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FOREWCRD
TECHNGI 0GY REVIEW

The Egyptian Electricity Authority (EFA), the United States Agency for
International Development (USAID/Cairo), and a group of U.S. consultants, form
a team resronsible for conducting ficld rest demonstration projects for eleven
renewable energy applications in Ervpt o These densnstration projects include
the use of photovoltaice, wind and solar thernal systems for wator pumning, ice
makiag, desalination, iadustrial process heat and srid connected eicetricity
generation,  The specific objectives of the four-year program are: (1) to
demonstrate the viability of rencwable energy technologies in Egypt, (2) to
comprehensively strongthen Favptian technical and institutional capabilities 1in
the full spectrum of renewable eneryy planning and deecision making, and (3) to
establish the infrastructure necessary to ensure that renewahle energy
technologices, which have proven successful, arve available for widespread use in
Egypt.

Fach field test contains seven generic tasks: Tecinology Review, Application
Review, Conceptual Design, Preparation of a Statement-of-Work for a Tender
Document, Proposal Evaluation, Supervision of Hardware Instoallation and Perfor-
mance Evaluatien, The Technology Review for one of these field tests, Pliotovoltaic
Powered Lighting and Water Pemping, s presented in thisg document,

This Technorogy Review assesseos the caaponent and system technologies of
this field test. and provides a representative selection of manufacturers and
system integrating contractors, hardwirce system specifications and examples of
field experience wich other py povered Tighting and water pumping svstem
applicaticns,

This docuament is subtask 3.7.7 to the field tost requirements under Contract

AID 263-123C-00-4069-00, Task Area 2.
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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 design, opsration and evaluation of photovoltaic
energy systems. This field test will accomplish this objective by the demons-
tration and evaluaticn of three photovoltaic village electrification applications:
water pumping, decentralized lighting svstems, a:d a centrali-~ed village power
system. The field test will also provide information on the technical, institu-

tional and financial performance of these systems for assessing the viability

of similar power systems for other applications throughout Egypt.

1.2 Intent of the Technology Review

There are a number of key factors that provide the context for Technology
Reviews and support the evaluation of the desirability to proceed with a particular
field test. The first factor is the degree to which the field test contributes
to the objectives of the overall REFT Project,  The Project has broad objectives
to investigate selected renewable energv options:

I. Comprehensively strengthen Epyptian technical and institutional

capabilities in the full speccrum of renewable energy planning and
decision-making for technoioyies and applications;

)

2. Develop and sustain an ¥yyptian renewable energy infrastructure
through establishment of data bases, information systems and
organizations that effectively serve both the public and private
sectors;

3. Design, realize and evaluate the performance of a series of field
tests which utilize commercially available technologies in applications

having potential for widespread use in Epypt.

4. Complete formal manaperial and technical training, both ou-the-jobh
and specialized, and an intensive information dissemination program,

An assessment of the contribution of this specific field test to the REFT
project objectives must consider the criteria necessary for a successful

demonstration of a PV village electrification system. The Technology Review is



primarily concerned with the evaluation of commercially availahle hardware and
svstems required for the successtul design, installation and operation of the
power system and the relevant end-use technologies. The criteria used to
evaluate technologies are listed below, although not necessarily in the order
of importance.

1. Commercial availability of hardware systems
2 Hardware perform;nce/systum reliability

3. Capital cost and cost of eneryy

4, Operation and maintenance costs

5. Potential for widespread development in Egypt.

A review of the component and svitem technologies involved with this field
test has been performed to support a decision of whether or not to proceed with
this demonstration., A representative selection of manufacturers system intepra
ting contractors, and hardware specifications has been provided. Finally,
available design and application experience with PV village electrification

systems are included.,

1.3 Technology Perspective

Field Test #7 involves three distinct applications of PV technology:
water pumping, decentralized villase lighting, and centralized village power.
Different considerations are involved in inteprating pv technology with the
specific end use technologies associated with each application.
PV water pumping technologyv has reached a significant level of commercial-
ization; there are estimated to be over two thousand systems installed worldwide.
Packayed systems including both the PV power system amd the pumping hardware
are available Trom a variety of mamifacturers.  Development ef forts are currently

focusing on (1) making the systems more cost-ef fective, and (2) improving their

reliability.



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 need 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 informacion 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 lighting technolopy has also reached a significant

level of commercial success, with many more than 1000 systems currently in
operation. A large number of manufacturers and system iIntegraccrs of fer
packages that include both the PV power system and the lighting system.

Most PV village lighting systems are use small PV arrays (30-50 watts),
batteries, charge controllers, and ou- or two highly efficient gas vapor lamps
(£luorescent, sodium, or halogen) that operate on DC current.

Tecknical factors that are critical to the implementation of successful
projects include (1) reliable charge controllers, and (%) 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 liave proved themselves technically in
several demonstration projects around the world, and, as the cost rer 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 atfecting the successful implementation
of a centralized PV village power system is the reliability of the power
conditioning equipment. ALl of these systems require battery storage and charge
controllers to allow electricity consumption during non-daylight hours, but AC
systems need additional hardwarc i the form of a DC-to-AC inverter. Largze DC-
to~AC inverters are currently somcwhat unreliable. If customer loads permit
1t, 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 Systeus

A selection of manufacturers, integrating contractors and hardware system
specifications are provided in Sections 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 system manufacturer, will coordinate the design,
equipment selection, testing, procurement, shipping, installing, start-up, and

training among a bidding team of companies.

1.5 Conclusions and Recommendation

The findings in this Technolugy Review support the recommendation to
proceed withk Field Test #7 from the point of view of the potential for wide-
srread use of the technology in FEgypt, and based on the growing commercial
availability of proven hardware.

This review indicates that there should be no insurmountable technical
preblems associated with this demanstration project. This review supports the

following conclusions:
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capital city, called Bawiti, surrounded by several village arcas within a radius
of 50 kilometers of Bawiti (See Fxhibit 2-2).

The electrical energy supply tor the oasis comes through a 132 kV transmission
line from the Aswan Dam. Power is stepped down to 33 kV and 6.6 kV for
distribution in the village areas of E! Kasr and E1 Aquis, two of six major
village areas within the Baharia Oasis, A principal energy user in the oasis
is a government owned and operated diron ove mine with major facilities at the
northeastern border of the easis. Outside of El Hasr and Fl Aquis, scveral
villages have been supplied with remote diesel engine-generator sets (See
Fxhibit 2-2). The remaining villayes are not electrified. According to jgovernment
of ficials in Bawiti, there are no current plans to extend the electric grid or
to provide diesel generators to the Bl Haiz village area, because of its remoteness
from Bawiti, and because of capacity constraints on the transmission line.

Photovoltaic power systems are being considered to supply water and/or
irrigation pumping and basic liphting neceds for several villages. Two potential
village areas recently visited were in the E1 Haiz village area:s Ain Gomaa and
Ries. For Ain Gomaa, a decentralized approach is beiny investigated, in which
smal 1 PV systems are installed on individual houses to provide energy for
vighting. Approximately tifteen independent, small lighting systems (30-50
watts of PV per system) would be installed, each consisting of a roof-mounted
photovoltaic module, a simple controller, =2 battery, and one or more fluorescent
lighting fizxtures.

For Ries, a more centralized approach is being considered, in which
a single large PV array will scrve about 30 households., TIncluded would be
the PV system, possibly with a DC-to-AC inverter, local distribution wiring,
house-by-house metering, fluorescent light fixtures and possibly other end-use
equipment such as small battery charvers or connectors for radios and television

sets.
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A third village, named Ain Cdid, located in the El1 Harrah village area,
is heing considered as a site for the water pumping component of Field Test #7.
This village currently has o water supply and distribution system powvered by a
diescl pump located at the edge of the villaze. The pump draws water from a
shallow well and pumps 1t directly into the distribution system:; there is no
water storage. The system servves about 2000 people.

Under infrcial plans the dicsel pumping system would be replaced with a PV
powered water pumping system and olevated water storage. The proposed system
would provide roughly 40 m}/dny of water, ot 20 meters total head, to an elevated
storage tank with capacity for three darvs of use by the village residents. The
PV array size would be on the order of 1kW, and it would directly drive a DC
pumping system, without need tor batteries or power conditioning. 1t would tie
into the existing water distribution system and would draw water from the
existing well.

Details of the preliminary system configurations, sizes and costs will be
contained in the Application Review/Conceptual Design Doecument for this field
test. This Technology Review contains an evaluation of the equipment componcnts
n

applicable for use on Fleld Test #7,
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3.0 HISTORICAL PERSPECTIVE ON COMPONENT TECHNOLOGIES

Field Test #7 will evaluate photovoltaics, technology applications for
three distinct village electrificarion applications; centralized and decentralized
village electrification and water pumping.  During this field test cach system
and hardware couponent will b tested on a technical, institutional and economic
hasis. The irntegrated performance of the power system components and the end
ase equipment will also be evaluated,

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

provided in this scction to ideatify possible areas of concern for this field test.

3.1 Pumps

Electrically driven water pumping is a mature techinology that has been in
widesread use since the inventicn of the electric motnor. Numerous reputable
companies worldwide, including Fovptian firms, repularly design, manufacture,
assemble, install and maintain water pumping systems. A development occuring
within the last 5 years that is particularly relevant to this project is the
widespread commercializaiton of DO motor driven pumpe, designed specifically
for use with PV power sources. Thev ave available in a limited range of small
sizeg, and require no DC-to-AC inverter; they may be directly connected to the

PV array.

3.2 Lights

Electric lighting is likcwise a mature technology that has been continuously
improved and refined over the past century, with the emphasis in the past decade
on energy officiency improvements. Fluorescents are among the most energy
efl{icient lighting types, and have yained wideepread acceptance as being
particularly compatible with PV and other remote power sources. At the present
time, a naumber of packaged PU/rluorescent lighting svstems are commercially
available worldwid:, as are a varicty of portablae, DC battery powered fluorescent

lighting systems.
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3.3 Batteries

Lead-acid and nickel-cadmium storage batteries, best suited for photovoltaic
power system applications, arc proven technologies. Lead-acid storage batteries
have been produced on a commercial scale for over 75 vears. Nickel-cadmium
batteries, first developed around 1900, did not come into common use until after
1945,  Both lead-acid and nickel-caduwium batteries ave available worldwide.

Development in battery technology is directed at lowering cost, increasing
life, reducing maintenance requirements and increasing efficiency. Progress
toward these objectives is cxpected to occur slowly but steadily.

An important develepment in battery storage technology for PV systems is
the commercial availability of Jeep cyele, sealed lead-acid batteries that use
recombination hattery technology. leeombination battery technology significantly
reduces water consumption by designing the battery cells to recombine any
generated hydrogen and oxyyen into water., This permits the battery to be sealed
and results in a relatively maintenance free battery. Although the cost of
these hatteries is higher than "vented” lead-acid batteries, which require
higher maintenance levels, their use in photovoltaic systems is expected to
steadily increase. The effect of high temperature battery operation, as can
be expected in Egypt, is an important consideration in the selection of a specific

type of battery.

3.4 Photovolta;ps

The development and growth of terrestrial photovoltaiecs has been
impressive over the past 20 years., The cost of photovolatic equipment has
dropped dramatically while pertormance has steadily increased. The reliability
of today's photovoltaic modules is vivtually 1007 according to reports from

NASA-Lewis Research Center based oo their extensive PV application and evaluation

experience. Related application experience worldwide supports this view, The



productive life of photovoltaic modules 1s 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 available for well pumping applications, including
positive displacement " jack”™ pumps, submerged rotary turbine pumps, and surface
mounted rotary centrifugal or turbine pumps. dach is suitable for a specific
class of applications, and has unique operating constraints., Exhibit 4-1
summarizes this information pgraphicallv,

Positive displacement or "jack™ pumps are best suited for low flow rates
or deep wells, The motor and controls are located on the ground at the well head.
They «perate with a reciprocating piston action to draw water efficiently from
a well. lHowever, because their reciprocating action imposes a fluctuating
energy load on the power system, they are not compatible with directly connected

photovoltaic power sources. Two weans employed to "match” the jack pumnp loads
with PV arravs are to use (1) a hatrery buffer or (2) a control system and flywheel
to accomodate the steady supply of energy from the pV array to the cycling energy
demand of the pump.  Field expericnce with such systems has proven their designs.
Submersible rotary turbine pumps are suitable for moderate to high-flow
applications, especially those with high head requirements such as are found
in deep wel®s. Most submersibl. motors are AC (alternating current), which
requires the power output from the PV array must be converted from DC (direct
current) to AC before it can be used ro drive a pump.  Submersible pumps function
quite well connected directly through an inverter to the pv array. DC motor
submersihle pump units are available today up to power levels exceeding 1 HP.
Field experience is very positive and several companics offer DC "submersible”
systems.  The tradeoff with DG comes from using brushed vs. brushless motors. Brushed
DC motors must he pulled out of the well every 2-5 years to change the krushes.

Brushless AC motors use an electronic commutator. Tie benefit of DC submersible

pumps vs. AC units comes chiefly from the ability to eliminate the DC-to-AC converter.
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Surface mounted centrifugal pumps are most useful in low-lift applications
such as providing water for irrvigation from canals and shallow tube wells., They
cannot muster the suction head regnived to draw water from deep wells.  Thev
provide the most efficient mateliing Lo a PV array of the pump/motor technologies,

The water pumping application ror Field Test #7 has been tentatively sited
at Ain Gdid, located in the El Harrah village area. At Ain cdid and most
other places within the Baharia Oasis, water is obtained from artestian wells
that carry ground water to the surtace under natural pressure. The pressure
head requirement for pumping this water is therefore minimal. Surface mounted
centrifugal pumps are ideally suited for application under this condition.

The system contiguration that is proposed for this ficld test is the use
of a surface mounted centritugal pomp fesding an elevated storage tank that will
allow distribution of the water under gravity pressurc throughout the day,

The Regional Development Plan for New anley2 projects that increased water
usage will not cause signitficant Jdraw down of the wells until after the year
2000.  This exceeds the expected cquipment Iifetime of the initial pumping
svstem, although it is still within the expected lifetime of the py array.
However, drawdown [nformation specific to the field test site should be callected
prior to specifying a pump. If the dynamic suction head Is less than 5 meters,
then a surface mounted ceniritagal pump would be a good choice, 1f it is
greater than 5 meters, submersibles should be considered.

Tn the long run (ca. 100 vears), falling piezometaic pressures will require
that formerly free-flowing wells be puaped. By the year 2086, the pumping
depth of the water can be espectod to increase to approximately 50 meters boelow
the surface, according to the Regional Development Plan (See Exhibit 4-2),

When these conditions prevail, the type of replacement pumping svstem specitied
will have to match the changed conditions.

2 Ibid. pg. 60
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requiring less than 550 m3/dny at 25 m head, but may not be financially
viable for applications larger than that.

Spare parts availability s crucral for the success of any pumping svstem,
Tt is particularly important for o PV pumping system because the lifetimes
of the pump and motor (ca. 6 vears) are so much shorter than that of the PV array
(ca. 20 vears). Thus, in order to get the full benefit from the investment in
PV, replacement pump parts must be readly available.

PV pumping techuology has been shown to have extremely high reliability
compared to diesel pumps, which are the most common alternative system. The
success of the PV pumping system deponds to a great degree on careful matching
of the available solar resource, the PV power production equipment, controls,
the pump and motor, and the actual hvdrologie conditions., The availability
and proper use of credible data on solar resource and well vield characteristics
has avoided significant under- and over-sizing of systems. Tt has further been
shown that effective training in the use and maintenance of the system is

important to correct misconceived user expectations and to reduce sys*em downtime.
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5.0 DECENTRALTZED LTGHTING SYSTEM TECHNOLOGY
5.1 Lighting system Options

Photovoltaic power for area iighting and home pouwer systems 1s emerging as
a significant technology in tne developing worltd. For example, in French
Polynesia, more than 1,000 home power svstems weve installed over a three-vyear
pcriod.S This application inclades one-to-two-module systems used in individual
houscholds as well as systems sed to provide area lighting. The small household
systems have been primarily dedicated to lighting, but they can also he used to
power radios, televisions, refrigerators and/or water pumps. Area lighting
systems have been used for communicy, street and security lighting purposes.

The demand tor lighting in ruri! areas of develnoping countries has typically
been supplicd by kerosene, candles or primary batteries. Lighting from these
sources is often expensive and of poor quality. For example, 2 kerosene pressure
lamp provides about 12 lux of liyht, wnile a 20-watt fluorescent tube with
reflectors will provide 100 lux. lighting is used for evening activities such
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 components: a luminaire (or bulb or tube),
a ballast (for fluorescents) and a fixture. PV powered lighting applications
identified for developlng countries use gas vapor lamps (e.g., fluorescent,
low-pressure sodium, mercury vapor and metal halide). These lamps require a
high-voltage electric charge to excite the gas molecules, thus producing light.
Once initiated, liyhting can be maintained with lower voitages. The charge 1is

sparked and the operating frequency is regulated by a ballast--a high frequency
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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 NDC fluorescent light is th. hillast design.

Conventional lighting practices observed in Baharia usually involve the
use of kerosene-fueled lamps. A typical househuld may have one or more hurricane
lamps or lanterns (wick lamps with a capacity of 0.5 to 1 liter of kerosene),
and sometimes a pressurized lamp (e.¢g., the Colemon variety). Electrical
loads, such as radios, are pewered hy automotive batteries that are recharged
by engine generators. Primary batteries (e.p., throw-away batteries) have also
been used to power electrical loads.

In rural areas of developing countries, kerosene-fucled lamps are used
both indoors and outdoors. Therefore, 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 have been developed and tested to compete with

keronsene-fueled lanterns.

5.2 Power System Optilons

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 companics offer self-contained units (the type
depicted in Exhibhit 5-2) equipped with light poles and weatherproof containers
for battery storage and electronics. Area lighting systems represent a relatively
new remote lighting application in the developing world, made possible through
the advent of photovoltaies,

Home power systems are typically nne~to-two-module systems operating two-

to-four- fluorescent lights (10 te 40 watts each) in a private household. this

type of lighting is usually combined with other end-use devices (such as

o
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EXHIBIT 5-2. Area Lighting System
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EXHIBIT 5-3. Configuration of a Home Power System
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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

Meridian's previously referenced review of 1,260 PV-powered lighting and
home power systems in 14 developing countries, found that successful PV-powered
lighting and home power systems uscd both raliable charge controllers and DC
ballasts and/or ensured adequate availability of spare parts and technical
support. PVpowered lighting and fome power systews were shown to he technically
reliable. Many users also found such PV-powered systems fo be cost-competitive
with kerosene—-fueled lamps, the predominant technology currently employed.

Based on the review of past projects, certain factors emerged as being

critical to the implemenctation oi successful projects. These factors are:

o Reliable charge controllers
o Available spare parts and distribution system
o Customer financing policy.

A range of experience has been encountered with charge controllers. 1In
early systems, charge controllers were often a weak link in system performance.
However, as product development has proyressed, increased precaution has been
taken by the manufacturers to protect components from environmental conditions.
As a result, improved performance has been expericnced.

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. Successiul implemencetion of large numbers of systems
has also been made possible through the availability of replacement charge
controllers,

Essential to the successful implementation of PV-powered lighting systems
is ensuring an adequate supply of spare lamps (Lifetime of 6 months) and ballasts
(Lifetime of 3 years). An infrastructure of this type is necessary for the
widespread application of any tecbnology., Maintenance on the systems are

restricted to the batteries and loads., If the batteries are vented, then



distilled water must be added on a regular basis. TFluorescent tubes should
be replaced as they burn out.

'a 1900, according to the Meridian report, PV-powered lighting was
determined to be cost-competitive with kerosene in Papua New Guinea. As a
result of government pnlicies, c¢onditions for the viability of PV-powered
lighting exist in many other countries as well. At least two goveraments,
French Polynesia and Spain, have cstablished policies that subsidize the use of
PV for rural electrification in remole arcas. French Polynesia and Spain have
successfully encouraged the implementation of thousands of PV-powered home
power systems in the last few years.

For the typical small systems examined in the Sandia/Meridian report
(a single light), PV-powcered syvstems are financially attractive, even under
"worst-case” counditions for PV, (Sce Exhibit 5-4 for detalls). For medium (two
lights) and large (two Hights, ene radio) configurations, PV-powared systems
may be Iinancially attractive, depending on specific technical and financial
project parameters. The conventional power system costs are dominated by fuel
costs, followed by maintenance erxpenses.  The PV-powered systems are dominated

by debt service (repayment of initial capital cost plus interest).



PV/CONVENTIONAL NPV COST RATIO

Exhibit 5-4
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6.0 CENTRALIZED PV POWER SYSTEM TECHNOLOGY

¢.1 System Options

Centrally powered multi-use systems are considered an impoftant application
for PV because of the large number of unelectrified villages in remote locations
of the developing world., Traditionally, needs for power in developing countries
have been met through conventional means such as diesel- and gasoline-fueled
engines, kerosene-fueled refriyvevaters and lights, and batteries.

A multi-use system or mini-utility system consists of a centralized generator
that provides service to an entire community through a distribution network.
(See Exhibit 6-1). Such systems, using diesel gererators, are in place at
several villages in the Baharia Oasis,

PV-powered multi-use systems can be designed to produce AC or DC power.,
Mini-utilities are traditionally AC since AC is a more efficlent means of
distributing power over large distance, but both AC and DC systems have been
designed. Applications experts have agreed® that systems should be designed to
be DC whenever possible. The basis for 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 designing
a DC system, as DC loads are cerrently available only for speciaiity markets.
Items such as ilights, fans, refrigerators and some audio-visual cquipment are
available in DC. Howecver, for multi-use systems with a mixture of appliances,
such as sterecos, televisions, small hand tools, and complex medical equipment,
AC power systtems are the only real option.

