 Technology Maturity of PV Lighting Systems
 

review of 1,260 PV-powered lighting and
Meridian's previously referenced 

home power systems in 14 dvvelopinp couintries, found that successful PV-powered 

power systems usd hoth reliable charge controllers and DClighting and home 

ballasts and/or ensured adequate availabilihty of spare parts and technical 

to bc technicallysupport. PVpowered lighting and hlom power systems were shown 

reliable. Many users also found such PV-powered systems to be cost-competitive 

with kerosene-fueled lamps, the predominant technology currently employed.
 

Based on the review of past prRjocts, ccrt.ain factors emerged as being 

critical to the implementation of sniccessful piojects. These factors are: 

o Reliable charge controllers 

o Available spare parts and distrihution system
 

o Customer financing poliicy.
 

A range of experience has been encountered with charge controllers. In
 

early 	systems, charge controllers were often a weak link in system performance.
 

increased precaution has been
However, as product development has progressed, 


taken by the manufacturers to protect components from environmental conditions. 

As a result, improved performance has been experienced. 

While the charge controller is often the least costly part of a system and 

*,:proved products are available, care should be taken to select a reliable, 

field-proven component. Successfll implrmenLtion of large nimhers of systems 

has also been made possible through the availabilitv of replacement charge 

controllers.
 

Essential to the successful implementation of PV-powered lighting systems
 

is ensuring an adequate supply of spire lamps (Lifetime of 6 months) and ballasts
 

(Lifetime of 3 years). An infr:strctnure of this type is necessary for the 

widespread application of any rech ology. Maintenance on the systems are 

restricted to the batteries and K,;d ;. If the batteries are vented, then 
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distilled water must be added a regularon basis. Fluorescent tubes should
 

be replaced as they burn out.
 

!a 192,(), according Lg the, .,'idian report , PV-powered lighting was
 

determined to be cost-competitiv with kerosene in Papua New Guinea. 
 As a
 

result of government policies, 
codit ions for the viability of PV-powered
 

lighting exist in many other comot ri es as wet1 . At least two gov'ernments,
 

French Polynesia and Spainu, ha' estahlished policies that subsidize 
the use of 

PV for rural electrification in remoLe areas. French Polynesia and Spain have 

successfully encouraged the imnllmucinLation of thousands of PV-powered home
 

power systems in the last few yearq. 

For the typical smal . systems xanined in the Sandia/Meridian report 

(a single light), PV-powered systms are financially attractive, even under
 

"worst-case" conditions 
for 'V, (Sqe, Exhibit 5-4 for details). For medium (two 

lights) and large (two lights, on. rd d)1 configunrations, PV-powered systems 

may be financially attractive, dJoponding on specific technical and financial 

project parameters. The conventi onaiIl power system costs are dominated by fuel 

costs, followed by maintenance expenses. The PV-powered systems are dominatcd
 

by debt service (repayment of initial capital cost 
plus interest).
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Exhibit 5-4
 
SENSITIVITY OF LIGHTING AND HOME
 

POWER COSTS TO BEST AND WORST CONDITIONS
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Source: Evaluation of International PV Projects, Sandia/Merldlan, M98e 

Analysis assumes $S/Wp PV array costs. 
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6.0 CENTRALIZED PV POWER SYSTEM TECHNOLOGY
 

6.! System Options 

Centrally powered multi-u"so systems are considered an important application 

for PV because of the large number of unelectrified villages in remote locations 

of the developing world. TraditionalyIV, need; for power in developing coontries 

have been met through conventional moans such as diesel- and gasoline-fueled
 

engines, kerosene-fueled refri,,rators and lights, and batteries.
 

A multi-use system or mini-utility system consists of a centralized generator 

that provides service to an cutir-e comimunilty through a distribution network. 

(See Exhibit 6-1). Such systems, u;ing diesel geerators, are in place at 

several villages In the Baharia oas is. 

PV-powered mlti-use systems can be designed to produce AC or DC power. 

Mini-utilities are traditionally AC s;ince AC is a more efficient means of
 

disti butIg power over large di stance, but bothi AC and DC systems have been 

designed. Applications experts have agreed 6 that systems should be designed to 

be DC whenever possible. The hasis fo}r this consensus is the fact that using
 

an inverter increases system complexity and hence the risk of system failure.
 

Load availability is the critical factor in determining the viability of desig ning
 

a DC system, as DC loads are cur cent1 y available only for speciality markets. 

Items such as lights, fans, refrigerators ind some audio-visual eqoipment 
are
 

available in DC. However, for wulti-use systems 
with a mixture of appliances, 

such as stereos, televisions, smal I hand tools, and complex medical equipment, 

AC power systtems are the only real option. 

Mini-ut ilities have traditional l y been powered by engine generator sets 

(gen-sets) that prod:ce AC ele ctric ity as shown in Exhibit 6-2. Back-up power 

6 Ibid, pg. 7-4.
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EXHIBIT 6-1. Schematic of a PV-Powered ini-Utility System 
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EXHIBIT 6-2. Schematic of an Engine-Powered Mini-Utility System 
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for these systems has general lv been in the form of another engine generator 

(i.e., a dual-engine system). )iesel gen-sets are only available above 3 kW. 

If the loads require engin esP l, thw L si:ze and a diesel gen-set is desired, a 

3-kW 	 diesel operating , load mist used.engine t A ower factor be Maintenance 

mist be regularly performed on conventi n1,al-powered multi-use systems. 

6.3 	 Technology Maturity of PV Power System 

For the Meridian report t he e:xpevience associated with a variety of systems 

was reviewed. Projects of part irular interest include those managed by NASA-

Lewis: the grain mill project in 'T:naye, Bourkina Fasso (formerly Upper Volta), 

five medical clinics in four ,pv I pinr countries and mini-utility systems in 

Tunisia, Arizona, and Indonesia. 

Key factors in the implementation of PV-powered multi-use system were 

determined to be: 

o Reliability and complexity of power conditioning equipment 

o Infrastructure for system management 

o Rural electrification policy. 

Since multi-use systems have a combination of various end-uses, the key factors 

affecting the system implementation of the individual applications should also 

bc taken into account. 

6.3.1 	 Rellabil-ity and Compie.t:'-of-Power Conditioning Equipment 

Field exporience has s hown tiat the reli ahi i1 ty of power conditioning equipment 

is critical to successful otm . While both inverters and charge cont:rollers 

have been identified as potent ia Il weak links in the PV-powered systems, charge 

control] er are conde r(lrd t fu 1 rtheroinng in tho pmriol uict devel opment process. 

Some sv.stem pro len; hnv, b ,n relatd to quali y conorol and most ikel wou ld 

hnv: ton di sco),,',,d h tad h" Vi 
o i " 1 e;iHO,, en performmd. (ther pro bltms have 

been related to environmentat I li 'torce (0. p. , heat n l humidity) or user 
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7.0 REVIEW OF ADDITIONAL FIE.D TEST HARDWARE 

A discussion of the technoI oty of photovoltaic modules, structures, batteries 

and controllers is previded in ln ,<r 3 the PV Technology Reference Notebook 

published in September 1985. 'hi section soimari:,es that discussion and 

describes the specific equipmnnr -component technologiMe, to be used in this 

field test that have not been coverld in 1revions chapters. 

7.1 Photnvoltaics
 

Photovoltaic modules arc avai.lable worldwide. They have been proven in 

numerous applica1tions and under has h di.tcions. Most field experience exists 

with single crystalline, pol,,-c rv tvallin , and ribbon technology flat plate 

photovoltaic modules. Tho t:erm "flKt plito" refers to the direct use of the 

san's energy (i.e., there is no enhancement or concentration of the sun's 

energy). Altho'gh cnucent:rati phoLtovo ltaic modules are available, they have 

limited operating experience in developing countries . In addition to crystalline 

sili con PV technologyy, the technololgy of amorphous silicon has received much 

attent ion over the past few ,,Ir. and projections are that it will someday 

replace all other photovoltaic teclhnnlogies as the least cost option. However, 

for the most part, anorphous s i 0 is being utilized on very small applications 

(square cent meters i ze) noc5 An calculators and watches. All phntovoltaic 

techni loIgi 15 are hig l ey virtually1 00 perc t on NASA-Lewisieliable, based 

Research Center extens ive wnl dwi de i.nstal lat in experience. 

7.2 Structures
 

Common to all photovoltaic power plants is the desire to maximize the 

amount of incident so lar eneri'y on the arrav and at the same tim(- minimize the 

cost and operating complexity of the system. There are three possible array 

shurtcture designs inc le of ltioun incide1nt1 on thewhich Nfluene amloun t inn; 

array; fixed, single-axis tracking, and two-axis trcking. Project experience 
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with two axis tracking systems, which orient the PV array surface normal to the 

sun at all times, has shown that he increased cost and complexity is not 

justified by the increaseo inso :Li 'n compared to a sinle -ax .istracking design. 

A single-axis tracker pormts the array to follow the path of sun, east to west 

by rotating the array about a sing;b-axis. Single-axis tracking is approximately 

20% more productive than a fixtd array structure design. lowever, in order to 

maximi;ze reliab l ty and maintains i I ity, the single-axis tracking option will be 

eliminated because of its many movin g parts. A fixed array structure, as the 

name states, is a stationary array structure usually inclined approximately to the 

latitude of the site. 

Fixed and adjustable tilt array mounting structures are commercially 

available. Fixed structures are construc ted of galvanized pipe, aluminum or 

galvanized steel angle, and wond and concrete. Adjustable tilt structures 

permit manual adjustment of the tilt of panels (groups of modules) or sub­

arrays. Adjustable tilt structures can be designed using the same basic 

materials and configuration as a fied structure. Consideration needs to be 

given for the operation and maintenance requirement for tilting and for 

wind loading specifications.
 

7.3 Batteries
 

Performance characteristics of batteries, such as capacity, efficiency and 

discharge rate capability improve as temperature gcas up (cold weather is 

considered a mor2 hostile environmq nt for batteries). lowever, the increased 

performance is at the expense nof l ifLiMe. Most battery manufacturers caution 

against extended operation it elevatd temperatures above 32C (it should he 

noted that in addition to the environment, battery temperatures ribs during 

rapid charging and disch arging; cycles). 

The most dominant Wnaintnanc item connected with battery banks is the 

periodic add ition of water to th, lectrolyte. For this reason the physical 
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the PV array and; except for the pumping
The power sources in this application are 

systems, the hattery. The loads are predominantly the pumping or lighting 

con blh ,'nve as a power source or as a load. Theequipmrcrnt, however, the hatt,r,' 

contin a PV array mi:mum pow'er tracker, voltage regulators andPSC may also 

ent , howvr, our definition is limited to consideringother power regulat ion equip 

function of pow,,r source management and regulation. The
the PSC by its primary 

PS may provide for th, following functions depending on the sophistication 

level of the design. 

1. Efficienr management of P array, and battery power. 

2. 	 Reguiation of charge a: d dischiarge rates of the batte:y system.
 

and high states of charge.
3. Pratection of battery Lo:: gainst low 


7.5 Inverters/Rectif iers 

The 	use of an inverter in this application would be to convert DC power 

AC power compatable with thefrom the PV/battery side of the power system to 

load. 

The performance record of stand-alone inverters in developing countries 

has been poor. In addition, there are efficiency penalties and added costs for 

There are a number of suppliers of commercial inverters and rectifiers.their use. 


7.6 System Monitoring and Instrurmentation 

There are two levels of instrunentation required for this field test: 

Monitoring and Troubleshooing/Repair. The purposes o! each level of 

instrumentation are as fllows: 

Level 	 Purpose
 

Monitoring To provide svstem and component performance information 

for evaluatin; long term technical, financial and 

ils tituiIou pcv tirm~anup. 

Troubleshooting/ To dce rmin, ,' L8 and coponerIt performance on site, 

Repair over short iitrvals, in sufficient detail to iJdntif 

faults, mtka, repairs or perftorm maodifications. 
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It is recommended that moni.toring 
instrumentation be automated 
for data 

collection and transmission (lv physical or automatic means) and that the 

troubleshooting/repair leve oi in.trumentation he provided by procuring portable 

site usable inst runentat ion. Acc .;;islii local ions in the systen wiring must be 

part of the design of the syste to provide for I--V curve tracing of the array 

and subarrays and similar levi . of tiesting an.l eva luation.
 

Specific instrumentation specificat ions and 
a data requirements list were 

pre.pared f, ilowing a :;ub-conLrator m ,teija leId on December 10, 1985, at 

Me ridiarn Corporation. These data requiretcu were updated as :j result of 

further meetings on May 14-15, i,,6 in Ismailia, Egypt. The list is provided 

os Appendix D for this field test. 
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8.0 MANUFACTURER PROFILES
 

A brief overview of the major manufas'arers of PV systems, batteries, 

inverters, controllers, pumping systems, and lighting systems is provided in 

this section. Sections 8.1-8.5 are duplicated from the Technology Review for 

Field Test #6, and are includel here for eise of reference. Also provided are
 

a representative selection of integrating contractors that have PV system
 

application experience. PV related product literature from these companies is 

included in the Technology Refernce Notabook (previously submitted under Task 

2.1.1). A selection of product specifications are provided in Section 7. 

8.1 Photovoltaic Module Manufacturers 

ARCO Solar, Inc.
 

21011 Warner Center Lane 
Woodland Hills, CA 

800-At CO-SOI. 

ARCO is the world's leading volume mallufacturer of photovoltaics. ARCO 

Solar has a world-wide distribution network. 

ARCO has built its photovoltaic business by manufacturing single-crystalline 

modules. Typical efficiencies (using the entire module surface area) are about 

10 percent. Recently, ARCO has clai jed a significant increase in efficiency, 

to 12.5% by an improved manufacturing p occss and a better module packing 

factor. Cells are nade using screen-priinted siver metallization. Encapsula"t 

is ethylene vinyl acetate (EVA) with a tough white tedlar backing.
 

ARCO modules have passed the Jet Propulsion Laboratory (JPL)-sponscred
 

Block V environmental tests and somo models have passed the Underwriters Labora­

tory tests for certificationd. Standard modules are available in 30, 40, and 43
 

watt sizes. ARCO is the only comi.ny, world-wide, to offer 10 year module
 

performance warranty.
 

6 Summary specifications of the JPL tests are provided in Appendix C.. 
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Solarex Corporation
 

1335 Piccard Drive
 
Rockvil It, Maryland 20850
 

301-948-0202
 

Solarex is the scond largst PV manufacturer (by sales volume) in the 

world and has modules installed wo)rld-wide. Solarex advertises itself as a 

systems company aud unlike AR(C) ha; tradit-ionally bid directly on ?V system 

projects around the world rathr thin through representative companies. 

Solarex uses .e for standard Thispolycrystallin silicon their modules. 

type of silicon is made by a cast proces; in which the silicon is cast in a 

near-bquare shape. Proponents "f Lhi: type of technology maintain that this 

,procetss is inherently less expensiv and has less waste than single crystal 

silicon because less silicon is 'awed off the ingot. Solarpx module efficiencies 

are typically about 9-10 percent on a module area basis though modules for 

selected projects have achieved nonrly 12 percent. Solarex modules have also 

passed the JPL-Block V environmontal tests. Standard Solarex modules come in 36, 

42, 46, and 140 watt sizes. Encapsulant is EVA with a tough white tedlar 

backi ng. 

Mobil Solar Energy Corporation
 
16 Hickory Drive
 
Waltham, Massachusetts 02254
 

617-890- 1180
 

Mobil Solar is the leading producer of "ribbon" silicon photovoltaic 

modules in the U.S. 

Mobil Solar modules are made from "rib)on" silicon, which refers to the 

way it is manufactured. Proponents of this process feel that it is a very good 

approach toward manufacturing low cost silicon solar cells because it 

avoids the losses associated with sawing silicon made from single crystal or 

polycrystallinc cast silicon ingocu s,. The silicon manufacturing process is 

being developed to mako it more tfici,,nt and leos costly. Typical module 

efficiencies are of the order of 8.4 percent. 
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They have also passed
Modules are manufactured in 40 and 180 watt modules. 


the JPL - Block V environmental icsts. 

Mobil has made a concentrated effort to develop a market in the Middle
 

East. There are two functioning des;alInation installations in Jeddah, Saudi 

which powered Mobil modules. Additionally
Arabia and Doha, Qatar are by Solar 

project in Rlyadh, Saudi Arabia.there is a street lighting 

the policy to perfect the ribbon technologyMobil has long maintained 

before going into full volume production. Mobil has however commercially 

has sufficient field performanceoffered modules for several years. Mobil 

experience to supporr its guarantees for the reliability and performance of its 

"ribbon" technology. 

Solavolt International
 
P.O. Box 2934
 
Phoenix, Arizona 85062
 

Telex 249901
 

Their prime module for sale
Solavolt modules are polycrys:talline silicon. 

is one which produces 40 watts at standard conditions. It has passed the JPL -

Block V environmental tests.
 

a joint venture formed from the former photovoltaics units of
Solavolt is 


a

Motorola and Shell Oil company. Solavolt is reputed to be working on 


the "ribbon-to-ribbon" technology, which is yet to
proprietary process known as 


polycrystalline modules
be introduce" commercially. Solavolt currently uses 


future.
for its commercial projects in the near 


been very active in setting up distributorships world-wide.
Solavolt has 


Solavolt (and its predecessor Motorola) have modules installed in many locations
 

sites in the U.S. southwest, and the
including Gabon, Africa, pumplIg/irrigation 


in Mexico.
Southwest Residential Experiment Station New 
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8.2 Battery Manufacturers
 

GNB Batteries Inc.
 
2010 Cabot Boulevard West
 
Longhorne, Pennsylvania 19047
 

215-750-2600
 

GNB Battry Company is a well established leader in the manufacture of
 

industrial grade, deep cycle batteries. GNB manufacturers the "Absolyte" 

battery: a sealed, maintenance free, deep cycle lead-acid battery using
 

recombination battery technology. The Absolyte battery has been well received
 

by PV system companies for use in PV power systems in remote harsh environments. 

Sealed batteries in general are more expensive than vented batteries. The 

initial capital cost, in dollars per kilowatt-hour of rated capacity, for an
 

Absolyte is approximately fifty percent more than an equivalent rated vented
 

battery.
 

Exide 
101 Gibraltar Road
 
lorsham, Pennsylvania 19044
 
215-674-9500
 

Exide is another reputable manufacturer of lead-acid batteries. They have
 

been used in numerous photovoltaic system applications around tLh world. The
 

principle bittery model used in photovoltaic systems is a vented, deep cycle lead­

acid battery. Exide offers gas recomhbination caps to reduce electrolyte and water
 

loss, minimize contamination and improve operating safety. 

Allied C&D Power Systems
 

3043 Walton Road
 
Plymouth Meeting, Pennsylvania 19462 

C & D is the largest manu facturer of industrial batteries, chargers and 

associated power equipment in the world, according to their company literature. 

C & D states that they manufacture fully integrated power systems. C & D 

provides installation service and maintenance for its energy systems through 

more than 75 sales and service organizations in the U.S. and Canada. 
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Chloride Group PLV
 

P.O. 	 Box 305 

North Haven, Connecticut 06473
 

203-777-0037
 

Chloride is a leading manufacturer of lead-acid batteries. A London based 

company, Chloride has distributors around the world. A manufacturing plant is 

located near Cairo, Egypt. 

Chloride makes sealed ano ve nted batteries. The POWERSTORE model battery 

is a sealed, maintenance free recombd ination electrolyte battery. Chloride 

distributor Simpler Solar System; in Florida indicates that the POWERSTORE is 

available in cell sizes up to 2 volts and 240 ampere-hours at a 2U hour discharge 

rate. Larger lead-acid vented batteries are available up to 1000 amp-hours. 

8.3 	 Inverters/RecL i fiers 

Abacus Controls Inc. 

P.O. Box 893
 
Somerville, NJ 08876
 

201-526-6010
 

Abacus is a major supplier of inverters to the photovoltaic industry. 

Solarex has used Abacus inverters on several stand-alone photovoltaic systems 

instaiie1 in South America and on one relevant project at East Oweinat, Egypt. 

Abacus makes inverters in a number of sizes capable of being used in this field 

test (35 kW total capacity). 

Helionetics Inc.
 

17312 Eastman Street
 
Irvine, California 92714
 

800-421-791 '-


Hlelionetics is a manufacturer of electronic power-conversion equipment and 

systems for military and commerical use. The DECC division of Hlelionetics 

des igns and manu facturers power conditioning and convers ion equipment (inverters) 

for the PV industry. eli notic; has loon in business since 1970. 

Helioretics supplied two 700 VW inverters to ARC() for use in the I - MW PV 

array at Ilesperia, California built for Southern California Edison in 1982. 
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H i o ne ti cs makes commercial standratonie inverters up to 40 kW.
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8.5 Integrating Contractors 

In an effort to identify pos.sible contracting companies who would act as 

the prime (or integrating contrac tor) a number of organizations are listed 

below. The;e companies have acted as the integrating contractors on photovoltaic 

projects in the past. 

Chronar /ri -So] ar
 
10 DeAngpIc Drive
 
Bedford, Massachusetts 01730
 

617-275-1200
 

Tri-Solar acquired by Chronar in 1985 has been an integrating contractor 

since its inception. Chronar/Tri-Solar has perfonn.d is the integrating contractor 

on 	 many international PV-powered projects. Two of the most notable application 

areas ire PV pumping and villgoe electrification. Chronar/Tri-Solar is currently 

involved in a major PV lighting systems project in Saudi Arabia. 

BDM International Inc. 
7-95-Jon-es Brn,ich Dri'.-e 
McLean, Virginia 22043 
703-821-5000 

BDM's renewable energy division is based in Albuquerque, New Mexico. They 

have been the integrating contractor for a number of projects both in the 

United States and internationally. These include: 

o 	 A one egawatt grid interactive, tracking flat plate PV power system at 
Hlisperia, California 

o 	 A 35 Kw installation at McClellan Air Force Base near Sacranento, 
California 

o 	 A demonstration installation in Taipai 

o 	 A residential demonstration project at the Southwest Residcntial
 
Experiments station i: Lan Cruces, New Mexico
 

Hughes Aircraft Company 
P.O. Box 93)9
 
Long Beach, California 90810
 
213-513-3487
 

Hughes is based in Long Beach1, California and over a period of about five 

years has been the integrating contractor for a number of PV-powered installations. 
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These include: 

o 	 Communications and village power applications in Indonesia and the 

Marshall Islands for NASA-Lewis Research Center. 

o 	 Design studies and a denmonstration project to illustrate low-cost 

construction methods for Sdndia Natijonal Laboratories 

o 	 Acted as the integrating, contractor for a number of remote power 

applications for the U.S. Na'y at China Lake, California. 

o 	 Georgetown University Int.rcl tual Centr, a 320 kW Grid-interactive 

installation in which th,. I'V iiodels are integrated into the roof of 

the building. 

Integrated Power Corporation 

7624 Airpack Road 

Gaithersburg, Maryland 20879 

Integrated Power is based in Gaithersburg, Maryland. It was formed in 

1983 and specializes in engLneering, and installation of stand-alone PV-battery 

systems. They have also done significant development engineering of PV/diesel
 

hybrid power systems.
 

Mobil Solar Power Corporation
 

16 Hickory Drive
 

Waltham, Massachusetts 02254 

617-890--i 180 

Mobil Solar is based in Waltham, MA, near Boston. Mobil has had a systems 

integration capability since about 1981. Mobil has a representative in Saudi 

Arabia who is an engineer specializing in PV systems design and applications. 

Mobil has concentrated in dav]loping PV-powered desalination. Two 

installations have been built and are operating -- one in Jeddah, Saudi Arabia 

and one in Qatar. In addition, Mobil has a cooperative venture with the 

University of New South Wale.; in Au;tralia for a brackish water desalting 

experimental program. Other insnltallations include: 

o 	 Street lighting project in Dubai, United Arab Emerates 

o 	 Impact 2000, a ?V-powr.l rs idence demonstration project in the Boston 

area designed to publicize PV. 
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Simpler Solar Systems Inc.
 
1217 Walton Drive 
Tallahassee, Florida 32312 

904-385-5686 

Simpler Solar Systems is based in Tallahassee, Florida. It has been in 

business as a company since 1980. The company designs, tests, and installs PV­

powered systems and has speciali zed in stand-alone systems in remote areas. 

Projects include: 

o 	 Medical Facility (BuLape Hospital) in Zaire 

o 	 PV powered water pumping for irrigation in the Bahamas 

o 	 Recreational homes in Florida 

o 	 Projects for church-sponsored groups in Caribbean 

Solarex Corporation
 

1335 Piccard Drive 
Rockville, Maryland 20850 
301-948-0202
 

Solarex is based in Rockville, Maryland and has been integrating systems 

primarily with its own modules for about ten years. Projects include: 

o 	 The General Petroleum Compa ny project in East Oweinat 

o 	 PV-powered portable couminications units for the Egyptian military in 
Egypt 

o 	 A grid-independent solar powered manufacturing facility in Frederick, 
Maryland. 

o 	 A 22 kW stand-alone rural hospital power system in Guyana, South America. 

Solarex has a distributor in Cairo.
 

Solavolt
 

P.O. Box 2934
 
Phoenix, Arizona 85062
 
Telex 249901
 

Solavolt is another photovoltaic company which performs as a "systems" 

company. Solavolt has participated as a system integrating contractor on a
 

number of projects. 

o 	 A NASA-Lewis Research Center project for water pumping and village 
power in Gabon, Africa 
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o 	Numerous irrigation and other pumping applications around the world 

Stone and Webster Incorporated
 

1875 Eye Street, N.W.
 
Washington, DC 2000h 
202-466-7415 

Stone and Webster, based In Boston, MA, is a large international construction, 

architectural and engineering company. It has a group within the company which 

is very active in photovoltaics engi neering projects. Included in the projects 

it 	has engineered are:
 

o 	 Beverly, MA High School grid--interactive 100KW installation 

o 	 50 kW grid interactive demonstration project for Virginia Power (a 
utility) near Richmond, Vi aginia 

o 	 A 300 kW grid interactive installation for Austin Power and Light in 
Austin, Texas (under conot reaction in 1986) 

8.6 Lighting System Contractors 

ARCO Solar, Inc.
 
c/o Solartherin, Inc.
 
1315 Apple Ave
 
Silver Spring MD
 
301-882-4000
 

ARCO, the world's largest volume manufacturer of PV modules, is also 

involved in the production of packaged PV lighting systems. Their systems 

consist of a PV module, battery, battery protector/charge controller, and one 

or more fluorescent lights. Either two 20 watt lamps or one 40 watt lamp can he 

included in a standard system. 

Balance of ystems Speca lists, I nc./BOSS Lighting
 
7745 E. Re(licid Road
 
Scottsdale AZ 85260
 
602-948-9809 / 800-223-958()
 

BOSS Lighting offers packaged outdoor lighting systems utilizing high 

pressure sodium lamps i, the 35 to 150 watt range. Their complete packages 

Include ARCO PV modules , controllers., hatteries, lights, fixtures, and light or 

motion activat.d switching. 
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Currin Corporation
 

P.O. Box 1191 
Midland, Michigan 48640 

Currin sells an indoor lighLi g package that consists of a 9 watt fluorescent 

light in a ceiling-suspendol luminaire that includes batteries and controller, 

fed by a roof-mounted PV module. 

Sunnyside Solar 

RI) 4 Box 295 Green River Road 

West Brattleboro Vermont 05301 

802-257-1482 

Packaged systems are not available from Sunnyside Solar; instead, they 

provide system components inc1udii a fluorescent, halogen and incandescent 

lights, fixtures, and ballasts, aiapLted for use with DC PV systems. 

Mobil Solar Energy Corpora io 

16 Hickory Drive
 

Waltham, ,aswchusetts 0225%
 

617-890-1180
 

Mobil offers both indoor aid outdoor packaged lighting systems, and has
 

had substantial field experience with the products. The outdoor system, intended
 

for street lighting use, utilizes; 400 watt high pressure sodium vapor lamps for 

large area coverage, and 20 watt fluorescent lights for localized coverage. The 

indoor package is available in either a one or a two light configuration which 

utilizes fluoresceat lamps. Both indoor and outdoor systems come with Mobil PV 

modules, mounting hardware, battery protecter/charge controller, lamps and 

fixtures, and battery specifications. 

REC Specialties, Inc.
 

530 Constiturion Avenue
 

Camarillo, Calfornia 93010
 

805-987-5021
 

This firm provides lighting components rather than complete PV lighting 

systems. They offer a variety of indoor fluorescents and outdoor low-pressure 

sodium lamps, as well as fixturs anA accompanying ballasts, all designed for 

use with DC PV power supplies. 
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Simpler Solar Systems, Inc. 
P.O.Box 12936
 
Tallahassee, Florida 32308
 
904-385-5686
 

A variety of indoor and outdoor I'V lighting system packages are available 

from SSS. They PlI use fluorescent lamps, and can be equipped with infrared 

motion detectors and other special switching. 

Solar Electric Systems
 
2995 44th Avenue North
 
St. Petersburg, Florida 33714
 
813-526-0793
 

Their "Lumastar" cutdoor PV lighting package is completely self-cantained. 

It includes modules, battery, coniLroller, light, fixture, and mounting hardware. 

The "Lumastar"' is scaled for resident jal use. 

SunAmp Systems Inc.
 

7702 Fast Gray Road
 
Scottsdale, Arixona 85260
 
602-951-0699
 

SunAmp also markets a residential outdoor package using a four watt fluorescent 

bulb. The battery is sized to provide one day of storage. 

Solec InternaLional, Inc. (Ij llkingtrn Group) 
12533 Chadron Avenue
 
Hawthorne, California 90250
 
213-970-0065
 

Solec offers indoor and outdoor packaged PV lighting systems using fluorescent 

lamps. The outdoor units, which have been field-proven, come as an integrated 

structure that includes the PV module, 18 watt lamp, fixture, management elec­

tronics, battery, and switching. The indoor unit comes in either an 8 watt or a 

30 watt size.
 

Texas HiLight, Inc. 

P.O.Box 3366
 
Evergreen, Colorado 80439
 

A variety of indoor and outdoor packaged PV lighting systems are available 

from Texas HliLight. Options inc ItIle ii luorescent, sodium and halogen lamps, 

varying amounts of battery storage, and speciall:y switching including light and 
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motion sensors.
 

8.2 Pumping System Contractors
 

A.Y. McDonald Mfg. LX. 
P.O.Box 508
 
Dubuque, Town 52004-0508 
319-583-7311
 

Primarily a pump manufacturer, A.Y. McDonald produces several lines of 

direct-connect centri f gal and submersible turbine pumps for use with PV power 

sources; they are equipped w ith 1)( motors. Complete ackaged systems including 

the PV array, controller, etc. are also available. 

Dinh Company 
1.0. Box 999
 
Aluchua, Florida 32615
 
904-462-3464
 

Di.nh produces a single size of packaged PV pumping system. The self­

contained package includes a cent ri fngal pump with a DC motor, a PV array, 

battery storage, and controls. 

Grundfos Pumps Cor po rati orn
 

2555 Cl ovi s A'c ne
 
Clovis, California 93612
 
209-299-974 1 

Grundfos manufact-ures a gr at variecy of pumps, and has recently developed 

a line of complete packaged PV pumping systems. These systems include AC pump 

motors , requiring the use of DC--to-AC inverters, and they do not include battery 

storage. 

Jacuzzi, Inc.
 

11511 New Benton Highway
 
Little Rock, Arkansas 72209
 
501-4 55-1234 

Among the many types of pumps manufactured by Jacuzzi is a relatively new 

line cal led the"So lar-F1 ow". Thi is is a submers ib l e turbine pump Inco rpora t I ng a 

DC motor, that comes in a variety of si:zes, including that which is needed for 

3this field test (40 m @ 20 m). lacri;:zi does not r'ovide complete PV pumping 
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system packages; it only manufactures pumps suitable for use in such systems.
 

Monegon Pumping Systems, Inc.
 

c/o Solartherm, Inc.
 

1315 Apple Avenue
 

Silver Spring, Maryland 20q1()
 

202-882-4000
 

from a variety of components to meetMonegon assembles PV pumping sv;tems 

the specific needs of individual client-s. Most of their systems use DC motors, 

but they offer a choice between jack, centrifugal or jet pump types, the inclusion 

of battery storage, and in contr !ler capabilities. 

Solec International, Inc. (P i lkington Croup)
 

12533 Chadron Avenue
 

Hawthorne, Califonia 90250
 

213-970-0065
 

PV cells, now offers packaged PV pumping systemsSolec, which manufactures 

and small flow
for both deep and shallow well applications requiring both large 

or vertical turbine 
rates. These pumps are submersible, self-priming centrifugal 

units powered by DC motors.
 

SunAmp Systems, Irc.
 

7702 East Gray Road
 

Scottsdale, Arizona
 

602-951-0699
 

of PV pumpingThis firm is a system integrator that assembles a variety 

the use of DC motors and no
system types. Their preferred designs include 

battery storage.
 

Sunmill/GPL Industries
 

P.O.Box 306
 

La Canada, California 91011
 

an unusual jack pump designed specifically for PV

"Sunmill" is the name of 


degree of cyclic
powered applications. It incorporates a flywheel to reduce the 

load imposed on the PV array, thereby allowing the DC motorfluctuation in the 

driving the pump to he directly connec ted to the PV array without a battery 

size ratings. GPL Industries does not
buffer. The pump is available in twn 

provide systems integration services. 
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Tri-Solar Corporation 

10 DeAngolo Drive 

Bedford, Massachusetts 01730 

617-275-1200 

Tri-Sular is one of the bho t kenwn systems integrators. They offer a wide 

of PV pumping systems, using jack pumps, submersible turbine pumps, andvariety 

currently insurface mounted centrifugals as appropriate. Their systems are 

use in more than 25 countries. 

Win. Lamb Co. 

P.O.Box 4185 

North Htol lywood, California 91607 

213-980-6248 

This system intrpgrator offers a variety of packaged PV pumping systems, 

DC motors and require no batteries.all of which incorporate 
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9.0 	 EQUIPMENT/PRODUCT SPECiCATiONS 

A selected number of components and basic specifications are provided in 

Figure 9-1. 

Appendix A contains a -- lection of manufacturer brochures for lighting 

equipment and Appendix B contains similar information for water pumping equipment.
 

These data on equipment are provided to show representative equipment specifications
 

that may be received from bidder; in response to the RFP. This listing of
 

equipment is not intended to support any manufacturers or products.
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FIGURE 9-1 EQUIPMENT DATA BASE 

Equipment Operating Other Re Ievan t 
Component Manufacturer Offered Efficiency Specifications Notes 

Photovol- ARCO Solar, Inc. M53, 43 watts 11.5% 10 year performance o Single crystal 
taic Chatsworth, CA 17.3 Vpp guarantee, + 10% silicon 
Modules 163, 30 watts o Largest manu­

14.8 Vpp facturer in the 
M73, 40 watts world 
164Vpp o American Univ., 

Sadat City pro­

ject 
o Egyptian rep­

resentat ve 

Solorex Corp. SX-146, 47 watts 9.9% 5 year min. o Polycrystalline 
Rockville, MD 18 Vpp performance con 

SX.-4,2, 42W guarantee , e s t 
16. 5Vpp :c t urer in 
'PL-300,135W 

17.5Vpp o i repre­
s ntat ive 

o East Oweinat 
10kw project 

Solavolt MSVN-4010 8.7% o ss -, '.,icker and 
International MSP43E, 36W Cr stal Systems 
Phoenix, AZ 18.8 Vpp polycrvstal 

silicon 

o Gabon, West 
Africa com-

Mrrunity power 
svstem project 

Mobil Solar Ra-40 8.4% o R ibbon tech-
Power Corp. Ra-180, 180 no logy 
Waltham, MA watts-48volt o Numerous in­

stallations in 

Arab countries 



Component "lanufacturer 

Pho tovo I- Chronar/Tri 
taic Solar 

Modules Princeton, NJ 
(cont.) 

Battery GNB-Batteries, 
Storage Inc. "Absolyte" 

Longhorne, PA 

EXIDE 
.. omins ter, PA 

,' Allied C&D 

Plymouth Meeting, 

PA 

Chloride 

London, Eng. 

Power Chronar/Tri-

System Solar 
Controller Bedford, MA 

Solarex 
Rockville, MD 

FIGURE 9-1 


Equipment 

Offered 


35A21-397 AH 


45A21-510 AH 

75A21-850 AH 


(12 hour dis-

charge rate) 


6E 	120-13-750AH 


3E-120)-27-1 652AH 


CP75EI3-450 AH 


CP75-25-900 AH 


CP125-1500 AH
 

6V-720 


AH 


Microprocessor 


Based 


Controller 


ACR-6, modified 


EQUIPMENT DATA BASE (Continued)
 

Operating Other Relevant
 
Efficiency Specifications 


<5% 	 Deve lopme.. 

modules 


65-80% 	 50% DOD, 2800 


cycles 


65-80% 


65-80% etallic
 

casing
 

65-80% 	 Special battery 

design for PV 


applications 


92-97% 	 Series regulated 


ampere hour re-

cording battery 


SOC
 

90-95% 	 Shunt regulated 

voltage sensing 


battery SOC 


Notes
 

'omorphous
 

silicon modules
 

o 	kecombination
 

battery
 

technology
 

o Egypt ,-n dis­
tr ibut or
 

o 	11-c -naton: 
c5: s . red 

D as : 0inatt 

Pr 0,~ec t 

o ,.merican and
 
Egypt;an dis­

tr ibutors
 

a 23 placed in
 

service 1985,
 

Saudi Arabia
 

o 	 "Smart" cclit­
troller
 

0 	 Primarily PV 
battery con­

troller but 

ctan be equip­
vd With diesel 

remote start
 
relay.
 



FIGURE 9-1 EQUIPMENT DATA BASE (Continued) 

Equipment Operating Other Relevant 

Component Manufacturer Offered Efficiency Specifications Notes 

BOSS Modular units 90-95% No off-the-shelf o Services a wide 

Scottsdale, AZ Customized units models available variety
kets in 

of mar-
U.S. 

Inverters Abacus 743C-3-200 90% o Inverters for 

Somerville, NJ 783C-4-200 &PC E. Oweinat 
install at ion 

hliecnetics Inverters 2.5-40 KVA 

Irvine, CA 61300-350OW units in stock 
61340-1600 KVA 

Heart Interface Inverters 92-95% 300-5000 watt 

Federal Way, WA inverters in 

standard product 

line 

BEST Energy M Series 90% 

Systems M 120-6000 Load demand switch o Wide experience 

Necedah, WI M 120-12000 engine-ben set start in variety of 

transfer switch applications 

o Standard models 

up to 12 kW 
capacity. 

NOVA Electric 3.7 KVA 50 hz, sinewave, o Also supplies 

Nutley, NJ Inverter 240 89% 3 phase rect.ifiers 

VDC Input (FOB) o Egypt exper­

ience: Sadat 
City. 10 KVA 

inverter 



FIGURE 9-1 EQUIPMENT DATA BASE (Continued) 

Component Manufacturer 
Equipment 

Offered 

Operating 

Efficiency 

Other Relevant 
Specifications Notes 

Lights ARCO Solar & 

Solartherm 
Silver Spring, 
MD 

Indoor 
Lighting 

Supplies 
package 

complete 

BOSS Lighting 

Scottsdale, AZ 

Outdoor 

Lighting 

Supplies complete 

package 

Currin Corpora-

tion 
Midland. MI 

Indoor 

Lighting 

Supplies complete 

package 

S 

".sL 
VT 

lsde Solar 

Brattleboro, 
Indoor & 

Outdoor 
Lighting 

Light ing 

only:: o 

components 

'V 

caMobil Solar 

Waltham, MA 

Indoor & 

Outdoor 
Lighting 

Supplies complete 

package 

REC Specialities 

Camarillo, CA 
Indoor & 
Outdoor 
Lighting 

Lighting 
only: no 

components 
PV 

Simpler Solar 

Systems 
Tallahassee, FL 

Indoor & 

Outdoor 

Lighting 

Supplies complete 

package 

Solar Electric 

Systems 

St. Pet:rsburg, FL 

Outdoor 

Lighting 

Supplies complete 

package 

SunAmp Systems 

Scottsdale, AZ 

Outdoor 

Lighting 

Supplies complete 

package 



FIGURE 9-1 EQUIPMENT DATA BASE (Continued) 

Equipment Ope rat i ng Oth r Relevant 
Component Manufacturer Offered Efficiency SiecificaLions Notes 

Lights Solec Inter- Indoor & Supplies complete 
(Continued) national Outdoor package 

Hawthrone, CA Lighting 

Texas HiLight Indoor & Supplies complete 

Evergreen, CO Outdoor package 

Light ing 

Pumps A.Y. McDonald Pumps & AC & DC motors 

Dlc ue, Iowa System available 

Pa ckages 

Dihn Co. System DC motors 
Aluchua, FL Package 

Crundfos Pumps Pumps & AC motors 

Clovis, CA System 

Packages 

Jacuzzi, Inc. Pumps AC & DC motors 

Little Rock, AR available 

Xonegon Pumping System 

Silver Spring, MD Packages 

Solec Inter- System DC motors 

nat tonal Packages 

Kaw'throne, CA 

SunAmp Systems System DC motors 

Scottsdale, AZ Packages 

Sunmill/GPL Pumps DC motors, Jack 

Injdstries Pump w/flywheel 

laCanada, CA 



FIGURE 9-1 EQUIPMENT DATA BASE (Continued) 

Component Manufacturer 
Equipment
Offered 

Operating
Efficiency 

Other Relevant 
Specifications Notes 

Pumps Tri-Solar Corp. System 
(Continued) Bedford, MA Packages 

Nm. Lamb Co. System 
DC motors 

N. Hollywood, CA Packages 
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10.0 	RELEVANT PROJECTS 

Sadat City, Egypt--cer sri DVovelopment Projects Solar Pumping 

Desert Dvelop1ionLt l)u,, ;Lration and Training Program utilizes an 8 

feddan area (10 acres) for renlwal , energy/agricultural development work. The 

The 


site has been entirely powered by a LO-kWp and a 3-kWp PV array since 1981. 

The 10-kWp array supplies 220-volt, 50-Hz power through a NOVA inverter to the 

headquarters building and an AC submersible pump at 43 meters of head. It
 

includes 88.8 kWh 
of Lxido hatrv" .nuorage. The 3-kWp system provides power
 

a
exclusively to a positive disp ,A'emontdeep-well pump with DC motor and 

booster pump for irrigation. 

meliibly with an average daily conversion efficiencyThe array has performed 


performed well. The

of 7.2%. The deep-well AC siubrs ible pump has also 


positive displacement screw pump has run reliably without failure since mid-


Prior to that, exco;sivo ;,chaniical vibrations in the drive shaft of the

1984. 


op eLation and resulted in a number of pump failures.
 pump prevented. continuous 

and the pump operatesAdd itional driyew shaft stabilizing bearings were added 

with an average efficiency of 6( percent. Significant experience was also 

battery, sy m . Fadel Assabghy, who is responsible for theobtained with the 

PV power systems at ;adat Ci v , hias indicated that battery maintenance must be 

completed with unfailing regularity.
 

Papua New Guinea Lighting and Home Power
 

The field ope ratinrg expoerience with PV systems in rural applications in
 

Papua New Guinea has provided import ant insight into technical and financial
 

aspects of PV lighting systems. (harge controllers were prev;ously found to be
 

eration and wer unreliable. In 1980, as a
complex in circuit design and 

fi,, ,xprience, fully "tropicalized" chargeresult of Papua New Guinea 

and have since been proven reliable. For safetycontrollers were made available 
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and reliability reasons, a policy was adopted to use 12-volt DC PV lighting
 

systems for village and governmert patrol post lighting. As to the quality of 

lighting, a 20-watt fluorescent ulb provides a light intensity of 100 lux ac 

one meter below the lamp. A kerosene pr,.isure lamp provides ' lux, measured 

one meter below the lamp and outside the lamp's shadow. In addition to these 

obvious improvements in quality, the high cost of kerosene (about $1/liter) 

result in paybacks of from two--o-four years for simple PV lighting kits. 

A number of PV systems hav: been installed in P'apua New Guijea for 

communications, lighting, water pumping, and medical refrigeration. The total 

was for telecommunications sysvt:o q, The remaining systems were for mission 

radios and lights, mobile radios, village water pumping, and village house 

lighting. Th potential for village house lighting systems over the next 10 

years was estimated at 500,000 singlph module units (35 watts each), or 17.5 

megawatts. 

In related work, the Appropriate Technology Development Institute of the 

University of Technology in Lac, Papua New Guinea has started testing fluorescent 

tube "lanterns" powered by rechargeable Ni-Cad batteries. The lanterns are 

designed to look like their kerosene counterparts but to be charged by PV. A photo 

is provided in Exhibit 5-1. 

Traffic Lighting - Un ited Arab Emirates 

Twenty-one PV-powered street lights and a high-mast, traffic-circle light 

were installed in June 1983 in Diubai, United Arab Emirates by Mobil Solar Energy 

Corporation. Each street light consists of a 20-watt fluorescent tube, two 35­

watt modules and a 12-VI)C ballast. The high mast light consists of eight 400-W, 

high-pressure sodium vapor (iPS ) lamps powered by a 15-kW array. 

During the design of the street lights, five commercially available tubes 

were tested. The test results shc wed large di.fferences in efficiency (lumens 

62 



per watt). The most efficient ballast was chosen. The customer has been 

pleasan'.ly surprised at the illumination delivered by the 20-W fluorescent 

systems. The light level is sufficient to read a newspaper while standing on 

the roadway, 18 feet beneath the lamps. Through the first 10 months of operation, 

the street lighting performed re liahLy. 

There were initial prob lems with the lIPS light because of the inherent 

difficulty with operating lIPS lamps with modified square-wave inverters. The 

solution was to use a ferroreonant inverter at 77% efficiency compared to a 

qm'1 efficient, modified square-wave invurter. Development of high-efficiency,
 

for these. lamps was mentioned as vital to optimizing
high-power, DC ballasts 


these VV lighting systems.
 

Tunisia Village Electrification
 

Significant multi-use proj.cts have been performed by NASA-Lewis Research 

Center over the last two years. inIcluded in these is a 27-kWp system in Tunisia. 

This village electrification project of PV, wind, and solar heating has been 

operating since February 1983. The PV system consists of a 29-kW, 220-volt, 50­

iz system to serve public and commercial sectors of a village of 120 persons. 

Additionally, a 1.4-kW drip irrigation systems were installed. Operation and 

evaluation is the responsibility of the Societe Tunisienne de L'Electricite et 

dr Cas (STEG). nere is a very little instrumentation included, although there 

are kilowatt-hour meters on the system and for individual users. Users are
 

billed for specific com.umptinn. Project partici'arits believe that STEG has
 

been 	recording basic production data. 

The -kW inverter in the f,.rm house system has had numerous problems, and 

pairs. lie village system invc tremextensive time was required to IIen t re 

brought on by what appeared to have been improper switchexperienced a failure 


Some array wiring has deteriorated due to
sequencing during manual start-up. 
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abrasion and sunlight damage. It is believed that the wrong wire sheathing was 

specified or procured.
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11.0 	CONCLUSION
 

This review indicates that there should be no insurmountable technical
 

problems associated with this demonstration project. This review supports the
 

following conclusions:
 

I. 	 Packaged PV water pumping system and decentralized PV lighting system 

technologies applicable Por tLhi s field test are proven, reliable and 

commercially available. 

2. 	 The individual subsystem componont technologies for a centralized PV 

village electrification systm arte also proven, reliable and commercially 
available. 

3. 	 The most impertant des ign tr bd,--offs in this field test center on the 

choice between fle:ible, butL :otmemwhat unreliable AC systems, -tdmore 

limite d, but more reliable DC sy stems. 

4. 	 Many of the factors that will determine the success of these PV applications 

are not st mctly technic-'; cons ideration of adequate user training, the 

local availability of spa, patls, and tihe degree of local interest in 

maintaining and operating Lh' s,stems are other crucial items. 

5. 	 Lessons drawn from this field test will be applicable to a wide set of 

potential users of PV technology facing similar conditions in unelectrified 

rural villages throughout Egypt. 

The findings of this Technology Review support the recommendation to 

proceed with Field Test #7 from the point of view of the potential for widespreal 

use of these technologies in Egypt, and based on the growing availability of 

proven hardware. 
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APPENDIX A
 

PRODUCT LITERATURE
 

A selection of manufacturer's product literature for PV Lighting Systems
 

is provided in 
this Appendix. Additional manufacturer's product literature is
 

available in the Technology Reference 
Notebook previously submitted under Task
 

2.2.4.
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SOLAR POWERED MODELS REC-12-20 
FLUORESCENT 
 REC-12-40 
LIGHTS 

DESCRIPTION 
ARCO Solar s fluorescent light assemthJ(; are specifically designed to be used in photovoltaic power
systems Single tube fixtures art! a.::ilt 2K) and 40 qqatt configurations and operate from 9 to 16volts DC. The tubes are standard , :r,alahie worldwide, and the ballast is highly efficient,
providing maximum lumens per a, i iJ!iJst has reverse polarity protection and a feature whichallows the tubes to be removed wI L. . vuris on, without damage. The mounting base, which
also houses the solid state inveh:, ioi.l, ;eluctrostaLtically coated with white enamnel to prevent
moisture damage and fungal growuii II,.. lig)hts are ideally suited for use in reiIote locations, where
grid or generator power is not aaiLI c:.:,nornical 

INSTALLATION 

WALL MO'JN1 

DRDP CH-'AIN UNDERCAHiNS CEILI 

Mouniing: If the unit is received with the tube in place, the tube should be disconnected from itsreceptacles and the cover removed to gain access to the mounting holes. Several "through" holes
and "knockout" holes allow the user various methods of attaching the lights to the ceiling or wall. Thelights can also be hung by chains or recessed in the ceiling. Mount the fixture in the desired location,
making sure that the two wires are acces, ,le, and replace the cover and tube. 

Wiring: While the iluorescent lights can be used with any 12VDC power source, this document assumes that they will be used in conjunction with an ARCO Solar Photovoltaic Power Package with aBattery Protector (BP-12-20) or Village Power Panel (VPP-12-20WM), as a charge controller. 

LOAD
 

TYPICAL SYSTEM DIAGRAM 

CAUTION

Itwill be necessary to splice wires long enough to reach from the power source to the existing wiresfrom the light fixture. The fixture wire size isNo. 18 AWG with the BLACK wire being positive (+); the
WHITE wire negative (-). Care must be t:,ken to insure that the connections are strong and properly
insulated to prevent possible shorling. 

(OVER, 



CHARGE CONTROL WIRINGThe diagrams below illustrate the correct wiring for the lights. A complement of two 20 watt and one 40watt light is shown. 

BATTERY PROTECTOR WIRING VILLAGE POWER PANEL WIRING 

* ' ,'( V 

JJi 

The BATTERY PROTECTOR should have The circuit breaker .(BATTERY POWER)all wires connected before mounting to the and the load switches should be in theirwall to assure access to the terminal block. "OFF" positions before connecting the wiresSWITCHES: Inline switches can be installed from the lights.for each light. SWITCHES: The Load switches on the panelOPERATION: Assuming proper battery vol- front can be used as on/off switches for thetage, the lights should be operational lights.immediately upon completion of wiring. OPERATION: Assuming battery is fullyWhen the BATTER,' PROTECTOR is in the full charged, place the circuit breaker (BATTERYcharge mode (indicated by a red light) the POWER) to itsload "ON" (UP) position. Placeterminal is disconnected, which LOAD Switches to their "ON" position as de­prevents use of the lights until the batteries sired. The circuit breaker can also be used asreach full charge, an ON/OFF switch for the entire system. 

SPECIFICATIONS MODEL REC-12-20 MODEL REC-12-40 

Mechanical:
Length: 24 inches (60.96cm) 48 inches (121.92cm)Width: 2V4 inches (6.98cm) 24 inches (6.98cm)Height: 3V4 inches (8.25cm) 31/4 inches (8.25cm)Weight: 2.1 lb (.95 kg) 4.1 lb (1.86 kg) 

Electrical: 
Tube Type: F20CW (T-12) F40CW(T-12)Voltage: 12VDC Nominal 12VDC NominalCurrent: 1.5 amps 3.0 ampsPower: 20 watts 40 watlsLight Output: 1500 lumens 3000 lumensAMP. HR/DAY 9 18 

'Based on six hours per day usage. 

SOLAR
ENERGY
 

SYSTEMS 
 -

(aA.ln2Ircn
1
 

1315 App!r Ayr.. S;Iver Sixinst Marvang 20910 
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Preliminary Sales Data 11 / 84 PAGE NUMBER1 of 2 
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The "HPS MicroWATT Floodlight Packages" are a new series of photovoltaic powered light- Wg systems available 
now from Balance of Systems Specialists, Inc.,
!ficient high.pressure sodium lights. 
which utilize highly


The packages provi-de special advantages for a wide A
)ectrum of floodlighting applications, particularly commercial and industrial 
security 0
.ghting, space 
lighting and billboard advertising lighting, and were 
developed to provide
"easy-entry" method for businesses to 
enrei th.e high potential PV lighting mirkets.
The lighting packages include everything required (except PV modules), 
including:
idule wiring interconnects and support 
structures, batteries and battery box, 35
tt, or 10024 and 48VDC high pressure sodium light fixtures with electronic ballast, 
and a
ogrammable controller-with 2 to 
12 hours run 
timer and automatic dawn and dusk detection.
ick connect cabling 
is used throughout to 
simplify wiring and reduce installation cost.
The HPS light fixtures 
are made of heavy-duty die-cast 
aluminum, with 
a baked-on
atuary bronze enamel 
finish, and gasketed tempered glass

nts. lens for rugged outdoor environ-
All hardware is of corrosion-resistant materials and conforms 
to tL standards.
x different 
fixture mounting arrangements re available as standard.The lighting packages 
can be operatd with 
as few as 2 PV modules; additional modules
rmit multiple lights and 
more hours of nightly operating _ime.
For more infornmation, contact: Richard Cummins at 
Balance of Systems Specialists, Inc., 
 -
45 E. Redfield Road, Scottsdale, Arizona 85200, 
 (800) 23-9580/(602)948 9809,

lex: 6835043.
 