Mini-utilities have traditionally been powered by engine generator sets

(gen-sets) that produce AC electricity as shown in Fxhibit 6-2. Back-up power

6 1bid, pg. 7-4.



EXHIBIT 6-1. Schematic of a PV-Poweved Mini-Utility System

CHARGE l_____! INVERTER
CONTROLIER l i

(0mit for
NC System)

|METER 1 | |METER 2| IMETER N _
PV TBATTERY USER T | | USER 2 TUSER N
LARRAY _STORAGE L LOADS 1 _10ADS _1.0ARS

EXHIBIT 6-2. Schematic of an Enginc-Powered Mini-Utility System

s

| METER 1 | | METER 2_| METER N _|
GEN-SET ( [ (
——— b Lo . . —
USER | ' USER 2 USER N
LOADS LOADS __LOADS



for these systems has generally been in the form of another engine generator
(i.e., a dual-engine system). Diesel gen-sets are only available above 3 kW.
If the loads require engines below that size and a diesel gen-set {s desired, a
3-kW diesel engine operating at o lower load factor must be used., Maintenance

must be regularly performed on conventional-powered multi-use svstems,

6.3 Technology Maturity of PV Power System

For the Meridian report the expevience associated with a variety of systems
was reviewed. Projects of particular interest include those managed by NASA-
Lewis: the grain mill project in Tangave, Bourkina Fasso (formerly Upper Volta),
five medical clinics in four developing 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 svstoem 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

bec taken into account.

6.3.1 Reliability and Cqmntgﬁipleﬂjﬁygg;pondiLiogjng Equlpment

Field experience has shown that the reliability of power conditioning equipment
is eritical to successtul svstems,  While hoth inverters and charge controllers
have been identified as potentially weak links in the PV-powerced systems, charge
controllers are considered further alongr in the product development process,
Same system problems have been relared to quality control and most likely would
have been discovered had "born-in™ testing been performed.  Other problems have

been related to environmental tactors (e.¢., heat and humidity) or user
Mooy J
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7.0 REVIEW OF ADDITTIONAL FTELD TEST HARDWARE

A discussion of the technolouy of photoveltaic modules, structures, batterics
and controllers is provided in Chapter 3 the PV Technology Reference Notehook
published in September 1985, This section sumwarizes thar discussion and

describes the specific cquipment component technologiecs to be used in this

fiold test that have not been covered in previous chapters.

7.1 Photovoltaics

Photovoltaic modules are available worldwide. They have been proven in

w

numerous applications and under harsh conditions., Most field experience exists
with single crystalline, polv-crystalline, and ribbon technology flat plate
photovoltaic modules. The term "flat plate” refers to the direct use of the
sun's energy (i.e., there is no enhancement or concentration of the sun's

‘
energyv). Althongh concentrating photovoltaic modules are available, they have
limited operating experience in developing countries. [n addition to crystalline
silicon PV technology, the technology of amorphous silicon has received much
attention over the past few vears and projections are that {t will someday
replace all other photovoltaic technologies as the least cost option., However,
for the most part, amorphous silicon is being utillzed on very small applications
(square centimeters in size) such as caleulators and watches. ALl photovoltaic

technologies are highly reliable ) virtually 100 percent hased on NASA-Lewis

Research Conter extensive worldwide installation experience.

7.2 Structuras

Common to all photovoltaie power plants is the desire to maximize the
amount of incident solar cenergy on the array and at the same time minimize the
cost and operating complexity of the system, There are three possible array
structure desiyns which influence the amount of insolation incident on the

array; fixed, single-axis tracking, and two-axis tracking. 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 the increased cost and complexity is not

justified by the increased insolatinn compared to a single=-axis tracking design.
A single-axils tracker permits the avrav to follow the path of sun, east to west

by rotating the array about a single-aris. Single-axis tracking is approximately

20% more productive than a {ixcd array structure desipn. However, in order to
maximize velliability and maintainability, the single-axis tracking option will be
eliminated because of 1ts many moving parts. A fixed array structure, as the

name states, 1s a stationary arvay structure usually inclined approximately to the

latitude of the sit

]

Fixed and adjustable tilt urray mounting structures are commercially
available. Fixed structures arc constructed of galvanized pipe, aluminum or
galvanized steel angle, and wood 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 confliguration as a f{ixed 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 tempervature gcas up (cold weather is
considered a mor: hostile enviromment for batteries). However, the increased
performance is at the expense of lifetime. Most battery manufacturers caution
against extended operation a2t elevated temperatures above 32°C (it should bae
noted that in addition te the environment, battery temperatures risc during
rapid charging and discharging cveles).,

The most dominant maintenance item connected with battery banks is the

periodic addition of water to the electrolyte. For this reason the physical

3
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The power sources in this application are the TV arrvay and: except for the pumping
systems, the batterv. The loads are predominantly the pumping or lighting
equipaent, howover, the bottery can behave as a power source or as a load. The
PSC may also contain a PV arvay meimum power tracker, voltape regulators and
other power regulation equipment. however, our definition is limited to considering
the PSC by its primary function ol power source management and regulation. The
PSC mav provide for the following functions depending on the sophistication
level of the destgn.

. Efficient management of PV array, and battery power.

1
2. Regulation of charge and discharge rates of the batte:y system.
3, Protection of hattery cvstem against low and high states of charge.

s

7.5 Iaverters/Rectifiers

The use of an inverter in this application would bhe to convert DC pewer
from the PV/battery side of the power system to AC powcer compatable with the
load.

The performance record of stand-alone inverters in developing countries
has been poor. In addition, there are efficiency penalties and added costs for

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

7.6 System Monitoring and Instrumentation
There are two levels of instrumentation required for this field test:
Monitoring and Troubleshooting/Repair. The purposes o. each level of

instrumentation are as follows:

Level Purpose

Monitoring To provide svstem and component performance information
for evaluating long term technical, financial and
institution performance.,

Troublesheoting/ To determine svstem and component performance on site,
Repalr over short intervals, in suflicient detail to identify
faults, make repalrs or perform modifications.



It is recommended that monitoring instrumentation be automated for data
collection and transmission (bv phvsical or automatic means) and that the
treubleshooting/repair level of iastrumentation he provided by procuring portable
site usable Instrumentation. Accessible locations in the system wiring must be
part of the design of the system to provide for I-V curve tracing of the array
and subarrays and similar levels of testing and cvaluation.

Specific instrumentation specifications and a data roequirements list were
prepaved following a sub-contractors wertiag held on December 10, 1985, at
Meridian Corporation.  These data requiroments were updated as a result of
Further meetings on May 14-1%, 1686 in Tsmailia, Egypt. The list 1s provided

as Appendix D for this field test,
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8.0 MANUFACTURER PROFILES

A brief overview of the major manufacturers of PV systems, batteries,
inverters, controllers, pumping systems, and lighting systems is provided in
this section. Scctions 8.1-8.5 are duplicated from the Technology Review for
Field Test #6, and are included here for esse of reference. Also provided are
a representative selection of integrating contractors that have PV system
application experience. PV related product literature {rom these companies 1is

ineluded in the Technology Referience Hotebook (previously submitted under Task
&

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

8.1 Photovoltaic Module Manufacturers

ARCO Solar, Inc.

21011 Warner Center Lane
Woodland Mills, CA
800-ARCO-50L

ARCO is the world's leading volume mauufacturer of photovoltaics. ARCO
Solar has a world-wide distribution network.

ARCO has built its photovoltaic business by manufacturing single-crystalline
modules. Typical efficicncies (using the entire module surface area) arc about
10 percent. Recently, ARCO has clained a significant increase in efficiency,
to 12.5% by an improved manufacturing p-ocess and a better module packing
factor. Cells arz wmade using screen-printed silver metallization. Encapsulant
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 some models have passed the Underwriters Labora-
tory tests for certificationf. Standard modules are available in 30, 40, and 43
watt sizes. ARCO is the only company, world-wide, to offer 10 year module

perfnrmance warranty.

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

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

Solarex 1s the second largest PV manufacturer (by sales volume) in the
world and has modules installed world-wide. Solarex advertises itself as a
svstems company and unlike ARCO has traditionally bid directly on PV system
projects around the world rather than through representative companies,

folarex uses polycrystalline silicon for their standard modules. This
type of silicon is made by a cast process in which the silicon is cast in a
near-square shape. Proponents of this type of technology maintain that this
process is inherently less expensivee and has less waste than single crystal
silicon because less silicon is sawed of f the ingot. Solarex module efficiencies
are typically about 9-10 percent on a module area basis though modules for
selected projects have achieved nearly 12 percent. Solarex modules have also
passcd the JPL-Block V eavirommental tests. Standard Solarex modules come in 36,
L2, 46, and 140 watt sizes. FEncapsulant is EVA with a tough white tedlar
backing.

Mobil Solar Energy Corporation

16 Hickory Drive o

Waltham, Massachusetts 02254
617-890-1130

Mobil Solar is the leading producer of "ribbon" silicon photovoltaic
modules in the U.S.

Mobil Solar modules are made from "ribbon" silicon, which refers to the
way it 1s manufactured. Proponcuts 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
polycrystalline cast silicon ingots. The silicon manufacturing process is
being developed to make it more officient and less costly. Typical module

o

efficiencies are of the order of 8.4 percent.
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Modules are manufactured in 40 and 180 watt modules. They have also passed
the JPL - Block V envirounmental tcsts.

Mobil hag made a concentrated cffort to develop a market in the Middle
East. There are two functioning desalination installations in Jeddah, Saudi
Arabla and Doha, Qatar which are powered by Mobil Solar modules. Additionally
there is a street lighting project in Riyadh, Saudl Arabia.

Mobil has long maintained the policy to perfect the ribbon technology
before going into full volume production. Mobil has however commercially
of fered modules for several years. Mobll has sufficient field performance
experience to supporc its guarantees for the reliability and performance of its
"ribbon” technology.

Solavolt International
P.0. Box 2934

Phoenix, Arizona 85002
Telex 249901

Solavolt modules are polycrystalline silicon. Their prime module for sale
is one which produces 40 watts at standard conditions. It has passed the JPL -
Block V environmental tests.

Solavolt is a joint venture formed from the former photovoltaics units of
Motorola and Shell 01l company. Solavolt is reputed to be working on a
proprietary process known as the "ribbon-to-ribbon" technology, which 1s yet to
be introduce  commerclally. Solavolt currently uses polycrystalline modules
for its commercial projects in the near future.

Solavolt has been very active Iin setting up distributorships world-wide.
Solavolt (and its predecessor Motorola) have modules installed in many locations
inciuding Gabon, Africa, pumplag/irrigation sites 1in the U.S. southwest, and the

Southwest Residential Experiment Station in New Mexico.
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8.2 Battery Manufacturers

GNB Batteries Inc.

2010 Cabot Boulevard West
Longhorne, Pennsylvania 19047
215-750-2600

GNB Battery Company is a well established leader in the manufacture of
industrial grade, deep cycle batteries. GNB manufacturers the "Absclyte
battery: a scaled, maintenance free, deep cycle lead-acid battery using
recombination battery technoloyy. 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 wmore expensive than vented batteries. he
initial capital cost, in dollars per kilowatt-hour of rated capacity, for an
Absolyte 1s approximately fifty percent more than an equivalent rated vented
battery.

Exide

101l Gibraltar Road

Horsham, Pennsylvania 19044

215-674-9500

Exide 1is another reputable manufacturer of lead-acid batteries. They have
been used in numerous photovoltaic system applications around the world. The
principle battery wmodel used in photovoltaic systems is a vented, deep cycle lead-
acid battery. Exide offers gas recombination caps te 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 manufacturer of industrial batteries, chargers and
associated power equipment in the world, according to their company literature.
C & D states that they manufacture fully iuntegrated power systems. C & D
provides installation service and maintenance for its energy systems through

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

P.0. Box 305

North Haven, Connecticut 06473
203-777-0037

Chlovide is a leading manufacturer of lead-acid batteries. A London based
company, Chlorvide has distributors around the world. A manufacturing plant is
located necar Cairo, Egypt.

Chloride makes sealed and vented batteries. The POWERSTORE model battery
is a sealed, maintenance free recombination electrolyte battery. Chloride
distributor Simpler Solar Systems in Florida indicates that the POWERSTORE is
available in cell sizes up to 2 velts and 240 ampere-hours at a 20 hour discharge

rate, Larger lead-acid vented batteries are availlable un to 1000 amp-hours.

8.3 Inverters/Rectifiers

Abacus Controls Inc.
P.0. 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
instaiied 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
800-421-7915

Helionetics is a manufacturer of electronic power-conversion equipment and
systems for military and commerical use. The DECC division of Helionetics
designs and manufacturers power conditioning and conversion equipment (inverters)
for the PV industry. Helionetics has Leen in business since 1970,

Helionetics supplied two 500 kW inv?rtvrs to ARCO for use in the 1 - MW PV

array at llesperia, California built for Southern California Edison in 1982,
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8.5 Integrating Contractors
In an effort to identify possible contracting companies who would act as
the prime (or integrating contractor) a number of organizations are listed
below. These companies have actod as the integrating contractors on photovoltaic

projects in the past.

Chronur/Tri—Qolar

10 DeAngelo Drive

Bedford, Masscachusetts 01730

617-275-1200

Tri-Solar acquired by Chronar in 1985 has been an integrating contractor
since its inception. Chronar/Tri-Solar has performed asc the integrating contractor
on many international PV-powered projects. Two of the most notable application
areas are PV pumping and villupe clectrification. Chronar/Tri-Solar is currently
involved in a major PV lighting svstems project in Saudi Arabia.

BDM International Inc.

7915 Jones Branch Drive

MclLean, Virginia 22043
703-821-500¢C

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 Megawatt prid interactive, tracking flat plate PV power system at
Hisperia, California

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

o A demonstration installation in Talpai

o A residential demonstration project at the Southwest Residential
Experiments station in Las Cruces, New Mexico

Hughes Aircraft Company
P.0. Box 9399
Long Beach, California 90810

213-513-3487

Hughes is based in Loug Beach, California and over a period of about five

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



These include:

o Communications and villape power applications in Indonesia and the
Marshall Islands for NASA~Lcwis Research Center.

o Design studies and a demonstration project to illustrate low-cost
construction methods for Sandia Hational Laboratories

o Acted as the integrating contractor for a number of remote power
applications fer the U.5. Hlavy at China Lake, California.

o GCeorgetown University Intercultural Center, a 320 kiW Grid-interactive
installation in which the PV wodels ave integrated into the roof of

the building.,

Integrated Power Corporqgtgg
7624 Airpack Road
Gaithersburg, Maryland 20879

Integrated Power is based in Gaithersburg, Maryland. [t was formed in
1983 and specializes in engineering 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

617-890-1180

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 1s an engineer specializing in PV systems design and applications.

Mobil has concentrated in developing PV-powcered 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 Wales in Australia for a brackish water desalting
experimental pregram. Other installations include:

o Street lighting project in Dubai, United Arab Fmerates

o Impact 2000, a ?V-powered residence demonstration project in the Boston
area designed to publicize PV,
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Simpler Solar Systems Inc.
1217 Walton Drive
Tallahassece, 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 specialived 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 1is based in Rockville, Maryland and has been integrating systems
primarily with its own modules for about ten years. Projects include:
o The General Petroleum Company project in East Oweinat

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

o A grid-independent solar powcred 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.0. 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 Rescarch Center project for water pumping and village

power in Gabon, Africa
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o0 Numerous irrigation and other pumping applications around the world

Stone and Webster Incorporated
1875 Eye Streect, N.W.
Washington, DC 2000t
202-466-7415

Stone and Webster, based in Boston, MA, 1s a large international construction,:
architectural and engineering company. Tt has a group within the company which
1s very active in photovoltaics engincering 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, Vicginia

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

8.6 Lighting System Contractors

ARCO Solar, Inc.

c/o Solarthi}m, 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 protecter/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 Systems Specialists, Tnc./BOSS Lighting

T745 E. Redfield Road

Scottsdale AZ 85260

602-948-9809 / 800-223-9580

BOSS Lighting offers packased outdoor lighting systems utilizing high
pressure sodium lamps in the 395 to 150 watt range. Their complete packages

include ARCO PV modules, controllers, batteries, lights, fixtures, and light or

motion activat:d switching.
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Currin Corporation
P.0. Box 1191
Midland, Michigan 48640

Currin sells an indcor lighting package that consists of a 9 watt fluorescent

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

fed by a roof-mounted PV module,

Sunnyside Solar

RD 4 Box 295 Creen River Road
West Brattleboro Vermont (05301
802-257-1482

Packaged systewms are not available {rom Sunnyside Solar; instead, they
provide system components including, fluorescent, halogen and incandescent

lights, fixtures, and ballasts, adapted for use with DC PV systems.
Mobil Solar Enerpy Corporacion

16 Hickory Drive

Waltham, Mascachusetts 02254

617-890-1180

Mobil offers both indoor aud 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 1s available in either a one or a two light configuration which

utilizes {luorescent lamps. Both indoor and outdoor systems come with Mobil PV
modules, mounting hardware, bhattery protecter/charge controller, lamps and
fixtures, and battery specifications.

REC Specialties, Inc.

530 Constlitutrion Avenue

Camarillo, Calfornia 93010
805-987-5021

This firm provides lighting components rather than complete PV lightin
! & b p Y
systems. They offer a varicty of indoor [luorescents and outdoor low-pressure

sedium lamps, as well as fixtures and accompanying ballasts, all designed for

use with DC PV power supplies.
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Simpler Solar Svstems, Inc.

P.0.Box 12936
Tallahassee, Florida 32308
904-385-5686

A variety of indoor and outdoor PV lighting system packages are available

frem SSS. They 211 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-cuntained.

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

The

"Lumastar'" is ccaled for residential use.

SunAmp Systems Inc.

7702 Fast Gray Road
Scottsdale, Arixona 85240
602-951-0699

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

bulb. The battery is sized to provid: one day of storage.

Solec Internmational, Inc. (Piikingten Group)

12533 Chadron Avenue
Hawthorne, California 90250
213-970-0065

Solec offers indoor and outdocr 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 watr 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.0.Box 3366
Evergreen, Colorado 8nN439

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

from Texas HiLight. Options include fluorescent, sodium and halogen lamps,

varying amounts of battery storage, and specialty switching including light and



motion sensors.

8.7 Pumpling System Contractors

A.Y. McDonald Mig. cu.
P.0.Box 508

Dubuque, Towa 52004-0508
319-583-7311

Primarily a pump manufacturer, A.Y. McDonald produces several lines of
direct-connect centrifugal and submersible turbine pumps for use with PV power
sources; they are equipped with DC motors. Complete packaged systems including
the PV array, controller, etc. arc also available,

Dinh Company
P.0O,.Box 999
Aluchua, Florida 32615

904-4062-3464

Dinh produces a single size of packaged PV pumping system. The self-
contained package inciudes a centrifugal pump with a DC motor, a PV array
battery storage, and controls.

Grundfos Pumps Corporationy

2555 Clovis Avenue

Clovis, California 93612

209-299-9741

Grundfos manufactures a great 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

501-455-1234

Among the many types of pumps manufacturad by Jacuzzi is a relatively ncw
line called the"Solar-Flow”. This is a submersible turbine pump Incorporating a

DC motor, that comes in a variety of sizes, including that which is neceded for

this field test (40 m3 @ 20 m). Jacuzzi does not provide complete PV pumping



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 20910
202-882-4000

Monegon assembles PV pumping systems from a variety of components to meet
the specific needs of individual clients. 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 controller capabilities.

12533 Chadron Avenue
Hawthorne, Califonia 90250
213-970-0065

Solec, which manufactures PV cells, now offers packaged PV pumping systems
for both deep and shallow well applications requiring both large and small flow
rates. These pumps are submersible, self-priming centrifugal or vertical turbine
units powered by DC motors.

SunAmp Systems, Irc.

7702 East Gray Road

Scottsdale, Arizona
602-951-0699

This firm is a system integrator that assembles a variety of PV pumping

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

batterv storage.

Sunmill/GPL Industries
P.0.Box 306
La Canada, California 910!!

"Sunmill"™ is the name of an unusual jack pump designed specifically for PV
powered applications. It lncovporates a {lywheel to reduce the degree of cyclic
fluctuation in the load imposcd on the PV array, thereby allowing the DC motor
driving the pump to be dirvctly connected to the PV array without a battery
buffer. The pump is available iun two size ratings. GPL Industries does not

provide systems integration services.
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Tri-Solar Corpcration

10 DeAngolo Drive

Bedford, Massachusetts 01730
617-275-1200

Tri-Solar is one of the hest known systems integrators. They offer a wide
variety of PV pumping systems, using jack pumps, submersible turbine pumps, and
surface mounted centrifugals as appropriate. Their systems are currently in
use in more than 25 countries.

Wm. Laml- Co.

P.O.Box 4185
North Hollywood, California 91607
213-980-6248

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

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

A selected number of components and basic specifications are provided in
Figure 9-1.