ANCE O' SYSTEMS SPECIALISTS, INC. 
 FOR 1ECHNICAL AND SALES SUPPORT INFORMAIION ONLY.
5 EAST REDFIELD ROAD, SCOTTSDALE, ARIZONA U5?60 NOT 
TO BE USED AS PRODUCT L!TERATURE FOR END USERS USE.

12)948-9809, TELEX 6835043
 



PRODUCT 
 RELEASE DATE BULLETIN NUI4BERL..icrqW.T.jCfCHTS MW-100. 1 
11/84 PAGE NUMBER 

PRELIMINARY SALES DATA 2 OF 2
 

PROGRAMMABLE CONTROLLER SPECIFICATIONS 

ARAMETER CONDITIONS VALUE UNITS 

C-24-1 to 4 Battery Voltage 24 VDC 0 
C-24-1 to 4 PV array Current 
 10 Amperes
 

C-48-1 to 4 Battery Voltage 
 48 VDC

C-48-1 to 4 PV Array Current 10 Amperes

C-24/48-I Light Amperage 5 Amperes
 

C-24/48-2 Amperage 5 Amperes
C-24/48-3 LightLight Amperage 
 15 Amperes

C-24/48-4 Light Amperage 15 Amperes
 

mer Duration Duration 
 2-12 Hours
 

w Battery Automatic Shutdown 
 23.0 Volts

Disconnect (48 Volt Units) 46.0 Volts
 

z 

Cr
 

l "CSS "M SPICIAt]IS , INC. FOR I[CHNICAL AND SALES SUPPORT INFOR8.1101N ONLY. 
E AS T1R ED F I ELD ROAD , SC 0115 D ,*,[ , AR I ONA' 2t NO I 10 BE USE D AS PRODUC T LI I[RAIU R[ FOR END USER S 0L-.II LI-,1 68350 3 
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The BOSS OMNI-ALERT is- a passive infra-red security sensor that
 

reacts instantly 
to body heat, to movement
lightin~g before an intruder - and activatesgets near your home the exterior
or building. When he 
 o
is gone, OMNI-ALERT 
turns off its lights until 
yo'. need them again.
Then, automatically, OMNI-ALERT is there waiting for th 
 next intrusion.
 

The OMNI-ALERT is self-powered by a photovoltaic (solar electric)
panel which charges an internal electric battery. 
 No utility connection
is required, as the solar pane. 
and battery storage provide foi operation
 
even after several sunless days.
 

7 1. ... $d I -. i ,S, " ;'i.- .! F . 11 'l 10.7 (41. P 115 1 AlSh -1 LiI 1 1O RI i hr IfS! K 11 



O M NTuuw.R R LEASE DAlI IULL (1N NUMB R
OMNI-ALERT 12G_ O' -2 00. 
- PRELIMINARY SALES )ATA 1 O 0 

Detection Range:

Detection Method: 


Sensitivity Adjustment: 


Power Requirement: 


Time Delay: 


Aiming Capability: 


Weather Proofing: 


Solar Panel: 


Storage: 


Light Intensity: 


Nightly Run-Time: 


'RELIMINARY SPECIFICATIONS
 
z 

40 Feet by 25 Feet Wide

Passive Infra-Red Detects Thermal Radiation
 

Variable of 5:1 Range
 

None - Self Energized
 

20 Seconds to 20 Minutes
 

All Directions
 

Outside Locations
 

7 Watt
 

5 Days w/o Sunlight
 
1500 Lumens (100W Incandescent Equivalent)
 

1 Hour (Energy Balance)
 

0.
 

L7rJEE Or SYSUPS SP[CIALISIS, INC. 
 FOR I[CHNICAL 
AND SALES SLIPPORI INFORKA1ION ONLY.

j (AS1 R[DIEID ROAD, SCElIlSDA E, ARIZON(A 81,?b6 NO1 10 B[ USE D AS PRODUt;I LIIFRAIUHE FOR (ND USERS USQ,/8L- B989, I IItIX 6,8 3SC43 
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ThBSSLumaSTAR II incorporates the photovotaic industry's state-
 0 

of-the-arc PV module - the ARO Genesis G-l00. The Genesis is the
industry's first commercially available module which is manufactured
 

the thin-film amorphous silicon process. Thin-film amorphous solar cells
 
have been used exclusively in solar calculators and watches for two years
 
now. The Genesis product is the first large size application of this
 
amorphous thin-film silicon technology in a PV module. The LumaSTAR 11 
is the first solar light pr-du~ct o uise the genesis as its pow 'r source. -

Spcificatioins and cost atao available Spring 1985. 

,
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LE '2introduces,,, TM 
m Lp DELUXE LIGHT 

L1GH1T A)f" i\fl(-i, FROM SUNLIGHT 

q iq A. 

Light Every Night From Sunlight 
" NO MORE COSTLY UTILITY BILLS 
* TAX CREDIT ELIGIBLE 
" Simple and Easy Installation Eliminates Digging Up Expensive Landscaping
" Installs in Minutes on any Standard 3-Inch Pole 
" Maintenance Free 
" Dependable Secure OperEaion for Years 
" Durable Rust-Free All Aluminum Construction 
" 1000%1 Solid State Electronic Circuitry 

LuniaSTAR TM is energized directly from sunlight. The solar electric
 
(photov'oltaic) panel converts su.nligjht to electricity to charge an 
 internal storagebattery. LumaSTAR T is atvioic it siarts at sunset and runs up to 12 hours 
a night depending upon loraton and sunshine level. 



©RT)ER FORM
 
SHIP TO: 

Name Model Quantity Cost 

LumaSTAPTM Deluxe 0 $549. ea. $Address* 
$
 

City -State 
$ 

Zip Phone 
 Postage and Handling $ 11.00 
'Must have street address, cannot ship to P.O. Box In Arizona 6% Tax $3 MC 0-V ISATCard_#_TOTAL 

O A $$ 

Expiration Date 

ED Check. Check qua antee; Bank-
Mall Balance of Systems Specialists, Inc.
Order Form 7745 E. Redfield RoadScottsdale, Arizona 85260& Payment to: (802) 08-98N / (800) 223-9580 TELEX 683 SO43

Guarantee # ____________________
 

For faster delivery call 1.800-223-9580
 

LumaSTARTM THE LIGHT AT NIGHT FROM SUNLIGHT 

FEATURES 
 VARIETY OF USES 

e Dependable Light o Home Lawns and Yards 
* EIlmlna'Les Monthly Utility Bills * Sidewalks and Driveways 
* Tax Credit Eligible * Decks and Patios 
* Quick and Easy Installation * Swlmjnlng Pools and Gardens 
* Maintenance Free e Marinas and Boat Docks 
o Durable Long Life Construciion a Campgrounds and Beaches 

ANC OF SYSTEMS SK'SI"lo-~ILA MA" 9"11'oki~"UNA 114" 



HPS Micro-Watt Flood
 
35 to 150 Watt High Pressure Sodium 

SERIES: M & MM 

4-4 

..
 

S'zrles M 

V,i
 

Balance of Systems Specialists, Inc.Series J',M 7745 E. Redfield Road 
Scottsdale, Arizona 85260(602) 948-9809 / (800) 223-9580 TELEX 683-5043 

fcvtcC -3 



features 
HPS MICRO-WATT FLOOD 

COMPACT HEAVY-DUTY FIXTURE VERSATILITY
The HPS Micro-Watt Flood featuresa rugged hous- The HPS Micro-Watt Flood can be individuallying of die-cast aluminum that is ribbed for effective mounted or grouped for face-down or face-up appli­heat dissipation. Tne unit is gasketed at ail critical cations. Each unit is factory prewircd with a 6"wirepoints to assure weatherproof protection. Standard extension from the stem. Six different mountingfinish is baked-on bronze enamel. The small size arrangements are available as standard. (See order­of the luminaire allows inconspicuous concealment ing data, page 6.) A complete 180 aiming sectorwhile yielding maximum lighting effects. Luminaire with ,epositioning stop isprovided. An internal bal­s packaged complete with lamp. last housing simplifies installation and maintenance. 

Enclosed
 
Ballast
 
Housing
 

ONG LASTING QUALITY Vertical
kl1
hardware isof corrosion-resistant materials. The Scale withnclosed electrical compartment provides extra Repositioning,rotection for the ballast and starter.The unit will op- Stoprate in temperatures as low as -20°)F. The HPS 
•icro-Watt Flood conforms to UL standards. 

APPLICATIONS 

The long life and high lumens per watt output of the 
high pressure sodium lamp, as compared to tung­sten halogen or incandescent, provides special 

Optional advantages for a wide spectrum of low-level flood­
photocontrol lighting applications. The high pressure sodium 
provides lamp provides apowerful punch of light for its 

, dustomacautomatic compact size, making it an ideal unit for generalfloodligh!ing. Due to the broad beam light distribu-

Ribbed Housing dsopean tion,agiven area can be illuminated with aminimum 
rovIdes Heat operation. number of units... an excellent unit for commercialDissipation and industrial security lighting applications. 



component dald 
HPS MICRO-WATT FLOOD 

LAMP QUICK RELEASE 
35 or 100 watt medium base LATCH simplifies

COOLING FINS high pressure sodium lamp. 35 relamping atid 
Increase watt has 16,000 hours rated maintenance.
 
component 
 life, others are rated at 24,000
 
lifeho r lie
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dimensions 
HPS MICRO-WATT FLOOD 

_9' L" 
!NMI* 

Series Al Series MM X 
Effective projected area for HPS Micro Watt Flood for Series MIs 1.13 sq. ft. and .72 sq. ft. for Series MM. 

specifications 
HPS MICRO-WATT FLOOD 

Floodlight stall be BOSS Outdoor Lighting HPS fi!lI-,n!i ;lll be DC solid-state electronic type,Micro-Watt Flood, catalog number for 2,4 volt (MM) 48 volt (M), suitable for operation in- - watt high pressure sodium lamp. temperatures as low as -20 0 F. 
Housing shall be die-cast aluminum with integral Vqw (kr hall be cast aluminum and securelyfin3 for hat dissipation, )heldthe Ihousing by stainless steel ningepins and 
High temperature porcelain sockets shall be latches. Door shall be sealed and gasketed.
medium base, pulse rated.
 
Anodized reflector shall have an anodic finish 
 Fnclory prowlring shall be provided to conform toand produce a beam efficiency of __% and UL standards. 
a beam candlepower of - candela. Finish shall be baked-on Statuary Bronze enamel. 
Tempered lens shal be thermal shock and impact 
resistant. (Optional) Photoelectric control shall be provided. 

4
 



SERIES MM 


H PS MICRO-W ATT BEA M SPREAD 
Data based on report number P3387,using a 14 
foot mounting height with unit aimed at 450 . 

I.E.S. Beam Type 7H x 7V
 
Maximum Candlepower 296 

Average Maximum Candlepower 268 

Beam Spread 155.40H x 135.0o V

Beam Lumens 621

Beam Efficiency 62.1% 


SERIES M 
HPS MICRO-WATT BEAM SPREAD 
Data based on report number P3161,using a14 foot 
mounting height with unit aimed at 450 . 

I.E.S. Beam Type 6H x 6V 
Maximum Candlepower 380
Average Maximum Candlepower 347Beam Spread 120.5°H x 113.7V 
Beam Lumens 535 
Beam Efficiency 53.5% 

Note: Data shown isper 1,000 lamp lumens,
for 35W and 100 watt high pressure sodium 
lamps. Multiply lulmen, candlepower and 
footcandle values by the factor shown in tha 
lamp lumen chart. 

LAMP LUMEN CHART 
L..,cp L ,.e,. F tl,,
3 5 2 ,2 50 2 .25,' 

100 9,500 9.5 

photometric data
 
HPS MICRO-WATT FLOOD 

ISOFOOTCANDLE DISTRIBUTION 
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ordering data 
HPS MICRO-WATT FLOOD 

UiQOc~n 	 M Lb. Voiq. C s" .. wi Cc,,iro 

35 HPS Micro-Watt Flood 7 24VDC 1.67 A MM35 
00 HPS Micro-Watt Flood 12 48VDC 2.25 A M100 

NOTE: All units have }. threaded stem, if othor mounting hardware is required, order by catalog number. (See below.) 

KB CROSS-ARM WALL LCLAMPL 
I'MAEADED JUNCTIO'N Nj BACEK MOUNT MOUNT POLE-70F 

STEM Box 9925 and 24 and" 9008and MOUNT 
fSuindrd) Mi5 9915 9915 9915 9914 

CROSSARM MOUNT
MOUNTING CLAMP NPSm " 

Crossarm mount of corrosion-I Cast aluminum and steel JUNCTION BOX ."', 

f clamp mount with corroion- Aluminumluntionbox Must - reSistart materias with?j resistant hardware fo ow 	 univcrsal adustment ofl0 
Requires two mounting bolts 

. 2"pipo Use with 9915 " V325 
Must be used with 9915Cu,.l2'¢j NumborJunction Boix

Catalog Numb~er.. 	 i, 1 lb. Junction BOx
Catalo Nume I 	 Catalog Number 

___ ____.06 3 Ibs. _ e" 9925 21l)j-t4 NPSM51;
"h1 f MUNOIJtJTING BRACKET 	 GLA R E 

S H I E LD 

POLETOP MOUNT ~~ .r ~ Oljt~nting bracket ofPOLE TOP MOUNTC.,oirein .2 	 ' LAEHIDktl t wh " Glare shield of corrosion-
Alum inum poi eto p ount for j 4 i i ti t re n t 0 w ith * sist nt alu minuel b 

St v 1 mounted to" or bottom 
k Calio Nuirsbef 995Jnto o914 ""b. 2 	 I!, 3y. 0214 1 lb. ..l tC]uiiib" 	 .- Catalog Numbor 

4
2%3.,1 	 3., 2 ILa. - - 474-V (For M ieries) 1 lb. 

NOTES 	 3. Ballasts aro DC solid-state electronic typo. 
1. Limps are included. 	 4. For further information contact: 

2. Proiadad rwou(SwezM, HPS Micro-Watt Flood is 1.13 Eq I1 Balance of Systems Spocialists, Inc. 
Sories MM is .72 sq. ft. 7745 E. Redlield Road, Scottsdale, AZ 85260 

Phone (602) 948.9809 / (800) 223-9580 TELEX 683 5043 

EBalance of Systems Specialists, Inc. 
7745 E. Redfield Road 
Scottsdale, Arizona 85260 
(602) 948-9809 / (800) 223-9580 TELEX 683 5043 



CURRIN SOLAR POWERED LUMINAIRE
 

The Currin Model CSW-600 Luminaire provides high quality 
electric

lighting for 
homes, cottages and other buildings that are beyond

utility power. flung f roiii the ceiling over a desk? reading orwork table, this solar pow:ered luminaire can supply hoursbalanced color light sufficient for reading, writing 	

of 
or handicraft 

activities. 
 The luminaire is virtually mainteniance-free andis safe. It uses a low volt~age circuit and requires no dangerous
 
fuel . 

The total Currin CSW-600 Luminaire system consists ol a lighting
fixture with self-centined rechargeable batteries, a ceiling
suspension bracket and housing, a solar-electric panel for batterycharging, special 
control circuits, connecting
manual. It can be installed in about one hour. cables and a
 

Features of the Currin CSW-600 Lumnairere
 

l 200 lux of task illumination at 
table height
 
o20 lux of 
background illumination 

0 Balanced color spectrum light source
 
Th2 or more hours of lighting each evening

s 5 hours of lighting using 40% of total battery capacity
 
• 	Option for two-way room switch
 
aVirtually no heat released
 

* Variety of wood housing available
 
* Minimum battery life of 3 years
O Lamp and component life of 10 years or more 

P.O. Box 1191, Midland, Michigan 48640 USA
 



CHARACTERISTICS OF CURRIN CSW-600 LUMINAIRE SYSTEM
 

Light Source

600 lumen twin-tube fluorescent lamp with six times efficiencyof incandescent lamps. Lamp uses tri-phosphor technology forfull spectrum light over wavelength of 0.38 to 0.75 nm; 2700 0 Kcolor temperature. Rated life of 10,000 hours, thanmore 10
 
years at 2 hours per night.
 

pptics

Lamp is mounted near focal axis of linear horizonal parabolicreflector of aluminum; molded 
tough polycarbonate prismatic
diffuser; some upward illulnination of ceiling. 

Solar-Electric Panel
 
9 watt (peak) silicon photovolt2ic (PV) module is standard;opLonal sizes of 5 or 18 forv;tts special applications ciinsolation conditions. Glass superstrate design for self-cleaning.
Power degradation is less thin .0%/year for 
more than ten years.
 

Battery Storage

Sealed lead-acid rechargaable batteries with 150 watt-hour total
capacity at 12 volts; maintetimnce-free. 

Lamp Ballast and Controls 
High efficiency 25kHz electronic ballast is based on NASA devel­opment; solid-state battery charge controller to prevent batteryover-charging and assure maximum battery life. Primary switchis alternate action push switch at 
center of diffuser with option

of two-way wall switch.
 

Low battery voltage sensor turns on red indicator lamp on ceiling
bracket at 70%about battery discharge; lamp is automatically
turned off at 95% discharge.
 

Lamp Fixture Housing

7stom crafted 
from solid oak, maple, edge-grain fir, cherry,
walnut or other hardwood on special order. 
 Fixture hangs by
two power cables from suspension bracket mounted the
on ceiling

in a wood housing.
 

Installation
 
Requires about 
one hour using common tools.
 

Dimensions, Weight

Lamp fixture: 500x250x105 mm (20xlOx4.1 inches)
 

8 kilograms (18 pounds)

PV module: 
 4 5 0 x305x55 mm (1 7 .5x12x2.1 inches)
 

2.5 kilograms (5.5 pounds)

Shipping weight: Approximately 16 kilograms (35 pounds)
 

Design is subject to change by Currin 
Corpoiation for improved
luminaire system performance. 
 850515:CGC
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SUNNYSIDE SOLARNEW ENGLAND PHOTOELECTRIC POWER COMPANY 
RD 4 Box 295 Gree,'i River Road West Brattleboro, VT 05301 (802) 257.1482 

AUGUST 1984
 

--- LAMPS AND ADAPTERS FOR USE WITH LOW VOLTAGE DC LIGHTING --­(all lamps are 
12 volt unless otherwise noted)
 

FLUORESCENT LIGHTING(all fluorescent lighting is polarized)
 

IOTA BALLASTS: 

101: D12--7/9 low wattage 
 $1950
102: 1D12--1/13 low wattage 
 19.50
103: !D12--15/20 high wattage 
 29.50
104: lDl2-l-30/.0 high wattage 29.50
 
STANDARD FLUORESCENT TUBE LAMPS: 20, 30, 
40 watt lamps available in
local hardware stores. Each lamp would require one 
appropriate


high wattage ballast.
 

NORELCO SCREW BASE LAMPS: 
 needs
 

201: 	 ballast:
PL 7 watts (400 lumens) #101 8.50
202: PL 9 watts (525 lumens) 
 #101 
 8.75
203: PL 13 watts (850 lumens) #102 
 9.00
 

INCANDESCENT LIGHTING(all incandescent lighting is not polarized)
 

MEDIUM SCREW BASE INCANDESCE17T LAMPS:

(Screws into standar-dY-y-1xfture)
 

301: 15 watts 

2.65


302: 25 watts 

303: 	 2.85
50 watts

304: 100 watts 	 3.30
 

4.00
 

The following are 
24 volt:
 
251: 25 watts
 
252: 60 watts 


4.50
 
QUARTZ 	HALOGENWEDGE BASE:


(Needs adapter #902 
for use in standard screw
 
socket light fixture)
 

401: 17 watts
 
402: 25 watts 

403: 34 watts 
 5.905.90
 

5.90 
The following is 24 
volt:
 
451: 17 watts
 

6.25 

All prices are FOB Brattleboro, Vermont. Quantity pricing:
$250 	 $100 toless 8% ;$250 to $500 
check/ 	

less 12 %; Over $500 less 20 %. Payment bymoney order in U.S. 
funds made payable to SUNNYSIDE SOLAR.
 



------------------------------------------------------------------------

OSRAM HALOSTAR (Tungsten Halogen incandescent lamps)
(Needs adapter #903 for use with standard screw.
 
socket light fixture)
 

With silver reflector:

501: 	Flood light 20 watts 
 $10.00
502: 	Flood light 50 watts 
 12.00
503: 	Spot light 20 watts 
 10.00
504: 	Spot light 50 watts 
 12.00
 

With gold reflector:

505: 	Flood light 50 watts 
 12.00
506: 	Spot light 50 watts 
 12.00
 

OSRAM LOW VOLTAGE TWO FILAMENT HALOGEN LAMPS 
(Three way)
(Nees adapter #901 
for use 7Yih standard screw
 
socket light fixture)
 

601: 	60 watt/55 watt (115 watts) 
 12.50
602: 	100 watt/80 watt (180 watts) 
 13.75
 

The following is 24 volt:

651: 	75 watt/70 watt (145 'watts) 
 15.00
 

901: 	Low voltage halogen three way bulb 
 904 :Single contact candelabra bay­to Edison Medium screw base... $8.00 
 onette to Edison Medium screw
902: 	Quartz halogen wedge base to Edison base
Medium screw base...$7.00 (NIS) 
 a. 1/2" ...$5.00
903: 	Double contact candelabra bavonett 
 b. 1 1/2"... $5.50
to Edison Medium screw base 
(three way) 
 c. 2 3/8"... $6.00
• ..$6.50 
 905: 	Halostar Adaptor...$6.00
906: 	Single contact candelabra bayonette 
 907: 	Torpedo bulb to Edison Medium
to miniture screw base...$5.50 
 screw base...$5.50
 

Mail to: 
Sunnyside Solar, RI> Box 295, West Brattleboro, VT 05301
 
Name: 


Telephone:
 

Address:
 

ZIP:
 
Shipping Address:
 

omany Cata ogu 
 Tcat 
 Amt/Each I Total
 

Shipping and Handling: 
 Vt. 4% Sales Tax
10% on orders up to $100 
 (or resale number)

5% on orders $100 to $500 Shipping/Handling
e pay shipping on orders over $500 
 S 	 in__
Total 	 _ _ _ _ _ _ _ 
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6V ~ ~F6T5 1'Yi..A 295+ ;3A Lw' 
6VF8T5y' 1. A 400+' 3A LW 

VA . D6-i25 5.2-7.2 ~PL 1.abd1A' 225+ 26-28 2 
equ vale nt 

~6VA' J '5.2-7. r PL- 7 1.5A 22-24 3A -iLW 
AD6--r' 2- 375+ 

~-'~1F7TT/27K
 
6-equivalent
 

S6V* JD6-1-9 
 5. 2-7.' 2 PL- 2.2 OA 575-V .22-24 A L' 
DULUX-9W 

~~~F9TT/27K~ 
&equivnlent ­

24V ~21-28 F6T5~ .25A~ 280+~ 20-22 2A L17,­~24V '2 21-28 FBT5 29A ,3 6 -22 
F 24V~ £024- '/ 21-28~ PL-7 ~ 29A 400+ 19-21' 2A' LW24V j i%~ 21-2B -DULUX-7W .29A ~ 400+ 19-'21 2A' LW:

24VA* - ~ 21- 8 F7TT/.e7K 29A 400+ r191 21 2A LW
24V - w(~ ' FUL-7 ~ .31A 450+ 19-21 2 W 

6&equivalent -- ~ ~ 24V ~1-4' 5AL2-'~ P9 590+ 20-22- LW­
24V* 21 28 DU LUX -9W .35A ~ 590+ 20-22 2A' r LW~~4V*~~~Y~7~ - 21-28 F9T-T/27K ~ 35 590+1 .20'22i AL
 

~~r, ~ r~,Pequivalnt 

24V~ ID24-1-11/13~ 21-28> P1.13: '55A -90G .21-23. 2A L
24VA '* 21-28 DU LUX-13W < 5A 900+; 21-23 -2A ,LW

'24V* 21-28~ VF13TT/27K 5. i 900+ 21-23k 2 V~ LW
24V ~ , 

I

-" ' 21-28 ~Fill,-Yl .53A .2-22 2A LW 
&equivaL3ent
 

24Vj 1024-1-13T5 21-28 jFi3T5 .55X 800+ 32-3,4. 2A 

-*NOTE: 
 A strig i a be- required with th'ese~ball'asts 'and lamp-c'ombina 
tions 'and even with of thesome other DC voltage,,combinations
involve cmat apwihbuilt-in' starters. 

tat 
Mbst,fluorescent, lamp.l 

manuactrer''1waysrcomn that rtheir Dela'Mps b mounted close to
 
anegativlely grounded ine La Ie eco 
oplte,to, bettler assure reli 

able'starting and longert life Wil e pi sNTRQIi ihte 
majority of IOTA, DOISbalas Ls itwll n all: cas-e be bencf ic-ia1 ­
and" especialy so 'wi'11th1e. compct lamps .with. bijil:iti starterS. 
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~STATE BALLA~
 
AC/DC and DC ONLY 

~OTA ENGINEERING CO. 

FOR AC/DC APPLICATIONS
 

FOR PHOTOVOLTAIC and WIND-POWERED SYSTEM APPLICATIONS 
- June 1984 -------

WEIGHT: 20.5 OZ.
 
MODEL: 2A/D20-2-4C (AC/DC)
 

LAMPS: 2-F30T12 2-F34T12 
 1..
 
2-F35T12 
 2-F40TI2 


-- 2.375"2-FC12T1O 2-FC16T10 

.4.3p,

INPUT : 120VAC-60H z-O .60A ) FOR 
 T W EW "
 
120VDC 
-- 0 . 5 0 AOR 2-F40T12 . WIRE LENGTHS: YELLOW 37" 

CLASS P - THERMALLY PROTECTED WHITE 21"IN, 
 POWER FACTOR BLACK 21"CASE MUST BE HEAT SINKED 
 VOLTAGE RANGE: 
 CORRECTED 
 BLUE 26"
VAC 
 +10% 

RED 
 26"
LAMP MUST BE MOUNTED WITHIN 1/2" 
 VDC +20% -5% 
 LENGTHS SHOWN ARE FOR 48" FIXTURE.
OF GROUNDED METAL REFLECTOR. 

OTIIER LENGTHS TO SUIT APPLICABLE FIXTURES. 

WEIGHT: 6.5 OZ. 
IODEL: 2D120-1-20 (DC ONLY) 14 11T 

7-


LAMP: 1-F20T12 

000'~
INPUT: 120V-0.17A r BlALfAST --

.82 
1 

'LASS P - THERMALLY PROTECTED 
 WIRE LENGTHS: WHITL 15"
 
CASE MUST BE HEAT SINKED 
 ECATIVE- POSITIVE BLCRED 15" 

.AMP MUST BE MOUNTED WITHIN 1/2" 
15" 

VOLTAGE RANGE: 
 LENGTHS SHOWN ARE FOR 24" 
FIXTURE.
IFGROUNDED METAL REFLECTOR. 
 -1-20% -5% 
 OTHER LENGhS TO SUIT APPLICABLE FIXTURES.
 

H-ALL QUANTITIES AVAILABLE WITHIN 30 DAYS ARO.
 
ARGER QUANTITIES REQUIRE APPROPRIATE LEAD TIME.
 

ATENTED UNDER ONE OR MORE OF THE FOLLOWING 
S PATENTS: 3,889,153; 4,005,335; 4,017,785; 
,127,789; 4,330,736 AND/OR PENDING PATENTS. 

D IOTA ENGINEERING CO. 
4700 SOUTH PARK AVENUE, SUITE 0 • TUCSON, ARIZONA 85714 • USA • TELEPHONE (602) 294.3292 



APPLICATION
AS NOTE 

NO. 

STREET LIGHTING 

WA-rW 
IFWWAFrffwWA"~I 

obil Solar Energy Corporation form Illuminatlon and natural shadow pat­(MSEC) has developed a photo- terns to assure appropriate visual cues tovoltaic PV) powered lighting drivers In the circle.system a traffic circle and The lamp system Includes a loweringaccess road at thu J,,l All Hotel InDubal. device that transports the luminalres be-Completed in July 1383, the project Is highly tween the ground and mast top, thereby per­visible both day ad iigI it to partiesentering mitting testing and repairs to be carried out
or leaving the hotel by automobile, display- at ground level.

Ing an imaginative approach by MSEC Inthe

employment of PV tci.hnology.
Sepaate lgllln if- SEC'S PV ARRAYchees wth heSeparate Illdino sclhemes with dif- The traffic circle system Is powered byferent design criteria for thetrafficclrcleand an array of 432 Mobil Solar Ra4O ribbon cellthe access road were developed. For the photovoltaic modules mounted In thetraffic circle, MSEC created a monolithic southern half of the circle (to preventphotovoltaic array Inthe enterof the circle. shading ;rom the lamp mast located In theAt night this array provides an Island of light center). The array Is rated at apeak power ofnoticeable from the coastal roads; while by 15.1 kilowatts and has been sized to accom­daythe Installation offers high vlslbllitywlth modate the power consumption of the IcadIts deep blue array standing In bold relief (lamps plus system losses)and the effect ofagainst the background of the coastal plain, climatic conditions at the site. The averageFor the access road, lower level per- daily output of the array for December, theImeter lighting was required to astabllsh month with the least sunshine, will still per­pleasant walkways and define the route of mit the lamps to operate. During otherthe highway. To accomplish this, MSEC months there will be an excess of PV elec­designed self-contained, low-powered PV trical poweravallableforauxiliarypurposes.

fixtures that complement the traffic circlelighting system. 

TRAFFIC CIRCLE LIGHTING ~~a
MSEC Is using eight 400-watt high­pressure sodium (HiPS) vapor lamps ,. .;-.,
rmounted In the cent;i of the circle or, a . .
140-foot steel (Coi hi)i ol6. lIPS lamps are " 7.. ,

the most efficient li>amiuz;vwallable forhilgh . ­power lighting h The system pro-
vides an average ,,,,,i,i L Iit,i,I Illurnination of .
 
0.7 foot-candles kvur .tu entire circle and K
roadway, which 16 mmkirL'ble to the stan- . ... .dard for highway h ituichaniges In the U.S.A. An array of 432 Ra40 Solar modles swupplies approx.The single high iut Ilulitliig system also 15 kw peak, powering olghl 4W0 wall high-pressureenhances traffic ziluiy by providing un- sodlum vapor lamps. 

Mobil Solar Energy Corporation
 



The a,Tay's PV modules are wired
Inseries and parallel combinations to
produce a dc nominal operating
voltage of 144V, ideal for charging a
120V battery bank. 

Hotel Entrance 

SUPPORT STRUCTURE 
The entira array Is supported byreinforced concrete block walls at theback and sides, with the modulesmounted on structural steel stringers

and mullions attached to the backwall 
and front footing. The appearance of
the walls Is enhanced with stone
facing. 

A CE5ROADLIGHTBLOCKDAGRAM 

L a -rIW"the 

I 

BATTERY BANK 
The battery bank stores the

Blectricity produced during the day for 
Bvening use. By proper choice of bat-SOI 
ery bank voltage, the array always
perates very close to Its m axim um 
ower, thereby maximizing the energy

)roduced. Single cell (2 volt) Exide)H-5 ba t teries have been utilized forhe system, thus allowing the operat­
ng voltage to be "fine tuned." 

The battery bank stores four times
the maInum expected daily load so
that t1hc.limps can run for four days
with Iulo fhine at all. Under normal
v,'earLti (, i,liitions In Dubai, thcre Is 
litLt; , . that theru won't be 
Uni~tjli , energy to operate the
lights iLl,' ploiUCUlar night. 

Acrez Road 
To Hotel 

AUTOMATIC CONTROLS 

AND INVERTER


An automatic control system reg­
ulates the battery bank's state .4charge by controlling the array output
through asolid-state switching circuit
when the battery reaches avoltage In-
dicating full charge. This control 
system also monitors the array's out-
put todetermine when night hasfallen,
turning on the lamps. It also tums off 
the lamps In the unlikely event that thebatteries reach a state of low voltage. 
A ferro, -sonant sInewave Inverter Is 
InclL,ia to convert the 120 volt dc ar-ray output to 120 volt a.c. required bylamps,.ahlmnleelmntstene 

ACES Ra 
ACCESS ROAD LIGHTING
For the access road from the 

traffic circle to the Hotel, MSEC has 
developed a low-key lighting system 

of fluorescent luminaires powered by
two Ra40 modules, which are
mounted atop steel poles. Two In­
dividual Delco2000 batteries andcon­
trol systems completing tile system 
are localed Inan enclosure at the base 
of the pole. This niakes each lamp
self-contained. From a functional
standpoint, each lamp Iscomparable
to the large system described
previously, except that the high effi-

Dob denote
 
lihposib"2 
 North 

-
' " 

-
Ar 1 

. ­

botro,,rkCors 

clency "dc ballast" provided withecy "dc allat ed thfor aD(-AC inverter. Each system has 
20-watt fluorescent tube to provide12 hours Illumination under worst case conditions. A total of 21 lamps,

spaced at 100 ft. Intervals, outline the 
access road approaching the hotel. 

TRAMC CIRCLE L'GfTBLOCK D4GRAM 

0,,A,0, 

,,' ,N 
-

Mobil Solar Energy Corporation 
16 Hickory Drive, Waltham, Massachusetts 02254 (617) 890-1180 Telex 951272 MOBIL WHA 
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THE 	BLUE RIBBON KIT I INCLUDES: Figure.1:" The Ra30 module, nominal 30 watts: 1.94A at 15.5V. LFigure 1:
 
" A high efficiency 12V fluorescent light. with switch aliil • Components
- of the Blue

protective fuse (spare fuse included): 1.4A consuilJp-ti.oll, Rbbon Kit I
producing 800 lumens of light.


" A compact battery protector, with blocking diodL,, 
 .

adjustable voltage setting.


" A versatle, variable tilt mounting systemn oi
-- .,.,JI,

pole or ground mounting.
 

" 
50 feet of # 14 AWG hook-up wire, fastenring h,...,i-1d
flashing materials to install the system. " '-
A brief, easy-to-follow installation guide. 

. 

A 12 volt, 60 to 100 Ah batiery is required to coil1 , d, .i.
 
system. It can be easily obtained locally.
 

2: 	 I:uigre F 	 - - ,, KIT CHARACTERISTICS: 
Variable Tilt Mount " .	 Module: 2.0" X 16.2" X 35.7" (508im X 411 5mmKit)Ion the Blue Ribbon 	 " '" d0 X 6.2mm) 5 0 5X 906.8 1 m 

Kit "11.2 
lbs. (5.1 kg.) 

Light: 18.5" X 4.5" X 4.5" (469.9rnn X 114.3mm 
X 114.3mm) 

~~ 3.15 lbs. (1.43 k:g.) 
Mounting Space 

Required: 16.2W X 40.21 (411.5mm X 1021.1mm) 
Total Kit 

Weight (Net): Approx. 15.0 lbs. (6.8 kg)
Support Structure 

Tilt Range: 0' to 45 (in increments of 15-)AVAILABLE KIT LIGHTING "lIME" leRbo i ytmOtoa CUe
 
Available lighting time will depend upon tho total suu1ijlB 
 Rt 	 (LXlnolles)
energy' falling on your locatin. The chart below Iroi,'i,hos a Components

general guide: kri
 

Customer Supplied 
=1 Sytem AdditionsAverage Daily Location Air.oxim.ate


Sunlight Energy (Examples) HCours uf

(kWh!rn') 
 ligi nrug 

(Hours;Day) RA304 Boston, Benin City, Kinshasa, 74 	 Module(s) Battery _ _ _ l, . n .s and P'rotector Li-h 
4 5 M ounting 

5 	 Atlanta, Panaria Bangkok, Palau, 

6 	 Honolulu, Bangalore, Bulawayo,
 
Jeddah, Santiago, Phoenix, Cuzco: -7Optn 
 ai C Ues 

7 Santa Fe, Wake Island, Jodhpur: 8 t (Exar,l s)
 
Double "APPROX HOURS OF LIGHTING" figures with the Blue Ribbon Kit 11) Figure 3: Basic System Diagram
 

wiguret4: 	 THE BLUE RIBBON KIT 11 INCLUDES:

oofue -
Ribbon Kit 
 Two Ra30 modules, nominal (0 vatts: 3.84, 15.5V."apability .\ s.' • Two module, variable tilt mounting systeni.

7 - Two high efficiency fluorescent lights.
* Battery protector, as in the one module kit. 
* 70 feet of #14 AWG hook-up wire, fastening hardware and 

flashing materials to install the system.
N Mounting space required: 34W X 40.2"L (863.4mm X 

I021.0mm) 
* Total 	Kit Weight (Net): Approx. 29.0 lbs. (13.2 kg.) 
A 12 volt, minimum 100 Ah Lattery is required to complete thesystem. It can be easily obtained locally. 

The Blue Ribbon Kit is your inexpensive entry into the Solar 
Age. Start with the Blue Ribbon Kit for lighting. As your elec­
tric needs and budget increase, add modules and other electri­
cal appliances. In:tall it yourself; it's easy. Say goodbye to 
dangerous kerosene, dim candles, and noisy generators. Live 
off the sun! 

To obtain the Blue Ribbon Kit I (BRK I) or Blue Ribbon Kit II 
(BRK II) contact your Mobir Solar Distributor/Dealer at: 
Mobil SolarEnergy Corporation (M5EC) reserves the rtight to make hang, t:, , w 	iut% herein to improve reiabdity function ordetign NISECdoes not astumeof theipplicition or useof any product dettibed hre.,,,neither, ctoe ret,, 	

ari,hab,i,i1 atsing out,l : , te irc,r itt patent ric)hiqi, tte rightofOthers 
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SPECIALTIES, INC, 
LEADiRSHIP IN CREAYIVE LIOHTd,1O 

530 CONSTITUTION AVENUE
 
CAMARILLO, CA 93010
 

U.S.A. 

(805)987-5021 
reie: 662203 RECSPEC CAMA 

LOW PRESSURE SODIUM LIGHTS: 
 LOW VOLTAGE
 

REC Specialties, 
Inc. is now -inproduction on low
 
voltage, Low Pressure Sodium lights.
 

These were developed specifically for the photovoltaic
industry for use in remote areas where street 
lighting

is required, and 
grid power is unavailable.
 

manufai. IHr tywo models for 12 volt DC operation.
Model LPS:I 1 . Is an 18 watt light; model IPS-135LT
 
is a 35 ,,, Iic)h t.
 

These lights have 
a cast aluminum housing, with a vandal
resistant polycarbonate diffuser. 
 They operate at about
95% efficiency. 
 The provided photocell will activate

the lights 
at dusk. The timer, which comes standard on
all lights, can be adjusted in increments of one hour
from I to 15 kours, or it can be by-passed.
 

if the timer is by-passed, the light will turn on at
 
dusk and turn at
off dawn.
 

Low Pressure 
Sodium lights are monochromatic: it has
poor color rendering. It produces only 2 main spectral

lines in the yellow region, so 
all colors are rendered

in tones of yellow, brnwn and gray. However, these 2
lines are 
at the peak of the eye's response curve,

Low Pressure so


Sodium lights are a highly efficient, energy
saving light source for 
street lighting, security lightin
and factory yards. In fact, they 
are ideal anywhere that
'light is needed, with 
low energy consumption, and color
 
is not a prinoe Jonsideration.
 

The wavelen,!th of the 7ight produced is close 
to that at
which the human eye has 
its maximum sensitivity. It is
also less inhibited by fog 
or other pollutants.
 

Low Pressure Sodium lighting is the most 
efficient avail­able of all lighting applications. They are about twice
 
as efficient as fluorescents.
 

The enclosed specification sheet will provide you with
 
further details.
 

Page 1 of 1 
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___________ 

EXTERIOR STREET/SECURITY LIGHT
 

LOW PRESSURE SODIUM
 
WITH AUTOMATIC PHOTOELECTRIC CELL AND TIMER
 

... photo-cell
 

housing 

socket Ia- diffuser hinge-latch
 

SPECIFICATIONS:
 

HOUSING: 
 cast aluminum

DIFFUSER: 
 polycarbonate 
- vandal resistantMOUNTING: 
 tenon 14" pipe;. wall or wood pole


mounting bracket included (10 " pipe)
LAMP WARM UP "IHF: 
 7 to 10 minutes at 2 5°Centigrade
TIMER: 
 adjustable from I to 15 hours 
 (can
 
be by-passed)
 

MODEL NUMBER WATTAGE INPUT VOLTS CURRENT DESIGNLUMENS
 

LPS-118LT 
 18 watLs 
 12 VDC 
 2.2 amps 1800 lumens
LPS-135LT 
 35 watt- 12 VDC 
 3.4 amps 4800 lumens
 
LPS-218LT 
 18 wat[K 24 VDC 
 1.1 amps 1800 lumens
 
LPS-235LT 
 35 watt.L, 24 VDC 1.7 amps 4800 lumens 

WEIGHT: approx.; 13 lbs, (6 Kg.)

DIMENSIONS: approx.-16.,'_,on 
 ---- Xwde, 7" deep

INCLUSIONS: 
 lamp, tinier, photocell, mounting bracket 

Specifications subject to change with uLnotice.
 

8 C6.ifTib vLju E----------

CAT-NO.


AS!LLOCA3010,U. APPRIV.
 
.............. 
....... ­ ~D 
 DWG.NO.
 

I- 2 
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FLUORESCENT 
 RATED LAMP*
TUBE CS) RATED* MAXIMUM AMP LAMP*
LIFE (HRS) LUMENS 
 DRAW AT 1?.8VDC WATTS 
 FITS MGDEL NUMBERS:
 
1 F4T5/CW 6,000 135 

2 F4T5/CW 6,000 

0.5 4 .inverter ballast only

1.0
270 8 inverter ballast only
 

1 F6T5/CW 7,500 295 
 6
2 F6T5/CW 7,500 590 
0.6 179
 
1.1 
 12 12ET0P2. 30 116, 134, 716
 

1 F8TSiCW 7,500 
 400 
 0.8 :ci:. 111, 141, 161,
2 F8T5/CW 7,500 1.9 
171, 180, 711
800 16 1!2, 130, 162, 172, 712
 

1 F13T5/CW 7,500 820 1.5

2 13 102, 125, 131, 173
FI3T5/CW 7,500 1640 
 2.2 26 126, 132, 174
 

2 F14T8/CW 9,000 1350. 2.2 
 28 114
 
1 F15T8/CW 7,500 870 
 1.5 
 15

? F15T8/CW 7,500 

103, 115, 133, 14,163, 19,715
1740 
 16,134071 1433, 

I F24"T8/CW 7,500 1175 
 1.8 
 18 145, 167 
1 F2OT12/CW 9,000 12502 F20T12/CW 1.8 20
9,000 2500 2.9 104, 137, 15140 138
 

1 F30T8/CW 7,500 2200 2.2 
 30 105, 135,
2 F3OT8/CW 7,500 147, 165, 175, 7174400 4.4 60 136, 7i8'
 
1 F40T12/CW 20,000 3150 3.3 40 106, 139, 153
2 F40T12/CW 20,000 6300 6.6 80 139-2
 

1 CT9 W 12,000 1050 
 2.2 22 107, 109C, 10951 FC2T9/CW 12,LMSR 1900 2.6 32 110 
Ratings according te lamp manufacturers' 60 Hz data for CW lamps. Specifications subiect tn rh~nno "44 h...,4. 4J-. 



SIMPL1UL? S4DLAU SYSTEA+MSq INCe 
P.O. BOX 12936 

IALLAH.ASSEE. FLORIDA 32317
 
PHOTOVOLTAICS Dr'. (9 4) 3536!JHFRMAi DV. (904) 5 SOLAR-1
 

SOLOFAR F'OWEF:ED DOME LIGHT 

(I) -6 watt F'hotovoltaic F-ncl (self regulating) 

(1) 	 D.C. Electronic Dalla t F'L7 Light Assembly
 
(eqUival rot to a tI L.ttL light bulb)
 

(1) Globe and Dze Assombly 

(1) 10ft. : i/2" Gal'vani:ed Conduit Pole 

(I) 12V40 Recomniniation Chlnride E'-tter\., 

(1) Weatherproof AluminuM -'Attery Eo 

(1) Dusk3I to Dawn Electronic Sonsing and Switching Circuit 

Total F'aclage 	 89B5. 00 

NOTE: This s ol ar pcw eredI light poIeass s e m h,1y 
can be 1oCatdac for atway a' [] ft. from the 
photovol taic paniel and i usuiive nothing 
,-MoIIII 2r 	 t hacn I/I ~ir e. 'I i ','ztcm need-- Kk 4, 
no co pl cat-d vol tgE r-v, , or w"­
othpr c2 	rc uitry tc cnntrcrl I. 1i jhL fro;m 

dusl to 	 dcajn . Th h tt " i S ; o ,j capahl . 
oF 1 ighting t 1ightI Iggt . , - .- . , ,thuL'. 	 (0) 
days t.wi t hotit t.nT hi ino. I :('/c ry oeri od ., 
is appro:: (7.) dtt'ir. g fr " ­.thrco 


every ono full 1 ilor d:','. 

•~ ~ ,.£:!tNH/ 
41 
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2995 4'!i AvenuC Nortn St. Petersburg, Flu; 1i1,d, A 1'i1 (810') 526-0793
J~ 

LIGIT AT NIGI T 11J10NI SIJNLIGHT 
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Sunlight 

-1. . 

o4 O VJO: COSTLY OT IIITY DitILS 
"\X CRE111T FELIGlB-LFE 

L_;imrple aid Easy Insiallation Eliniminalus I igging Up Expensive Landscaping
* Instalis in Minutes on any Standard Pole-,,..ich 
* Maintenance Free 
* Dependahfe Secure Operation fur Y(r 
Durable Rust-Free All Aluminuri Cur r:;fr ntion
 
'100% Solid State Electronic Circuiiry
 

.n. .rgiz...t,. na. TAmm.. is .y dr-o- ho- :unlight. The solar electric
(p"otovoltaic) panel converts sunlight to ctricity to charge an internal storage
battery. LumaSTARM is automatic, it starts at sunset and runs up to 12 hours 
a night depending upon location and sunshine level. 

Best uinc,'er the sun._____ __________ 



SHIP TO: 
Mo I Quantity Cost 

LunnSTAFIT" Deluxe $ q//i, 

Address* $ 

City - -State $ 

Zip __ Phone( Postage and Handling $ 11.00 

Must have street address, cannot ship to P.O. Box 
,,l k F-VISATOMC 

Card TOTAL $A $ 

Expiration Date 
Mail Sola.-Electric Systems 

I-1Check. Check quarantee; Bank Order Form 2995 - 44th Avenue North 
& Payment to: St. Petersburg, Fkrida33714 

Guarantee # . (813) 520793 

LvimaSTARMT THE LIGHT AT IGHT FROM SUNLIGHT 

FEATURES VARIETY OF USES 

Dependabe Light Ihome Lawns and Yards 

Eliminates Monthly Utility Bills o Sldewalks and Driveways 

Tax Credit Eligible . e Docks and Patios 

Quick and Easy Installation "Swimming Pools and Gardens 

* 1.2intenance Free = Marinas and Boat Docks 

*Durable Long Life Construction * Campgrounds and Beaches 

BULK RATE 
U.S. POSTAGE 

299544th Avenue North •St. Petersburg, Florida, U.S.A. 33714 (813) 526-0793 PAIDEDPERMIT 

# 195 

PINELLAS PARK 
FLORIDA 

DIEVOROH ESV/. NOZ 1 
MERID IPN CORFP 
5113 LEE sURG p,IV , U1E- 70@ 
FnLLS CHURCH YR 

Best under the sun. 
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SunAmp PHOTOVOLTAIC 
.,.lf , SCIAT O.D1CT'.A O [D 

Mobil Solar
 
Kyocera International
 
Arco Solar
 

PV Battery System Regulators - 12V and 24VPV Battery System Junction Boxes 
- 12, 24, 48, 120V*axirmu Power Tracl:ing omp Controllers

Cathodic ProtectIo:' Controllers
 

SunAmp Systems Lead Acid Deep Cycle - 6V and 12V
Bulldog Battery

Gates, Panasonic, :*ule, Dynamic 
 Energy, Yuasa, Electrochem 
Nife, 
Globe
 

.BLt-terv Charaar 

Bulldog
 
Lester
 
Custom Chargers
 

Inverters; 

Heart 
 Lalarche
 
est 
 International Power MachineTripplite 
 Omnion
SunResea rch 

rU tiblershPower S.ra 

SunResearch Custom Systems
 
Best ?errup (TCI)
 

SunAry Systes Cathodic Protection Controllers & Full
 
Sys tems 

7702 East Gray Road Scottsdale, Arizona 85260 (602) 951-0699 



Products, etc.
 
Page 2
 

Packaged L Custom Svstej-

Home Electric Systems, Stand Alone & Line Tie
 
Recreational Vehicle Electric Systems
 
Electric Boat Fit
 
SunLight Solar Yardlight
 
Swimming Pool Systems
 
DC Evaporative Cooler
 
Solar Water Pumping Systems 

DC Fluorescent Lights - REC, Iota
 
DC Refrigerators - Arctic Xold
 
DC Color TV
 
DC Evaporative Cooler
 

fiscellaneous
 

Module Mounts - Fixed and Tracking
 
INodule Interconnects
 
Battery Interconnects
 
Bypass Diodes
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MECIAN CAL CH IAC[RI.5ICS 

iIotal Weight (without battery): .3kg' (99 Ibs)
 
Concrete Fouidation: 60 x 600 x 600 mm r
 

(23.6 x 23.6 x 23.6") 

KP
 
IECINICAL ItARACIJUSICS 

Lightiig intoi sity 1200 lumens A 
. ... ... ... Lighiting l×,wer 1!1 Jv:-3-... , i 

voltage 12-9 -;.. 

Runing temperatures -- O'U/+60°CStorage capacity 105 Alih 

_ I 'Life cxpcct:,ncv of fluorescent tube 15,00 hours/20,000 cydes ­

. , Bracket type E,:tnided alumninum t.
 
-~-- M-ast type lDurainox - Dark bronze anodization
 

Opxafing 1T)de Direct or sequential
 

.... ~ ...2-
I 

I I950x3)96x38137.4fx ]5.6'x 1.5") 

I xI:13.1.x. mm ....
 
'. , (119 50 32 r," x 56I ." I'I I 1 

__, _I 


I • I,
 

. . .- .. -LL 18 1.3"lI159 .2m , * m.... 7 :VI- ___' . . ... . . 
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.. I _ -I-.ie... lb ro h ikn t n ., - .. . 
*1*~~- ~ 1253 Chamn Aen~eI laO 9250. _'l._,C_ 



Solec's lightingsystems are dzasig nod and constructed 
tow anse of installation and reliable performance. 

Jghfhg System CLS-1 0 II 
The CLS-1010 is an B-v.',t ii". 
fluorescent lighting syst,,, 

designed for lowor F . r/ 

consumptio.i and ri;i ________ 

iUtki ij OI:iI. , 
All solec systems uru fltii .. U L. 

polarized plugs, batt b t, bk.o, 

permil imn'ediate instail.tion 
lig.t I 

VjL J- L . U P 
L" 

L ,_., U .­

,-i .s- . 

Lighting Syzth l I..z W. . . 
The CLS-1030 is Sol:.', .. . 

lighting packag,, that p id. 

130-watt ii luj'CAL.. IN 
Both the CLS-l ILI.0 oid z. I, le:,..I' 

systens utilize tho r 0lu itech,, Tudlar ' ' Non[Ii .. , , , ,, ;.. . 
. , . . " 

anod;zod Lin Tin 
Solarcharge'. Bu, so 

in t cOl :h6., 

fits . 

" 

f 
design and constructi o , IIt d,, f *-.. - ._ . 

Suffer froom the mlllu l ,-wk . 
vanlaliSn as othur :h , .... - i 

"Batleries aWO not inhJtLL, ,, L 
7~ L I 

Cr_'.___...-, i 



Solec's Lighting System is a complete operating package. It allows anindividual to assemble and install a solar lighting system quickly without
the normal fears of connecting and splicing wires together. This system
contains all the necessary components in order to set up your lightingpackage, including 20 feet of cable. Batteries can be obtained from a
local supplier. 

System Components 
CLS 1010 LS 030Solar Module M-1136 M-4134
 

Charge Regulator 
 SR-1202A SR1202A
Fluorescent Lamp REC-12-8 (8 watts, REC-12-30 (30 watts, 

0.7 amps) 1.9 amps)

Battery Box (polyethylene) 
 B-100 (9.2" x 18.1" x B-100 

10.4")
Battery' (recomm. 75-100 AH) not incl. not incl.
Wire 20' 20'
Weight 12 lbs. 18 lbs. 
All necessary wire, plugs, and battery pl-gs which are required forinstallation are included inside the lighting system. (For further details, 
check other data sheets or see your local Solec denier). 

Hours of Operation 
Solec's lighting systems will supply approximately 6 to 12 hours of lighteach day based on a fully charged battery. The two L.ED. indicators
located on the battery charger unit should be monitored in order to more
accurately determine the number of operating hours. The "green" lightdenotes a fully charged battery. The "red" light signifies the battery ischarujing At night, the green light means you are operating within Ine
limits of the baltery storage. 

Intw'nalional, Inc: 

12333 Chadron Avenue 
Ha ,'Ihor1e California 90250 
Te.ler,hone 1213) 970-0065 
TW; 910-325-6215 SOLEC HWTH 

C 
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For example, the subrray des;n can be 

used for any rocky site. And the conirol 
is adaplable to a ,'':ovariety of 

c isoror needs. 

We invite you to call or write tod y wiyour remote power needs. 

Modules p subarray 

Solar Modu 
Total required 

Peak p,,,e voltage, each 

,urrent (d, peak power 

77slp 

4. VDC 

1.1 A1,/u ; 

7 7 

4.9 VDt 

31 Amps 

Storage Battry 

>lrs in series 
.as in parallel 

Mnp hours per cell 

TotalrAmp Hurs 

m 

12 
8 

500 

400 

5 

4000 

e 

PSolec 

ie 
dyto 

Interntional, Inc. 

is12533 Chadro,, Avenu~eHavhorne, Calfornia 0 ,t 

(213) 970.0065 
TVX: 910 325-6215 S.KLEC 1, ,ITH 

A MOe ,! the Pk':gt (3r,-up 



7 7\% IstWATCH 11 SOLAR SECURITY LIGHT 

/j 

/ • _# 7 
A' . . .. ...7?---- ---,4 -,-4 - /,-; .,..f 


F 
/ 

-....
-L 

AFFORDABLE, PORTABLE SECURITY
 
The 1st Watch IIISolar Security Light is a Because the 1st Watch 11Solar Security Lightsecurity system designed especially for gets its power- from the sun, it has an endlessthe needs of business in protecting proporty supply of FR~EE energy, No wiring is neededarid people. It uses a passive iffrti rJ to install the light, so it can he placed at criticalsensor to detect fihe presc-nce of p;-, ulls Of' locations as long as the sun c-hines on th.automobiles, and then automatlcal)y tin ii:- tii IstWatch 11through the day.two sealed-bearn halogen floodlight; t, litlit
the area. The lights stay on as Inii~ i.dt Lot ls[%Vdtch 11protect your business Nvithintruder is within the 8(i fie!cI of vk \v: ti dll-night au1tomatdf7K rCurity lighting.to 40 feet away, and tUr"n Off a S1t0 
after he leaves. 

TEXAS BILIGHT, INC, p r ~ 3366 EVERGREEN, CO 80439 (303) 526-0217 



IstSTAR 11 SOLAR LIGHTING SYSTEM
 

SIMPLE, ECONOMICAL AREA LIGHTING
 

The lstStarll Solar Lighting System is a practical, 
affordable lighting package for commercial 
applications In parking lots, streets, storoje 
areas, and outdoor activity areas. Th s)',;te:ni 
h, : independent power, needs no wirinl, tjjd 
can be installed by your own trained p .r:crnJ. 

TEXAS HLTGIT, INC. POBOX 3366 


The lstStar'll commercial lighting system uses 
very efficient low pressure sodium lamps for 
Illumination. Four models are offered, with 
options for all-night operation and for the area 
covered by each unit. Once installed, the units 
need little maintenance and use FREE power 
from the sun. 

EVERGREEN, CO 00439 (303) 526-0217
 



C.__2x IstSTARP 11 SOLAR LIGHTING SYSTEM 

FEATURES
 
-Low pressure sodium lamps for efficient lighting 
-Reliable photovoltaic power supply 
-Simple, easy Inst Ilation 
-No external wi'ing required
-No digging or trerching required for hook-up 
-Three day bdttery backup for cloudy days 
-Light turns on automatically at dusk 
-Little maintenance required 
-One year limited warranty 

MODELS
 
Lamp 
Type 

Lumens 
Output 

Operating 
Time L 

Coverage 
W Area 

THL-001 lOW LPS 1000 6 hours 25ft Z5ft 625ft z 

THL3002 
THL3101 

10W LPS 
18W LPS 

1000 
1000 

All night 
6 hours 

25ft 
30ft 

?5ft 
J0ft 

625f t2 

900ft z 

THL3102 18W I[PS 1000 All nlqht 3Oft 3Oft 900ft 2 

TEXAS HILIGHT, INC. P,O,BOX 3366 EVERGREEN, CO 80439 (303) 526-0217
 



7RESIDENTIAL SOLAR LIGITING SYSTEM 
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ECONOMY, DEPENDABILITY.
 
The THL-400 residential solar lighting systcIi provides The THL-400 residential solar lighting system usesreliable, independent liqhting ard power for i oum.,Lt or, efficient fluoescent lamps to light up the nightseasonal residences. The package incluce,r t, I ,ttSt in your hoome. Two 20-watt weatherproof fi.xt,:resin solar photcvoltaic panels for pI-oduc1,u j ,:!,(ri Jt), are provided, suitable for mounting indoovi orfrom surliqht. Batteries are used to storo U .Clclc outdoors. Connections are available for oprat:nqpower generated dur-Ing dayligjht hours f(-o U,,al6 !igjht. sma!l television, radio, or cassette pla)'c.r.
T his st rage apacity W,'il hold enough ,.tov.U. !Iifyt~lythe hou ehold needs fortup to four dii)s , I, Let the TItL-400 system provide safe, rei .aleweather, light and power for your remote or vacation home. 

TEXAS HLGHT, INC. P.O.BOX 3166 EVEPGREEN, CO 80439 (303) 526-0217 

\(
 



__ SOLAR SECURITY LIGHTING SYSTEMS 

FEATURES 
- Passive infrared sensor for intrusion detection
 
- Halogen spotlights for bright area lighting
 
- Reliable phutovoltaic power system 
- no wiring required 
- Three-day battery hdck-up for cloudy days
 
- Adjustable sensitivit) to minimize false alarms
 
- Adjustable on-time 
 for lights after intruder leaves 
- Fully adjustable senasor aiming
 
- Wide range of lighting options
 
- Simple installation, no permits required
 

PASSIVE INFRAPED :INTRUSION DETECTION
 
TOP VIEW/ PIR intrusion detectors work by sensing changes

" in ternperdture as an object, such as a person, 
ynows across background temperatures. 

cwnera, 1ut recognizes heat instead of light. 

'Ail Iho infrared heat piCtulre changes, the 
,;c;r Marr and the spotlights are turned on, 

\:,,. T SIDE v!LV," 

I D...V1. V,' 
 -


MODELS 
Total Operating 

Lamp Size Candlepower Time/Night 
IstWatch 2x5 watts 1,600 CP 3 hours 

2x12 watts 4,000 CP I hour
2x20 watts; 7,200 CP 40 mins. 

1stWatch II 2x55 watts 19,000 CP ?'hour 

TEXAS IMIGHT, INC. P,O.BOX 3366 EVERGREEN, CO 80439 (303) 526-0217 



aI IstWATCH SOLAR SECURITY LIGHT 

JiY, 

ECONOMY, SIMPLICITY, SECURITY.
 
The IstWatch Solar Security Light is an 
all-night security/convenience lighting system. 
it uses a passive infra-red sensor to detect the 
presence of people, automobiles, or otherlarge moving objects, and then automitically 
turns on two halogen floodlights. "ht1,li(jlts 
stay on as long as the person is N,,itilit tL
80' field of view up to 40 feet away. 

Because the IstWatch Solar Security Light 
gets its power from the sun, it has an endless 
supply of FREE energy. No wirini is needed 
to install the light, so it can be locatedanyplac) where the sun shines clearly 
throughout the day. 

Let 1stWatch provide all-night, year-round 
security for you and your family. 

TEXAS HILIGHT, INC. POfOX 3366 EVERGREEN, CO 80439 (303) 526-0217 
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1S't Sta .	 Ot~edCitdoor Light
 
Ns 	 STAR OUTDOOR LhI'P 01,11! ii 11-:I LAIT"f IN SOLAR TECI N01L0;'1' to pro­

xvidt! l,,It in iarIas of dlarknless foir ill il 6'~ t'.'inight. At sInriHSO, 1ISt STAR j31llt0n\ ntiiC
pane10s l)0eglll t10 generate solair ldt ,rtii it iy1 thlt battery. At stset, tilt filit iiul~mtwoitic;lly
turie o vith thweClwtL v stone. 1 U T"Itb e;nOf Ut Si'AR'S Strtul'd~l, Wit.. 121 it-iJ by
Simoi di&it V, fluwitioti, 3iiid dtiomhilfi. \JiIIi 1110 11110hiti,light, ilttel y, ('1-d d"'kWkt! 

lt iollICS hlist'tl 011;111' i1~llO l~P, A ha~iin Tis t(;i~li is (Sigl!(d Kit i
tioi, thle arilN At a -15 01 haI'lh~d "Li k) alt (iglit hint yalio1 lampll jI AC Ilkidid (if
gidll]li'(I steeld , ixi 	 J''i[or heiino t 1110,I1P long(as; till alrm-y Is ftuilig' Soti Ii. 'I'he 

flc(ct!S il r'iticai. Tlelt~ore, Can tnt1 "i. 'ii:; x'it'ii1lIi)ntf.

1:illA~ lodultles Slimitld be situ i't' Iit- wll ~1~'Vll maflld fliIlli t~V 	 (AO), tltIt" (111OL1siiiilir1it foil tl!" lnnge't possih. ti;' IIt tillh~i i ;ni t I'iit li.i l'ri"s O a


113111 iSO i g txilav~it1iil i:t 1..*.
\.'iri o(!. VwilI(J' I-A 11l;AN 01,10ligqht.sCl' hOUii.il), 111(ih Itti (IS 

A P P L I C A T I O N S :t l i c si I) l h ii ii.'nW 

APP .! (XI' (IN: Aens i tl inWb ih 1t ,"W"~ Opem-tes iEfficieontl 
I'R~~~st' Y(WIZI( T01,%".XI~4 

R1*:. LKl)N.\A IIIS,' ~l Q.1VI 

3..	 \ riolttiraI applicationis siwh al!; hllo,,
 
IiVL!StH(I IlOldingl iiraS, jgr'IJtI0I P1PtSe
fildI
 
011(1 Storalge fac i lies.
 

4. 	 Industrial arnd commoercial s mh as cm 1-4p to 8 hours of Light 
£trnn(:tiori Siti'S,SILCiliity' lighting; fir w,, Up to 6 hours of Light
hmist-s, oil dentriulks, tuehin oitjIO, 1,II"l 

lad;sig il posts Oil I ighiwivs and1( d(Ittll. 'I:(ECIIAIONS 

S':hnol vards, andI IIaygrolirlids. 	 i ~iui, li5F!L ,t ..... 	 Wa
. II. .. rIIs 
till,~~~~ I~g1iiau~i............................3
5. 	 hlllmgolc 6 Hours01iljit 


i113irgeili:\' exits high ( rime districts, 

' lighiting, for rt:,note mieical]Ii i L.I?'L ............... 40 Candile Powt-r. 51i lmmn
 

itll i li lt,111t2V12 ..... 1 Vl rl.' argi'..iiyI :nnruIi(IlCV~I C mw11Ipiln ('O I1. t:(l Ii 	 i: 4 Liy O~ora~eWcl lo atiry..................... 
 ... 	 ........ , Ils.

1011t'S. ,'cu itoflnl without Battery ..........................	 ' i'
(IM1r,]Solid Stal,63. 	 Naivgatitonal and av iiti~ fiircilflte' sitl .. : 

tuliig with low charge pirotection
I ,.i:~ntPwir-pmild i~ilinni

ritrIOte 1731(itig strips, beacons, buis stoi 	
1 

' lt Iiitliiiiuys...........ri~t-15' 	 iii1''I 
 LIi
 
1h11ro11l twirl er' and hltliiitises. I~ WiiLs 

lc)t*u~~. L 1j ieCi Warranty
*Te~xas HiLiglit, Inc-. xvarrants this Ist Still' oiilti lt again! illly deftf' s in inaterials or Wvork1aIlSiju) withinotto (I) \''ar froml the (jafl of piotrhaso. It will I", ((il ()I-rrepair(:d atl t~le dijsure!tion of 'IhXaIS IjjI~ighIt, Ill(. 

PO. lbsIiii 
Ex'ei-g moo, Colobrado 810139 

At)3-52iv -m ulsda2 of Texas Il'T'cli Inc. Oklahom City, OK. 

http:hOUii.il
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When it comes to lighting, nobody does it brightei
 
Thin-Lites by REC Specialties, Inc., cre ail UL. [istcwj and 
easy to install. All Vehicular lies feature all m,-ftal 
housings, with non-yellowing acrylic lenses. A bciLod, 
white enamel finish, along with attractive woo Ilgfoin trim, 
complete the long-lasting fixtures, warrantied ()r tv.,o 
years. All Thin-Lites include standard fluorosccni tujes, 
powered by REC's highly efficient inverter sll. 

-09C 1 22 watt 12VDC circline 
9'/,"diameter x 1 '" deep. 18 amps
Uses one FC8T9 CW fluorescent e. 
Light output. 1100 Ilumens 

S .one 

. 
N" 

. - -

/.. ._...... ....... ,.......... ............., 
....... -' !110 

109S 22 watt 12VDC circline
9/." square x I "' deep. 1.8 amps. 
Uses ore FC8T? CW floescent tube 
Light output. 1100 lumens 

32 watt 12VDC circline 131,Y
diameter x 2,/4" deep, 2.1 amps Use 

F12T9C/W fluorescent tube. Light 
output 1900 lumens. 

-----

-.­

111 8watt 2VDC light
12" x 4" x 1"thin; 0.7 amps Usos oneFgTSCW fluorescent tube Light cul­
put. 400 lumens 

11. 16 watt 12VDC 16 amps 
12" x 51/2" x 1" thin. Uses two F815 CW 
fluorescent tubes. Light oulpi. 800 
lumens 

.. 
I0 Dimensioocll,, the s.me as 
model 112. Three way rocker swiiich 
allows for choice of red light or wI ;te 
light, Red light will not impJir driver 
vision at night, while allowing tor 
passenger activity. 



115 15 watt 12VDC 1.4 am-,ps 
18" x 4" x 1%,6"dep. Uses one F15T6/
CW fluorescent tube. Light oulput: 
880 lumens 

116 30 watt 12VEC 1.9 amps 
18" x 5;Y' x 1 ' deep. Uses two F15T8 
CW fluorescent tubes, Light ou t put: 
1760 lumens 

.. 
. I­

'125 13 watt 12VDC 1.3 amps
21" x 4" x 1" thin Uses one F13TS.'CW 
iio-cre:cernt tube. Light cuiput 820 

/ -
.. 

'" -

- ---

-
-

-'-­

-' 
, 

"di26 26 watt 12VDC 1.9 amps
21' x 5' x 1" thin. Uses two F13T5'CW 
ri orescent tubes Light outpul: 1640 
Itimens 

'N" 
"' 

-­
-

- ' 

171 Anodized Aluminum: 8 
w'v'-t 12VDC ligoht 18" x 2'," x 1'/." high 
( 7 amps one F8T5/CW fluorescent 
IL;te. Light output: 400 lumens 

173 Anodized Aluminum: 13 
\.,att 12VDC 1.3 amps 27"x 2-,,'/x VA'
tlijh uses one F13T5CW fluore-cent 
t,,b~e Light output: 820 lurniens 

( 
. 

./[ . .. 

-',------....--­

-; , '-... 

Note 

i 6 2 Anodized Aluminum: 
Weather-proof outdoor area light 

ith amber lens (will not attract nigt it 
t, rig insects suJh as rnosquik;s) 16 

if I2VDC 1.6 on-~ps 12"x "A 
8M lumens. Uses two F815'CW 

luorescent tubes (WI ite lars 
Optional) 
Replucement Ballcu t 101 

art numbers 113-109, 1B- k'--:t. 
112, 11-115, IB-116, lB 125, IB-126 (check 

onidel numbers for bal)!st 
c pp!icat ions) 

RAI us or,'J bdctl a.oilwt, in oft'yty'ztk C,"o'noo, 
,_ -tfaca, swLoct to ctarge wittcxl rzftci, 

/ 

.* 

'-"­

" .-

. 

. 

Ict-.,irr,,n rotings occofdir 

-

j 
-

. 

' 

to larrp m ruocturers' 6oiir csa to CW IcrnoT,. 

, 

,". 



•: ... .. - . -.- -.. •,.i *'.j.',. .,"- . e 

Thin-Lites began as an nnovative idec devek.1-je(i a03-..
 
200 square fool area, They are now bjilt in a 25.000 - 17
 
square foot facilty. Today this idea has been developed 

and technologically advanced to meet the exactino
 
standards of Underwriters Laboratories, This advanced
 
technology and experience has mode REC Specialties, ;l

Inc. the largest manufacturer of low voltaqe fli iorescent !1),
lighting for tie ,iiufrie and vehicuiar Indusires, 1hin-Liles
 
are the first, and oflly, U.L. Listed 12 volt DC fluorescent...
 
fc wherever dependable, bright and long-lasting lighting
 
is required..­

.4.
 

Manufactured by: . i,# 

SPECIALTIES, INC.. 
530 Constitution Avenue ...
 
C aarillo, CdIf.93010 USA
 
{805) 987-5021 .... .'
 
..
YTelex: 662203 P CSPEC CAMA -:ed t USA 19'3. 

... :(W):: .. ....
,. 
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APPENDIX B
 

PRODUCT LITERATURE
 

A selection of manufacturer's product literature for PV Pumping Systems 

is provided 
in this Appendix. Additional manufacturer's product literature is
 

available in the Technology Refcrence Notebook previously submitted under Task
 

2.2.4.
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1~1~)A.Y.MMDONA DSAk 

"Gravity Syte nr s6ieVillages, i~t C~ompletmenting ahighly successful line of solar~~~ 7 McDonald no~w offers aaiety of 4" s 4p~p
rb~esi~ 

%~~ o~~~ripfpg systems ti.at~are also maintenance-free and ideal for_ 
A~~~4 oitpr k,'vi)lage and remo'cte-home water supleadmn 

* .~~, Lve-~ Solar Sub Pumping Systems ~ ~ f~' 
f 

*lasytio install and usie~
Sto,C( 

j otlldhl'reiableeh logandesign ­

*Trouble-fre' 'wiihminimalmanenc 
~ ~~.aiable inpane -direc models"without vlesor special~~i 

rI _.;"Also availa le for rechargeable battery installations withl special4 

MpdUlar syst ,emdosgi allows more water by simply adingIrria t in anls
Most efficient use of photo'voltaics produce dc leticity fromsunshine and match with d cpumps ~ c 

*Available innominal 300, 600, 900 &1300 watt systems-. 1 
SubmeribleLpbi-n/moto cobntinFTS4DAN 

TWELLS 

SBuilt-in chec-I~valve peet akpno oo
!All corrosion resistant construction (stainless steel, brass &~engineeredrPlastic in pump end an1d motor)& 

ump connects'drcl todM.. 

tnadmtrfrpstv~~ ~r~~ * . jorque'wiJthbut llip'pge 4M trddmtrfrpstv 
- * Variable speed BRUSHLESS dc ermann magnet mnotor 

-construction2 

~ *-'-~Operates from 45 volts d.-co es o amaximum of 90votd-P~~ Lightning protection built into motor < ~ol 
-..--- ~~~~~~ 4Voltag n urn iiea-~-~ urn iieoe an protect againstfelecrals e 

,r2 color-coded connectins~ 
- a4~<Flow ae to 4000.Sgph(5 00l)Toa yai ea0lf)t kfeet, (140 m-mters) or~r 

4 4- 4Also av2ae inpPeSr1d 
-y~r' 

- .~~. (Over for specifications apd p ro m n4~ 
a perform-ance) t 

4~44444 14 
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FOR-WELL~ DIAMETERS 4' ID (1OOMM) AND~ LARGER~BuhesDCSbn~be
 
Mo'a om. - Nom. DiVOscharge 
 Ayeragp rmar etaIuv~a 

CF~r~tghcrcio 20Stage'j'Sar manc6>:es 12 St
 
Model~~~ ~ W No.*,ja-ts Sie L .
 ~ ~ 'W lo -_-Expr e ed/I tS4,Gph a Feet/WiaLits D C-

N -713O1510-6 ,P480 41882D ' 84Y~1532~ 11000 1-11'0O54, 5 11 240@
1 02D 4Vdc 10 1 25P 56 45 V3OLTS 

1 2 / 2 .( ad 85/31006 9 3 / 5 

APPROXIMATE "SOLAR SUB" PERFORMANCE RANGES~ ~A A .~ 

450 VOLTS D-CO4K6O7--2SlI 4 V.ge K" er 
7'S~g 20Sae"J eis as8agKI' Seri aes


400 GAh, eel/Wati Gph GPIIaetImatts
GpIV'FeetIWatts
;120@215/535o 7803o /., 18 
180 @9180/5100 ~10p40 4/55~2 360 012550 100AA650/5 10

7724 i , 0154. 5 ~ 0Q-l 31
350 40 (@A90/530


3 5 0 
:~j~ 5 4 5A @ 7 5 ,153 0 j
 

300 ~ "~,75 VOLTS D-C y 
~20 Stage "J"Series 12 Stg8'"Sr tg ,Sr' 

7250 ', Oph 0'FeetWattsA Gphi @FeetAatts ,Gph (g Faet/W?~~120 9,335/855~ 360 (&200/825 ,.720 0 ,130/800.­180@a300/885 ~74206185/840 c~ 1285IS83 
7_7 

!~240 1&240/895 480060@7086 158 407-200 4 300 @ 20010 540@0150860 1080 (a 95/840- 0 ~ 81401,~013/80~~ 

- 1~A320 oy 65/830' 

StagL "J" Series12 Stage "K-
10 AAl t- 1 Gph @,Fuot1WtI Gptf@ Foe atI Is Gpti U FeiauV/Wats' 

7 -7 ~20 Series 6 S~age&"i~mSeries 

O 4 S/ l S 300 @ 27/05oA 7200 10/i05Q
160 00@37511160 .A,360@a250'/1000 840 (j 15011080 

A240O@P' 2 5175r '420@'fp240/110 5 0~r 1401 r o 
I' AAZ~~A~~540'(d,'200/i112'0 1200 ~i (1 P 

60(ji180/ 11 3 2 001 1ri 5 

200 400-AA4AAA00A 800 AA1000 A<200A Fror ltrs X's 3 785A~6 
A.A-A~ hAAA<.< AIAA4A AAAA A,~ AA)1~ A-AAA~Forrmeters XsSA30413 T AAAA

U.S. GALLONS/H-OUR (LTERSx 3'78) .)AI AAA.A~A 