Appendix A cantains a w2lection of manufacturer brochures for lighting
equipment and Appendix B centains similar information for water pumping equipment.
These data on equipment are provided to show representative equipment specifications
that may be received from bidders in response to the RFP. This listing of

equipment is not intended to support any manufacturers or products.
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Component

Manufacturer

FIGURE 9-1

Equipment
Offered

EQUIPMENT DATA BASE

Operating
Eff.iciency

Other Relevant
Specifications

Notes

Photovol-
taic
Modules

g§

ARCO Solar, Inc.
Chatsworth, CA

Solerex Corp.
Rockville, MD

Solavolt
International
Phoenix, AZ

Mobil Solar
Power Corp.
Waltham, MA

M53, 43 watts
17.3 Vpp

63, 30 watts
14.8 Vpp

M73, 40 watts
164Vpp

SX-146, 47 watts
18 Vpp

SY-42, 47w
16.5Vpp

PL-300, 135W
17.5Vpp

MSVN-4010
MSPL3E, 36W
18.8 Vpp

Ra-40
Ra-180, 180
watts—-48volt

11.5%

9.9%

10 vear performance
b p
guarantee, + 10%

5 year min.
performance

guarantee

Single crystal
silicon

Largest manu-
facturer in the
wor ld

American Univ.,
Sadat City pro-
ject

Egyptian rep-
resentative

Uses Wacker and

!

o

m

tal Svstems
olyvecrystal
silicon

Gabeon, West

po Ve

o

Africa com-
munity power
svstem project

Ribbon tech-
Numerous 1n-

stallations 1in
Arab countries



FIGURE 9-1

EQUIPMENT DATA BASE (Continued)

Equipment Operating Other Relevant
Component Hanufacturer Offered Efficiency Specifications Notes
Photovol- Chronar/Tri <57% Developme... o Amorphous
taic Solar modules silicon modules
Modules Princeton, NJ
{cont.)
Battery GiB-Batteries, 35A21-397 AH 65-80% 50% DOD, 2800 o kecombination
Storage Inc. "Absolyte" 45A21-510 AH cycles battery
Longhorne, PA 75A21-850 AH technology
(12 hour dis- o Egvptian dis-
charge rate) tributor
EXIDE 6E 120-13-750AH 65-807% o Recombination
Worminster, PA cars otiered
3E-120-27-16524AH o Tast Owelnat
project
A Allied C&D CP75EL13-450 AH 65-80% Metallic
Plvmouth Meeting, CP75-25-900 AH casing
PA CP125-1500 AH
Chloride 6V-720 65-807% Special battery 0 Americdan and
London, Eng. AH design for PV Egvptian dis-
applications tributors
Power Chronar/Tri- Microprocessor 92-97% Series regulated o 23 placed 1in
System Solar Based ampere hour re- service 1985,
Jontroller Bedford, MA Controller cording battery Saudl Arabia
SocC
o "Smarvt" cou-
troller
Solarex ACR-6, modified 90-95% Shunt regulated o Primarily PV

Rockville, MD

voltage sensing
battery SOC

battery ccn-
troller but
can be equip-
ed with diesel
remote start
relay.



Compecnent

Manufacturer

FIGURE 9-1

Equipment
Offered

EQUIPMENT DATA BASE (Continued)

Operating
£
L

2
Efficiency

Other Relevant
Specifications

Inverters

LS

BOSS
Scottsdale, AZ

Abacus
Somerville, NJ

ilelicnotics
Irviae, CA

Heart Interface
Federal WwWay, WA

BEST Energy
Systems
Necedah, WI

NOVA Electric
Nutley, NJ

Modular units

Customized units

743C-3-200
783C-4-2C0

Inverters
»1300-3500W
51340-1600 XVA

Inverters

M Series
M 120-6000
M 120-12000

3.7 KVA
Inverter 240
VDC Input

90-95%

907

92-95%

907%

89%
(FOB)

No off-the-shelf
models available

2.5-40 XVA
units in stock

300-5000 watt
inverters 1n
standard product
line

Load demand switch
engine-Hen set start
transfer switch

50 Yz, sinewave,
3 phase

o Services a wide

variety of mar-
kets in U.S.

o Inverters for

GPC E. Owelnat
Installation

o Wide experience

in variety of
zpplications
Standard models
up to 12 kW
capaclty.

o Also supplies

roctifiers

o Egypt exper-

lence: Sadat
City. 10 KVA
inverter



Component

Manufacturer

Equipment
Offered

FIGURE 9-1

EQUIPMENT DATA BASE (Continued)

Operating
Efficiency

Other
Specifications

Relevant

Notes

Lights

ARCO Solar &
Solartherm
Silver Spring,
HD

B0OSS Lighting
Scottsdale, AZ

~

Currin Corpora-
e

Solar

“obil Solar

Wwaitham, HMA

REC Specialities
Camarillo, CA

Simpler Solar
Systems
Tallahassee, FL

Solar Electric
Systems

St. Pet-rsburg, FL

SunAmp Systems
Scottsdale, AZ

Tndoor
Lighting

Qutdcor
Lighting

Indoor
Lighting

indoor &
Mitdoor
Lighting

Indoor &
OQutdoor
Lighting

Indoor &
Qutdoor
Lighting

Indoor &
Cutdoor
Lighting

OQutdoor

Lighting

Outdoor
Lighting

Supplies

Supplies
package

Supplies

package

Lighting

oniv: o

Supplies
package

Lighting
only: no

Supplies
package

Supplies
nackage

Supplies
package

complete

complete

complete

componeits

Py

complete

components

PV

complete

complete

complete



Component

Manufacturer

Equipment
Offered

FIGURE 9-1

EQUIPMENT DATA BASE (Continued)

Operating
Efficiency

Other  Relovant

Specifications

Notes

Lights
(Continued)

Pumps

6S

Solec Inter-—
national

Hlawthrone, CA

N e

A.Y. McDonald

Oubugue, Iow:

Jacuzzi, Inc.

Little Rock, AR

Monegon Pumplng
Stiver Spring, MD

Solec Inter-
national

v

Hawthroune, CA

SunAmp Systems
Scottsdale, AZ

Sunmill/GPL
Industries
l.aCanada, CA

Indoor &
Qutdoor
Lighting

Indoor &
Outdoor
Lighting

Pumps &
Svstem

e, ~t.
aonc

)
5eSs

Svstem

Package

Pumps &

System
Packages

System
Packages
System
Packages

Pumps

Supplies complete
pacrage

Supplies complete,
packrage

AC & DC motors
avatlable

AC motors

AC & DC motors
available

DC motfors

DC motors

DC motors, Jack
Pump w/f{lywheel



Component

Manufacturer

FIGURE 9-1 EQUIPMENT DATA BASE (Continued)

Equipment Operating
Offered Efficiency

Other Relevant
Specifications

Notes

Pumps
(Continued)

09

Tri~-Solar Corp.
Bedford, MA

Lamb Co.
tlollywood,

CA

System
Packages

System
Packages

DC motors



10.0 RELEVANT PROJECTS

—Dcsu(gmhgqugpment Projects Solar Pumping

Sadat City, Fayp
The Desert Development Dewonstration and Training Program utilizes an 8
feddan arva (10 acres) for rencwable energy/agricultural development work. The
site has been entirely powered by a 10-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 Exide battery storage. The 3-kWp system provides power
exclusively to a positive dispiacement deep-well pump with DC motor and a
booster pump for lrrigation.
The array has performed reliably with an average daily conversion efficiency
7.2%. The deep-well AC submersible pump has also performed well. The
positive displacement screw pump has run reliably without failure since mid-
1984. Prior to that, excessive mechanical vibrations in the drive shaft of the
pump prevented continuous opuration and resulted in a number of pump failures.
Additional drive shaft stabilizing bearings were added and the pump operates
with an average cfficiency of 60 percent. Significant cxperience was also
obtained with the battery systems. Fadel Assabghy, who 1s responsible for the
PV power systems at Sadat City, has indicated that battery malintenance must be

completed with unfailing regularity.

The ficld operating expericnce with PV systems in rural applications in
Papua New Guinea has provided fmportant insight into technical and financial
aspects of PV lighting systems. Charge controllers were previously found to be
complex in circuit design and operation and were unreliable. 1In 1980, as a
result of Papua New Guinea ficld experience, fully "tropicalized" charge

controllers were made available aund have since been proven reliable. For safety
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and reliability reasons, a policy was adopted to use 12-volt DC PV lighting
systems for village and government patrol post lighting. As to the quality of
lighting, a 20-watt fluorcscent bulb provides a light intensity of 100 lux ac
one meter below the lamp. A kerosene pressure lamp provides "2 lux, measured
one meter below the lamp and cutside the lamp's shadow. In addition to these
obvious improvements in quality, the high cost of kerosene (about S1/liter)
result in paybacks of from tvo-to-four years for simpie PV lighting kits.

A number of PV systems have been installed in Papua New Cuinea for
communications, lighting, water pumping, and medical refrigeration. The total
wais for telecommunications systems, The remaining systems were for mission
radios and lights, mobile radios, village water pumping, and village house
lighting. The potential for villape house lighting systems over the next 10
years was estimated at 500,000 single module units (35 watts each), or 17.5
megawatls.

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

1s provided in Exhibit 5-1.

Traffic Lighting - United Arab Emirates

Twenty-one PV-powered street lights and a high-mast, traffic-circle light
were installed in June 1983 in Dubai, United Arab Emirates by Mobil Solar Energy
Corporation. Lkach street light consists of a 20-watt fluorescent tube, two 35-
watt modules and a 12-VDC ballast. The high mast light consists of eight 400-W,
high-pressure sodium vapor (HPS) lamps powered by a 15-kW array.

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

were tested. The test results shcwed large differences in efficiency {lumens
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per watt). The most efficient ballast was chosen. The customer has been
pleasanzly surprised at the illumination delivered by the 20-W [luorescent
systems. The light level is sufficicnt to read a newspaper while standing on

the roadway, 18 feet bencath the lamps. Through the first 10 months of operation,
the street lighting performed reliably.

There were initial problems with the HPS light because of the inherent
difficulty with operating HPS lamps with modified square-wave inverters. The
saolution was to usce a ferroresonant inverter at 77% efficiency compared to a
an7 efficient, modified squarc-wave inverter. Development of high-efficiency,
high-power, DC ballasts for thesc lamps was mentioned as vital to optimizing

these PV lighting systems.

Tunisia Village Electrification

Signiiicant multi-use projects have been performed by NASA-Lewis Research
Center over the last two years. Included 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-
Hz 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
du 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 consumption. Project participants believe that STEG has
been recording basic production data.

The 1-kW itnverter in the favm house system has had numerous problems, and
extensive time was required to eltect repairs.  The village system inverter
experienced a failure brought on by what appeared to have been improper switch

sequencing during manual start-up. Some array wiring has deteriorated due to
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abrasion and sunlight damage. 1t 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:

1.

(2]

4.

Packaged PV water pumping system and decentralized PV lighting system
technologies applicable for this field test are proven, reliable and
commercially available.

The individual subsystem component techunologies for a centralized PV
village electrification system are also proven, reliable and commercially
available.

The most impertant desiyn trade-offs in this field test center on the
choice between f{lexible, but somewhat unreliable AC systems, and wmore
limited, but more reliable DU systems.

Many of the factors that will determine the success of these PV applications
are not strictly technic-'; consideration of adequate user training, the
local availability of spar  par's, and the degree of local interest in
maintaining and operating the s,stems are other crucial iTtems.

Lessons drawn from this field test will be applicable to a wide set of
potential users of PV rechnology 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.



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

DESCRIPTION 3 ' . .

ARCO Solar s tluorescentlight assembii:s are specifically designed to be used in photovoltaic power
systems Single tube hxlures are arunic i n 20 and 40 watt configurations and operate from 9 016
volts DC. The tubes are standaril v+ Svalable worldwirde, and the ballast is highly efficient,

providing maximum lumens per amys i balast has reverse polarity protection and a feature which
allows the tubes 1o be rermoved whil. .- j.owver is on, without damage. The mounting bags, which
also houses the colid state inverter it s electrostatically coated with white enamel to prevent

rnoisture damage and fungal growin. Lo ights are ideally suited for use in reinote locations, where
gnd or generator power is not availabl: or coonomical

INSTALLATION

<

/ =
a~€§§;:;;;;;;;;;:\\\\\\
WALL MOUNT — i S C \)] -
mm \\ -
CEILING

UNDER CABINET >

Mouniing: If the unit is received with the tube in place, the tube should be disconnected from its
receptacles 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. The
lights 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 access Jle, and replace the cover and tube.

Wiring: While the fluorescent 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 a
Battery Protector (BP-12-20) or Village Power Panel (VPP-12-20WM), as a charge controller.

LOAD

CHARGE
CONTROLLER

TYPICAL SYSTEM DIAGRAM

CAUTION

It will be necessary to splice wires long enough to reach from the power source to the existing wires
from the light fixture. The fixture wire sizc is No. 18 AWG with the BLACK wire being positive (+):; the
WHITE wire negative (-). Care must be takan to insure that the connections are strong and properly
insulated to prevent possible shorting.

(DVER,

T S R R S e AT - = e O Y ey




CHARGE CONTROL WIRING

The diagrams below illusirate the correct wiring for the lights. A complement of two 20 wattand one 40

watt light is shown.

BATTERY PROTECTOR WIRING

The BATTERY PROTECTOR should have

all wires conr.ected before mounting to the
wall to assure access to the terminal block.
SWITCHES: Inline switches can be installed
for each Iight.
OPERATION: Assuming proper battery vol-
tage, the lights should be operational
immediately upon completion of wiring.
Whenthe BATTERY PROTECTOR is in the full
charge mode (indicated by a red light) the
load terminal is disconnected, which
prevents use of the lights until the batteries
reach full charge.,

VILLAGE POWER PANEL WIRING

The circuit breaker (BATTERY POWER)
and the load switches should be in their
“OFF" positions before connecting the wires
from the lights.

SWITCHES: The Load switches on the panel
front can be used as on/off switches for the
lights.

OPERATION:  Assuming battery is fully
charged, place the circuit breaker (BATTERY
POWER) to its "ON" (UP) position. Place
LOAD Switches to their "ON" position as de-
sired. The circuit breaker can also be used as
an ON/OFF switch for the entire system.

SPECIFICATIONS MODEL REC-12-20

Mechanical:

Length: 24 inches (60.96cm)

Width: 2% inches (6.98cm)

Height: 3Vainches (8.25cm)

Weight: 2.11b(.95kg)

Electrical:

Tube Type: F20CW (T-12)

Voltage: 12VDC Nominal

Current; 1.5 amps

Power: 20 watts

Light Qutput: 1500 lumens
'AMP.ER/DAY: 9

MODEL REC-12-40

4B inches (121.92cm)
2% inches (6.98crn)
3% inches (8.25¢m)
4.11b (1.86kg)

FaoCW (T-12)
12VDC Nominal
3.0 amps

40 watts

3000 lumens

18

—

*Based on six hours per day usage.

SOLAR
ENERGY
SYSTEMS T _
(.Q\ q- S'( l’ IC C h -

.3t.?"‘88<;- —L}OOO

%%3/4@7/? d;c. e

1315 Apple Ave.. Silver Sorins. Marviand 20910




M1CTOWAL'L SUDLUM LIGHTS T mwu,w'wunﬂw;loo']

DOCUMLNT ] 11/ 84 PAGE NUMBER
Preliminary Sales Data 1 of 2

The '"HPS MicroWATT Floodlight Packages'" are a new series of photovoltaic powered light-
18 systems available now from Balance of Systems Specialists, Inc., which utilize highly
fficient high pressure sodium lights. The packages provide special advantages for a wide
vectrum of floodlighting applications, particularly commercial and industrial security
.ghting, space lighting and billboard advertising lighting, and were developed to provide
1 "easy-entry" method for businesses to enter tte high potential Ppv lighting muirkets.

f ®leq sares Aaeutwrieag ,smom WNIA0S ITYMOIDTU

The lighting packages include everything required (except PV modules), including: = F
'dule wiring intercennects and support structures, batteries and battery box, 35 or 100 ! E
‘tt, 24 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. | 3 =
dck 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 lens for rugged outdoor environ-
nts. All hardware is of corrosion-resistant materials and conforms to UL standards.

x different fixture mounting arrangements are available as standard. f—

The lighting Packages can be operated with as few as 2 PV modules; additional modules X
rmit multiple lights and more hours of nightly operating _ime. 2

For more infermation, contact: Richard Cummins at Balance of Systems Specialists, Inc., — Z
45 E. Redficld Road, Scottsdale, Arizona 85200, (800) 2°3-9580/(602)948-9809, o &
lex: 6835043, o=

)
RNCE OF SYSTEMS SPECIALISTS, INC. FOR TECHNICAL AND SALES SUPPORT INFORKATION ONLY.
'S EAST REDFIELD ROAD, SCOTTSDALE, ARIZONA U520 NOT 10 BE USED AS PRODUCT LITERATURE FOR END USERS ust.
2) 5.8-9809, TELEX 6335043




PRODUCT

| MicrqWATT SODTUM LIGHTS

DOCHERY

PRELIMINARY SALES DATA

RELEASE DATL| BULLEYIK KUMBER

MW-100.1

11/84 | Pace Numer

2 OF 2

PROGRAMMABLE CONTROLLER SPECIFICATIONS

ARAMETER CONDITIONS

C-24-1 to 4 Battery Voltage

C-24-1 to 4 PV array Current

C-48-1 to 4 Battery Voltage

C-48-1 to 4 PV Array Current

C-24/48-1 ~ Light Amperage

C-24/48-2 Light Amperage

C-24/48-3 Light Amperage

C-24/48-4 Light Amperage

| !

mer Duration Duration

w Batter; Automatic Shutdown
Disconnect (48 Volt Units)

VALUE

24
10

48
10

>
5
15
15

2-12

23.0
46.0

UNITS

vDC
Amperes

VDC
Amperes

Amperes
Amperes
Amperes
Amperes

Hours

Volts
Volts

S12N0044
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NCL OF SYSTEMS SPECIALISIS, INC.
EAST REDFIELD ROAD, SCOTTSDALL, ARIZONA 85200
) 9LR-YBROY, TCLEX 6835042

FOR TECHNICAL AND SALES SUPPORT IKFORMATION OKNLY.
NOT 10 BE USID AS PRODUCT LITCRATURE FOR [KD USLRS ULZ{,
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OMNT-ALERT LIGHT

RELT ALY

HIONUI SRS

HTAN]

HILLTTIN KUMRE K

OA - 100.

I &Gl

Kbt k

"1/ 85

PRELIMINARY SALES DATA - 1 0OF 2

The
reacts instantly to body heat,

BOSS OMNI-ALERT 1is- a passive infra-red security sensor that

to movement -~ and activates the exterior

|

1¥3TV-INHG

LHOI1

VIVA S3TVS AYVNIWITIYC

lighting before an intruder gets near your home or building. When he Jo
is gone, OMNI-ALERT turns off its lights until you need them again. [|*
Then, automatically, OMNI-ALERT is there waiting for the next intrusion. I
. -

The OMNI-ALERT is self-powered by a photovoltaic (solar electric) S
panel which charges an internal electric battery. No utility connection -

is required, as the solar panel and battery storage provide for operation

even after several sunless days. : |

'—

<
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PROLULY RCLEASL DATL) BULLETIN NUMBER

OMNT-ALERT LIGHT 0A - 100.
DG UMLKY | 1/ 85 |PaGl Kuke(R

PRELIMINARY 3.LES JATA 2 OF 2
o
’RELIMINARY SPECIFICATIONS %
=
5
Detection Range: 40 Feet by 25 Feet Wide &
Detection Method: Passive Infra-Red Detects Thermal Radiation ﬁ
Sensitivity Adjustment: Variable of 5:1 Range 1
Power Requirement: Hone - Self Energized Q
=

Time Delay:
Aiming Capability:
Weather Proofing:
Solar Panel:
Storage:

Light Intensity:
Nightly Run-Time:

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)

l

'VLVG_SH1VS.AHVNIWI1HHd

17001 - VO

JN

LAHCC OF SYSTLPS SPLCIALISIS. INC.

LS LAST RTDFILLD ROAD, SCOVVSDALE, ARIZONA BL260

02) ER-Q809, TLTN BRISHLR

FOR VECHNICAL AND SALES SUFPORY JKFORKATION ONLY,
NO1 70 BL USID A% PRODUCY LITCRATURL FOR [KD USLRS S

\
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LumaSTAR i1 LLIGHT - LS-100.
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PRELIMINARY SALES DATA 10l
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The BOSS LumaSTAR 11 incorporates the photovoltaic industry's state-
of-the-art PV module - the ARCO Genesis G-100. The Genesis is the |
industry's first commercially available module which is manufactured with
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 o
amorphous thin-film silicon technology in a PV module. The LumaSTAR 11 ™
is the first solar light product to use the Genesis as its power source. -
Specifications and cost data available Spring 1985,
M [ R S . [ VEOHL U L Croy e I T T ST o SV T N AT YR
R L R A AT R I TS R L B U O I R Y N A T Rt TR

——— ———
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THE LumaSTAR " DELUXE LIQHT
LIGHT AT MIGHT FROM SUNLIGHT

T
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° 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 Operz.ion for Years

Durable Rust-Free All Aluminum Construction

100% Solid -State Electronic Circuitry

LumaSTAR™ s energized directly from sunlight. The solar electric
(photovoltaic) panel converts sunlight to electricity to charge an internal storage
battery. LumaSTAR™ is automatic, it siarls at sunset and runs up to 12 hours
a night depending upon location and sunshine level.



ORDER FORM

Mode|

Quantity Cost

LumaSTAP™ Deluxe @ $5:9. ea.