~~~AA!AEST,A I.-~15A 
-. ~WVA".d, 11d-A''. A. Y.ACAAA~V Ma Ion 

--Ae ~~~~~~~~~P04 .ABox~A~ 'D 52001AAAE44A~AA50. IowA AAA4~~~~Ph'ne 319 58A3.AA74 1'<A;fA Aj4AAAA~h ~. 414~A ~ AA*A~~~~4 AAA-'~ ~~ ,.'A~~- ~~~~~ AAAAAA~4 4A_CD< 
caA 6AY MCb'DUBUQUE,IOWA, U.S 

ele -902 A rAA-Q.A 

518417M AAA A~ %<AA<4j 7 ~ -)~AAA4)A A~AA..A~AAA~~<.A4A.AAA.A4A~AAA....AA. ~ -A~~jA .AAAS.A~.A AAAAAAA'A~A. A :4.~~~ AAAAAAAAA 
3,AA~~ A~4AAAAA ~j~~AkA\A < j A jAA ~, A AA 

http:A~AAA~~<.A4A.AAA.A4A~AAA....AA
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<M 	 PQArl [ MGo.co 

COMMERCIALLY AVAILABLE McDONALD SOLAR-POWERED PUMPS
 

NON-SUBMERSIBLE/CENTRIFUGAL PUMPS WITH OR WITHOUT JET
 

PANEL-DIRECT (NO BATTERY) SYSTEMS:
 

Capacity: 250 to 25,000 gallons per day
 

Depth to Water: Surface to 75 feet below the pump or ground
 

Total Lift or Head: To 300 feet
 

Well Requirements: 	 As small I" diameter
as - usually 2" or larger or
 
pumping is from a stream, river, cistern, etc.
 

Cost: Complete system from $1,495 with PV panels etc.
 
Pumps only from $495
 

Best Applications: 	 Livestock and wildlife watering, low pressure

irrigation, village or residential water or any

gravity water supply
 

SOLAR-RECHARGED BATTERY SYSTEMS
 

Capacity: 50 to 5,000 gallons per day
 

Depth to Water: 
 To 100 feet below the pump or ground level
 

Total Lift and Well Requirements: Same as panel-direct sys:.ems.
 

Cost: 
 Complete systems from $995 with one module, battery, etc.
 

Best Applications: Same as panel-direct systems plus these units can
 
supply pressurized water for on-demand use day or
 
night for any remote location.
 

SUBMERSIBLE PUMPS (Panel-Direct or Battery Systems)
 

Capacity: to 10,000 gallons per day
 

Depth to Water: 20 	to 400' below ground level
 

Well Requirements: 	 Minimum of 4" diameter or larger
 

Cost: Complete system from $3,995 with PV panels etc.
 
Pumps only from $1,595
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TECHNICAL iPECTICATIONS 
11011)KLZL.~ C3LALCXP~EC VALVEICN 0N 

CI Ck VALVE SNCL* IPE 2. 

-3 - ~, Lb.-

DEEP LL d-P T 4b, ,J, 

DOUBLE PWE 4 *"J ',',cIN TALLTO IAt.' : Wo i 

0U tOIh 

, 1DT.X-IDONAL 

EIIILw el. Va, All- M tN k . b., U*h 

TYPICAL SHlALLOW "ELL INSTALLATION DEFP WELL INSTALLATIONS 

ONE PUMP USED THREE WAYS 
I. SHALLOW WELL PERFORMANCE WITIOUT JET EJECTOR (For Higher Capacily)
 

Norm. Watts Dept to 
 ripclyi~ i . Discharge Pressure a 12V Shutoffllequired (12V)_ Water/11. 0 61__ 10 15 Pressurv* 
300W _ 5 1400 I11) 840 400 19 PSIG15 1200 500- 1l PSIG 

.Jl'i OTEI)ON THIE PUMP (For Hligler i'ssure)2. SIIAI.IX)W EI,L PERFORMANCE 11t 

oln. WAllIIS Dep to -]( -i ite (4 12V sh illoufft(.i.,J) t k;!lch Pressure 

Required (12V) Water,/Ft. 0 ii 22.5 30 
10 330 -- 0. -~240W ----- - - - ----- . 17. 100 .10 SIG
 
20 220 i, 200 .20 3636 ! -'SI 

3. I)IlI \VI.I. PEIFOAORMANCF \Vif I ifi" '1k'l' WEL (Liffs Water From 60' Blt Ground) 
Nor. \'lWtts i)ept toRLqlircd (1?V) tl ' a -. ,-.iiy 1)iiscl uirje Pressure Ct 12IVt vr/.1. 0 M111hnoff15 "12.5 30 , 

20 410 / _t_ 2 9PSI G i1 .. . - . .0 _. -- 10( 1\.. ..... . .0 . . . - . 13_0 ..10150 . 322 7 0 \ .
 
30_ 40375 

130. 
S( 

240W 40 
- 26 PSIG50 180 1N " - . 2] PSIGS-_-60.. ..... l - "- 1--
66 L3_ 90SIGRI-YZ -- - 16 

'F'SIG x 2.31 for equivalent feet of head.
 
A fully-charged battery wl pro,-uce more than 12 Volts I)( 
 i,-min, in grcater GP]ll capacity than shown above.
For higher capacity and higher pressure systems. A. 'Y.H, li . f ,,,,id.tstandardized solar pumps through 1300 vatts (I ItIp DC').Contact factory for details. 

EST. 1856 -M.
 

P.O. I],,, ,"o';151~(h08 

l'elephorc: 319/583-7311
 
Telex: 43-9020 AYMCD DUQU
 
Cnble: AYMCD DUBUQUE, IOWA U.S.A.
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EFFECTIVE JANUARY 1, 1985
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pl r 3 9 '373 11 
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Mc lDun sn solar.'Rec;harge Batti S 16t 
~ -DEStRIPTIOtN MODEL NO. 'RETAIL" 'WTCUBE_____ 

15 AI PUMP FOW\S UR>Y>~;~~ ~ 351 9:~t60Q~tr,1500 6c'Slh~tJ,6OO'to 210 GPHVho'JiEQSY : , :tJ2200 6-180OO).-I f1 br7rr -­1if-6tXT_ 5f 1 ' -7777
(4, 0,'ate b''ihin 20O-below Jhe pump, ,J50965.OJ 53FtL0 i ,u 

~I~t~ i0.r wIth Jet Ejector~boiled on f:iprssre, M6t251, Wihi below th1er 5037S 

1500D with'Jet,_Ejector In iho woll, 'i

1500 SERIES SeePrfmncn
orfornc,~ JtEe, Pae2.: IeI'cS $90112500~00 o' qlon, Pao2 t4

ConvertileICenitrItigal Sizes: 250,150 (0,Wat)an,,00dd ~11300 Watls 21' 'Cu, F. 

2Q00SCENRIFUGAL P0UMPFOUUIGHER CAPACI '82O3605DS, $750.00 a~ (3f Mom't i01 0 '~( 0M~ at r u s t be it lp 20 ~' ~ 2.1 Cu , Ft. ' 
900es'to 00, 9P00 to 130Wat I-20309DS 

10'(Mfrom o10430) 6[r utbeY. 4~ 0IS 2A1 Cu. Ft.20 eo 4e4pump.­

-- ~ 4;, 4, 
-V820 SERIE tnlueo11/2 HPDP2.aki DDC). 

Solar-Jet Pump ith Ejector, Fo6t, Va lVe ran'.~~
Pressure Switch' for 15 to430 PSIG On/Otf ,Cycle.,Also 150103DJK S2795,00"'24
Includes: 30-Gallon Copfive Air Tank with Connect- r,~Ing Fittings Paickage,, 1 - 43-Waft Solar (PV) Panel,~Outdoor-Power Controlle andI -~R.D' De'ep:Cycle \' .Battery. Simply add pilpe and wiring to pump an 4average 150 GPD. Formr 
44 

aeadadtoa 
. 

panels,.To~Wtr d~dloaMcDonaldJe-a
 
.wIth Catv-irTn Q Completely Au10toatc Systemr like
.,150103DJK2 except With 35I37-Wati Solar (FPV) fPane 15OjO3DJK 3and Inldo'or.Power Controller, (Does not Includle, $2250.00 .' 

175 
?0,Cu. FI,tank or-fittings,.package.)- K<4 TO~ 

COMPLETE,MANUALSYSTEMN iI"-Kp".2~
1ncludes 150103DS.Pump .wlln Foot Vaolve,_1 H.D ,-~150103DSK
LZROtvo tbq b\l~ Deep-Cycle-BopV'y, and Self-Reg~ulatlng Solar (PV) 

S1595.00 135
 
"4<- Panel(Doesnot Include pipe~ and wire,) (OperateA .1, Cu,~ F4I,;' 

~P?~4INGPACKAGE N[-Y B4~.')i '44'4:A144PV 3oatlerlas Power Same as '150103DJK2 except ess Solar (PV) Porel 150103DJLS150£ CnjdlorBattery and Power Contrqllor. -1# 
gK $"7:O.~ 9 Cu,'4.4~ F1. 

! ,~RRUSHLSD~SB ERKjQ1[E I tp 0~f4 
44 USEIN 4 . Q. ," 4 4 k4. 

'4 ME11RQ LARGER4WEt,.1.,'
 
SHI'gh-H'eod P qir,'-
:LdIIJ'LIfts 9 1 o 30'OPHI(340 to 110to~ 400Uu t, 12 1880D S2600.00~ 56'.> ~ 4 .r 4 - . 7 C6 I80DK4 

. 

,S2500.O00-
Melm-'4dlirp 1 0 66biGH(70t 80812D 520.* 51 
/Medlum CapacityPp - 171<400to44 1400 GPH (1900. 180808DP 82,500.00' 51 
Hlgh-a~o'aow.h Pump' 7-1200 to303ObO G 500 to '180803DS- S2750.oo0018000.,SERJESr 11,'300 LFH),.LI~s to,70 o ot4(21 M):

7777--- a or7 ec 
' 

2 7, 
a 

*u 
t vQ lo lIt Q n 98 ----------------For Ful -l '4. , ' c o v la llyl r 185 -le .'srpin 

2 1,, 

-44 4I n 

http:82,500.00
http:S2600.00
http:S1595.00
http:50965.OJ


'RUN'DFM sUbmerie "PUMPS

lyentio stainlesst s el 

l(1to,4~orp( t purnp V11il
'W. 8L~l~tinIriiqcovector Lino 

unh1m iehstcn an yar dYs txe'Imoriopr te hn 
:PrOdUction o'f submersilble-,
P11pMPs.-been developed and.; y 

c fsructed for operatioude~ 

y'The GRUNDFOS PUMP/motor'7 Unit offers the following
~advantages:~ 

Thr~ QSIMPle Installation -threaded 

. , submersible Pumps have a re uai n fr' dfr 
pm 

pie-w o on ection and <
O~ttonfrpush in'cabletplug' ad soet Y&'vmaiuelblt~sweilas'minimum 6 PrlMIng screw, at suctionneroeco4;maintenance and power consumption. prtctn~ isndyterconnectCormilfcated Individual Parts a de Manuf tu~ drtyrnning.,rtet ag

from stainless steel plate cor'rectiy shaped stainlesstei,~and welded together to form comiplete.: N0s Prllw pump anud4:*i4li .ers and Intermediate chambers with Noorrcaperdublcte,guidevanes - the basic componemotor ar WaerluriatdSsumril pspRN n Linltial cost and low operating~;:q.pupsGRUNDOS sumersile~expenses'. ~ 

DCmAC inverter 
~w I Swtcli'bo6xtern ina box. 

I *-"- t5 demands fofr rilbilit
~~4AIch litifie, and high efficlency-he

)conversion of DC Power fIto AC 
S power Is perfoarmed at an~ 

ofJhe bncy higher than 959/c~ 

~' available Iarpaelmi 
Adrawn cOntinuousv,~C~

ift~ir datid I. Intensifited, C Y 

Increase th~e frequency and the 
AVoltage -sar -ump 

A ~i 
.C*~ ~CA spee d rIs ln re a ; w1 j: 

h~~i~In~systeh,,,' alllv capble ofst ri norib 

panel lr~t thee'pbis~Ac~oita~n~ ~~whjThanki s 6'i to j f r~p ~ e to 

Thope Dc fr nC 
ich i ' I Uoip cc ontro 

to'.lAereth e' l d . Ca Is' Wis ite sy tm o r'',,'~iea~ l~ l'CIv oa,~ rjC~li~oats 'nan vlchd ug n'ywllaltetieb iizdl t 
Th C,RC D O th D axmu .ACCCCrnsy tm t'iie,, 

nveCe convert,a C" C thYreb C 
power-~~~~~~~~ ~ ~~~ ~ ~ prdcdb&.CROSOAnee 6euipdh Ihamlipu' pa el ,Int a p~ e C voltaC to i Cnwhich r k'Cl-os il to flt 'th Pum unt It isaf lyp ii'Cn etrW th Lt(lhT hgt lcro 



A.Y. McDonald Acce-oJes and Panel Direct Systems
 
SHALLOW WELL JET PACKAGES SHOWN, ,.l),1'l I)S PUt.IFS TO DJ PUMPS MODEL NO. RETAIL WEIGHT 

SPI 15/iti 03DS I. lvI'I bc;i< , Jelt Ejc.tors 10103D.J AddU 
SP.CO /150305DS I,,I,;. ,iu$SUrt, 50' (15M)Ito 200' 15030517 S58'! AIIIi flov/ fronm 120 G P;I i5A -SP 101/15030., .!,, t) Ft (3WO1 LFm). t50337DJ to DS 6 II 

S.. .1503DA. 2..) 150309DJ... 
 S .. below Rirpl1 

SP'__iISwsI3D____" 
 El..___tO813D.J
DEEP Wfl{.. .JET PACKAGES Sli(-V,1 , ,1 10.;lllIf TO DD PUMPtS 
1( Fo.rtUs t! . , i W -lls RETAIL II< i)-PP In A4 li,, ,1 , j,;r 

SP I15I' O [3) III,J,.6!rd,-1 ls hi "Twothpatxe1,, 0 1W D I:J, ,s 

SP- O.&) •, .. .,
 fIcAll ()lt.r 

; , :) . .; h 'I d111 9(. ,r 2;... i I1 * , ' for 105 ,:-' 
1Co, lt cr.C12hu I,: h.13, 

Valve. 
SIN,: tj' In .. ... ..........
PIPE Fo i f u ncton
 

onstrion t Sin ellpe
S. ti.. i ,,ing ju Piso J t 'ifUluuceptl 1583I. ex r.h~l Oirtt~2.lakrv.so1), r r , u,,8 ,., al.I Slr5 ) JIJSA1ls-Add I. ", 

I use 1t Ci S61.35 ," " I, nl Ws- for 3" C 
t ' " toe e rp s'i,;,nting6 , J J S1f0 ) ic ( I 2 ' .14

i-- xc All tCt111..3 - Ii., -,z fc r S3413D , 0 ta.il , a ILJ 1 '- 0S 
 S 


t v0e a forConsult Fc olry. , or . G-..-. 1 Reg3 
luting Vlve 

P.'NMEL-. ICT SYSTEMS . I RETALL 
A 15030C5D-8 -- t,1 t;.frti er'ded function l 

R 0.CUBE" 

• -*" demonstration systumn f,.tp~umi)nO fon,shallow Wells, 

C7PaneIls. M ountig I)c..h, ..: ;t lWires and W -lcrxnald $15.0 I " C u Ff. 

Cedtifuga Fump vih f.. V,'.I,t Average 340C; GCD 
(13 CuM 'D)at 33' .. , t S; ,jdar Solar Day of5 

~SyslornB)_SQ309D024 - M!s I .r ,,H - 20' beb,, the pu.rnpJ-).,~ frornsm,'lv,, ,': r,,1di:m-oIad Pumping 

Includes 2,1 -4 A',l ', J i .' ., 

:C ', t . f .1 J I ntriwLal urp iw h l- Cu.P. 

K\,'/r l'Squaire Mt. 
-W tt Stf.ol , i ,. r ,'S 

a. h g Fl'c]ci'. $19,500.00 ,50
 

S 1 o I,iL, uak o Mlor. 

0and 8 -- I V. flr rrIl-pin "yslornp W 

Kt00Od t r , . -fDIIrdl fol ,j t, A,l,Pr,oMoDO S950.D0' Cu FI. 

,t . n' for r,,J,,-,,... Foot a Avi 1 irreluda&s'0[]820 309 13 -1 -24 - I'd .I , , , ! '..tu -J S y's t em fo r 

wAulr , 2) t f I '.1,; I i u,' ItenaB 84bt ve 
C',:rc,_, t,.,j' i ... ertuse ,2 ' i, f i,.)v S$t9.250.00 .12 C, FH.
Pan...:,; Surflce rrcity.ic, , c) ( kvlD] -at 3Y3[,re-l~ ca r Av r ,fl-83..'Lr'Mou~t.. ,3S~h.ms 23C tvDJwith, 'A, t' i t;t',r;. (10%,1) [.11-1purr ,,i ';,'f,t...,i, ( ',i ',y(3M)o r., !<, {.N.lu(r ,0. e 

..stum for IL . ; .. 't, , ., ., t (s (SCI,}, " 
9 -43-Watt 3.Dl (I. i I i.t a ,Inhtcor5ect.
 

(6L.r). and . .. ... t .. i :lt Purrp 1O#I W ilth" 
Plurrnid'D at I3tS-, I.I Ci Mo 

i 2 r.].ond ,.,d t..... ,,, r ;t ( 7 C , ,, 
,Clt O L0, 1 1 

t 8K. , 0 -3 0 lh r ' . Z1 V3-- ,, ,, .10 - (111. )l'la
r ( FV) 

.£,Ijr SL,irnt-rs~li,.t, ,, . . ,:. l: .j S , Dc ' Of t 
k\V~!M,.,_.lU re .. )(,11
l; : :Lm 'i, ! .,liit .... (1.2 525,9W00 * a)-

C u .M /V) a13 30 , i i 'J': C I
 
Pane; [-A ct ir"'55 1,2D WIJS 1 Lit !:
 
Submersible (,Ltl.and Ml: -L~I :. , I..XJ 'il)
: .; C4-,3 (M4
 

Pumping S',,sorr, s CI.t,.I,,!D)at 13(C ,:I1
 

http:S$t9.250.00
http:19,500.00


PANEL-DIRECT SYSTEM DESCRIPTION RETAIL WT./CUBE 
15035J- Minimum1- itcommended functional

demonstration systom for shallow wells, booster 
systems, etc. to pressurizo ile water. Includes 8 ­_ 43-Watt Solar (PV Pcn;. rk, intino Rack, Intercon- 16800.00nect Wires and Mc.D'o7, fl.I 150305DS Pump with 

190# 
Shallo,, Well t'Cu. Ft.SP-100 Jet Pac.:og; cii i. it V:\lvo for 325 GPD
 
BInsl-~onJ(14200 
 LPD) at 16' Sucii,,; ,Bo JotDepWell I Standard Solar D,y (,i 

il o i 20 PSIG* with
 
Insialaoion 

0 .'.'i re Meter.
 
.Iifilu Pipe 2' 150305DD-8 - Minlrnuit; i, . /,mimiioncldodsy'stem for 

or 3" WhI deep wells to 50' (I f l., ground level. S.i-m-eD o rTym solar array and I-rAli q . ,,.oe eIoxcopt us-SP-106 $6800.00 t m#Insloincmhonc - Jet Package In r, i,,, i. i, 13800 Lt) ul[b) ' 1 u. Ft.Dojub!o. PuP 4" c'r4,r (15M) Lift with ScJn ,iI, I , I,, ; ,f 5 ,",Vl I/Sqlare
Lag , Wr,,, Meter. 

309DD-i - p-i, ,... ,,r v'J system to 50'(15M) below groind I.. I. I imI, des 16 - 43-Watt
Solar (PV) Panels, MH ., ,,mi , fiterconnect $13,200.00 330# 
Wires and McDonc!d 1",(O, ,I1.),) PIinp wilh SP-106 3i Cu. Ft.Jet Package in well hi tt-3 ¢:IlJ) (9000 LPD) at 50'
Uif with Slandard Sok it 1./', tf. II/Sfuare' Meter. 

PS'G x 2 3 fo o.lui.,ilent feel of huad
 
F -qhuoos C. ':.Jr.fc full line of &olar-P'owerei r 
 ps to 13i.k) V.',...... ..... j .;, .iI,-1ior, dolc cs follows fcOsizing assia1,,,;. 2) 

us1) to uVjtr. Required Gallons I . ., U- ,,acPor D'Xy. 3) 1,o ... i l .. ) occaih,.n- Inclu ing Fccivation A., S J (Vl 

TYPICAL JT [lUMP INSTALLATIONS 

. .
 

DEEP WELL INSTALLATIONSHALLOW WELL INSTALLATIONPictured at_,Dve is a McDonald Convertible Pump Willh). SINGLE PIPE 2"OR 3- W/ELL 
Jet Ejector biled on. Solar pumps con be uscj Forty or wih J Ejector for higher capaci- uso In 2" and 3* wells more tha]n 25' du )p.ressurCO I be.akvuer the wall csriEthr w th y for hige r presure. cind thu 
Eithcr way lion pipe serves cs a pressure 1:p'toy must boe 1his recl;.-Ito u'so of a Casing Adaptor, as shown, oi. mi;,mwithin practi au top of the well and a "Packur" Type Epo. I,with practical suction . j , Assornbly which fits fight coainst the side c It,(limitations based on well casing.
atmospheric pressure. 

DEEP WELL INSTALLATION 
DOUBLE PIPE 4' OR 
LARGER WELL 
For deep well application. the Ejector Assembly Is plcicu, Jii tho well and 
connected to the centrifugal pump by the two pipesi, -io,,vn. 

EST. 1856 

M~~n~dA.Y C 

- I.,j~ D jQ7 MFGnu 
P.O. , ., D U-)JLJO .E 1,A 62004.Ot-)iJ UJ.S.A. 

lux 4t 4,1.A iY.C:D UQl1
C l.,Il A i-', DUbL1[M1h.Uu IOWA U S k 

\I 

http:13,200.00
http:16800.00
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Tho Series 500 pumps ara lIoW :,;Ii ..... ,JI,ii|odutlos charge titorage battudlub. wJIo, .... iw ,0,v.r.J no -. TL,;o . ..... ,IIy
. 1,. i b I),U,('I,I,=,J nI ,'1"I,;,p.rt i, I!: ,..i,
 
fur ILbout ItJ4 I'liinutjis to f)LliIIj) Iiih,.. ,Itj' I ti~ Cli~ijul~l [Jdtto j-1 .u.fl10i gh lub oIve C iA ! I ,i'L Vcity I' di (1(i l , I .. ,,,.:.,u i j, .4 . il:1 

., tL lli.'ti 
twoi: tha viiotor on anid ofN iic:odhtI it, i ,, , - ,.I-, I .' r I t,,utVi) Th ,d *a)PSI pressur. In case of continuous La, . .. , , ii, idJ k.1jII..r Cj,-,r 
rzohafgod with Libattery cliaiUur. 

. ' I,5q hom o r L,.i; ,., 

CAPACITY 60 GAL LONs /DAY 
MAXIMUM Lu- i 25 FEET 
WORKING PRE-.' 20 TO 40 PsI 
PIPE CONNEC 1i1.z 1' 14C1,INAL 
PHIOTOVOLTAIC5 2 x 38 WATT MODULES 
STORAGE BATILtES 2 x 12 VOLT, 105 All 
(DR p ChmaogC,.,) 
RESERVE CAPACI1 ' 7 DAYS 

AVERAGE PUMPING CArACITy PER DAY AT DIFFERENT HEADS 
(Basnd cn ;n , ra,u stnlnly day In Florida.) 

1,000 -
 _-


0m 

=-- -500 ..
 

20 30 40 50 80 Ft-Head 
10 15 20 25 s0 35 40 PSI 

PHiOTOVLI*AIG . 11 

WATER USE[T ZN I 
COVERED WELL

.'. I IAG BATTERES 

25FOOT 
MAXIMUM 

SUCTION 
STRAINER 

AND 
FOOT VALVEjj 

TYPI -AL- x,,,-ALLATIOI.­
"'F.V 
L t -RAL F iA TUl ES O F TH IS PR; UCI AhL PA Lu i 61lA l i,, ;0 t'l -D'. LN I I F(I. I N HC O ' Ai. ib I 



AR POWLER L Ar.i 

_ 1'f ~~.~- ~}ci~Iy cy'~i~ an .Jidi pi~v and 

1. YThz E~ar-rzq of silicon PV cel'ls, .i'Wt(iI . lal)ifc K-i~'ci~ Tiwin1 al andhs.
1ai~i~~ c':~ntcrnpcrcd ~l2 fd IiI.. ... ;,i ~n~ni~c i.~ tcc.
 

Cooled ill~.n altiminimnr fli.1 1 '~t~01-1, t.
rc t 1 * 

pTOc.JUCL: DL- c,'cL~ric power wlicii tie Lmn ~~f~~c 
 ~V~~ 
ShinCs LA-it TfI *c ize of tihe ana ci cpci i:; va..1, . . I.. l i.a
 
Oil Il Ll, _;ed1 .~ 'Uf tile ptuviL ., ... .,. 
 i . 1 u r Ilbi M.."ili mi P ..clC, '.~f.~Iiy bc 

_I~~~~~~~~ I.fx, tl oc~~il 

-) ill(-.l" tIAIl 
(IdoC)DI (op ifi O I'i! /c, ..i',I nt i, h- I i iz (.;Jtisii, 11 

C i t /I1, If,!; II irSS1 - ;Y k It 
t ci tin I- iih in."It.)! di V- i] I *. LW. .iiicasu 

angole aiid intcni ty of smilhj oii zi. ~ 1LIc~. PUJ".cI- troils, iijcInIlil. it.. Ilotor
tfi.' pUI~iii{ 1003J '.11CIS(i)Stwi t-up blid'........~ ~~lI~~u I.., f~V'ICe ~ i I AO fitfii,.;acccdeiabi~...in the M.1C opcwtcs] thel"'I ~. . ~th ii.~~ji, 
rnotor at v.'notcvei Zol::i 4..Iad resUittlit 
speedi, will lehivur thle imost pumnpinig WolI;: For other coincfii.: T l~ and/oihours and ithe incost '.vir 1:1 any iien 1' .i . I..lti1,Wti h, ~ S. t V 1.a.nping
day - iill co:1c illrnlin3 start:, oild ~......... 
 i. da~i~ ytm si c..ithcr tiit I-: ot 
more cro"t nOUH operation in parii sun. 

Ilf­
pl h rjll ccrmu iftIl puI,!; 

*Patents applied for. 

T c CT rq 
10 DeAngiclo Drive, Bedford MA 01730 
(617) 275-12() Tek'x 9-10536 BOSTLX F(TSC) 

.~~~~~~~k: * ~ ~ ~ ~ S'1 ~i rs in 11S A 



PHOTOVOLTAIC 
JACK UJVfP .....m--
SYSTEPI'fS I" ..­- '.*'" , ',.. 

(1 

i~~, 

L J II L 

i. ! / i.Y 

-. - . . • . ' '":... " "* 4 , ' / . • - ' , 

r L s c l "•Po <fd" 1flt th, '"" ..... "' ';"i" tin c ­
no fi..'l. I Ic"stant" "I . ..." ,Aver. . j , yjicall' I1"il, :' . 

* (a1idles1 L)- JFlAVrS, With automatiC from a 1W array. I th I 1,W IAur-­
on/of opiaten. ,*~dening the 5 Sten-1 %ithj ecjts E11id 

.tersLifts up to .30C ( 1,000 f .,..;." .aint-nnce of btci. to ev.,. 
Automatic pow..r for ,"'gulition the l,c h-,Sularc p l- '.th "!l 2 " Iewh"n";: of p.i.pin.. with ,orc tLcholo yFlwheeL "h 

" jl jv jj 1.'v"l" cyclical - I 'c"and ­ .. . i ,'-1l whl t 1 ::- t ,i.. 

clil~li .. ton mel; OI' ,
com'."at-"All cvelopec. for ,p'rovi.. . Pm\'. r pun""). . ". 

" wEnginerd by world's most \ \,,nofel.perie . .- ., n'thcs innovati s, 11:.. LCorpo .ola,,r-pumpint , syste, is indcpcndlent (,IcIli 111tatl ics 

Sometimes ".-Yw iliey" oror''rod", a u riay it i r
Lgrasshopper pumps, these vol - "derning tost r ith ,i,< ,:'t nd 

metric putp;-, zie icdeally suited fo:r char, -. ce r 
relatively lo: flow rates combine c ac tis rem;ati,i n i :. chrapplicationsh arc , >with lifts of IIinto -300 meters (50- I (1. l,.""in;f v :'itcr sPplye '-voh lnedi F ill:ii
1000 fet), -s shov.'n in the graph on i t in re...ote 
this pane5 They arc characterized by a 
count,.bala ;ccd rocker bea,. that lifts ThesI I i. I si.illy inatel the w.it, 
a piston (and a volumne of wvater) insidc potable 01 11;.' v..e cdlivery 

needs of iWiiyI,,; deian i:ns 
w~here tht i l iy [be deeCpMz 
and the flu%;., iii|io Itlawver, thecy Txil 
present ai iiA iI tllillf challenge in 

WaterPumpSysems,"'"Soacop 
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anto i I I'l li v'llt 
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! , k ., . . / . " - --.. . . .: ' LU~ Ae rsn ' r;- :W , l : , . HJ , j"" i.,-. ' .A> , colGrUcl[j I ,- l . irir 

4Simple Installation -. threaded Pump 

Throughout r .ti- iJ, 1hitlHl)FOS end for pipe-.vork conrrction and 
ner l , . .i,.': a rupulation to, push-in cable plug ari So.cket.

roaxirnnrJi ru!.. , i, .. l I ninijiuin C Prinlirg ciew at SUCti,1n intleronnector
maintenance ord rov.,'et conSumption. protects against dry-running. 
Complicat,d indidr:dl parts are mada 0 Manufactured entirely from 
from stainlcm: Ct.1 pl-tu correctly shaped stainless steel.-4 and welded tc r Io forn~Impellers andJit: ,L.JH complete Q No supervision pump andI 	 charn~bers ­with motor are water-lubricated. 

,guide vanes - ihi, tul;i; cnrnonerts in a Low initial cost and II-, operating
i! GFUN[[:O;3JitpS.expenses.bHI,,l:,,:, .

. . ­ _ . 'demands fot rudiabilily, axtremel 
, :. •- , .. , Io life, and iijh efriciency. Thr, 

, . . .. ' :' - . ", conversion of 1( lJo.,er into AC 
~~ po..'3 r is r Liiti a 

eft.ioency hiilr. ian 05 ' 
1 r 1,it1L built-il C' - i ; C<the 

- ~ii'.ut~cr ! oriJ. ill IIl Il- ;o,','er 
aEuiILjt~e fhrII It; ! ;j pjOWS1 is 

-~~ L /I 	 r ­6tawnce- -. 
It the irradi , 

1 I 	 U I~ras I i 0,AIdC:~ 
;J 

-C It v.C"tI . At. 1 

.ir . ', thrwlillurl&L 1 tftrU InvjiterI i leI'leti tI; .i l , *y... .I. i .systern of 	 it, u,,, bolai 

term j" ""•.' 	 :1nal[ L~o.. iiaxirRrurn. A inainnrHr, ,:ir-.' firciency is 
nverter wlout disturh,. LrC.hUii 

corinEIctiorns"i 'rp., , .' \t[,. 

to'1.j 	
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Survey capnity diagram 
Meters Feel 

: 	 . . Systern sizes110-. . jS30M 1izes - . 

350 	 S : - 2 12 - 4j1205 W '-13. . &PP lt 4321. -- A 4 , I p',l. '.I 3 . I . lL2, .4 (14D. pW, .1 (1, 1 .A 
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70 ­ ti• 	 1 " 2Lhd, ', ity di,'QrenItw -*ftrm '.n az-j! ln ,i .r 

v.,-,tiam i it , tcc diLi £( v. .. 
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50- -

12 	 -1 
0 - I- -C 

0 	 - " ... .. . . ). -.. . - .. I 7 olkjin5 

0 	 10 1 0:kI ) 40) 5,) t.1,0 ,, 1(, ) 110 1:'0 i.-xl 146 1!,j 1&,0 1'/0 l180 1WJ 200 .110 .7.0 21C) 2409,!9 2b ad ' 

The above diagram shows thLi ,,,ti sir- a.I er electricity and Is capable of pumping more 
output per day dlring periods- i I . than 60,000 gallons of water per day (230 n/day)sunlight, during periods uf peak irradiation and
Utilizing arrays of photow, t I.. , L s depending on the wull parameters.
and a stand;ltd GHUNDFC)' .; :,W At lower quantities of water, tihe systum is able
deep wel! submersible n ll,or.,., l:m to lift the water up to 400 feet (120 mut;r:.).
system produces up to 1.5 	 1i.;.iie standard range Includes 22 systeii -;izes. 