SHIP TO:

Name

Address*

City State

Zip _. Phone ( )

" Must have street address, cannot ship 1o P.O. Box
0 MC 0O VISA
Card #

Postage and Handling
—_——

In Arizona 6% Tax $
——

TOTAL §

Expiration Date

0 Check. Check qua antee; Bank_

Guarantee #

Malil
Order Form
& Payment to;

Balance of Systems Speclallsts, Inc.
7745 E. Redfield Road

Scottsdale, Arizona 85260

(602) 548-6609 / (800) 2239580 TELEX 683 5043

For faster dellvery call 1.800-223-9580

LumaSTAR™ THE LIGHT AT NIGHT FROM SUNLIGHT

FEATURES

* Dependable Light

* Eliminaies Monthly Utility Bills
* Tax Credit Eligitle

° Qulck and Easy Ingtallation

¢ Malntenance Free

o Durable Long Life Construciion

5 -

2

1INC.
ANCE OF SYSTEMS SPECIALISTS |
3T BUMMLD 04D ECRTIEOAL AAIOOL BATSE

VARIETY OF USES

* Home Lawns and Yards

° Sidewalks and Driveways

* Decks and Patlos

e Swimming Pools and Gardens
¢ Marlnas and Boat Docks

° Campgrounds and Beaches
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Serles MK

cro-\Watt Flood

35 to 150 Watt High Pressure Sodium
SERIES: M & MM

Balance of Systems Specialists, Inc.
7745 E. Redlield Road

Scottsdale, Arizona 85260

(G02) 948-9809 / (800) 223-9580 TELEX 683-5042

fotic C5-8



COMPACT HEAVY-DUTY FIXTURE

The HPS Micro-Watt Flood features a rugged hous-
ing of die-cast aluminum that is ribbed for effective
heat dissipation. The unit is gasketed at ail critical
points to assure weatherproof protection. Standard
finish is baked-on bronze enamel. The smali size
of the luminaire allows inconspicuous concealment
Lwhile yielding rmaximum lighting effects. Luminaire
s packaged complets with lamp.

Enclosed
Ballast
Housing

LONG LASTING QUALITY

Al hardware is of corrosion-resistant materials. The
pnclosed electrical compartment provides extra
protection for the ballast and starter. The unit will op-
prate in temperatures as low as -20°F. The HPS
Nicro-Watt Flood conforms to UL standards.

Optional
photocontrol
provides
automatic
dusk to dawn
operation.

Ribbed Housing \
Provides Heat
Dissipation

features

HPS MICRO-WATT FLOOD

VERSATILITY

The HPS Micro-Watt Flood can be individually
mounted or grouped for face-down or face-up appli-
cations. Each unit is factory prewired with a 6" wire
extension from the stem. Six ditferent mounting
arrangements are available as standard. (See order-
ing data, page 6.) A complete 180° aiming sector
with repositioning stop is provided. An internal bal-
last housing simplifies installation and maintenance.

Vertical
Scale with
Repositioning
Stop

APPLICATIONS

The long life and high lumens per watt output of the
high pressure sodium lamp, as compared to tung-
sten halogen or incandescent, provides special
advantages for a wide spectrum of low-level flood-
lighting applications. The high pressure sodium
lamp provides a powerlul punch of light for its
compact size, making it an ideal unit for general
floodlighting. Due to the broad beam light distribu-
tion, a given area can be illuminated with a minimum
number of units. .. an excellent unit for commercial
and industrial security lighting applications.




component datq

HPS MICRO-WATT FLOOD
LAMP QUICK RELEASE
35 or 100 watt medium base ;f;.;%iﬂngs'amglmes
COOLING FINS high pressure sodium lamp. 35 -
Increase waft has 16,000 hours rated maintenance.
component life, others aro rated at 24,000
life hours life.
— -_Ej
n L — ANODIZED
CASTA INU - -
Hdusmc'“’“y :Tl p EF ;Ec,,Tmu BT
LightweigR 8 8 - P ~tizatlon &
and durabig ! 134

' 50
finish is standlayd; :




AdMmensions

HPS MICRO-WATT FLOOD

~£5-1/18"

G e D e

Serios MM

Series M %

Effective projected area for HPS Micro Watt Flood for Sorlos M s 1.13 sq. ft. and .72 sq. ft. for Series MM.

specifications

HPS MICRO-WATT FLOOD
Floodlight shall be BOSS Outdoor Lighting HPS Arllnet shall be DC solid-state electronic type,
Micro-Watt Flood, catalog number for 24 volt (MM) 48 volt (M), suitable for operation in
_ — watt high pressure sodium lamp. temperatlures as low as - 20°F.
:fk‘}’fs'”? (s]htagbg dl?—CaSt aluminum with integral Lens deor shall be cast aluminum and securely
N3 for hat dissipation. held to the housing by stainless steel ningepins and
High temporature porcelain sockets shall be latches. Door shall be sealed and gasketed.

medium base, pulse rated.

. o Faclory provwiring shall be provided to conform to
Anodized reflector shall have an anodic finish UL standards.

and produce a beam efficiency of ___% and
a beam candlepower of candela. Finish shall be baked-on Statuary Bronze enamel.

Tempered lens shali be thermal shock and impact .
resistant. (Optional) Photoelectric control shall be provided.




photometric data

HPS MICRO-WATT FLOOD

ISOFOOTCANDLE DISTRIBUTION
SERIES MM

HPS MICRO-WATT BEAM SPREAD e s T m e m e i
Data based on report number P3387, using a 14 - .
foot mounting height with unit aimed at 45°. “ -~
|.E.S. Beam Type THx7V “ ~
Maximum Candlepower 296 » -
Average Maximum Candlepower 268 » v
Beam Spread 155.4°H x 135.0°V - "
Beam Lumens 621 " -
Beam Efficiency 62.1% v -
SERIES M - m

HPS MICRO-WATT BEAM SPREAD

Data based on report number P3161, using a 14 foot
mounting height with unit aimed at 45°.

DISTANCE FROM LUMINAIRE

.E.S. Beam Type 6H x 6V
Maximum Candlepower 380
Average Maximum Candlepower 347
Beam Spread 120.5°H x 113.7°Vv
Beam Lumens 535 ISOFOOTCANDLE DISTRIBUTION
Beam Efficiency 53.5% T ar oon oom oo o o
o o o o o7 ot oot <]
Note: Data shown is per 1,000 lamp lumens, g - o
for 35W and 100 watt high pressure sodium " m w9
lamps. Multiply fumen, candlepower and o -
footcandle values by the factor shown in tha o -
lamp lumen chart. .
LAMP LUMEN CHART I -
Lamp Livnens Fecier . " ot ot
35 2,250 2.25 _— \
100 9,500 0.5 . >

DISTANCE FROM LUMINAIRE




ordering data

HPS MICRO-WATT FLOOD

Ao Wahout Pnoto-

sge Descnplion Wi lbe Vohage Cunem esecine Controi
35 HPS Micro-Watt Flood 7 24VDC 1.67 A MM35
00 HPS Micro-Watt Flood 12 48vVDC 225 A M100

NOTE: All units have %" threaded slem, i othor mounting hardware is required, ordor by catalog number. (See below.)

bh b y Lo L

CROSS-ARM _ WALL CLAMP Ry
TMNEADED JUNCT\ON‘\.] BRACKET A MOUNT MOUNT’ \ POLE TOF
STEM BOX 9925 and ‘ 9924 and - 9906 and . o MOUNT
(8landard) e 9915 2915 o5 o914
AN CROSSARM MOUNT
MOUNTING CLAMP =) . JUPICTION BOX Crossarm mount of corrosion-
Cast aluminum and stec! -/’j] Aluminumjunction box Must resistant matenals with
clamp mouni wilh corrosion- Téi’ao MR b usod with 9906, 0924 and universal adjustment of 180°
!I f 3)‘, uz-srslnm hardware for 13" or . } {;;')5 . 892 B ReQuITes lwo mounting bolls
_": Pipo Lise with oIS \[ I ) Citurog Humbar Mus! be used with 9915
C:?ncl‘c,)anu !I 4 \\J,.' a vilbh 1 1b. > Junction Box
t V.2 Catalog Numbor
o048 31bs. T 8928 21bs.
%-14 NPSHM

POLE TOP MOUNT
Aluminum pote top mount for

RIOUNTING BRACKET
llounting Lracket of
COHGsion-resistant steel with

GLARE SHIELD
Glare shield of corrosion-
resistant aluminum. may Le

. Hive o
2" pipo ) '{‘ u;al(u‘(nuslmenl o180 . mounted top of bottom
Catalog Numbar U sath 9915 Junction Box
l\k: 0014 1ib. Caluley Huinbsr \ Catalog Numbar
X vu2d 210Ls. 474-V  (For M series) 11b.
23
NOTES

1. Lemps are included.

2. Projectod area of Serles M, HPS Micro-Watt Flood is 1.13:q. 11

Sorles MM is .72 sq. ft.

3. Ballasts aro DC solid-state electronic typae.

4. For furthor information contact:

Balance of Systems Specialists, Inc,
7745 E. Redtlield Road, Scoltsdale, AZ 85260
Phone (602) 848-9809 / (800) 223-9580 TELEX 683 5043

Balance of Systems Specialists, Inc.
7745 E. Redfield Road

Scottsdale, Arizona 85260
(602) 948-9809 / (800) 223-9580 TELEX 683 5043




CURRIN SOLAR POWERED LUMINAIRE
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The Currin Model CSW-600 Luminaire provides high quality electric
lighting for homes. cottages and other buildings that are beyond
utility power. Hung from the ceiling over & desk, reading or
work table, this solar povercd luminaire can supply hours of
balanced color light sufficient for reading, vwriting or handicraft
activities, The luminaire is virtually maintenance-free and
is safe. It uses a low voltuge circuit and requires no dangerous
fuel,
o<

The total Currin CSW-600 Luminaire system consists of a lighting
fixture with self-centined rechargeable batteries, a ceiling
suspension bracket and housing, & solar-electric panel for battery
charging, special control circuits, connectinyg cables and e
manual. Tt can be installed in about one hour.

Features of the Currin CSW-600 Luminaire

200 lux of task illumination at table height

20 lux of background illumination

Balanced color spectrum light source

2 or more hours of lighting eack evening

5 hours of lighting using 40% of total battery capacity
Option for two-way room switch

Virtually no heat released

Variety of wood housing available

Minimum battery life of 3 years

Lamp and component life of 10 years or more

S00POGOSOO O

P.0. Box 1191, Midland, Michigan 48640 USA

Wt



CHARACTERISTICS OF CURRIN CSW-600 LUMINAIRE SYSTEM

Light Source
600 lumen twin-tube fluorescent lamp with six times efficiency

of incandescent lamps. Lamp usges tri-phosphor technology for
full spectrum light over vavelength of 0.38 to 0.75 nm; 27000FK
color temperature, Rated 11fe of 10,000 hovrs, more than 10
years at 2 hours per night,

Optics

Lamp is mounted near focal axis of linear horizonal parabolic
reflector of aluminum; molded tough polycarbonate prismatic
diffuser; some upward illuwination of ceiling.

Solar-Electric Panel

9 watt (peak) silicon photovoltaic (PV) module 1is standard;
op..onal sizes of 5 or 18 vatts for special applications c:
insolation conditions. Glass supevrstrate design for self-cleaning.
Power degrzdation is less than }.0%Z/year for more than ten years.,

Battery Storage
Sealed lead-acid rechargeable batteries with 15CG watt-hour total
capacity at 12 volts; maintensnce-free,

Lanp Ballast and Controls

High efficiency 25kHz electronic ballast is based on NASA devel-
opment; solid-state battery charge controller to prevent battery
over-charging and assure maximum battery life. Primery switch
is 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 about 70% battery discharge; lamp 1is automatically
turned off at 95% discharge.

Lamp Fixture Housing

Custom crafted from s8olid oak, maple, edge-grain fir, cherry,
walnut or other hardwood on special order, Fixture hangs by
two power cables from suspension bracket mounted on the ceiling
in a wood housing.

Installation
Requires about one hour using common tools.

Dimensions, Weight

Lamp fixture: 500x250x105 mm (20x10x4.1 inches)
8 kilograms (18 pounds) -
PV module: 450x305x55 mm (17.5x12x2.1 inches)
2.5 kilograms (5.5 pounds)
Shipping weight: Approximately 16 kilograms (35 pounds)

Design is subject to change by Currin Corporation for improved
luminaire system performance. 850515:CGC



SUHNYS]DE§O[AR NEW ENGLAND PHOTOELECTRIC POWER COMPANY

RD 4Box 295 GreecnRiver 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 1s polarized)

IOTA BALLASTS:

101: 1D12-1-7/9 low wattage $19.50
102: 1D12-1-11/13 low wattage 19.50
103: 1D12-1-15/20 high wattage 29.50
104: lDl2—l—'30/40 hl(jh 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

ballast:
201: PL 7 watts (400 lumens) #101 B.50
202: PL 9 watts (525 lumens) #101 8.75
203: PL 13 watts (850 lumens) #102 5.00

—————————_————-——.—_—_—.._...-.__-.......--..—...-_—_——__.—_.——————_————-.-————_..——-———

INCANDESCENT LIGHTING
(all incandéscent lighting 1s not polarized)

MEDIUM SCREW BASE INCANDES_E_I;_I‘JT LAMPg:
(Screws 1nto standard Tight fixture)

301: 15 watts 2.65
302: 25 watts 2.85
303 50 watts 3.30
304: 100 watts 4.00
The following are 24 volt:

251: 25 watts 4.50

252:; 60 watts 3.90

QUARTZ HALOGEN WEDGE BASE :
(Needs adapter #902 for use in standard screw
socket light fixture)

401: 17 watts " 5,90
402: 25 watts 5.90
403 34 watts 5.90

The following is 24 volt:
451 ; 17 watts 6.25

All prices are FOB Brattleboro, Vermont. Quantity pricing: $100 to
$250 less 8% ;$250 to $500 less 12%; Over $500 less 20%. Payment by
check/ money order in U.S. funds made payable to SUNNYSIDE SOLAR.



OSRAM HALOSTAR (Tungsten Halogen incandescent lamps)
(Needs adapter #903 for use with standard screw.

sccket 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 1light 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 with 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 904:5ingle contact candelabra bay-
to Edison Medium screw base...S$8.00 onette to Edison Medium screw
902: Quartz halogen wedge base to Edison base
Medium screw base...$7.00 (NIS) a. 1/2* ,..85.00
903: Double contact candelabra bayvonett b. 1 1/2",.. $5.50
to Edison Medium screw base (three way) c. 2 3/8"... $6.00
.+.96.50 905: Halostar Adaptor...$6.00
906: Single contact candelabra bayonette 807: Torpedo bulb to Edison Medium
to miniture screw base...$5.50 screw base...$5.50 '

_—_———————————-——_——-—--——_.———__—_-a—---—-——_—-—————-——————--——————_.—-—--.m.«,,‘—.

Mail to: Sunnyside Solar, RI': Box 295, West Brattleboro, VT 05301

Name : Telephone:

Address:

ZIP:

Shipping Address:

How many Catalogue ¥ Description Amt/Each 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

We pay shipping on orders over $500
pay pping Total
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LED &“E‘ATE BALL&S‘E‘S

AL/DC and DC ONLY

{OTA ENGINEERING CO,

FOR AC/DC APPLICATIONS

——————— FOR PHOTOVOLTAIC and WIND-POWERED SYSTEM APPLICATIONS ~ June 1984 ————ee

MODEL: 2A/D120-2-4C  (AC/DC) -
LAMPS: 2-F30T12 2-F34T12 __
2-F35T12 2-F40T12
2-FC12T10 2-FC16T10 .
INPUT: 120VAC-60Hz-0. 604, . mal s iy
120vpc -~ 0,504} FOR 2-F40T12 rfm; e
CLASS P - THERMALLY PROTECTED T
, VOLTAGE RANGE:
CASE MUST BE HEAT SINKED vac . *io%
LAMP MUST BE MOUNTED WITHIN 1/2" VDC  +420% -5%

OF GROUNDED METAL REFLECTOR.

WEIGHT: 20.5 0z.

\ Lo
> 0737 , 2.375%
%4370 \
— -
WIRE LENGTHS: YELLOW 37"
WHITE 21"
POWER FACTOR BLACK 21"
CORRECTED BLUE 26"
RED' . 26"

LENGTHS SHOWN ARE FOR 48" FIXTURE.
OTHER LENGTHS TO SUIT APPLICABLE FIXTURES.,

10DEL: 2D120-1-20

LAMP: 1-F20T12
INPUT: 120V-0.17A

(DC_ONLY)

LAHI®
WILTTE

BALLAST

WIITE '
BJ.ACX RLD

'LASS P ~ THERMALLY PROTECTED
CASE MUST BE HEAT SINKED

AMP MUST BE MOUNTED WITHIN 1/2" VOLTAGE RANGE:
'F GROUNDED METAL REFLECTOR. +20% -5%

= WECATIVE rosttive -

WEIGHT: 6.5 0Z.

6 00, "
‘J%; \\(w/;/ 1au

WIRE LENGTHS: WHITL 15"
BI.ACK 15"
RED 15"

LENGTHS SHOWN ARE FOR 24" FIXTURE.
OTHER LENGTHS TO SUIT APPLICABLE FIXTURES.

MALL QUANTITIES AVAILABLE WITHIN 30 DAYS ARO.
ARGER QUANTITLES 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 PATFHIS

#) IOTA ENGINEERING CO.

4700 SOUTH PARK AVENUE,

SUITE 8 - TUCSON, ARIZONA

85714 ¢« USA « TELEPHONE (802) 204.3202
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4 obll Solar Energy Corporation
¥ | (MSEC) has developed a photo-
Wy ¥ voltaic (PV) powered lighting
g # system for a traffic circle and
access road at th Jebiel All Hotel In Dubal.
Completed in July 1983, the project Is highly
visiblebothdayandniuhitopartiesentering
or leaving the hotel by automobile, display-
inganimaginative approach by MSECinthe
employment of PV technology.

Separate llghllnF schemas with dif-
ferentdesigncriteriaforthetrafficcircleand
the access road were developed. For the
traffic circle, MSEC created a monolithic
photovoltalc array inthe senterof the circle.
Atnight this array provides an island of light
noticeable from the coastal roads; while b
daythelinstallation offers high visibility wit
Its deep blue array standing in bold relief
agalnstthe background of the coastal plain.

For the access road, lower level per-
Imeter lighting was required to astablish
pleasant walkways and define the raute of
the highway. To accomplish this, MSEC
designed self-contained, low-powered PV
fixtures that complement the traffic circle
lighting system.

H ¥

TRAFFIC CIRCLE LIGHTING

MSEC Is using eight 400-watt high-
pressure sodlum (HPS? vapor lamps
rnounted In the centei of the clrcle on a
140-foot steel (Coii lun) pole. HPS lamps are
the most efficient fixwures avallable forhigh
power lighting sysleins. The system pro-
videsanaverage muiotained urnination of
0.7 foot-candles uvar e antire clrcle and
roadway, which Is coinparable to the stan-
dard forhighway interchanges in the U.S.A.
The single high maul lighting system also
enhances traffic valaty by providing unl-

form ihumination and natural shadow pat-
terns to assure appropriate visual cues to
drivers in the clrcle.

The lamp system Includes a lowering
device that transports the lumninalres be-
tween the ground and mast top, therehy per-
mitting testing and repalrs to be carried out
at ground level.

MSEC’S PV ARRAY

The traffic clrcle system is&owered by
an array of 432 Mobil Solar Ra40 ribbon ceil
photovoltaic modules mounted In the
southern half of the circle (fo prevent
shading irom the lamp mast located In the
cantei). The array Israted at a peak power of
15.1 kilowatts and has been sized to accom-
modate the power consumption »f the Icad
(lamps plus system losses)and the effact of
climatic conditions at the site. The average
dally outFut of the array for December, the
month with the least sunshine, will still per-
mit the lamps to operate. During other

months there wlill be an excess of PV elec-
tricalpoweravallable forauxiliary purposes.

I MY T T

An array of 432 Ra40 Solar modules supplies approx.
15 kw peak, powering elghl 40X wall high-pressure
sodlurn vapor lamps.

Mcbil Solar Energy Corporation



The a;Tay's PV modules are wired
In serles 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 by
reinforced concrete block walls at the
back and sides, with the modules
mounted on structural steel stringers
and mullions attached tothe backwall
and front footing. The appearance of

the walls is enhanced with stone
facing.

ACCESS ROAD LIGHT BLOCK DIAGRAM
Srolil T~ | e
AOTINY K

:D(
BATTERY BANK

The battery bank stores the
slectricity produced during the day for
avening use. By proper choice of bat-
iery bank voltage, the array always
dperates very close to its maximum
Jower, thereby maximizing the energy
roduced. Single cell (2 volt) Exide
JH-5 batteries have been utilized for
he system, thus allowing the operat-
ng voltage to be “fine tuned.”

The batterv bank stores fourtimes
the maximum expected dally load so
that the lamps can run for four days

with no sunshine at all. Under normal
veathicr coiditions in Dubal, there s
e chance that there won't ba

enough stuied ener?y to operate the
lights oinoany paiticular night.

To Hotel

AUTOMATIC CONTROLS
AND !INVERTER

An automatic control system reg-
ulates the battery bank's state i
charge by controlling the array output
through a solid-state switching circult
when the battery reaches a voltagein-
dicating full charge. This control
system also monltors the array's out-
puttodeterminewhennighthasfallen,
turning on the lamps. It also tums off
the lampsin the uniikely eventthat the
batteries reach a state of low voltage.
A ferroi~sonant sinewave inveter Is
Includaa 1o convert the 120 volt de ar-
ray output to 120 volt a.c. required by
the larmps.

ACCESS ROAD LIGHTING

For the access road from the
tratfic circle to the Hotel, MSEC has
developed a low-key lighting system

Access Road

offluorescent luminaires powered by
tv'o Rad40 modules, which are
mounted atop steel poles. Two in-
dividual Delco 2000 batteries and con-
trol systems completing tie system
arelocatedinanenclosureatthebase
of the pole. This niakes each lamp
self-contained. From a functional
standpolnt, sachlamp s comparable
tc the large system described
previously, except that the high effi-

bofootcandie Contours

clency “dc ballast” provided with
each luminaire eliminates the need
foraDC-ACinverter. Each systemhas
a 20-watt fluorescant tube to provide
12 hours illumination under worst
case conditions. A total of 21 lamps,
spaced at 100 ft. intervals, outline the
access road approaching the hotel.

\

AUTOMATY

TRAFFIC CIRCLE LIGHT BLOCK DIAGRAM
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Mobil Solar Energy Corporation
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THE BLUE RIBBON KIT I INCLUDES:

¢ The Ra30 module, nominal 30 watts: 1.94A at 15.5V.

* A high efficiency 12V fluorescent light, with switch and
protective fuse (spare fuse included): 1.4A conswiption,
producing 800 lumens of light.

* A compact battery protector, with blocking diodc il
adjustable voltage setting.

* Aversatile, variable tilt mounting system —- for vl (oof,
pole or ground mounting.
* 50 feet of #14 AWG hook-up wire, fastening binra. o il

flashing materials to install the system.
* A brief, easy-to-tollow instailation guide.
A 12 volt, 60 10 100 Ah batiery is required to coriplete i
system. It can be easily obtained locally.

Figure 2:

Variable Tilt Mount
on the Blue Ribbon
Kit!

AR ] LA AN X
Al - e N
NS LT TR AR ATAN

AVAILABLE KIT LIGHTING TIME:

Available lighting time will depend upon the total sunfight
energy falling on your location. The chart below provides a
general guide:

Average Daily Location Appraximate
Sunlight Energy (Examples) Hours of
(kWh/m?) Lighting
s - - (HoursiDay)
4 Boston, Benin City, Kinshasa, ’
Sing.pore, Bogota: 4.5
L e L e L e ettt A aa o
5 Atlanta, Panaria. Bangkok, Palau,
Sidney: 56
6 Honolulu, Bangalore, Bulawayo,
leddah, Santiago, Phoenix, Cuzco: 6-7
7 Santa fe, Wake Island, Jodhpur: 8

:Double "APPROX. HOURS OF LIGHTING" figures with the Blue Ribbon Kit 1)

Y|

tigure 4; " =
3lue Ribbon Kit Il — ﬁ\A‘. X

Sy S
A\,

toof Mount
-apability

S ———— a4 4t e pe e

e e e el e

Figure 1:
Components
of the Blue
Ribbon Kit |

e oSl
L% % B85

Ls...a e SV S I U

KIT CHARACTERISTICS:

todule: 2.0"X 16.2" X 35.7" (50.8rvm X 411 Smm
X 906.8mm)
1.2 lbs. (5.1 kg.)

Light: 18.5" X 4.5" X 4.5" (469.9rnm X 114.3mm

X 114.3mm)
3.5 ibs. (1.43 kq.)
Mounting Space
Required:
Total Kit
Weight (Net):

Support Structure
Tilt Range:

16.2"W X 40.2"L (411.5mm X 1021.1mm)
Approx. 15.01bs. (6.8 kg.}

0°to 45" (in increments of 15°)

Oplional AC Uses
(Exsnipies)

e,

!\;Xil(hen
phiances
- -~

Blue Ribbon Kit System
Components

Customer Supplied
System Additions

|
RA30 !
Moduée(s) Battery f
an : | k
Mounting Prowetar ! -
Hardware :

Optional DT Uses
(Exampivs)

Figure 3: Basic System Diagram

THE BLUE RIBBON KIT I1 INCLUDES:

* Two Ra30 modules, nominal (0 watts: 3.84, 15.5V.

* Two module, variable tilt mounting systen.

* Two high efficiency fluorescent lights.

* 3attery protector, as in the one module kit.

* 70 feet of #14 AWG hook-up wire, tastening hardware and
flashing materials to install the system.

* Mounting space required: 34"W X 40.2"L (863.4mm X
1021.0mm)

* Total Kit Weight {Net): Approx. 29.0 Ibs. (13.2 kg.)

A 12 volt, minimum 100 Ah Lattery is required to complete the
system. 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. Inztali 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 [ (BRK 1) or Blue Ribbon Kit 1}
(BRK 11} contact your Mobi! Solar Distributor/Dealer at:

Mobil Solar Energy Corporation (MSEC) teserves the right to make changes to any products herein to imptove rehabiity function or devign MSEC does not assume any habihty ansing out
of the application or use of any product described herein, neither goes it canae, any ncense urder ity patent fights nor the nights of othery
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SPECIALTIES, INC.

LEADERSHIP IN CREATIVE LIQHT,NG

830 CONSTITUTION AVENUE
CAMARILLO, CA 83010
U.B.A.

(805) 987-5021
lelex: 662203 RECSPEC CAMA

i—

LOW PRESSURE SODIUM LIGHTS: LOW VOLTAGE

REC Specialties, Inc. is now in producfion on low
voltage, Low Pressure Sodium lights.

These were developed specifically for the photovoltaic
industry for use in remote areas where street lighting
1s required, and grid power is unavailable.

We manufaciure two models for 12 volt DC operation,
Model LPS-:18L7T {5 an 18 wett Tight; model LPS-135LT
s a 35 waio light.

These 1ights nave a cast aluminum housing, with a vandal
resistant polycarbonate d:ffuser. 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 1 to 15 hours, or 1t can be by-passed,

If the timer {is by-passed, the Tight will turn on at
dusk and turn off at dawn.

Low Pressure Sodium lights are monochromatic: it has
paor color rendering. It produces only 2 main spectral
Tines in the yellow region, so all colors are rendered

in tones of yellow, brown and gray. However, these 2
lines are at the peak of the eye's response curve, so

Low Pressure Sodium lights are a highly efficient, energy
saving liglit source for sStreet tighting, security 1ightin
and factory yards. In fact, they are ideal anywhere that
tight 15 needed, with low energy consumption, and color
15 not a priwme consideration,

The wavelencth of the tight produced is close to that at
which the human eye has its maximum sensitivity, It is
also less inhibited by fog or other poliutants.

Low Pressure Sodium lighting is the most efficient avail-
able 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

‘\\‘4;:;:::-—__,,‘-——-photo-ce]]

socket

S s — hous |
T 5 / housing
N \
B R ~
lamp \\\L—dfffuser \\\\—;-hinge-1atch

SPECIFICATIONS:

//

HOUSING: cast aluminum
DIFFUSER: polycarbonate - vandal resistant
MOUNTING: tenon 14" pipe;. wall or wood pole

mounting bracket included (104" pipe)
LEMP WARM UP TIHE: 7 to 10 minutes at 25°Centigrade
TIMER: adjustable from 1 to 15 hours (can
be by-passed)

MODEL

NUMBER ~ WATTAGE  INPUT VOLTS  CURRENT " DESIGN LUMENS

LPS-~1
LPS-1
LPS-2
LPS-2

18LT 18 wattls 12 VyDC 2,2 amps 1800 lumens
35LT 35 vatts 12 VDC 3.4 amps 4800 lumens
18LT 18 watts: 24 VD 1.1 amps 1800 lumens

35LT 35 watte 24 VDC 1.7 amps 4800 lumens

WEIGHT: approx.: 13 1bs, (6 Kg. )

DIMENSIONS: approx. 16.5" Yong, 7" wide, 7" deep
INCLUSIONS: Yamp, timer, photocell, mounting bracket

Specifications subject to change with ut\notice.

4 | CAMARILLO,CA93010,U.8.0 - APPRV. s
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FLUORESCENT RATED LAMP* RATED* MAXIMUM AMP LAMP*
TUBE (S) LIFE (HRS) LUMENS DRAW AT 12.8vyDC WATTS FITS MGDEL NUMBERS:
1 FA4T5/CW 6,000 135 0.5 4 Inverter ballast only
2 FA4T5/CH 6,000 270 1.0 8 inverter baljast only
1 F6T5/CHW 7,500 295 0.6 6 179
2 F6T5/CH 7,500 590 1.1 12 128T0p
1 FBTS/CH 7,500 400 0.8 8 161, 111, 141, 161, 171, 180, 711
2 F8T5/CM 7,500 800 1.9 16 112, 130, 162, 172, 712
1 F13T5/CW 7,500 820 1.5 13 102, 125, 131, 173
2 F13T5/CW 7,500 1640 2.2 26 126, 132, 174
2 Fl4T8/CHW 9,000 1350. 2.2 28 114
1 F157T8/CW 7,500 870 1.5 15 103, 115, 133, 143, 163, 190, 715
2 F15T8/CwW 7,500 1740 2.2 30 116, 134, 716
I F24"7T8/CW 7,500 1175 1.8 18 145, 167
1 F20712/CH 9,000 1250 1.8 20 104, 137, 151
2 F20T12/CHW 9,000 2500 2.9 40 138
1 F30T8/CW 7,500 2200 2.2 30 105, 135, 147, 185, 175, 717
2 F30T8/CH 7,500 4400 4.4 60 136, 718
1 F40T12/CW 20,000 3150 3.3 40 106, 139, 153
2 F40T12/CW 20,000 6300 6.6 80 139.2
1 Frc8719/¢C 12,000 1050 2.2 22 107, 109¢C, 109S
1 FCl2T9/CW 12,600 1900 2.6 32 110

Ratings according te lamp manufacturers'

ce nma

60 Hz data for CW lamps.

Specifications subiect tn crhanno withand masbian



SIMPLER SOLAR SYSTEMS, INC.

P.O. BOX 12936
TALLAHASSEE, FLORIDA 32317
PHOTOVOLTAICS DN (904) 385-2585/THERMAL DNV, (904) 5 SOLAR-1

MM N W R KR R KRN KN RN N K
SOLAR FOWERED DOME LIGHT

IR EEREE EEEERIEREERENE S EERE X EEE T &3

(celf regulating)

(1) 36 watt Fhotovoltaic Fanel
(1) D.C. Electromic Eallast FL7 Light Assembly
(equivalent to a &C¢ watt light bulb)
(1) Globe and EHase Assembly
(1) 10ft. 0 1/2" Galwvanized Conduit Fole
(1) 12V40 Recombination Chloride Eatterw
(1 Weatherproof Aluminum Eattery Rox
(1) Diush to Dawn Electronic Sermesing and Switching Circuit
Total Faclage
NOTE: This solar powered light poleassembly %
can be locatedas far away as 80 ft. from the =
photovoltaic panel, and «hould use nothing '\;(
cmaller than 14/2 waire. Thie oystom needs -5‘ ;gje
no complicated voltage regalastors, or any F@%K{ﬁi
other circultry to control (Lo lighi from ‘ E;?Cﬂ}
dusl to dawn. The battors Ctorage is capable fg %‘"gﬂ%
of lighting the light for St oerlght o () {k;)ug
days withoult sunshine. iy o wcavery period dﬁﬁ%f:
is appros. threoe (20 daye Traghiting for };ggﬂg
every one full solar day. ;f)-;;
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> Light Every Night From Sunlight
» NO MORIZ COSTLY UTILITY BILLS

» TAX CREDIT ELIGIBILE

° Inslalis in Minutes on any Standard 3-lnch Pole
° Maintenance Free

= Dependable Secure Operation for Years

* Durable Rust-Free All Aluminum Consliiction

> 100% Solid State Electronic Circuitry

a night depending upon location and sunshine level,

Best under the sun.

haanli s B I o o v g e N G b, | ! ;—:?\ - T ) Y e t r
PR RS B AT DELUXE LIGHT
LIGHT AT NIGHT $10W SUNLIGHT

= Limple and Easy Installation Eliminales 1Digging Up Expensive Landscaping

Le.naSTAR™ is energized diectly from sunlight. The solar electric
(photovoltaic) panel converts sunlight to ciectricity to charge an internal storage
battery. LumaSTAR™ is automatic, it starls al sunset and runs up to 12 hours




ORDER FORM

SHIP T0O:
Model Quantity Cost
Name ™ i
, LumnaSTAR™ Deluxe $ 40,59
Address® 3
City State $
Postage and Handling § 11,
'Zip Phone ( ) — 9 g ——-_.OL_
“Must have streel address, cannot ship to P.O. Box
1 MC ] VISA TOTAL §
Card ¥
Expiration Date
. Mail Sola; Electric Systems
Il Check. Check quarantee; Bank ' Order Form 2095 - 44th Avenue North
. & Payrnenl to: -8t Potonburu. Florida 33714
Guarantee # . (813) 626-0703

LumaSTAR™ THE LIGHT AT NMIGHT FROM SUNLIGHT

FEATURES VARIETY OF USES

e Dependable Light | * [{ome Lawns and Yards
» Eliminates Monthly Utliity Bills Sldewalks and Driveways
= Tax Credit Eligible "+ e Decks and Patios

» Auick and Easy Installation . » Swimming Poonls and Gardens
e Maintenance Free ° Marinas and Boat Docks
* Durable Long Life Construciion ° Campgrounds and Beaches

IO % - - BULK RATE
AR ELECTRIC SYSTENS U.S. POSTAGE
2995 441h Avenue Nortn » St Petersburg, Florida, U.S.A. 33714 « (313) 526.0793 PAID
PERMIT # 195

PINELLAS PARK
FLORIDA

W ESKINAZI

DEEORA CORF TE 720
MERIDlQ‘;—_SBuRG F~1v\5,m\52\;‘*1\
E&;t\t_ts CHURCH -

Best under the sun.




Paotovoltaic lMogdulex

Mobil Solar
Kyocera International
Arco Solar

Reagulators_and Controls

PV Battery Systenm Regulators - 12V and 24V

PV Battery Systen Junction Boxes ~ 12, 24, 48, 120v
Haxinum Power Traching Famp Controllers

Cathodic Protection Controllers

Ratteries

SunAmp Systens Lead Acid Deep Cycle - 6V and 12V

Bulldog Battery

Gates, Panasonic, Mule, Dynamic Energy, Yuasa, Tlectrochen
Nife,

Globe

Battery Chargers

Sulldog
Lester
Custon Chargers

rOYrrFAyrco
Heart Laliarche
Dosk International Power !achine
Tripplite Onnion

Sunles=2arch

Uninterruptinle Poyer Sunnlies

SunRescarch Custom 3ystens
pest Ferrupz (T:1)

Yo e D[j‘-gncthD

Suninp Systens Cathodic Protection Controllers & Full
S -

7702 East Gray Road Scottsdale, Arizona 85260 (602) 951-0699

-



Products, etc.
Page 2

Packaged & Custom Systems

Fome Electric Systems, Stand Alone & Line Tie
Recreatioral Vehicle Llectric Systems
Fleckric Boat ¥it

SunLight Solar Yardlight

Swimiaing Pool Systens

DC Evaporative Cooler

Solar Water Pumping Systeins

Anpliances

DC Fluorescent Lights ~ REC, Iota
DC Refrigerators - Arctic Xold

DC Color TV

DC Evaporative Cooler

lliscellaneous

Module iounts - Fixed and Tracking
liodule Interconnects

dattery Interconnects

bypass Diodes

02/85



SunAmp™ SUNULIGHT. A space age tachrelegy transfer preduct. Born
lo power satellites, solar cells are now teing used for inexpersive,
practical applicaticns in the markeipizce. What is this SUNLIGHT? It's a
compact lighting system that captures a it of the sun's light enargy,
converts it to electrical energy and storesitin a tettery. A flucrescent haht
is tumad on autcmatically at cusk. With fully charged batteries this iignt
can Le illuminated for at least eight hcurs eacn night.

“Dig a hole, clant a scie, atiach the ightand ses icnignt,” cescnces i
simplicity of instaliing the SunAmp ™ S11MLIGHT. Mo &.qensive and EXCEn-
sive trenching for AC lines, nc wire puihing wirough condull, ana re g
expensive electrician to co the wer's. insibaticn is 2 simpie ict. SLALICHT

And don't fear the thotoveitzic corticn of ine sy . There's ne need
for complicated calculaticrs. . ’ '
taic medule, fcurwatt ilucrase
been jcired o cive
course, if cicue
wms cif ‘he

The SUM

* 1id the shadows in veur ad .
< outline ycur sicewail. \
* define vour driveway. \
* guide you and your toai 1o your beatdoek.

* show your vouin camps natur s ruls.

* mark your neids if you farmi al night

« light vour corral of tarm

Why 3 photovoitaicaity vowered
and repicting ona gnergy wasung natiral gas -amp or displacing cne AC
ight helps our countrys energy program. 1t s alse ECCNCMICEHY scund.
Sou'lt sava monayl SUKLIGHT is just $493
© Dealers, harg's a ready mads phawvchaic unit your customers will 'ove.
Achance 10 enter solar clectric without the tether of 2rray sizing, wiring ¢r
other calculaicns inharent to hema eieciric systems.

Soa)

{,

oy G

.
T Y Y
qonty oY

SUNLIGHT i

~— . Please send SUNLIGHT model #

| Yes, | would tike SUNLIGHT at night. Enclosed is my check for

with ccrplete installation instructions. You'll pay shipning.

Titie

Nime

Company

Address

Zip

State

City

Please send me dealer information,
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Total Weaight (without battery):
Concrete Foundation:

Lighting intensity

Lighting power
Voltage

Running temperatures

Sterage capacity

Life expectaney of fluorescent tube

Bracket type
Mast type
Operating made

950

46
(181.

X

)
J

4040
37 (159.2M

o

#o——

e
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|

.
J ;

600 x
(23.6

12001
18w
12v
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MECHANICAL CHARACTLRISTICS

] |

i
R
aded 2

45 ks (99 1hs)

600 x 600 mm

x23.6x23.6")

TECHNICAL CHARACILIUSTICS

wnens

—10" {7+ 60°C

105 A

h

Extruded aluminum
Duralinox — Dark bronze anodization

Direct

296 x 3813747 x 156" x 1.57)

(32 7")
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Jghting Syetem CLS-1010
The CL.S-1010 is an B-v.ult
fluorescant tighting syste
designed for loveisr oo
consumption and mdxinin:
hghting outya
All solac systems aru filted .,
polarized plugs, battary bux, banoy,
lugs, charge rogulator, ete i
permit imnediate installation o ..
light gra o

Lighting Systein Cly oo
The CLS-1030is Sole.'s o .
lighting package that pnoduac . ..
equivalent light outp..
150-watt incandescenii ..,
Both the CLS-1CH and i & 1
systems wlilize the myodein e L
tcch., Tuedlar™ tiont Tav o !
anodizod aluminun bachon,
Solarcharger. Because of its e o
design and construction, it doc o o
suffer from tho siame bicakung o
vandalisin as othoer staiido
glass-fiont roe o,

*Batteries are not includod o
hghtingg oyt

. —

Solec’s lighting systems are d2signed and constructed
for nage of Installation and reliable parformancs.
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Solec’s Lighting System is a complete operating package. It allows an
individual 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 lighting
package, including 20 feet of cable. Batteries can be obtained from a
local supplier.

System Components
CLS 1010 CLS 1030

Solar Module M-1136 M-4134
Cnarge Requlator SR-1202A SR1202A
Fluorescent Lamp REC-12-8 (8 walts, REC-12-30 {30 watts,

0.7 amps) - 1.9amps)
Battery Box (polyethylene) B-100 (9.2 x 18.1" x B-100

10.4")

Battery® (recomm. 75-100 AH) notinci. not incl,
Wire 20 20
Weight 12 lbs. 18 lbs.

All necessary wire, plugs, and battery plugs which are required for
installation are included inside the lighting system. (For further details,
check other data sheets or see your local Solec deaier),

Hours of Operation

Solec’s lighting systems will supply approximately 6 to 12 hours of light
cach day based on a fully charged battery, The two L.E.D. indicators
located on the battery charger unit should be monitored in order to more
accurately determine the number of operating hours. The "“green" light
denotes a fully charged battery. The “red" light signifies the battery is
charging. At night, the green light means you are operating within the
hiits of the baltery storage.

Dats Sheet 600-5M-783 Solec Intemational. Inc 1383 Panted in USA

International. Inc

A bdember of the Pieington Group ®

12533 Chadron Avenue
Hawthorne, California 90250
Telephone 1213) 970-0065

TWX 910-325-6215 SOLEC HWTH
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8peclfications What about your system?
Bllo A vite B3 . . .

' Tnese two installations were spacially built
Power Consumptlon L B e foraparticular customer. However, the
Nominal voliage ”1 V( [ LA VERC compenents and subsystems are 1.ait of owr
Peak current drain 31 YIS 41.06 Amps standaid range of products.

Average amp hours/day 50‘2_, ‘,‘ o Forexample, the subarray design can be

used for any rocky site. And the control

Idolar Arrgy o o interface is adaptable to a wiic variety of
Nominal voltage 24 V( { ”\ VD(J customer needs.

% ar - 1 5 L .

Peak power voltage 343 \' “‘ ’ Al ’.![?9__.,_._.__.., We invite you to call or write us today with
Current @ peat power 122 1_AJ1 It ] Q PGATDS . your remate power needs.

Number of sutarrays 11 __fJ' ) 7
Modules per subarray 7 ~ 7 7
8olar Modules B
Total required 77 B 63
Peak power voltage, each V[;x, o 49VDC
Zurrent @ peak power 1. 1 Amp, o 11.1 Amps
Biorage Battery Bystem
Zells in series 12 ) 12
Zalls in parallel B i 6
Amp hours per cell 500 i 500
“otal Amp Hours 4000 4000

12533 Chadron Avenue
Hawthorne, Calilornia 90250
(21219700065

VX 910.325-6215 SOLEC HWTH

A Member cf the Puringion Greup



Bxashi ~ IstWATCHII S
Jight

OLAR SECURITY LIGHT

AFFORDABLE, PORTABLE SECURITY

The IstWatch 1l Solar Security Light is a
security system designed especially for

the needs of business in protecting property
and people. It uses a passive infra-pud
sensor to detect the presence of et Lans or
automobiles, and then automatically turiis on
two sealed-beamn halugen ficodlights to it
the area. The lights stay on as long s e
intruder is within the 80° field of viov s

to 40 feet away, and turns off a shoit ti
after he leaves.