. I . . I,... . j 21 \ 
' 	 ITT- n 

S'R : , I,... ,. ou si, ts of a fw main cohmponents only:
'ARRAYthe solar array 

the DC-AC inverter 
, the deep well submersible pumpimotor unit 

~ A a.:A contains the number of solar modules which meets the
.pc,..-,ohi,maemot of the actual system size. 

t"11,,i ; ,,tpn o the array is transmitted to the Inverter through a 
MAIN , ... Ihii/ternl box.-'qITCH'"{ ThL!t 6HUND[I[FOS hInverter conver's the DC power into three-phase AC" 	 WI H powr v.'lich Is transmitted to the deep well submersible pump/motor 

Ihh standard stainless steel high-efficlency submersible motor and 
tl.&slndard pum.p are direct Coupled and form a complete unit. The 

r. 	 , ., , Motor is used in all systems. 
. " ~It ,;IIJIJ[)FOS solar pumping system requires no batteries. Batteries .	 . , , al-l!arl ul ,I , have a slhest life, and require maintenance at regular

tNVERTE I",
S ItI f: ,in ,nded to store the pumped water (arid thereby the

i.;, ) i, , cd.. r slorarge tank or a reservoir. 

-...........
 

S 	- I-; , t ; 

~~OTOR 	 'kI 



ARCO SOLAR array
Free,-stanc! f_C generafing station
 
To ensure a uniform high quality Oif . -

ihe whole system, GRUNDFOS 1,m 

module M51, which Is 1!; v,,cf;
solar panel In the rnai t t-o 
*ho subarray consisti cr / , ..i' v. 

, .,, 

-" 
, 

-
] eo, three, four, or r i-% . '­
c an be c o n n e te d iII ,I I ., - - . . - " ­ . . , " -
meet the ,) er req13CL.IiI , , k 
system in (quIerStion.
Both the [,,Odules atidr h,;bipp i tngstar t l cturL , .... 

ciln sta ev.d ,ryconc i 

v., l-, i*r ~c imdliic . ThI Ihave been tosted at wi,,,i 
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Water supply
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In many parts of the world, surface water Is
available, but this water Is very often contaminated 

n dirl ctly responslhle for a number of Infectious 
i ,iHDFOS s lar pumplrg yston woiid rl. 
,i l )I,,',h. to tap underground wator which Is 
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The Simple Basics
 
of So;ar Pumping
 

...-
.. . . ..-...
 . .p. , . . .A-, 

A solar powered purnpirg system isanconomical alternative to other rnetliods of 
-.. iply where small itrigation or drii d:i-,I water'" :.,t~J e J .. -e beyond the .vi, hlt 4 

.Ililiy 1"nWer. "Atypical sy:;tem iatln t,:, :, 

l '-i, • -' it Il) Of 1U7 imlC;IthL GOI 111-01,.41-:::~i k h1d., of..... I 
.t.--.I---..... _,...i... _l. .. . .. ti..S L.LIll's ra., and'or t;eJ 1(wi..{,....j ri :5"of d':.Lne:;s. 2 

2•.\ X .. .,..,, . Ii~ i , ,' Htu i ls UUrU C.,iti,L . ;, tiu"./ !",i ; I,,,,t l. , ... 0l ifil I)arz,ll(ol iindJ in sil ;
" sC ./' ii2.: 'i. ,t rpj ,W.:,.w wtA;'hi, , v.,,,,;UV ![' -,--*."g?.ii. l i'ii-.otmllI ', y ill : 1lioll to tho, intc-i ,..,Yy u 

b fihe array (several panels of photovolt-aic 
(., , '.:.Ils) is sizcd to rneet water requirei, ints and 

i Z0the irlcot ning .,:. Cf 
'!! ~~~~~~~~.OL -.. "'czll-flow" Albrnersible pt,,i i,,"Z~" o J,.,:i 

.. .___ .. t,,.LI plied with special direct curni: !it : 
. .. I.V ' .-""1 v
 ...;,.... .. : , ".,ll~ .0 ,I l~ ubsleica-,-_,. icit1s)la.sll r, n r ibce )to rs to 1) pu, ,)JnI., i , .h ; I 

, , .-, -. .i i, J i" i 1-2- r s tp.-"'es,:igtkn 
land selection of eipet is crl 

.- .i:.-,::.'i-o -i.-trif:uitJ."i'l"i i b est -i t ' 

'" -. N,'.::' , ;! .; .. ~:q;w"e.;. *i.o..':1 achieve maximum performance from 
'.-. .ys using Jauzzi solar flow pumnps, the--" 

.- , . 
design and selection of equipment is critically

44 t 
. - important. nautho rized
 

':'"; : ' ' 3
""' '" ... :" : : , imp d.. ._....itriK't,'r is best ,qi ,,lified to t.ip rl:e.eru" ' ' :,, ( ., ,v.;'4.. ;" 'l .... " ' Inlc systet i for the local ervironm et~l ei f",.2*- . 2 
.''..'.. v : ll (C"IlhpONllntS fr'om various nmantLw;ctitrots,''"','- . " ,i install the proper Jacuzzi solar lh, 

" ',"% - € 2 ' , 



Jacuzzi APPROXIMATE PUMPING PERFORMANCE 

Solar Flow
Submersible 

125. 

-G. 

Jacuzzi engineers doveloped this 
to provide optim m..Fpcifo r-naji: tio rn tte o ve ra ll sys te in 

1 _. 

-0.W: it 

,. 

70. 40 
ouipment
O G,- 0 ,W, ILI, 1!1 

fs WLi acs ec-h cornlnent.lThe 
Jaci1zzi solar floV' puLjip achieves 
a new leve&of rp)erat.wg efficien"cy 
ar,, reliaL.;ty. -

EFFICiENCY 
PUMP designs indude an impeller 
eye seal reducing backflow. 
Submersd purmpinrg elements 
perfo,'n more efficiently and require 
no mechanical shaft seal. 
MOTOR designs include direct cairrer,,
rncAEls. Jacu'zi motors do not rt,<quir 

echanical seal or pover convuters 
which ab b energy. 

SYSTEMS can be sized for a smaller 
r dtnumberof panels due to the wide 

selection cf pumps and the directcoi Mn-Ctld, dire-ct c.tmunt kriish-t ,pe 

, 
-

I 

, 

i 

II 

,. 

Wi; 
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1-RFLIADILIT I I 
PU MPewrnts are production unitstro(n1 Jacozzi Inc ,i wordwvide wvater, 
SS]IC1"1 pLIMP n1 ,,:CtLrer. Sin)c eth eO 
pun p is ,;,iut.,.d it issealt-pi.iIi ij. 
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.,,, .: 1 
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MOTORS a,,e avil!lu with diicl 
culiufl bru.sh d.cslgn (Pal-1. Pciug)
providin-g years of ope ration butv.een 
maintenarice cycloe. .1odels h1,;ve a
Mngrntic couplin[g which eliminates 
the shaft seal anJ disengages upoi"overload conditions. 

-
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I 
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i 

SYS[lEMS can [)a provided in pure
direct current eli ninating electronic 
power converters. The pump and 
rT)toriare islalled Underground away
from vandals ;;1 the weather. 

,;: .,•. 

I. ft~ 
OST-FFCTIVE 

Tio uffieienc-y and reliability of 
individual compxnents results in now 

ci0nmies for !sJar-powo~vrod
pum.,KJ. The extensive range ofJacuzzi ,lar flow pump models 
rniae :.s it possible to match solar pr np
sy)'tumrs to nc-ods in thec fiu:d. 
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Jacuzzi Solar Flow Submersibles: JAcu-Zi. 
Water for the Wni4 

ij n 

un and Jacuzzi innovation to wd.r ,A ' 

Itakes more than the power of the adin,,l ,, .poworod 

, .... oaioOing new solar water pumping stippot ti .,solarlo
dvantages to tthe wodd. Enorgy thE J.,: ,.. , -. ,I,. t4rs, orvd Contact arr, of thw. fi)Ik', j ,Jac.132,
,vailabl from1 VIC sun varies fiom l;.urri; . . . i o ftac ar. ofl- ti e I _I i., J(Ai),
2unty to cot nh y. T ht apr lic'on ;nfi;,; , . . I i J,:-,. , ,Jf J s lj ik wf d 

)f Solar pumping t3chiolCgy I"or iI,< .. ,, .. ,, ,,.td LO!3l (liiivh ii).JI&Fs a i t.dt ,. .
 
equiiios (X -, f,;f.e Lyorid iJ .j,. .. .. ,..i,,4-1 ali ...
*,, ...-ia t n c ad &t fo ) rf 3 .1 t* ) , i.tl. l . . . , , 4.1 l A .' ( X * )i l ' - t [

o,J r c , ifl VO l th C ' . --. .t. ' ! ' -. ­

,,ater by.-.,tams, s,(lo r [)v'.' , ,t ', (AJtt JAC IJZ)h INC.
 
acuzzi s1A~r tflow 
 ) JtJ , ,, , . , tl.Ci 12401 IliterhWLu 30, P.0 I..istrilbtors wr. av,.blal f E disWO ,ill Flo, k, Aiar;ai,, 7:.. It j:.,,) I J-.voryV, t r to dI;.gn, ar ineor Tlophollo: (50O 123I1) 15!; 

I tlUX: 53-64-i 16 

,. ""~~~~SB t utJw ltJl l , 

~~C -P 13,'j"0 ItoI 
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110 JC JZZ ,*.SECTION 

Apk7 
.ZV 

3-7/8 
--- D 

3.1/2 
D 

2" NP i 

F 

I 

Xfeatures 

4-3/8 

4.3/4 
D 

MODEL NO. NO.OF CAPACITYMtrPump Stages GPM 

SJl F 44 3.1 
SJ1 G3 3 42 

pi. 

MODEL F-G 
SPECIFICATIONS 

Jacuzzi solar flow pumps include hydraulic 
elements which are interchangeable with standard 
production units. Models F and G feature stainless 
steel shell, shaft, coupling and wire guard. The 
motor bracket and discharge piece are cast iron. 

The impell2rs and diffusers are of glass reinforced 
molded thermoplastic which allows smooth and 
exact design shapes for consistent performance.
Each impeller stage incorporates the exclusive 
Jacuzzi "floating seal". These seals, of bearing 
material, fit closely around the eye and tvh of 
the impeller, but "float" within a seat and prevent 
water from recycling to low pressure areas. These 

provide the high efficiency as indicated on 
the performance curves. 

WELL DISCHARGESize Pipe Size 

5" 36-11/16 2"
 
5 34-9/16 2"
 

JACUZZI INC. 11511 N1-FW BENTON HiGHWAY LITTLE ROCK, AR 72209 
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AC.ZZ. . ,- SECTION 110
 

-F 1 

""5-13/16 -­

-'59/16 D--
3 NPT 

JACUZ2J 

LA4D­

4-3/8 D 

MODEL NO. NO. OF CAPACITY 
Motor PUMP Stages GPM 

S-11 M1Af 1 60 
SJ1 M I (35 
SJl 1 lCJ I o0 

MODEL M 
SPECIFICATIONS 

Jacuzzi solar flow pumps include hydraulic 
elements which are interchangeabli, with standard 
production units. Models M art . Of industrial 
turl)ine design and feature stainle.: shaft, wire 
guard and fastenings. The motor hr:.icl<et, bowls, 
and discharge piece are cast iron. 1 he interior 
passages are porcelain-coated for maximum 
efficiency. The impellers are cast brunze and hand­
fiiished for consistent pre formancu as indicatedu on 
the performance curves. 

WELL DISCHARGE 
Size Pipe Size 

6 " 43-7/16 3"
 
6)" 43-7/16 3'
 
6 13-7/16 3"
 

JACUZZI INC. 1151 1 NEWV BENTON hIGHWAY LITTLE ROCK, AR 72209 
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1 u o m.cl of any e s"eop w r u nt is ir-. l 

a IDEAL FOR REMOTE MON~EGoN Solar Powered Pumping Systems can Provide fresh water 
L.O C A -TIO N S for iiiilaalioll, livestock, or drinking. Solar electricity is the "mst re-

Jh "ll (t 1;c any rem ote Power source and it is virtally.,r nomica1 ofo ......H1IC I-IL )/ RELIA BLE ,,,.,, , , OU [GON Pum ping System s, pov%.red co,iihtl,
ll a t io n s . n ew an d replacem e ,i' jieREQUIRES NO FUEL_ REF,, .ii,,c ide lfo 

O EASY INSTALLATION 
EASY iNSTA-LATM Punhg Systems)FO are designed specifically to yopJr locationO FULLY AUTOMATIC rLt-I,,<i ,.,,I.We use only the most reliable positive displacement 

ritii~jal jet",.. . or pum ps available. The maintenance-freeM A NT ENAN CE-FREE elh~,:,iil l..,r eLiUipment features tested solar panels and a specilly 
r cntrolldr to extract maximum efficiency from the0 SILNT, -SAFE, NON:- s ",,tur punip crnbination. 

POI LUTING 
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PHOTO VOLTAIC WATER PUMPIING SYSTEMS TO MEET YOUR NEEDS. 
S clar Paniel Array, with: 

* 	 Panels
 
Panel support. s.ructur . footings
(exclusive of Flow Rat (liters/day)
 
or foundation) 
 7571 15141 22712SArray interconnect wiring, connectors. and 1200 	 ' , 
 I 	 I r366 
junction boxes The, e asstimated performance ­

cures ypialsolar pump,or 
Senri l or Jt operations. Larger and smllerPup:Jac. Cenrifualor Jt izes are available on reqtuest. 

Perfomance will vary due to* 	 Seiected for your requirements 800 spacific location. 	 ft2 
O 	 High water production for less cost 
O 	 Years of proven reliability 

EDC Motor, featuring: 	 71 ' 

o Extremely high efficiency, apprcr. 85%122 
Q 	 Long brush life, over 5000 hrs. (approx. 3 years I 	 HP

normal use)r 
i
 

o 	 Low maintenance 1/ H 1/2 HP
 
Controls, including: ,Po 
 J n HP I .nI 

0 2000 4000 6000 
0 	 Solar r'anellmotor iniertce electronics Flow Rate (gal/day
 
ID Small battery pack (as required)
 

Fresh water is essential for crops, livestock and for community drinking water and is needed in many areas where commerciallecricity is not available. In most cases water can be puniped during sunshine and stored for use at night and during cloudype ods. For this reason the bsic Pumping system (oc, n1t include battery storae. Where required, storage batteries can be
fu-nished to p lovidecontinuous uninterrupted purnping oyer1tioP. 

SOLAR 
ENERGY 
SYSTEMS 

I1 ',Irpple Ave_ Silver Spring, arylnd 20910 O ' 

(2021 88 2-4000 
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Solec: Systems to get pumped up ahtit 
S-)h'C,A:lCOLr ini the manufacturo of photovoltaic &oiarcells, modules, and 
sy"hl, ;v~otiers abroad variety of packaged water pumping components
winl.',.

i 
i . iic,h. efficientl,and naintenance-free pholovottaic po..r 

To eusiiew hioubl-le-ree operation, Solec enginers have field-tested and 
anu.t/., a..,, y .'h%.iern component. You can be asstured.: that these water 

d,:l.. , ocl.(chosen from only established nianufactureis) woik 
as pf, ,Jo1li,'on photovolta,c elecbic power as they do on -othor 

Solec components: A powerful sotuLiotI 

: ,',,,,,, f' " 

Ivic at the htiarf of the system is the Solec S-413.1, a solar ccr; 
m u:-t t 011 rqLliietq1,- s ernts of JPL Specification 5260-5. A sm ,'ir 
il ,,).j:,ijrcurrntly being used by the LJnitLd States Air Force 

at l,i I ( I.,ter in China Lai e, California, hws proven its durability in 
yetii -J l ld or.,urat on. 

TGL . i.,,thiighe r diele tricslrength and moisture resistance, the Sol.; 
S--4 VA- , c,n4 apculated -witha transparent plastomer called ethylene vinyl 
acelate (LVA). In tests conducted by JPL, it has prover, to be a sop:,rinr 

rn(;apsuhi at to either F' 'B or silicone. 
Th, 'udlar filii back sheets used on the Solec module provide the best 
envhicn-rit:.d protection of any available material, according to JPL tests 
SO(Illaf', 01,i;td module terminals and edges meet the exactirid 
reqLiCie1 It-of the U.S. Navy. 

Petk Po'.u r haracer3t!ics 
of lte G 4134 Solar Module -1ITf' 
(mndei solar in "olation of 
10,01 1w.'/c tvI-. 1,125, C) S 

Peak. . 3 5 Watts 
Peak i Currenl 
Opn ,,.'.trCi.irent 

15 7 Volts 
223 Amps 1 7 

Opnt ( ,,Lflit \'otlaige 
Sho Circu l Vollaqe 

20 5 VOS­
2 4 Amps 

ctec's unique "Solarlok"Plug-In 
Connectorz deliver higher reliability in severe environments than 
conrventional junction box connections with screw type terminals. This 
sohitoi uvu cones the common problems of se-al breakage and rnoiture 

ift, module encapsulant that are the resull of over-torquingI !1a 
,jI, h ,,I .. :0iurections during installation. For even greatur p)rotvu licr. 
tl;,.iA. r connector with 600 volt @ #10 or H114 wire, has a pooilive,Imlo 


. I,.,: 
,. I .. .. It the junction box. 
(,.. ! and an -ring seal Sufety' locking meting roceptacles iou 

I,..,l 


"p
 



Mc Julcr 15),ign Arrayt on Solec water pumping systems mean that all sub­
arrays 61ue iJitical a, d interchangeable. 
0 )ubAs irinnnting structures are capable of withstanding 125 mpt, 

,1. . ' ,,,,.ist of 3 sola modules each. These modules can be 
ir C.,t 'fit G,Lbi.tjiJ is ,,:;43 providing 105 watts of peak power at 15.7 VCD or 6 69module coUTes with dual AMP "Solarlok" connections at 

, w 

S.,,-.u 

r, , , 

connectors on each Of the sb-arrays aliow for quick
.f cltern,,te batleries for those periods when the st-, 

l 1 1-11 it d todrive the pump set. 
Fo iF 
:."i 

_,i.i~ ,,,d saLty, every Solec water pumping systerf includes a Gl
-1_ - If-," Safety Switch mounted in a NEMA 4 rated jurction bo,. 
1 .t, enclosure is rsistant to extreme in the environment For 

"cfunl I ,Jc liu ina safety lo2k receptacle is also installed at tile 
rn . dfiand sub-arrdy connuctions. 

Shallow well submersible pumpst 
Solec has selected a totally submersible self-priming centrifugal pump for its 
irrigation and water pumping systems The pump and motor are constructed 
with a slainless steel screen and bronze impeller. 
Pumrp SpecithatiLns 

Purmp ,urnhc SWP-1A (16/10) SWP-2A (16/40)Pump Weight 13 lbs. (5.9 kg) 13 lbs (59 kg) 
Impeller Diameter 2-1 /8" 2-1 /8"
Blade WJJh 3/4" 3/4"
In!ake OGuce 1-5/16" 1-5/16"

Lil 16 feel (4 9m) 16 teet (49 m)

Voltage 12 VDC 152 VDC 
Current 15 Amps 26.2 Amps
Delivery Rate 10GPM 40 GPM 
Static Pressure 12 psi 12 psi
No of Sub-Arrays 2 4
Array Power 175 Watts 420 Watts 
To complete your system, Solec also delivers to your site approximately 50 
feet of 2" reinforced plastic pipe with clamps and fittings, and pipe lo go
dow the well Discharge piping should be installed with a downward pitch
so that it does riot create additional lift on the pump. 

System SWP-1A (16/10) (10 GPM @L 16') configuration 

5 S-4134 Solar Modules 
Lot Aira Structures 1Motor/Pump Assembly10 Solalok Interconnections 50 Feet of 2" PVC Reinforced Pipe
1 NEMA 4 Enclosure 40 Feet of AWG 410 Wire 
1 Safety Swvich (GE THN-22-61 2 Pole Mount Structures 

RHDC) 1Lot of Miscellaneous Hardware 
2 Safety Lock Pairs (Couples. tees ells. etc.)
1 Array Interconneclion 1 Set of Installation Tools 

System SWP-2A (16/40) (40 GPM @ 16') configuration 

12 5-4134 Solar Modules 
Lot Array Structure 1Motor/Pump Assembly
24 Solarlok ritlercorinections 50 Feet of 2" PVC Reinforced Pipe
1 NEMA 4 Enclosure 40 Feet of AWG #10 Wine1Safety Swilch (GE THN-22-61 4 Pole Mount Array Struclures 

RHDC) 1 Lot of Miscellaneous Hardware 
4 Safent' [_l:k Pairs (Couples. tees. ells etc 
3 Ar'a,' Inherconnections 1Set of Installation Tools 



Medium well vertical turbine purp , 

Sub-A.. for this system are lightweight aluminum for easy 
. iii ; c irr..tallation on either concrete pads or anchored ,oon 

., . t, I uIo -ar ray consists of (6) S-4134 sular modules. 

,.i.+.Litd Dual Impeller Centrifugal or 
Veflici:,I l, i,,iv Centrtfugal Pumps are ideally suited for tube wells, cistorns. 
and oth iiu:;',iviirs with moderate to high flows. You'll find them especli,' 
ellicihn I t fi,,,s orn 10 gallons'minutes/and up. 

dt Purit 't,t-a,i,,i in.tse Solec systems are specially designed to operate ,t

' , . 18Oi ,.:,.i rof and range from 'sto 3 horsepower. Solec systems .tWiize
i 

.8 highifi . rmaiurit magnot D C motors. These systems utilize 
tract,:rs to incraac,. power during initial start-up and 

)tb..i . 1 ilii ~ lLib par day. 

.'
• -; ,c-WP.3A1;0,'25) SWP-4A (50/35) SWP-SA P i i 
Itl t,0t 9 14 p) 50fee (1524 m) 159leet15-0' fe 

[ PhM ,5(1 35 GPM 10 GPti.581s) (2 211Us) 
\,kOta+-
 30 %,DC 90 VDC 90 VDC 
Cufrat 13 1 Amps 20 Amps 27 Amp
4 ot Pump Stages 1 stage 9 staoes 10 stages
Siatic P'essure 14 1 psi 14 1 psi 14 1 psi 
# of Sub-Arrays 3 9 12 
Array Pot.,er 630 Watts 1890 Watts 2520 Watts 

Solec systems for your special needs 

Solec can custom-design a photovoltaic system to your specifications. We 
suggesi that you consult our Engineering Staff to discuss your specific 
application and to receive a price for your made-to-order system. 

PILKINGTON
 
4 Solar Technologies l
 

Solec International. Inc.. 12533 Chadron Avenue, Hawthorne, California 90250
 
Telephone (213) 970-0065 TWX 910-325-6215SOLECHWTH
 

Solec International. Inc A member of the Pilkington Group
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I (2SnAmp PHOTOVOLTAIC 
i - Systems Inc:, PRODUCTS
tm 

SunAnp Systems Progr*t!
Water Pumpj Fiu 

"" 


Photovoltalc Array 

THE SUNAMP 

Ij
.,Cavity 
y-1-_ ' Wire 

Belt Guard 

-
 -


Dis charge Tee 

SYSTEMS PROGRESSIVE CAVITY WATER
PUMfP FAMILY FEATURES: 

/Reliable water pumping powered by

photovoltaics.
 

/ Volumes from -4 gpm to 100 gprn.
 
/Depths from 50 feet to 
2000 feet. 


4il 
''No batteries required. Maximum power


tracker provides the needed 
torque 
to start the system at ob.]Ig.Lt 
levels, as in early ornfiit,.
 

)/Simple belt drive makes mafnt: UiuCU easy. 

VRotary motion of pump drive wiiclansism for 
F1 high mechanical efficiency

.1: of s;ysteni.(No losses due to gear rcsu ) 

S/Precision engineered positv,, dl!;pl]cement
 
pump rotor and stator give
 

A hydraulic efficiency.
 

I /Overall photovoltaic to wat :
,inflcncIfes
 
over 40%.
 

/ Long life D.C. brushes requlb,. -,placement 
4 infrequently. 

/Expandable system. 
May increii:i inter out­
put by adding more PV mrndii.l; 

Maximumm 

Power 
"Tracker 

w-Well Casing 

-Drop Pipe 

Drive Rod
 

/Range of systems from 1/20 hp r, 0 hp. Rotor &
S APPLICATIONS:Satr 

Domestic... Livestock... Irrigatiun 
 Stirrup
 

7702 East Gray Road Scotlsdale, Arizona 85260 (602)951-0699 
 088-.­



STANDARD MODELS BY NUMBER 

Nominal U.S. Gaflons/Minute Delivered per 100 RPM 

(Actual flow rate 10 to 20'o less depending on pressure) 

Total Delivered 
Head .25 0.86 2.02 

100' ;A-1 1A-3 2B-1 


200' A-2 IA-2 213-2 

300' ;A-3 1A-3 2B-3 

400' A-4 1A-4 2B-4 


500' A-5 1A-5 2B-5 


600' 3A-6 IA-6 2B-6 


Other models may be special ordered. 

requirements. (The 44-G series Js not 


Model Rotor 

Type Diameter 


A 7/8" 


1A 1-3/16" 


2B 1-9/16" 


5(C 1-7/8" 


12D 2- " 


18E 2- " 


28F 2- " 


44G 


5.2 11.7 18.8 27.7 44.0 

SC-i 12D-I 18E-1 28F-1 44-G* 

SC-2 12D-2 18E-2 

SC-3 12D-3 

SC-4 12D-4 

SC-5 12D-5 

SC-6 * 

Call SunAmp Systems for non-standard
 
yet available.)
 

Drop Pipe 

Diameter 


iY" 


2" 

2 " 


3" 


5" 


6" 


6" 


8" 


Minimum Well
 
Casing Diameter
 

2" 

3" 

4" 

5" 

7" 

8" 

8" 

10"
 



4 

Ji 
2~~PY'~~ii
T.-ly -IF 

W"k 

4 .d~-4.5
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The Sunmill is today's solution 
to an age old water pumping 
dilemma. It is especially suited 
to low flow wells and sprinq 

boxes but will pump a gener-
ous supply for a normal dwell-
ing or the stock-watering needs 
for hundreds of acres _)f qraz-

ing land. The Sunmill operaites 

on solar energy and is inde-
pendent of commercial power. 
A photovoltaic panel provides 
electrical energy, which is 
coupled by an electronic con-
troller to a DC motor which is 
part of the Sunmill's jL-ck 
pump. The jack is specilly 

designed for this application. It 
includes a directly coupled, 

enclosed flywheel and a highlF 
efficiency gear box to drive a 
counterweight balanced crank. 