TEXAS HILIGHT, INC. P~ "X 3366

Because the IstWatch Il Solar Security Light
gels its power from the supn, it has an endiess
supply of FREE energy. No wiring is necded
to install the light, so it can be placed at critical
locations as long as the sun shines on th»
IstWatch 1l through the day.

Let IstWatch I protect your business with
all—night automatic security Iighting.

EVERGREEN, CO 80439 (303) 326-0217



\CF..és\Hf IstSTAR 1! SOLAR LIGHTING SYSTEM
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SIMPLE, ECONOMICAL AREA LIGHTING

The IstStarll Solar Lighting System is a practical,
affordable lighting package for commercial
appiications in parking lots, streets, storage
areas, and outdoor activity areas. The systemn
has independent power, needs no wiring, and
can be installed by your own trained porsennel,

The IstStarll commercial lighting system uses
very efficient low pressure sodium lamps for
llluimination. 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.

TEXAS HILIGHT, INC, P.0.DOX 3366 EVERGREEN, CO 80439 (303) 526-0217



1stSTAR I SOLAR LIGHTING SYSTEM

FEATURES

-Low pressure sodium lamps for efficient lighting
-Reliable photovoltaic power supply

-Simple, easy Installation

-No external wiring required

-No digging or trenching required for hook-up
-Three day battery backup tor cloudy days
-Light {urns on automatically at dusk

-Little maintenance required

-One year limited warranty

MODELS
Lamp Lumens Cperating Coverage
Type Output Time L \14 Area
THL300! IOW LPS 1000 6 hours 1t it s
THL3002  10W LPS 1000 Al night 25ft 55t 625ft2
THL3I0l IBW LPS 1600 6 hours 307t 0ft  900ft?
THL3102 I8BW LPS 1800 Al night 30t 30ft  900ft?

TEXAS HILIGHT, INC. P.0.BOX 3366 EVERGREEN, CO 80439 (303) 526-0217



ECONOMY, DEPENDABILITY.

The THL-400 residential sclar lighting systera provides  The THL-400 residential solar lighting systemn uses
reliable, independent lighting end power for 1emots or  efficient fluorescert lamps to light up the night
seasonal residences, The package includes thie futest In your home. Two 20-watt weatherproof fixtures
in solar photuvoltaic panels for producing x:l“-'tri«':it)' are provided, suitable for mounting indoors or
from cunlight. Batteries are used to store e clectie eutdoors. Connections are available for aperating
power generated during daylight hours for . «l night. small television, radio, or cassette player.

This slorage tapacity wiil hold enough powin (G supply

the househoid needs for up to four days of oy Let the THL-400 system provide safe, relialle
weather. light and power for your remote or vacation home.

TEXAS HILIGHT, INC. P.0.BOX 3366 EVENGREEN, CO 80439 (303) 526-0217



/

Feasfi~” SOLAR SECURITY LIGHTING SYSTEMS

.

FEATURES

- Passive infrared sensor for intrusion detection

- Halogen spotlights for bright area lighting

- Reliable photovoltaic power system - no wiring required
- Three-day battery bdcfk—up for cloudy days

- Adjustable sensitivity to minimize false alarms

- Adjustable on-time for lights after intruder leaves

- Fully adjustabie sensor aiming

- Wide range of Jightmg options

- Simple installation, no permits required

PASSIVE INFRARTT INTRUSION DETECTION

PIR intrusion detectors work by sensing changes
in {emperature as an object, such s a person,
INOVEeE across background temperatures.

The passive infrared sensor is sinilar to a video
camera, Lut recognizes heat instead of hght.
When the infrared heat nicture changes, the

\ N;% 2 seiser alarms and the spotlights are turned on.
N\
N\ SIDE VI
I'd

| -——55
Total Oper'ating
Lamp Size Candlepower Time/Night
IstWatch 265 watts 1,600 CP “3hours |
2x12 watts 4,000 CP I hour
2x20 watls 7,200 CP 40 mins.
IstWatch I 2x55 watts 19,000 CP ®hour

TEXAS HILIGHT, INC. P.0.BOYX 3366 EVERGREEN, CO 80439 (303) 526-0217



ECONOMY, SIMPLICITY, SECURITY.

The IstWatch Solar Security Light is an Because the IstWatch Solar Security Light
all-night security/convenience lighting system.  gets its power from the sun, it has an endless
It uses a passive infra-red sensor to delect the supply of FREE energy. No wiring is needed

presence of people, automobiles, or other to install the light, so it can be located
large moving objects, and then automatically anyplac> where the sun shines clearly
turns on two halogen floodlights. The lights throughout the day.

slay on as long as the person is within thie

80° field of view up to 40 feet away. Let IstWatch provide all-night, year-round

security fer you and your family.

TEXAS HILIGHT, INC. P.0.BOX 3366 EVERGREEN, CO 80439 (303) 526-0217

\s
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1L STAR OUTDOOR LIGHT Ol 1 il T LATEST IN SOLAR TECHNOLOCY 1, DIO-
vide light in areas of darkness for ap io u lenirs ceery night. At sunrise, st STAR phiatovoliaic
panels begin to generate solar electiicio: o Change the battery. At sunset, the light wutonatically
turns o with the enerey stored e 1o 0 The design of 1st SIAR's structune was gunded by
simplicity, function, and durability, T e phictovoiiaie module, light, battery, and associnted

elecuonics are honsed inone enclonog vnbe of aluminum, This cnclusure is designied to posi-

tion the array at a 45 degree angle oo oo aiiehied (o an cight foot yard Toup pole made of
galvanized steel, or may be monated v i lure, as long as the aray 15 facing south. The
light, however, may be turaed i ooy 0 o v iluneinle desired areas, Unubstruesed solar

access is eritical. Therelore, carctnl Lo don s vitally iinportant.

15t STAR modules shionld be situated i ene they will receive maximum exposie e direct
sunlight for the longest possible tivv o0 iy Lastallation requires only a concrete fonndation.
Because wiring excavation expences oo Hiodoaled, ot STAR lights can Le easily rwelocated os
your liphting veeds chunge. TsUSTAE ot He bl is ol dive, stmple and aceeptalide o any
decor or environment.

APPLICATIONS: Arcas Within Which 18t STAR™ Operates Efficiently
FROM PUBLIC INSTALLATIONNS TO
RECREATIONAL FACILITIES, TO YOUR OV
BACK YARD!
Lo Pesidentiol applications such as patios, Jo,
divevaays, vands sidewalbs, floveer v,
fountains, or storapge shicds,
2. Recreational facilities such as baats, oo
docks, camp or pienic grounds, remote ol
parks, tennis courle, golf courses, SWitni,
POCEs, amusenents parks, braches & reani,
By, aN
3. Agricultural applications such as baii,
livestock holding arcas, greenhouses, feed Lo
and storage facilitivs.

.--D 7] Up 1o 8 haurs of Light

[ Up 1o 6 hours of Light

4. Industrial and commercial uses such as con
struction sites, security lighting for wui

biouses, oil derricks, telephone booths, il A e ’ e e e Y LAl
, | b T g e .
boards. sign posts on highways and deton - SPECH ]("I\‘“U‘\‘L‘ |
. et L . . Operating Voltage . P .. 12 Volts
ll“[nm,d (‘“)55”]%.3 ﬂn(.] other \1.“”1‘“('”)“" i Phutimoltwie Maodale - THL oMoy 00 0 . 7' Watls
tersections, public driveways, fire hydiaia . Fhintovoltaic Single cell ¢y otal 8 loon
S\Ih()()l \'.’iI‘dS. and I)I“"-g”)““ds_ Halogen Lamp - THL w5 2076 . ... R 5 Watls
. d ) . ot . o Dutly Light Duration e . 8 Hoeurs
5. Emergency lighting for noanote medica) clinios, Light Output . e .40 Candle Power. 500 Luzens
cinergency exits, high crime districts, alley Hattery - THL w12vI2 R R - 12 Voll rechargable
X . ' - with 4 day storage
Ways, emergency equipment and escape Welght of Battery L 4 100 s
routes. Veight of unit without Battery . . 5t dby
. . Lo . Coatral-Solid State tuning with low charge protection
6. Navigational and aviation facilitios such .. Housing Powderpatnted oluminum
remote landing strips, beacons, bus st Ut Diienstons L Helght - 1357, Width - 128", Depth - 115
e 1 arkers, and light) - Shipptug Welgot . o 16 5 b,
chdannel markers, anc phthouses. Boadieenslons .00 o R 1 L L [P
L ARGIINEIN > V43 TP ot oo S IR P . WA SRS &) s e e L ke 283

Noevry o 4 T ¥ienyl Ao
1 Yeue fimiled Warranty
Texas HiLight, Inc. warrants this 15t Star™ ol Hght apainst any defects in materials or workmanship within
one (1) year from the date of purchase. It will . seplaced or repaired at the discretion of ‘lexas HiLight, Inc.

Texas Hilight, ac,
o . PO. Box 316t
E’LS[‘II/ Evergreen, Colorado 80439

dight I03-526-0217
LigYd

/\ A wholly owned subsidary of Texas HiTich, tne., Oblahoma City, OK.
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When it comes to lighting, nobody does it brightel

Thin-Lites by REC Speciaities, Inc., are all UL Listad and
easy to install. All Vehicular ig s feature all matal
housings. with non-yellowing acrylic lenses. A bakod,
white enamel finish, along with attractive wooclgrain trirm,
complate the long-lasting fixtures. warrantiad for 1vo
years. All Thin-Lites include standard flucrescent fubes,
powered by REC's highly efficient inverter ballisi.

R T T TR

109C 22 watt 12VDC circline
9" diumeter x 14" deep. 1.6 anrss
Uses one FCBTY CW fluorescent it 2.
Light output: 1100 lumens

109S 22 watt 12VDC circline
@/ square x 1'% deep. 1.8 amps.
Uses one FCBT? CW fluorescent tutse.
Light output: 1100 lumens

110 32 watt 12vDC circline 1314"
diameter x 2v2" deep, 2.1 amps. Llse
one F12T9C/W fluorescent tube. Light
output 1900 lumens.

B T T T T B T o e ot e S I C Ty s roryemraerry ARV DA AN AT EIAL] N 7 S ety N AT e T NI

11 8 watt 2D light
12" x 4" x 1" thin; 0.7 amps Usas one
FBISCW fluorescent tube. Light cut-
put: 400 lumens

112 16 watt 12VDC 1 6 amps
12" x 5Y2" x 1" thin. Uses two FETS CW
flucrescent tubes. Light outpui. 800
lumeans

130 Dimensionally the same as
model 112. Three way rocker switch
allows for choice of red light or white
hght. Red light will not impair driver
vison at night, while allowing for
passengasr activity,




2o XML VRN ey Toplpptieteen e At i AW i ey

115 15 watt 12VDC 1.4 amps
18" x 4" x 134" deep. Uses nne FI5TE/
CW fiuorescent tube. Light oulput:
880 lumens

136 30 watt 12VEC 1.9 amps
18" x 572" x 136" deep. Uses two F15T8¢
CW fluorescent tubes. Light cuput:
1760 iumens

125 13 watt 12VDC 1.3 amps R
7 x 4" x 4 thin. Uses one FI1315/'CW {
neoreicent tube. Light cutput 820

lumens

126 26 watt 12VDC 1.9 amps
21 x & x 1" thin. Uses two FI3T5/CW
iworescent fubes Light cutput: 1640
lumens

TN TIALE SRR o AT CTWRIE TN EIRL S T Ve S TRy e—r
RN S T AT N I T T T St - N SN T TSR g

watt 12VDC lignt 18" x 236" x 1%" high
07 amps one FBTS/ICW fluorescent
tube. Light output: 400 lumens

~u
B \-\
174 Anodized Alurninum: 8 (,l Se

73 Anodized Aluminum: 13 N7 —
v<aft12VDC 1.3 amps 27" x 26" x 1" \

tigh uses one FI315/CW fluore:scent G
t.be Light output: 820 lurnens .

R R e e T PR RN

62 Anodized  Aluminum:
VWealher-proof outdoor area light
vith amber lens (will not attract night / o
lying insects such as rmosquites) 16 (\\ p "“TVE%
Lt VDO 1.6 emps 170 x 8YL - P 4 j\ \i‘:{ ,,\4‘,}1-7
230" 80D lumens. Uses two FRTSCW g ‘ P 5 BN
fuorescent  tubes  {White  lens : LT T ‘
oplional) .

. . RS
Replacement Ballast it \:,,
lan numibers 1B-109, 1B-10, 12-111, 13- ' AN
H12, 18415, 1B-114, 1B 125, 1B-126 {c.heck ‘v"{'>
model  numbers  for  ballost d
upplications) ‘*/

Note Fat rus arvi ballosts ool In ot voltoges Conatt factory  Lurnan ratings occording 1o lamp menufocturers’ 601z dota tor CW Iamp:
Son stfications subyect 10 changs without mahce
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~ Thin-Lites began as an innovative idsa developed in a

200 square fool area. They are now built in a1 25.000
. square foot facility. Today this idea has been devoloped
.. -and technologically advanced to meet the exacling
. standards of Underwriters Laboratories. This advanced = -

- technology and experience has made REC Specialties,
“Inc. the largest manufacturer of low voltage flilorescent

- highting tor the 1nurine and venicuiar industries. Thin-Lites

. are the first, and cnly, UL, Listed 12 volt DC fluorescent . : .~
:-for wherever dependable, bright and long-lasting lighting
_lsmequired.- . - ' '

iim

<y

ok L A o A S A D LAl 25 M 2 UL, e e Ly o EASE NF T IRIVIRG 2 L VRSP Vet SN |
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Vi Cilam g S et T e sd T (‘] o E : 4 - - A LTE e ey ot e e
B (SRR, TNV o ;, .
1 \’ G -
- '.\, “' ‘) -:., R
. g .- AU
o — ;,o—_v-v' e e ‘ e o A

* Manufactured by:

."v y

L SPECIALTIES, INC. )
. 530 Constitution Avenue
-%. Camarilio, Calif. 93010 USA
:7{805) 987-50 - - n
:2Tolex: 662203 RECSPEC CAMA -
Sbited nUSA 19,3 L L

i\?ﬁ? O S ) gt e
R PR A .

et e S




APPENDIX B

PRODUCT LITERATURE

A selection of manufacturer's product literature for PV Pumping Systems
1s provided in this Appendix. Additional manufacturer's product literature is

available in the Technology Refurence Notebook previously submitted under Task

2.2.4,
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ax. M¢Donald mre.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 as 1" diameter - 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 galions per day

Depth to Water: To 100 feet below the pump or ground leve)

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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COMPLETE and VERSATILE SYSTEM

The package system on McDonald’s “Solar Jet” colored brochure ingludes a 55-Watt panel and two batteries plus
other top-of-the-line equipment.

For smaller quantity needs, consider this system: (One 35-Watt panel and one battery)
(Pumps from 60’ or less to water)

1. Same Model 150103D Pump with jet fitting, foot valve and pressure switch but now with
30-gallon captive-air tank and connccting fittings.

2. One 35-Watt PV panel (for 100-150 GPD depending on conditions).

3. One 12-Volt deep cycle battery (for 225-350 galloas reserve pumping per charge).

4. One indoor-type power controller with mounting bracket.

5. Complee instructions for assembly and installation of packaged system (less piping and wiring).

LISUPTICE wovviiiiiiitiiiiii e $2,395.00

If more water is required later, simply add solar panels as needed.

(Nver Tor Specifications)



_TECHNICAT,

SPECIFICATIONS

PERS R TR 2 157 )

MDONALD “JET PAK®
WITH CAYI'VE AR 1ANK

TYPICAL SHALLOW WELL INSTALLATION

HORIZONTAL CHECX YALVE
4@{? TeE

VEXTICAL
CHECK VALVE

SINGLE PIPT 3¢

OR 3° WELL

Rx v 08 150 and three
Ich weiis, more than 29 fex
decn T ipmit betwarn Wb

DEEF WELL el canung and U uction
INSTALLATION PP stV s 8 prraune
DOUBLE PIFE ¢* OR e Tha requina ibe use o
LARGER WELL ® calng rdaper, ws thown,
WELL POINT Por derp well applacanca the 8115 0P of (Be well and &
Injoctor saacmbly & pliced “paakei” 1ype 1w pecion

down Js Lhe weil and
cuanecied 10 the ot rifigsl
pup by Ut (w0 phpet

& shown

auembly, which fuy tight
0308 Lhe pade Of {he wel]
iy

DEFP WELL INSTALLATIONS

ONE PUMP USED THREE WAYS
1. SHALLOW WELL PERFORI\MNCF W IHIOUT JET EJFC'POP (For Higher Capacity)

Nom, Watls Dept to '8 lJ! l..pudl; 4 l)lschmgc Pn:ssur_t @ 11V Shutoff
quuirfd zv) Water/F1. - ~O_ 3 B 10 15 _ij_egun"
5 1400 OO 840 400 19 PSI(;
3(X)\\V —— S . B Iy S - e ————
] osw ] s0 | — 14 PSIG
— _ e T KRS A PO 1 TIRY /2 PR |

2 SIHI IOW \\ LlI PERFORNM. \N(I \ IRRT I ii(‘l TED ON THE PUMP (For Higlier ressure)
o '\om 7“;?(\ - Dcp( to *[~—'~ Crit coadity !)m harge l’rcssun @ 12V .;[.m:?fﬂg_w
_ Mequired (12V) | Water/kt, L S -1 30 Pressuret
o "“'""*ig’““l 30 | [ j:/.o____}'___ 180 100 W PSIG
20 20 | v L 200 120 80 360816

3 l)I l P Wl H Pl RFORMAN( I< \\HH JE LN JHI WELL (Lifts “Atcrlrmn ()()’ Bchm (m)und\
hum \\um } Dept to Gl Capacliy @ l)LthurLc Pressure @ 12V )hnlo{f
Required {12V “H(LI"/]"l ! 0 5 15 225 50 lnnuu
_ared ety Matebe 4 0 . . SR N .
l 20 [ 410 o 150 [ 100 | — 32 vsu,
270\\7 e e e . . - h— —— e e § e e NN m———
30 | s R R T — 29 P81G
40 240 | | 100 { — — 26 PSIG
240W R R —
50 180 R [ — = 21 PSIG
% - - — 16 PSIG

*PSIG x 231 for equivalent feet of head,

A fully-charged battery will produce more than 12 Volts 1,

For higher capacity and higher pressure systems, A, Y. Mol

Contact factory for details.

EST. 1856

PO. Do >

Telex:

Dubugue,
Telephone:

ol

ALY

(1

5o

Loy

uliing in greater GPH capacity than shawn above.

peovides standardized solar pumps through 1300 waus (1*; HP DO,

)

2A04-0508

319/583-7311

43-9020 AYMCD DUQU

Cable: AYMCD DUBUQUE, JOWA US.A.



SOLAR-POWERED
WATER PUMPING
SYSTEMS
SOLAR JETS — SOLAR SUBS
ALL CENTRIFUGAL PUMPS

CONDENSED CATALOG AND PRICE LIST
EFFECTIVE JANUARY 1, 1985

Donald wo.co.
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AY. McDonald Accessoiies and Panel Direct Systeirs

SHALLOW WELL JET PACKAGES SHOWH v ;H‘ it l l_)_i_PUP 1£5 TO DJ PULAPS MODEL NO, RETAIL WEIGHT
SP-145/150103DS L‘.- < bainps wlih bett o Jet Bjoctors £0103D)) Add
— - .. 2 '
= SP-100/150308Ds | M Puted jaussurs, S0"(1SM) 10 200°]  ysnaosny | ssgsn | pci
S (o i bt voin o from 120 GRH = )
(J e _SPADAMEN307IIS | ikt o B OGP (3000 Lt). 1503070J | to DS I
LTI _SPABS030A S | v et L within 25 below 15030904 Pumyp>
SP-A02/A508430S [ ke 150813D. o
DEEP WLl JET PACKAGES SHOWIE ¢t ot By FULIPS 1O DD PURPS o
I3 (\ P PE For Use In Jd Drvan o a |\)m 1 We HS L RETAIL b oz
B SP-451E0105DS P s vl Job Doctors | Two Pipa Jots vh/"iﬂ
W SP-104 for All Oftor i G et OISO [12.”.'11. of : f\d'(i 5358 55 Eiﬁ'*-f fi,_, o
\ \ PUmis © aciq t [ cee M padii Lits fo 250 '-IIUZ $44.44 {4 ’ ‘ .r]
|/ ‘ 150845035 _‘("\mun (@ P Lt 420 S 5O LR for 105 kg, N
N oA FJC;\)I ; L cr o i L Reguiating !-,‘
- : ! Valve. i A
SIN: PIPE e FLH l ( l.f] :»:in Vi b '“',‘, ‘\'/g.”... o i '“5!1 __________
RN RIS ‘.'." 3P 1...1 £ P ...lh Single Pipw Jot Single Pipsa
for 12310305 b ot woll Mast practiool Juts - Addcd oo
‘ f " 2% MP-123737 MP 139 o o sinall divimotar dcl;;r;cr 5$59.54 for 2 iy ' W:‘i
) ' Ny . » . PR N PN Ll)lvllcb use 104 Cas- S61.35 1or 3 ey i . }
(3 tor All G Pumpss G Y /o
- ! LA B Pl 1, Ao A SEQ.GR okl fu{ 271 plus $34.44 TS ']’L ’
1 ‘ C except 17061403 1ot J 15 for. for 108 Regu @ eTTT)
~‘ ” acte ) Lig vy ‘I/\\ K i S - ~ T -
vy Consult Factory lating Valve,
o PANELTVRECT SYSIEMS | { 5C CRIPTION RETAIL WT./CUBE
A) 150305D-8 — Minninun iceurnmended functional
L demonstration system for puimping trom shallow wells,
lakes, rivers or streams. licudes 8 - 43-Wall Sotar (PV) $6750.00 1854
Parncls, Mounting Rack, Ttciconneet Wires and Mchonald o 1£5 Cu FL
Centnfugal Fumip with oot Vo' ve for Average 3400 GPD
(13 CubD) at 33" (3uiy b wan Standard Solar Day of &
Kv/HiSquare Mt er. o
E) 150309D-24 — Mout 1. fub v Modium-Hoad Pumping
Systern from shaitonw \. ol {wathin 200 below the pump).
Includes 24 - 4s-VWan v owu (v PanoiseMounting Rack, $19.500.00 4504
terconnect Wircs voo 1 2 e Centrifugat Purmp with ' 12 Cu. Ft
Fool valve for Avara e 10700 GG (40 Cuti) at 50
Hy )h_] Lift witty ..mn SIEEN BT sy ol 5 W/ilr‘ﬁ"quoro tMoter.
C) 82630508 — I, 11‘ fias ShatinwWater Purnping System
( Jthin )} SKG EI T O | N S I T T ACat Lub 1604
‘ - BIC}QDU'J bumip for e e ooty Average 6000 GED 56500.00 155 Cu Ft
! a7, g*\ (22 CuMDy ot 18 (i Lo lanaard Solr Day of 5
<! Q /g { (,‘l‘ M.\H »quuru rvkkr - ]
}*\LJ') D) 820307D-14-24 — K . oo b Lowe-Head Systom for
oyt vealer within 207 of [ oo Ulein Qs lom B oabove 4455
ewoept use 8'7(')30'uw 1 I G 10T Taher 5$19.250.00 42 Cu
Panci Lirec! Surface caraicity. A\’Of\ldu fo oo o (G CaMD) at 33
Rourte s bumprg Systerms {(100.9) L with ¢ dandd by Gl BRWHISauare Moter,
16050D-9 — f\1.m!!|m.l. b oo d tunciional dunonstia
hon system or 47 o v s ke weells includes
@ - 43-Watt Solac (g i oanting Rack, Interconnect
Wires and Kol ot c Lol Subunorsible Purnp. With 240#%
Standard Sclar e, o0 Ui piro Mater, Modol $87250.00° KA
- 1804207 purl., sl e e g hl) an 1007 (30K)
hiodtel 1808 N xwu(dCuHuJulL‘
26t and Mmh o a5 1800 CHD (0.7 Ca D
at & (1ohy) o
180X0D-30 — [\. vt S b b akes <0 IHV.(m "l\u (PV)
Fancls SAourndio L)l . ([T /”L, ancd B Dyl
Sclar Submorsit Ao ;'\Ux‘. TN N 4u‘ Sokn Lk]" ol b
RWH/Square Meter L i sasencos b puing s 330 Gl (1.2 $25 9(i0.00° cO0#
CuMD) at 330" (4011 1 il oA 55 Cul Fi.
J Panei Diroct | A803420K puingss 2o oo D Cu i) Gt 200
Submersible | (EOHA). and Mc-dul 1. Eo e 3700 Sy (14
Pumping Systamrs | Cu MDY at 13(r »(_A‘: i e
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PANEL-DIRECT SYSTEM DESCRIPTION RETAIL WT./CUBE
- 150305DJ-8 — Minimum recommended functional =
: ,l demonstration system for shaliow wells, booster -
QGr é[ k’f t, H;__[] systems, etc. to pressurizo tho water. Includes 8 - f )
e Y 43-Watt Solar (PV) Pancls. Mounting Rack, intereon- . $6800.00 1004
e==F nect Wires and McDanailf 15030508 Pump with F 14 Cu. H,
shaliow Well SP-100 Jet Package il oot Vialve for 325 GPD ]
Bt on Jot (4200 LPD) af 46 Suciieiy Lint it 20 PSIG- with k
Desp Wall Standard Solar Day o o LvaiSauare Meter. .
poatiation 150305DD-8 — Minimui iccomimondod system for
o A deep wolls to 50' (1511, 1. low ground lovel. Stme ‘
Deop Wolt £ solar antay and pumip <o abovo except use 50106 $6800.00 1504
Instailation - Jet Package Inwell o oo Gl {3800 LFD) at 50 16 Cu. Ft,
Deuble Pipse 47 o (1SM) Lift with Starchon 1 4w Dy of KWH/Squara
Largor Wull Meater. -
150309DD-16 — Popiiloun viceyor wll systeam to 50
(15M) below ground [, c L. Indlades 16 - 45-Watl
Salar (PV) Panels, Mountig 1ack, Interconnect $143,200.00 3304
Wires and McDonald 14030505 Pump witii SP-106 30 Cu. L
Jot Package in well tor 100 G4y (9000 LPD) at 50
Lift with Standarci Solar [nyy of & KWH/Square
Meter.

[T,
POIG w2

1) Dopit 1o

-t ‘L’fi;;
E\L% L

|

Water, 2} Roquired Gallors Por Day., 3) YR

3 1o equivalent fse! of hoad
Requost cota'ng for tull line of Solar-Powetad Pumips fo 4300V

e ayeplicalion dotails as follows 1o sizing assistanco fro.a ks Denala

se ol Well W location - Incluaing Flavation Ao Sea Lovol

TYPICAL JET PUMP INSTALLATIONS

£ e lﬂr‘é ?
7 -y i
3C 'J:[ N | P L
° "}'&W% K _
}j‘._a-.

DEEP WELL INSTALLATION

SHALLOW WELL INSTALLATION
Pictured atxove 1s a McDonald Converlible Pump with
Jot Ejecler baited on. Solar pumps can be usod
without a Jat Ejector for higher capacl-
ty or with Jut Ejactor tor higher pressuro.

SINGLE PIPE 27

OR 3~ WELL

For use In 2* and 3" wells moro than 25 duap.
Ihe space betwosr the woll casing and the cu.s-
hon pipe sarves as a pressure i This reciies

N
—=

Eithor way. ”,"i\[' rmust bo tho uso of a Casing Adaptor, as shown, ot the ) ,
within 20" 10 25" of watur fop of the well and a “Packur” Type Ejotor ("\‘"
with practical suction Assormbly which fits tight cgainst the side of 1o
limitations based on woll ¢asing.
atmaosphenc pressure. e

LS

DEEP WELL INSTALLATION
DOUBLE PIPE 4" OR
LARGER WELL

M‘-’Egc;na[d )

J— r:ﬂ}ﬂ‘x::[ii\

For deep well application, the Ejector Assembly is place.d i tho well and ~ |
connected 1o the centrifugal pump by the two pipos as shown,

1

M®

Donald Mec. co.

Sobtod, DULUQULE, 1A 620030504 U.5. A,
§7 051 7314

Tolua 434020 AYRCD DU
Catife AU DUBUQUE, IOWA US A.
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The Seres 500 pumps ara shallow 1/l [SITTTT

modutes charga storage battuilus vilui v, .

for wbout 168

S ialnutus to puing a il
enctgh teboive cupachly for 7 days ol noien ot

turas the otor on and off secording to . ...
PSIpressure. Incase of continuous Lo ...
schurged with  battery cliaryer.

‘s.,,iullu‘l o sland-clong cporailon.

Tvio Phot. veliale

Ay esoid day e o ths perniangnt Mayned B Lot

(RS u.‘ll‘ullo :n)‘ (ju’,.'. ‘,hu' fu“‘," L:iluluud ilu“u j,,.. Hidiu

Vive warethon fs oty utitomiatlc,

G prvosting Lot

v e vty resarval holds watst batween o w40
voc e gt cus Lo M hamipsd” from o repularcar Lattory ar

RRISNTERTY 1502 TS TN SO AT S A RO e e a1, S
i ll.\:l\’l()'l“
CAPACITY 6«.0 (‘ALLON.; I DAY
MAXIMUM LIFT 25 FEET
WORKING PRESSUKES 29 TO 40 P8I
PIPE CONNECTION 1 NCMINAL

Gallons per Day

PHOTOVOLTAICS
STORAGE BATILEAIE
(Dayp Chargs C,.14)

RESERVE CAPACITY

2x 38 WATT MODULES
N 2x 12 VOLT, 105 Al{

| T DAYS

AVERAGE PUMPING (

CAPACITY PER DAY AT DIFFl—RENT HEADS

(Bn'\ﬂu it an Jiverage sunny day In Florida))

1,500
1,000 o
“ag
oy ~ d
"~
A \\
- 500 e
>
Y
20 30 40 50 60" 70 0 Ft-Head
10 15 0 25 30 35 40 PSI
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. The s far cuvey of silicon PV cells,
laminated betvceon tempered glass and
coated nietel in an aluminum frame,
produce: DC eleciric power when the sun
shines or it The size of the amay depends
on the doned capacity of the pun.ping
system thie anray is installed to fooe the
b dday o, et s flee IO coptune

masiiintea v tor the site Latitudde
Univer ol gl e Gustineats are also
available

A

[ i -

ald
ST Al

e
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jw 20

2. The Linctmaaa Poweer Coaliofles ®
(MPC) is Thsala Corp's unique salid state
cunent/veltage regulator By varying
circut iy cdance, it hcips mateh poved
to demiarnd L ws the cutput of the |V
artay varics with temyperature and the
angle and intencity of sunlight . and as
the pumsp load varies on start-up und
acceleration. Thus the MPC operates the
motor at whatever voltede, and resultant
speed, will deliver the most pumping
hours and the most waier in any given
day — with catlicr moarning starts and
Mmore continuotts operation in partial sun.

TriSolarCorp

10 DeAngelo Drive, Bedford MA 01730
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cylinder and plunger, i pipe and
puinp roq (for vatious, v it do pths and
dizseters), stufting bo. el seal and
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SN ATy VP o
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The Mudimum Power Co e, say be

ordured with nsters to b Ly Laoth the

clectrical output o v 1V array an
the demusnds oWt inotor.

Cordrols wany i o Loninatic
shutlon v vy oo oy tieat
switch fothe woo o i tank,
SWOP Piegdagd b taakois fud
Lo ogedpped
el Lo ngasur

e syt can
Vith av Lter i
Gttt

Poveer trains, includin. v, D40 otor
and flywhoel, wre avail b s cnofitting
exicingd inutalletions.

Wate: For other condit. e of flow and/ol
head, TiSelaCop offer Y prnping
systems using vither tibiae or self-
priming centrifugal puusyos

* Patents applied for.
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PHOTOVOLTAIC
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« Powered Ly solar cells -— naeds
no fuel.

Handles low flows, with automatlic
on/off operation.

Lifts up to 300 mcters (1,000 fect).
Automnatic power regulation for
more houis of pumping with
minimum sun.

Flywheel levels cyclical demand —
climinates Linerics,

ES

* All companicnts developed for -
minimun maintenance.

* Enginecred by world's most F

experienced solar-pumping tean.

Sometimes caliud "rod”, "donkey" or
“grasshopper” pumps, these volu-
metric pumyps are ideally suited for
relatively low flow rates cormbined
with lifts of 15 to 300 meters (50-
1,000 feet), us shown in the graph on
this page They are characterized by a
counterbalanced rocker beam that lifts
a piston (and « volume of water) inside

WaterPumpSysﬁems
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These capatiiaic s Leally match the
potable ur fiv. o b waater delivery
needs of vy Loni-anid regions,
where the wten wble may be deep
and the flovs initninal However, they
present an ¢igineeiing challenge in

.

ARSI S O

P IRy

Wi

RN

N

L

-

Or it - e ey

LT Suvay 4

mnatchins the uncven Lo fr e
constan! power lypically wiailable
from a PV array. Rather than bur-
dening the system witlh i costs and
maintznance of baitery packs to even
the load, TriSularCorp de reloped new
technology: Flywheel incitia levels the
cyclical loud, while the RMuaximum
Power Controlfer adjusts voliage and
current to match the staning bad and
provide more puniping Lowis per day.

By these innovations, tho HiZolaCorp
system is independent ot Ul batteries
and auziliary power suy Jlics, dor
maximurn refiability ol ouinanna
operatitid cost. The above wyston
characteristics recormimn . wach
applications as livestock watering,
drinking veater supply oo, 1 w-volume
irrigation in remote focations.
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GRUNDTZOS submersible
| < less stesl

T e

gt

CUMmps

Stage by stag., the
COMPonents cio wusamble.d
Into & complots piamp witn
sustion II:[L,u il Gy and
divcharge Civaoin,

The GOUMID s lu\»lur, which
forms an m.; il part of the
Uﬂl[ ,Iab fr\ull vl )cdru
expiriense in cparation and
prouaction of Lulaetsible
puinps, becn Jdovcloned and
constiucted 1o @ pevation under
GRS Conditiviin,

The GRUNDE O Luaipfmotor
unit offers e rolloeng
sedvantages:

1
!
;
I'_‘ 4
4
| |
i
e i
I |
t:..u.u‘_ j - . — o i

Throughout (e o, GHUNDFOS
submersible ping b a reputation for
rmaximum (u!i.JJ;’H',“ wo et as ominimuom
maintenance wnd pavver consumption.
Complicated individuzl parts are mada
from stainless cteel plate correctly shaped
and we!ded togother 1o form complete
Impellers and ix.lm.m J'utc charabers with
guide vanes - 1 basic components in
GRUNDLFOS Sl sitiae puinps.
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The DG fiota v o o wirey is transimitled
1o the invelic, oo e oo crada Switeh -
terminal b

The GRUNDr .
power prodiie. i,
[)mel.; into I ey
the punip unii i, .
compact unit
technology woi .

i Conerts the OO

) SOLAR
chasu ek valtice Lo nin
rdly coctranic,

& Simple Installation — thrzaded pump
end for pipe-work conneaction and
push-in cable plug and socket,

€ Priming sciew at suction inlerconnector
protects against dry-running.

© Manufactured entirely from
stainless steel.

€ No supervision — purnp and
motor are waterlubricated.

© Low initial cost and Isw operating
exXpENSES.

5 @n‘f‘ﬂ irtal box

demands for rediability, extremely
loniy life, and nigh etiiciency. The
conversion of LG power into AC
pover s perfonmnad at an
efhiciency high: than G59:.

The built-in ¢ vt loups of the
Ivieitor ensuc: thal all the jower
availzble troon the salar panels is
Giawn centiiiiausly.

It the irradictioa is uensified,
the inverter wil automatically
increase the oogueney aod the
Voitage, Ao oo L UL i
speed s inar. L

In practice, tine esns thal Uie
SYSICIN s Soyalis ol o
woler avet ot Lo Tew fiadiation

values, e boon halely after

celtig

SUNMIL G GF 15 by futivit
Thanks to the autaonatic control
systern of the Inverter, thi: available solar
energy will all the tiime v utitized 1o its
maxiroum. A maxinir, ¢, cten efficiency is
therely achievad.

The inverter is equipped witih a iulti-pilug
which rmakes It possibic 1o fitremave the
Inverter without disturl:ivg ihe ciestrical
carnections
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Tha above diagram shows the statistical water electricity and is capable of pumping more
_ ‘ P
output per day during periots oi ..k than 60,600 gallons of water per day (230 m¥/day)
sunlight. during periods of peak irradialion and
Utitizing arrays of photovoiaic . o inodules depending on the well parameters.
and a standard GRUNDFOS statiie: 5 abia Al lower guantities of water, the system is able
_ : 1
deep well submersibite mutur,, iy Uil fhe to ift the water up to 400 feet (120 meters).
system produces up to 1.5 kilow aiie i The standard range includes 22 systens sizes.
T e e g ; u
o

o = 0 P "
G Y i QYo ‘x R
_«EIFJL 3”@ @] E e j ST
The Lyaten consists of a few main cotnponents only:
w the solar array

v the DC-AC inverter
< the decp well submersible pumpimotor unit

A systeim contains the number of solar modules which meets the
ol taditiremeants of the actual system size.

The b catpur ot the array is transmitted to the inverter through a

rain cwitchiterminal box.

The GRUNDFOS Inverter converis the DC power into three-phase AC

power which Is transmitted to the deep well submaersible pump/motor

unit.

The standard stainless steet high- efticlency submersible motor and

the stundard pump are direct coupled and form a complete unit. Tne
Saioe motor is used in all systems.

l The GRUHDFOS solar pumping system requires no batteries. Batteries
*‘\DC o ?\C ar: expelivive, have a short life, and require maintenance at regular

: ntuivals,

It is m*umlrwnded 1o store the pumped water (and thereby the

el ) o watar storage tank or a reservolr,




ARCO SQMR array
Free-standingy DC generating station

To ensure a unlform high quality of Falih ) " ~ g et —
ihe whole system, GRUNDFOS i:.s
chosen ARCO SOLAR's latest . , "
module M51, which Is tha very | . TR R : W
solar panel in the mar:at (oo, FLATES
The subarray consists ot 7 (o
Two, threg, four, or tive sittiag .
can be connected in praradiod
meet the power requitcac e i o
system in question.

Eoth the rncdules and Ui
supporting structure di i
can stard every concaival.i
veaalticr condition, The b aui
have been tested at wine Sl g
ofvap {o 125 mph (200 Lin).

._:
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oo e e

Toxtunired aurface ol ench cell reducad

Solarcells are |p’7roxlm|loly 4 4achas inul,.,
eAIGY 128 UL 10 tetiallion.

with sach atets-cl-the-art single Clyatin Lodt pao.
more than 2 amps at 0.5 volls.
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Multrredundunt contacts withy 20 50, i
Conneclicing on Sach cell face

e bl .

Wererwhnite joampered glass provdides nlgh
strongth end aupetior Hght tranainlagion
chazacteriatics

AN s
<,

Fotymeric laminating material bonds the
Aluminium shte il interiock for torgicnz) Lirengtn glass. calis and melal foll back surface
and allow lor fas! and a3y mounting {ogether,

b e e -

The irradiation on a tilted surfuic il o
given area on the earth is dch Tderil oeg

o number of factors such as g, i
position, climatic conditions, i i
conditions, tilt angle, tinc of tiv. ..,
etc.

Therefore, It s an extrarachy coo, i
matler to calcufate the lirading oo, o
given arga at a given tin..

From statistical weatlan oo,
data ete, we are today ol o (o
dimension a GhUNDEDS coll Ly,
system for use sy i oo o

DEENs of a 1arge comptlod oot o
research center.

GRUNDGFOS has develiped e i TR
design manual which oot & Lo
J'(llp Sblu.‘”uﬂ Ul i \..l“l.\‘i [
fanping systemn, fneey oo -

[ ,\.lufd[ “l\. IU\JHI\M‘.




Water supply

In many parts of the world, surface water Is
avallable, but this water Is very oftan contaminated
vnd dirsctly responslhle for a numbsr of Infectious
diseases.

A GRNHGEFOS sclar pumplng system would mabic
it posuible to tap underground wator which Is
Seteadly Gleon,

Poe wocten can bie pumped duilng the day and
choro i anionundiy storage techitiss,

B x-. ,.ﬂl.‘.", ] ;a;",ﬂ e
sy iAol
H N
v CHUDEGS Lalar pumphig systern Is a conn
A sloarathve o the drigation sysiems Koo o,
duyend Gan te Inetalled withiont axpanding ..
Sl paci godd e aevaloplag T ew povier plant,
o hies standding, hidopondent solar paingiog
co b Gad b nstalled anyvinere vithout regan

o

% BLLJL?H_,& § SN N O vy Costs and supplies,

aa : . ST b egpbheultiinal areas, the yleld of the crops coi.
e L e e o bRy . 1.;‘,1.“,:..;'\} aind tie price por fo\;<i unit decreassaa.
lf.‘ . : s ,;“' Coia wpdewltine] arcus cen be developod at st
RGN : ] .

Pl oo ;[v.zt'“““' af viaior })g:l'lllllﬁ an Increase oo
AU G L clading Cpolations, A
e et weatan stpd, ot hoad Wil mood
ceciednd antlo I e Bgher forgo hitaka,
ootk supply of waler for the cattle, shogp,
S i ety aicas Gan be ensurod by
boondibng w Gt solarpowered livestod i
et wy st wiad el Grcas can b ulitizead
coeaot hiave to wink about fucl costs, fucl
teaies ok aod analntenance, The GHUHDEEOS
cond g enuied prinplng systan s roltable and Ll
G eeated Tlom cianes 1o Lunsot yoid T yo
vl
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GRUNDFOS Pumps Corporation

2555 Clovis Avenue o Clovis, Catifaini. .. v :,:
Telephone (209) 2999741 . Telex: 40500
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The Simple Basics
of Solar Pumping

N -

’ ¥

‘n

x A solar powered pumping systern is an

o cconomical alternative to other methods of
3 supply where smallirrigation or drinlineg water
requiremients are beyond the availability of
| vlility power. A typical system can L e

cimple as solar panels conneeted dinselly 1o a
pruip, oty include components o Lolior
ecelve e sun's rays and’or store t. Y
dudng perods of datkness,

o ha photovoltaic cells are conneetar i
cdtiples, Lot in paradle) and in 5S¢,
b prudice dircet cirent power which v,
ddring the day in ralation to the inte Aty Gt
iliz sun.
Ls The array (saveral panels of photovoltaic
cills) is sized lo meet water requirernciits and
rOUniEd o nximize the incoming 1y of
the sun.,

A :
Jacuzz solar flow submersible puy NS inay
L supplied with special direct curren o
vollage subinersible iotors 1o be conneoted
dircetly 1o tha Lolar arvay.