The highest quality, most effi­
cient components available are 
uniquely integrated to pump a 
maximum amount of water for 
your money. The Sunmill has 
no life limiting components 

such as batteries and with sim­
ple annual maintenance will last 
almost indefinitely. 

Sunmill performance can be 
tailored to your particular 

needs. The total quantity of 
water -pumped each day will 
depend on the location, as it 
effects available solar energy, 
the total lift and the number of 
photovoltaic modules selected 
for the panel. A typical Sunmill 
in the American South-west 

will provide about 700 gallons 

per day from 100 feet with a 

four module panel. 



______ 

PERFORMANCE
 

Sunmill performance is specified in 01C fiLure pumped eac. day and the peak pumping rate at
below. It is the average to be expected at mid mid-day for four and six module Sunmills as a
 
latitudes on a clear summer day. The two L,.rizori- function of total lift.
 
tal scales indicate the total amount of kvit('
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0 100 200 300 400 500 600 700 800 900 1000 1100 1200 

QUANTITY PUMPED (gal. per day) 
0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 

PEAK PUMPING RATE (gal. per min.) 

MOUNTING
 
The Sunmill's jack pump is normally threaded until 4 p.m. all year long. The pipe with the array
directly to the 2" top section of the drop pipe and may be adjacent to the well head and set in the 
rests on the well casing seal. - The photi!,Jci: concrete around the casing or tip to severed hun­
panel is normally attached to a vertical s,, i,,!,;t dred feet away - The Sunmill jack pump vertical
31/2" pipe. The length of the pipe or the lillit of frame can he bolted directly to the side of a sprinj
the array is not important to the Sunrnill peifor- box. A bushing reducer, short section of drop pipe 
mance, but the combination of location and height and sucker rod, and the pump cylinder complete 
must result in no shadov'wr ,, he arrav from ,Na.m. the spring box instc,'!,ation. 

\
 



INSTALLATM)N CONSIDERATIONS
 

LABOR 

A Sunmill can be installed on a norrrall , cx,-d workmen with as few as 6 man hours of labor. 
well by experienced and appropriately equipped 

LWATERIAL 

All materials required to install a Suninfll arc, stroke
provided except: 3) 12 gauge insulated wire, terminal lugs and 
1) Drop pipe and sucker rod oi appropriat e wire nuts. 

length. The top section of drop pipe intust be 4) Well casing seal for 2" pipe
2" diameter and full 21' long. 5) Section of 31/2" pipe to support photo­

2) Pump cylinder of appropriate diameter and voltaic array. 

MAIINTENANCE
 

An annual lubrication of the grease fittings and a check on gear box oil level is recommended. 

VU RA NTY
 
The Sunmill is guaranteed against defects in material or workmanship for 3 years. 

LIFE :r2XPECTANCY 
The Sunmill is designed to operate for 20 years possible replacement of minor parts such as
with the maintenance described above and the pump leathers and motor brushes. 

YOUR LOCAL ISuni! KEALEH/ INSTALLER IS: 
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'HOTOVOLTiuC PUMLPING 
ztciills the SystemI.* 

3 the need 

ECK PUMTP SYSTEMS 
for low flow rates 

r deep wells 

ERTICAL TURBINE 
STEMSmo ehih 
for moderate to 

Ugla-flow tubewel 

SENTRIFUGAL
IMP SYSTEMS 

.. for low-lift crop 
rherd watering 

The eziir d1; r of livable and arc-
L!, I . . . . ,i n: rc ,..Oby 

v ,. .i J;Jf ,t 
w'hcr,.c:.... .. A: :i Ac, ",.gtAli i:,: 

beoci .: i rc the powC.:r, v..: 

ho d , . . l tar hf k tlli. 

Xudrc.t I lU dicsl deput iur 

ConvCrI,1t f;.,,r, these site5s have 
been irnrf ti PfrIpmpinI. 

Now phot.,oltaic (PV) pumping sys-
tems, enginee ;ld by TriSolaiCorp, are 
irrigating land and watering herds ­
and suplyi,,, pot",ble water for people 
- in nmI,: ', i cte areas in the west-

Sometimes called "rod", "donkey", or
 
grasshoper' pumps these volumetric
 

pumps are ideally suited for relatively 

low flow rates combined with lifts of 
15to3 ) meters (50-l00 feet), as 

shown in the_ graph above. They are 
characterized by a counterbalanced, 
rocker bam that lifts a piston (and a 
volume of watr) inside a submerged 
cylinder by mears of a rod and con­
necting linkages. 

Centrifugaol tuibine pumps can deliver 
hsmoo flov., of water at moderate to 

rats in ttewells, or from gis-
terns or other reservoirs. They aie 

most efficient at flov. rates greater than 
25 culhiAt.i :' (,(0Y0 US gallon,) 
per day, and lif ts up to 50 meters (150 
feet) as sh,~wn in the graph above. 

Self-priming centrifugal pumps are the 
economic m:,ans of providing water 
for livestock or iiTigation from ponds, 
r,sers, can, Is, dug wells and shallow 
tubewells --- wherever there is abun-
dant water near the surface. 
Systems pioneered by TriSolarCorp 
provide flows in excess of 25 cubic 

o.h1rOfe c 
k's .Icintl 

v. po VLibc' 1niro - , l.es 

to 12.-MiLv tt (1C jp-\',\lI Qju. T he 

fotudcls of TiSolarCo;p, .,il, sil 

em United States and in im)rc I!hn 30 

iatcd with ITl, ,.,,irc .p.!K. ; ible 
foi- the I OO-kilowatt centro1 utility 

system at Natural Bridges National 
Monument and the world's largest 

solar-powered inigation system at 
Mead, Nebraska. For the present, how­
ever, the most cost-effective installa­
tions are at sites where water is 
needed, electricity is not otherwise 
readily available and power require­
ments are relatively modest. 

"-­
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TriSolarCorp employs two different 
motor optiorn., in these high-perform­

ance systems Below 15kW (2Ohp),
surface-mounted DC rfl)tos usually 
prove most efficient. At higher ratings, 
3-phase AC submersible motors be­

come an economic alternative when 

meters (6,000 U.S. gallons) per day 
with lifts up to 4 meters (13 feet) and 
discharge heads up to 30 meters (100 
feet) as shown in the combined systen 
graph above. Even the smallest of 
these systems uses high-efficiency 
permanent-magnet DC motors, cou­
pled to specially designed pumps and 
regulated by Maximum Power Contro! 
lers. To avoid clogging or jamming, 
foot valves are eiiminated. 



%slarCorpsystems may employ costs or c ,lnihw;tio. 	 . 
face-mounted centrifugal pumps, vithotlt v. .,owie or ,, s, 
rtical turbines or positive-dlisplace- Pollut ion . 111. i~t, II ) It 0,,W 200,-0 3,.c( a,", 

jack pumps. Each is engineered relian'Cke(" I h VT il 
the world's most experienced ap- site and . , iti,;','y ,[ 

cations team and employs state- vawr v; I ir ,I V', W ,,R Y, 

hnt 

"S:­ithe-art technology, including high- Sy.stenI -,. .. t" 

jiciency motors with permanent following p1h .wl de- ,,, 
agnets and durable PVarrays -- scription I i:'c sias . 

4 

an 
tchcd for optimum performance by introducti,,:,, I; s,'stei.,­

SolarCorp's e.xclusive Maximum capabiliti, . 'R V i T A. 

wer Controller (MPC: Patents applied 

[lly, each syste'm is pc,wered di­
':tly Ly sunlight. without fuel 

3 1M,.1 

FJ.AV,()& FITl[" r) 

2 J4 L ) R-) 120 14 5 %T...S 

Rather 	rhan htrck.'nirng theThese capabilities ideally 
matci the potable or live- system vith the costs and maintenance By these innovations, the TriSolarCorp 
stock water delivery needs of baittery picks to even the load, system is independent of both batteries 
of many semi-arid regions, TriSolarCoep dcveloped new technology: and auxiliary power supplies, for max­
where the water table may flywheel ineiia >vels the cyclical imum reliability at minimum operat­
be deep and the flow mini- load, whde the Maximum Power Con- ing cost. 

* 	 mal. However, they present troller adjust., voltage and current to 
an engineering challenge in match the starting load and provide 
matching the uneven load to more pumping hours per day. 
the constant power typically 
available from a PV array. 

equipped with specially installation flexibility and decreasing 
controlled DC-AC inverters. the cost of customization. Unlike the 
Al! TriSolarCorp turbine sys- volumetric systems, they do not re­
tems employ the Maximum quire flywheels for load leveling. 
Power Controller for more 
continuous performance un­
_ci conditions of marginal 

N siun!ight. "rheMPC also 
ips the system adapt itself 

to 'itw variations, increasing 

.'.,.X'- leys. Developed to serve this 
:-prtabeTiSolarCorp system is 

Tios 
., ..'""".. 
"portable 

" .-- population, TriSolarCorp
portables are already in use 

-itweight and completely self- --. <.; . -. in more than 25 countries. 
icient, without batteries, providing "'v''", - - --

my years of maintenance-free cor-.- 7"" ,. -

)n for remote locations. It is esti­
ited that there are 50 million small ' t 
is, of four hectares (10 acres) or 1 A 
s, supporting a quarter-billion peo- f4jrv,.' 
in the world's major alluvial val­

............. ... .. ,. . . 
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wherever on earth , >I'-Ni I l- . Y" I J-I. 

the need may be 4, ~
 

SUNLIGHT 7 -­

30--i 4 -! 

.. ,., . . . . ..... .. . . . - - l ... - . . . ' . . . . . . . - . 
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Y he photo-clcctric effect, discovered intL U ,.l fotr I oth stcl of COlbL1L~ti() beCC o1 C rji: Jal 
nearly a century ago, is the ability of liKcs a LC pr.bLcs, th se systerns are li their F,3CC 
photons of light energy to knock elec- Since th c,,I l.ys of space explora- among the world's siplificart cnrngy 
itrons out of their ztomnic orbits - in tion, col 0ii1 :iV.progre.ss in both the sources. 
certain materials such as silicon - maruficti:ir, of slar cells and the en- Solar power is obviously most cfficient 
and force them to follow a wired path ginidrrfn .. " ' sins have made in those areas of the world v.,here sun­
to get bac], thereby creating an electric thi- t :. , ,at-effectivefor light is most abundant. But continuing 
current. many appliiion'; here on earth. Wa- reductions in the unit cost of PV ar-
But the technology to produce useful ter pun[-iiT! ird purification, residen- rays, and friSolarCorp's continuing1 in­
:amounts of this photovoltaic (PV) tial elect ilkation and the powering of novation in systems engineering, are 
Ipower was not developed until the medical and communications equip- bringing "free electricity" and a better 
space program recognized the need for ment, priIticularly in remote lcations, quality of life to more and more people 
an inexhaustible power supply. The are alrecidy p-act,cal with TriSolarCorp around the world. 
engineers who later founded TiSolar-. systems. 
Corp were responsible for many devel- As the erratic costs and supplies of fos­
opments involving solar arrays and sil fuels mIdc solar energy more com­

petitive .--- and as the ecological effects 

TriSolar orp 
10 De-Angelo Drive, Bedford MA 01730 USA 
(617) 275-1200 Telex 940536 BOSTLX (TSC) 

Imfn u .t w rh'CaP. 182, Tri',olaiCorp Pnicd in U SA 

http:progre.ss


TWX; 91C-499-2677 AMTURt4R P. O Box 4185, NoXTH HOLLYWOC:, CA 9lCO 
10615 CliA^DLEA BOULLVAD, NoXTH HOLLYWOOD, CA. 91LU1 L'.C., . 

SUBMERSIBLE TURBINE PV PUMP SYSTEMS 

FOR LARGE WATER FLOWS, SUBMERSJBIE TURBINE PUMPS POWERED BY 

PHOTOVOLTAIC ARRAYS OFFER THE BIGIIEST EFFICIENCIES AND EASY 

INSTALLATION. BELOW, WE LIST THE CHARACTERIST ICS OF TWO 

TYPICAL PUMP SYSTEMS THAT USE A 12 MODULE (ARCO SOLAR M51) 

ARPAY. 

THE PUMPS ARE OF NOMINAL 4" AND 6" SIZES, AND WEIGH ABOUT 60 

POUNDS. INSTALLATION CONSISTS OF CONNECTING THE REQUIRED 

LENGTH OF CABLE BTTWEEN THE PUMP.IP AND )ARRAY, ATTACHING THE 

FLEXIBLE OUTPUT HOSE, AND LO;ERINC TO A SUBMERGED LEVEL IN 

THE BOREHOLE OR{ POND. 

THE MOTOR IS MAGNETICALLY COUPLED TO THE TURBINE AND THUS 

THERE IS NO LINE SHAFT. T'!HE MOTOR IS DRIVEN DIRECTLY FROM 

THE PV ARRAY. THERE ARE NEITNER CO:IPLICATED ELECTRONICS OR 

BATTERIES TO CAUSE TROUBLE. THE ONLY PERIODIC MAINTENANCE
 

REQUIRED IS REPLACEMENT OF M1OTOR BRUSHES.. •APPROXIMATELY
 

EVERY 3-5 YEARS.. .WHICH 1S DONE IN THE FIELD WITH SIMPLE TOOLS.
 

16' LIFT 50' LIFT 

FLOW AT PEAK SUN 70 qpm 25 gpm 

FULL SUN DAY'S 33,OGO gal. (125 M3 ) 11,000 gal. (40 M3) 

PRODUCTION 

EFFICIENCY* to 60% to 55% 

*"WIRE TO WATER" 
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APPENDIX C
 

PV MODULE QUiALIFICATION TESTS SUMMARY 

-JET PROPULSION LAB 

The program of the Jet Propulsion Laboratory (JPL) Flat-Plate Solar Array
Project (FSA) has included a aerf, of competitive procurements, designated
Block I through Block V, of variou; quantitics of solar modules. 1he objectives
of this procurement effort were to iUtiaulate reduction in the cost of photovoltaic 
energy by encouraging technology a!vaLnces and to make rodules of advanced design 
available for field testing anvi for cowimerical applications. 

Block I included the purchaiuL from five contractors of a quantity of

modules having a total power output of approximately 58 kW. Tlese modules were
 
procured to the contractors' specifications aE a means of ascertaining the
 
state of the art of commercial teriestrial 
 solar cell modules and of providing
 
modules for early test and applica:ions programs.
 

Block II, consisting of the purchase of 
123 kW of total power capacity

from four contractors, introduced a degree of standardization by defining the
 
module design specifications and by providing for a design qualification test 
program.
 

The Block III procurement conristed of 205 kW of total power capacity from 
five contractors. The design sp ,!cfications aud the qualification test program
 
were essentially as thoie for I.
the same Block 

Block IV varied from the prior piccurements in that: the design specifica­
tions and the qualification teot.,; ,w c, cIre ctringent; mdules 
were categorized 

intermediate-loadas either or c.Atdt:ntl; and the procurement was effected
 
in the form of sequential develoin il: ai0 production contracts. Each successful
 
proposer 
 was awarded a contract i,,r dlevalopuient of about I kW of modules. For

each design that 
 '104u1n. teats 

production contract was issued fob I 4 izW of modules. seven 


co-mpleted the qmlification successfully, a 
co The contractors
 

whose 
 modules passed tb. rescs buppllcd a total of 32 Lw, including development 
and production modules, 

Because the Block V procureien! -was initiated and carried out during a 
period of programmatic change, it was implemented in three phases. The first
 
phase consisted of design only. Ilie second consistedphase of the manufacture 
of 10 modules for qualification tvst, 
and the third phase consisted of the
 
manufacture of additional modules, after correction of the deficiencies revealed 
by the foregoing qualification tests, 
plus various documentation. The contractors
 
who were awarded the design phase not
contracts did all participate in all of
 
the subsequent phases.
 

The design and test requiremnents for Block V modules are more demanding 
than those for Block IV. 

C- I 



Modules of each Block V design ;ere subjected to a series of qualificetlo.,S 
tests to prove their ability 
to vlthrird the required ranges of environmental
 
exposure. Typically, four modulet; 
i.. tied for each of the tests. Qualifications
of a design means that modu~liLs of ,iii ifi, detailed design and processing

have been shown capable of with5tai, in; the icresses of the test program witliut 
more 
than 5% power degradation, wIthout exhibiting open circuits or ground

faults during the environmental tei ti,, wlthr ut failing of a hot-spot test, an
electrical isolation test and a ground continulty test, and without visible
 
degradation exceeding preselected criteria.
 

A simplified description of the lock V qualification tests is presented
 
here.
 

The block diagram in Figure B-I siv.ws the qualification test sequence withthe names of individual tests given in blocks 
that are alphabetically coded to

key them to the descriptions below'. Note that some tests 
 occur more than once
 
in the sequence. The descrIption of _ach test is 
as follows:
 

A. VISUAL INSPECTION
 

This consists of detailed visual examination of 
the module for mechanical

degradation exceeding preselected criteria for that module design. 
The criteria
reflect a judgment of degradation that threatens continued successful performance
of the module. Such degradation may appear 
as 
breaks, cracks, delamination,
 
spalling, etc. 

B. GROUND CONTINU17Y 

The procedure for the ground-continuity 
test was defined in the Block V

specifications by reference to 
an internal JPL document. This procedure has
 
since become available in the Underwriters Laboratories, Inc., "Proposed First
 
Edition of 
the Standard for Flat-Plate Photovoltaic Podules, UL 1703." The
procedure consists essentially of supplying current flow equal 
to twice the
 
module short-circuit 
current through the module grounding path and measuring

the voltage drop of I volt. 
 The li-mit in the subsequent UL document, UL 1703, 
is 0.5 volt. 

C. ELECTRIC.AL ISOLATION 

This hi-pot 
test verifies that the insolation between the

(shorted-together) output terminals of the module and the module ground point

will not suffer dielectric breakt,own when subjected 
to either 3000 Vdc for an

intermediate-load module or 1500 Vdc for a revidential module. The test is 

C-?
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conducted twice, 
once 	with each po1zrity. The voltage is applied at
not exceeding 500 V/s up to 	 a rate
the test 

I minute. 	

value and then held constant for
Failure is defined uaL 
4r-cing, flaubover, or leakage
exceeding 	 current
50 microamperer. 
 -.Jul rquired to
uct 	 eor
reriinal, the mounting Xtruct,. 	 have a ground
 
, ­ the ground point,
a module intended to be . , 	 in the cae off .., dnctiv- ajuccur', thi 


not apply.
 
IIIu 	e tahdo f
 

D. 
 ELECTRICAL PERFORMANCE
 

The purpose of this 
teit 	i tLo
characteristic curvet, firat 
obtain current-voltage (I-V)
to 
 bjih performance baseline, and
subsequently to 
examine 
for Perfi'oraadce degradation resulting from the
stresses of the qualification tito. 
 The criteria for excess
reduction in maximum power (meaured at 	

degradation is a
2
100 mW/cm
 , AlIl.5 irradiance and
250 C 	cell temperature) 5Z.exceedin 


E. 	 THERMAL CYCLING (50)
 

This 	test requires that 
the 'modules be subjected
cell-temperature variation betl.reen -400C and +900C. 
to 50 cycles of
 

approximately linear, at 	
The variation is
a rate uot exceeding 100 0C per hour, with a period
not exceeding 6 hours 
pet cycle.
 

F. 	 THE.RXA CYCLING (200)
 

This test 
in identical 
to that

vnd the modules 	

in E except that 200 cycles are applied,
(two minimum) undergoing this test 
are not subjected to
Lubsequent environmental 
tests.
 

G. 	 HOT-SPOT
 

Three individual, electrically isolated cells 
in the 	one module are
heated to Nominal Operating Cell Te;,parature (NOCT) and then aubjected
maximum values of 
 to the
cell 	current and back-bias voltage that could occur in the
field 	due 
to operating conditions, wodule fault3,
determined by the frequency of bypass diodes in 
or cell shadowing, as
 

the module design. The
current and voltage are maintained for 1 hour and are
until the cell temperature has dropped 
then reduced to zero
 

to approximately 11OCT.
repeated until This cycle is
100 hours have accuW1 ltted ulnde- the 
power-on condition.
module is not 	 The
subjected to subsequent environmental 
tents.
 

H. 	 HUMIDITY-FREEZE
 

This test requires that 
the module be subjected to
temperature-humidity regime depicted in Figure B-2. 
the
 

The important part of
this 	test 
is the 	dwell time at 
850C and 85% R1.
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CONDITION 

-__ _ _5__ _ ________FREEZING85% 
+ 2.5% RH 

CONTINUES-O-Ch MAXIMUMI- FOR 10 CYCLES
/ 

= 25 START OF CYCLE 
I E 

EDOF CYCLE 

I- o 
0 

0 

2000C/h MAXIMUM 

-40 

t-0- 0.5 h MINIMUMI -20 MINIMUM - 4 MAXIMUM-.. 

TIME. h 

Figure B-2. 
 Temperature-Humidity 
Regie
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I. 	 MECHANICAL LOADING
 

This test 
verifies, by simulation, that 
a jind that produces peak
mechanical loading amplitudes of -2.4 kPa (+50 lb/ft 2 ) on 
intermediate-load
modules or 41.7 kPa (+3. lb/ft 2 ) un panel-type residential rodules will not
result in mechanical 
 or electric! ,,gradation. The test is performed by
applying 10,000 cycles of uiechiii,:,a loud, normal to the module uurface. This
teat is not applicable to uhiLlr type *acodules. 

J. 	 WIND RESISTANCE
 

This test 
verifies, by uie of A iind machine providing uplift force,
that shingle-type residential Lodultd uill withstand an uplift pressure of
 
1.7 kPa (35 lb/fr 2 ). 

K. 	 TWISTED MOUNTING
 

This test verifies that mounting tne module 
on a twisted mounting

surface with planarity deviation of +204 m/m (+1/4 in./ft) will not cause
module damage. 
 -( 
 n 	 w t
 

L. 	 HAIL IMPACT
 

This test verifies that 
the module will not 
be damaged by 10 impacts of
simulated hailstones (ice balls) 25.4 mm 
(1.0 in.) in diameter, travelling at
23.2 m/s (52 mi/h). 
 The impact points are on the surface of the module that
is exposed 
to hail in the intended installation and are 
the most sensitive
 
points, as 
determined experimentally.
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APPENDIX D
 

SPECIFICATIONS FOR A FIELD
 

TEST INSTRUMENTATION SYSTEM
 



SPECIFICATIONS FOR A 
FIELD TEST INSTRUIENTATION SYSTEM 

The Renewable Energy Field Teat instrumentation syptem be towill used 
monitor IPH, PV and wind energy uy.inw i ntallationB at urban and remote desert 

locations in Egypt. These energy uyuteaus include main power sources 
(solar
 

collec.ars, PV arrays and wind turbineu) as well as ancillary subsystems
 

depending on specific field test applications. These subsystems include ice­

making equipnent, desalination syateins, 
a variety of load characteristics
 

ranging from small DC loads 
to grid-oconnected applications and back-up power
 

systems (diesel engines and batterien).
 

The instrumentation system mu-3t 
 1e a stand-alone system. Failure of the
 

instrumentation system must not affe ct- the performance of the field test system 
that is being monitored. The inui1::ui:itaton system must have an on-site data 

storage system that is non-vol&tA]l IL:d ciapable of easy physical removal and 

transporc to another location for vc-muioval and long-term storage. One form 

of the non-volatile storage systemi b. amnuit microchip/ EPROM or CMOSRAM - Type 

system that can be "milked" on siLt .zasily and uitbput danger of a loss of data.
 

The instrumentation system aaust 
beia microcomputer based data logger with
 
programmable input channels 
 and outpul- fortats. The tser must have control 

over sampling frequency and output i-J for each channel. Primary design
 

objectives for the instrumentation u'atem ishould be reliability, simplicity,
 

small size, low power and the ability to rperate in environmental extremes 

(especially high temperature, mand/duut and tropical/sea coast). 
 The unit must
 

be capable of stand-alone battery operation for a period of at least two months.
 

The following minimum specifications are rcquired for the instrumentation
 

system. If an exception must be takan to 
one 
or more of these requirements,
 

the exception shall be noted and a clear explaination given as to why the
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bidder believes that the exception should be acceptable to the purchaser.
 

Physical Specifications
 

o Small, stand-alone, self-contained system in an environmental enclosure 

o Desired weight: less than 10 pounds 

o Desired sixe: less than 1(0 inches x 10 inches x 6 inches 

System Power Reuirements
 

o 
Capable of operation using uelf-contained batteries
 
o Capability for the use of au external pover source
collection while to allow continued datachanin- Lictuile or the use of a non-batteryexternal pove' source i a.,1,bik.
 

o 
 Capable of transient pro[:u4tr!oi 
froz spurious electrical charges or
lighting.
 

Environmental Specifications
 

o Ambient Temperature: -25 deg. C to +50 deg. C
 

o 
Relative Humidity: 
0 to 90 percent non-condensing
 

o Impe-rvious to, a tropical, oceanside environment with occasional high

airborne sand/dust and/or Bulphur levels
 

Analog Inputs
 

Number of Channels: 
 At least 
16 channels with 20 channels desirable
 

Voltage Measurement Types: 
 Differential or single-ended
 

Accuracy of Measurements: 
 at least + 0.5 percent
 

Range and Resolution: Selectable for any input channel from microvolts
 
to several volts full scale
 

Sample Rates: 
 At least once 
per second for each channel
 

Pulse Inputs
 

Number of Pulse Counter Channels: 
 at least 4 channels with 6 channels
 

desired
 
Analog and Digital Control Outputs: 
 a total of three resettable channels
 

each is desired with a range of 0 to
+ 5 volts with a 0.5 volt resolution 

)-2 



Output Signal Interface
 

Memory: Capable of atorlng at 
least 3000 data points per day for a period

of one month (tvo .cmrntha desirable) 

Display: 
 A visual display of tLuoied data is required on-aite for data 
verification befo', ,.ti rwaoval 

Peripheral Interface: 
 1)ot-a,1ii,; of data at the site should be by physical 
w thi daua htorage device or simple,rellf..I , .t: downloading io c non-volatile storage 

c- :.: oruc da:a files &hall be IBM-PC compatibie
on r!(,Ji diac either directly from the data .ogger

L . L :. iuple, fast, reformatting technique. 
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Field Test 7 (PV Irrigation T Il?1rw preliminary) 

tmChan,.! Sampling Output 
 Prioritye 
 'tp. Oqmency Interval Want Host
 

Array Power 
 ,sc.
I 10 mn1: 
Insolation 
 A 
 - Xload Voltage A 

Load Currert A -


Battery Charge Current A x
 

Battery Discharge
 
Current 
 A 
 -


Battcry Voltage A 

Ambient Temp. 
 A 
 - -
PV ref. cell temp. A 
 -
Battery temp. 

x 
A 
 10 m x 

O.ter Pump (kilow tts) A 10 rain
 
Water Pumped Produc-ion j 
 j0 ml
 

(liters)
 
Suztion Head (meters) A 
 10 main.
 

13 (musts") x 6 samples 2K hours, 1872
 
Time mark (6 x 24) 
 . 144
 

Total =2016 data points per day
 

13 channels
 

o 1 pulse
 

o 12 analog
 

* To be reviewed and refined folIo..Ing conceptual design
 