Sedditional companents iy be add.od

e daded e Ling devices w alinn t. RURUEN
i sl Ghciy, wtCrage bodtonies, v
stoiage tanks and interconnection to ol
clactrical supplies.

o achieve maximum performance from
Syslems using Jacuzzi solar flow puraps, the
design and selection of equipment is critically
important. An authorized Jacuzzi solar flow
puinp distributor is best qualified to chgineer
ihe systein for the local environment, spicify
the compenents from various manuizcturers
and install the proper Jacuzzi solar tlow
stbmersible to meet requirements.




Jacuzzi
Solar Flow

uubmerssble

1mm

Jacuzzi engineers developod this
equipment to provide optimum
performance from the overall syslem
as well as sach comyponent. The
Jacuzzi solar flowe pump achieves

a new level of cperaling eificdency
anrd rehiability.

APPROXIMATE PUMPING PERFORMANCE

EFFICIENCY

PUMP designs include an impeller
eye seal reducing backflow.
Submersed purnping elements
perform more efficiently and require
no mechanical shaft sgal.

MOTOR designs inciude direct currart
maodals, Jacu.w molors do not require
sechanica! scal of power conveiters

which absorb energy.

SYSTEMS can be sized for a simaller
number of pancls due to the wide
selcction of punips and the direct
conncCted, direet cunrent brush-type
mtor (Pat Pending).

RELIABILITY

PULP ¢lements are production units
from Jacuzzilne s worklwide waler
system pump manufacturer, Since the
puinD IS suliociued, itis self-priming.
MOTORS e avalable with direc
utieat biush design (Pal. Peinding)
providing years of operation but"«.cn
maintcriaince C)L;t_a. Licdels have
magnetic coupling which eliminates
the shaft scal end disengages upon
overtoad conditions,

SYSTEMS can be provided in pure
direct current eliminating electronic
power converters. The pump and
motor are instalied underground away
hum vandals w1 the weather.

 COST-EFFECTIVE

The cificiency and relizbility of
individuat components results in now
economies for sclar-powered
FumEng. The estensive range of
Jacuzzi sclar flow pump madals
makes it possible to match colar pump
Systeins 1o necds in the field.
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Jacuzzi Solar Flow Submersibles
Water for the Wi

and install v hinig sun-powered
waler Syston. b olar panals,
ollpp\)( lln; S tihes, SUn

t takes more than the power of the
un and Jacuzzi innovation to
Ming new solar water pumping

idvantages to the world. Enorgy UGCcs, oo antnotors, andd
vailable fror the sun varies from FAIMPS e e iher for
ountry to country. The application IR N T AT YR TR IpTT)

f solar pumping techinology
equiics expericnee beyond

hat neadad for conventional
vater systems.

acuzzi solar flow pump
istnbutors are available
verywheru to design, engineer
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Contact any of the foliowar, Jacuzz
ulfices SUPK NG the iy gica
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JACUZZE MG,

12401 Interstate 30, PO 1o bous
Lithie Hook, Atkannas 72214 6L USA
Telephono: (501) 455 1373,

Tolex: 53-64406

b JH‘»I[)I Hh L

JACUZLZI du BRAs | l[;,m
Caixa Postal 265
CEP13.5450 Hu
SB Braw
Tlophane: (H11) 4182-67N
lalox: 351-113572(0
JACUZZICANADALTD.
350 Humt.ehiae Giive
Rexdale, Omiano, Canada MY 1
]LIC['H\AI 2 (A10) 675 3574
Yok Coudaioy
JACUZZHCHI ) S A
Casilly 16
Caiilks, Santiv o, Chily
Telophoiie: (UH) 57-5400
Teloxi 832340200
JACUZZ EURGIPE & A
J, suls \.. el il
Potdenone, Htaly
Tulephone: (434) 85141
Tolux: 450859

Subsidiary of Kidde. Inc
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s MODEL F-G «
35 SPECIFICATIONS.

— 2" NPT

Y Jacuzzi solar flow pumps include hydraulic
elements which are interchangeable with standard
production units. Modeis F and G feature stainless
steel shell, shaft, coupling and wire guard. The
mctor bracket ard discharge piece are cast iron.

@ The impellers and diffusers are of gluss 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 h.bh of
the impeller, but ““float’”’ within a seat and prevent
water from recycling to low pressure areas. These
features provide the high efficiency as indicated on
the performance curves.

f———«-——20-3/16

LMODELNO. NO.OF | capaciTy |weLL | (a) [piscHARGE
EMotor Pump | Stages GPM Size Pipe Size

ﬂ S | F 4 4 | 34 5" | 36-11/16 2"
s les| 3 e 1.5 134916 2’

JACUZZI INC 11511 MEW BENTON HIGHWAY LITTLE ROC?\ AR 72209
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msoneoe MODEL M
LT SPECIFICATIONS

S A s ST

Jacuzzi solar flow pumps include hydraulic
elements which are interchangeablr with standard
production units. Models M are of industrial
turbine design and feature stainless shaft, wire
guard and fastenings. The motor brucket, bowls,
and discharqge piece are cast iron. The interior
passages  are  porcelain-coated  for maximum
efficiency. The impellers are cast bronze and hand-
finished for consistent performance oy indicated on
the perfarmance curves.

©

©
[
S

 wEnreeeTaw:

|~4.3/4D»

[ 4.3/8 D
MODEL NO. | NO.OF { CAPACITY |WELL DISCHARGE
Motor | Pump | Stages GPM Size @ Pipe Size
SJ1 MI1A 1 60 6" 43-7/16 3"
SJ1 | MIB 1 65 6" | 437/16 3"
SJ1 ‘\'IIC 1 | 70 6" 43-7/16 3"

JACUZZI INC 11511 MEW BENT ON H:CHWAY LITTLE RO(‘I\ AR 72209
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F3b: Apple Ave | Silver Sy, Maylend 20910

(202} ba2-4x30)

RELIABLE AND ECOR sl AL WATER PUMPHAC

L&) IDEAL FOR RE/\AOTE MONEGON Solar Powered Pumping Systems can provide fresh water
] OFAT'IONQ tor irrigation, livestock, or drinking. Solar alectricity is the most re-
N - B - Halile und cconomical of any remote power source and it is virtually
O HICHLY RELIABLE faliienee-fice. MONEGON Pumping Systems, powered cormpletely
by e i, areideal for new and replacemer in *ailations.
® REQUIRES NO FUEL
© EASY INSTALLATION - | |
_ MOMNEGON Puimping Systems are designed specifically 1o yoyr tocation
& FU[LY /\U | OMAT'C requaciicits, We use only the most reliable positive displacement
N - ("Joob ) venwrifugal, or jet pumps available., The maintenance-free
© MA'N H:NAN(,F‘FR[E elecirical puveer equipment features tested solar panels and a specially
fesiyined powver conuoller to extract maximum efficiency fram the
- - | L Y y
) SH.FNT, SAF[: I\‘ON" solar punel wWater pumip combination.

POLLUTING
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PHOTOVOLTAIC WATER PUMPING SYSTEMS TO MEET YOUR NEEDS,

Sclar Panel Array, with:

@ Panels Flow Rate (liters/day)
@ Panel support structurs (exclusive of footings ow Hate {liters/day
or foundation) 7571 15141 22712
. . 1200 ™7 Y Y T T T Y T Y 366
6 Array interconnect wiring, connectors. and ] . T
. ) Thess are estimated performance .
junction boxes .
R curves for typical solar pump
operations. Larger and smaller
Jact, Centrifugal, or Jet Pump: [~ sizes are avsilable on request. h
- - Performance will vary due to . z
© Seiected for your requirements :g_ 800 }— tpacitic location. —{ 244 g
@ High water production for less cost £ - 4 5
@ Years of proven reliability g - B o
E T { 3
DC Motor, featuring: g 8 \ . ol
, o 3 400 [— — 122 g
© Extremely high efficiency, apprex. 85% 3 - ] 2
? Long brush life, over 5000 hrs. (approx. 3 years N -
normal use) =
© low maintenance 3 1/4 HP 1/2 HF
R ) . 0 | SN W S l bl l P . 1
Controls, including: 0 2000 4000 5000

© Solar panel/motor intertace electronics Flow Rate (gal/day)

© Small battery pack (as required)

Fresh water is essential for crops, livestock and for community drinking water and is needed in many areas where commercial
electricity is not available. In tnost cases water can be pumiped during sunshine and stored for use at night and during cloudy
pe rads. For this reasan the basic puMping system docs not include battery storane. Where required, storage batteries can be
tu-nished to provide rontinuous uninterrupted pumping uperation,

SOLAR
ENERGY
SYSTEMS
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1315 Apple Ave., Silver Spring, Maryland 20910
(202) 882-4000
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Solec: Systems to get pumped up ubotit

Solec, n feader in the manufacture of photovoltaic sosar cells, modules, and
systeme fioe ofiers o hroad variety of packaged water pumping cermpoenents
vhach tunounorchabile, eflicient, and maintenance-free photovoltaic pov.or

To ensuie trouble-trec operation, Solec engineers have tield-tested and
analy:od avery system component. You cun be assured that these watir
dehvery prodacts {(chosen from only established manutacturers) work

as produc teocly on photavoltaie electiic power as they do on Gther

POWel SOt s

Solec components: A powerful solution

I
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The Lolar modide at the haart of the system is the Solec S=4134, a solar ¢l
module tateets all requivements of JPL Specification 5260-5. A sinalar
mnocdube design currently bemg used by the United States Air Force
at then 1ot Canterin China Lake, California, has provenits durability in
years of held operation.
To diliver toth higher dielectric strength and moisture resistance, the Sol.c
S-1134 45 encapsulated vath atransparent plastomer called ethylene vinyt
acelate (LVA). Intests conducted by JPL, it has proven to be & supznor
sncapsulunt to either F'/B or silicone.
The Tedlar filin back sheets used on the Solec module provide the best
snvircnimental protection of any available material, according to JPL tests
Scalanty sround module terminals and edges meet the exactinig
requuemeints of the U.S. Navy.,

Peusk Poviar Characteriatics
of the 5 4134 Solar Module
{v'nder solar insolation of
1CHMmw/cr? (525°C)

Peak Foeer 35 Wats
Peak Foveer Current 157 Wlis
Open Power Current 223 Amps
Open Corcuit Voltage 205 Vofts
Shont Circutt Voltage 24 Amps

Colec’s unlque “Solarlok”™ Plug-in

Conneclors deliver higher reliability in severe environments than
conventional junction box connections with screw type terminals. This
solilion avercomes the common problems of seal breakage and moisture
entiy into ihe moduie encapsulant that are the resull of over-tarquing
junctarbos connections duning installation. For even greater protection,
Ui ALt Latlol connector with 600 volt @ #10 or #14 wire, has a pouitive
loe b o aee and an O-ring seal Safety locking meting receptacles me
gluo piooded atthe junction box.




M dulir Deslgn Armuye on Solec water pumping systems mean that all sub-
arrays sie entical aad interchangeable.

Sub Aoaye. inounting structures are capable of withstanding 125 mpt,
Wi, widd consist of 3 solar modules each. These modules can be

Clniies wedin pucallel providing 105 watts of peak power at 15.7 VCD or 6 65
Alns. Fatin 5-4134 module comes with dual AMP “"Solarlok” connections at
He back Additonst connectors on each of the sub-arrays aliow for quick
biid cosy changio s of alternate batteries for those petiods when the sut
Glivy, ivaact b Good to drive the pump set.

Forduincbiing and salety, every Solec water pumping systerniincludes a G
THIl! 2o GO Safety Switch mounted in a NEMA 4 rated jurction boa
This by duty enclosure is resistant to extremes in the environment. For
athicdouiection, asafety lock receplacle is also installed al the

Mot o wet and sub-array connections.

Shallow well submersible pump sci

Solec has selected a totally submersible seif-priming centrifugal pump for its
irrigation and water pumping systems The pump and motor are constructed
with a stainless steel screen and brenze impeller.

Pump Specihications

SWP-1A (16/10)
131bs. (5.9 kg)

Purnp Nurnber
Pump Weight

SWP-2A (16/40)
131bs (59 kg)

Impeller Mameter 2-1/8" 2-1/8"

Bladge Widin 3/4” 3/4"

Intake Gitice 1-5/16" 1-5/16"

Litt 16feel (49 m) 16 feet (49 m)
Vohtage 12VvDC 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 Wetts 420 Watts

To complet= your system, Solec also delivers to your site approximately 50
feet ol 2" reinforced plastic pipe with clamps and fittings, and pipe to go
dowir the well Discharge piping shou!d be installed with a downward pitch
so that it does not create additional lift on the pump.

System SWP-1A (16/10) (10 GPM @ 16') configuration

5 §-4134 Sclar Modules

Lot Array Struclures
10 Solatlok Interconnections

1 NEMA 4 Enclosure

1 Salety Swilch (GE THN-22-61
RHDC)

2 Safety Lock Parrs

1 Array Interconnection

System SWP-2A (16/40) (40 GPM @ '18') configuration

12 5-4134 Solar Modules
Lot Anay Struclure
24 Solarlok Interconnections
1 NEMA 4 Enclosure
1 Safety Switch (GE THN-22-61
RHOC)
4 Safety Lock Pairs
3 Array Interconnections

1 Motor/Pump Assernbly
50 Feet of 2" PVC Reinforced Pine
40 Feel of AWG #10 Wire
2 Pole Mount Structures
1 Lot of Miscellaneous Hardware
(Couples, lees. ells, etc.)
1 Set of Instaliation Tools

1 Motor /Pump Assembly
50 Feet of 2" PVC Reinforced Pipe
40 Feel of AWG #10 Wiie
4 Pole Mount Array Structures
1 Lot of Miscellaneous Hardware
(Couples. tees. elis el
1 Set of Installation Tools
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Medium well vertical turbine pump svatcins

Sub-Auaye for this system are lightweight aluminum for easy
transpadabiatity @i instaliation on either concrete pads or anchored wooct
platfonn. Faonsub-array consists of (6) §-4134 solar modules.

Swfal ¢ Livtaicd Dual Impelier Centriugal or

Verlicnl Tiiblne Centrfugal Pumps are ideally suited for tube wells, zisterns,
&nd Olhier resaivonrs with moderate to high flows, You'll ind them especiali,
efficient at rates from 10 gallons/minutes/and up.

Pump'tiutis ininese Solec systems are specially desigred to operale at
18X ¢ Ll rpisnd range from s 1o 3 horsepower. Salec systems utilize
high ¢l oy permanent magnet D C. motors. These systems utilize
At oo tackers 1o increase power during initial start-up and
Prosion e paibapiig hours per day.

Lol cro L s

Purni b o SWP-3A(30/25) SWP-4A (50/35) SWP-5A (122 71)
Lt 30 feet (9 14m) 50feet (1524 m) 150 feat (45 7 iy
Delves, i 25GPM(1.581/5)  35GPMI(22117s) 0GP (651 5
Voltage aovhe 90VvDC S0VDC

Current 134 Amps 20 Amps 27 Amp

# ol Pump Stages 1 slage 9 stages 10 stages

Siatic Pressure 141 pst 141 psi 141 psi

# of Sub-Arrays 3 9 12

Array Power 630 Watts 1890 Watts 2520 Walts

Solec systems for your special needs

Solec can custom-design a photovoltaic system to your specifications. We
sugges that you consult our Engineering Staff to discuss your specific
application and to receive a price for your made-to-order system.

&)

PILKINGTON

< Solar Technologies »

Solec International, Inc., 12533 Chadron Avenue, Hawthorne, California 90250
Telephone {213) 970-0065 TWX 910-325-6215 SOLEC HWTH

Solec International. Inc A member of the Pilkington Group
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SunAmp PHOTOVOLTAIC
il Systems Inc PRODUCTS

tm . .
SunAmp Systems Progressive Cavnlty
Water Pump Fumily ,

_ ' Wire
eter Pump Funily D ¥
\ \- - Tt

Belt Guard ¥

¥ _{\""- LSS, i - %
< \ [ i
\ l 4._..,,“....._.- e ——— . - I
\ \ G : Power | |
Power é

— t totor ] 2

— Trackaer !

Photovoltalc Array ) ‘J ’ 2 |

Dlacharge Te_e
THE SUNAMP SYSTEMS PROGRESSIVE CAVITY WATER
PUMP FAMILY FEATURES:

Y Reliable water pumping powercd by <e-Well Casling
photovoltaics.

v Volumes from Y gpm to 100 gpm.
v Depths from 50 feet to 2000 fcet. w\\«Drop Plpa

v No batteries required. Max{mim power
tracker provides the needed torque
to start the system at low light

levels, as in early morning, (/’4 “\J
Y Simple belt drive makes maintenance casy. ’ i
v Rotary motion of pump drive wcchunism for

high mechanical efficiency of system.

(No losses due to gear reducors,) g7;=?ik?=§§?
\
v Precision engincered positiv. Gisplacement ’

pump rotor and stator give cicollent
hydraulie efficiency.

R L IR R A S

Y Overall photovoltaic to water aificiencies
over 40%.

v/ Long life D.C. brushes requiive veplacement
infrequently.

v Expandable system. May increase sater out=-
put by adding more PV modules.

Y Range of systems from '/20 hp to 20 hp.,  Rotor &
Stator-
APPLICATIONS:

Domestic~~-Livestock---Irrigatiun

4
{
1
L1
3
L}
)
}
4
;
1
)

Stirrup.

i

7702 East Gray Road Scottsdale, Arizona 85260 (602) 951-0699



STANDARD MODELS BY NUMBER

Nominal U.S. Gallons/Minute Delivered per 100 RPM

(Actual flow rate 10 to 20% lecss depending on pressure)

Total Delivered

Head .25 0.86 2.02 5.2 11.7  18.8 27.7 44.0
100" Y%A-1 1A-1 2B-1 SC-1 12D~1 18E-1 28F-1 L4-C*
200" LA-2 - 1A-2 23-2 5C-2 12D-2 18E-2

300" %A<3  1A-3  2B-3  SC-3  12p-3

400" heA-4 1A-4 2B-4 SC-4 12D-4

500" LA-5  1A-5 2B-5 sc-5 12D-5

600" LA-6  1A-6 2B-6 SC-6 *

Other models may be special ordered. Call SunAmp Systems for non-standard
requirements., (The 44-G series 1s not yet available.)

Model Rotor Drop Pipe Minimum Well
Type Diameter Diameter Casing Diameter

%A 7/8" 1" 2"

1A 1-3/16" 2" 3"

2B 1-9/16" 21" 4"

5¢ 1-7/8" 3" ‘ 5"

12D 2-1" 5" 7"

18E 2-4" 6" 8"

28F 2-L" 6" 8"

446 8" 10"
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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 spring
boxes but will pump a gener-
ous supply for a normal dwell-
ing or the stock-watering needs
for hundreds of acres Jf graz
ing land. The Sunmill operates
on solar energy and is inde-
pendent of commercial power.
A photovoltaic panel provides
electrical energy, which is
coupled by an efectronic con-
troller to a DC motor which is

part of the Sunmills jack
pump. The jack is specially
designed for this application. It
includes a directly coupled,
enclosed flywheel and a high
efficiency gear box to drive &

counterweight balanced crank.

The highest quality, most effi-
cient components available are
uniguely 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.

DS 2L (IR IR
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PERFORMANCE

Sunmill performance is specified in the figure
below. It is the average to be expected at miid
latitudes on a clear summer day. The two hc.rizon-
tal scales indicate the total amount of wuarer

pumped eac'. day and the peak pumping rate at
mid-day for four and six module Sunmills as a
function of total lift,

300 —
| L]
Sunmill
w
: \ PERFORMANCE
(&)
=4
T ,
T 200 '
S
g 150 \ 6 MODULE PANEL
[
< ~.
S 4 MODULE PANEL
;o - e
O ' \
O 50
- 1
|
0 l

0 100 AV 300 400 500

600 700 800 900 1000 1100 1200

QUANTITY PUMPED (gal. per day)

0 025 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 (qgal. per min.)

MOUNTING

The Sunmill's jack pump is normally threaded
directly to the 2“ top section of the drop pipe and
rests on the well casing seal. — The photovoliaic
panel is normally attached to a vertical covtion of
32" pipe. The length of the pipe or the height of
the array is not important to the Sunmill peifor-
mance, but the combination of location and height
must resultin no shadou's ~+ the array from 8 a.m.

until 4 p.m. all year long. The pipe with the array
may be adjacent to the well head and set in the
concrete around the casing or up to several hun-
dred feet away — The Sunmill jack pumip vertical
frame can be bolted directly to the side of a spring
box. A bushing reducer, short section of drop pipe
and sucker rod, and the pump cylinder complete
the spring box insta!'ation.



INSTALLATION CONSIDERATIONS
LABOR

A Sunmill can be installed on a normally cased workmen with as few as 6 man hours of labor.
well by experienced and appropriately equipped

MATERIAL
All materials required to install a Sunmnill are stroke
provided except: 3) 12 gauge insulated wire, terminal lugs and
1) Drop pipe and sucker rod of appropriate wire nuts.
length. The top section of drop pipe mmust be 4) Well casing seal for 2” pipe
2" diameter and full 21" long. ) Section of 3Y2” pipe to support photo-

2) Pump cylinder of appropriate diameter and voltaic array.

MAINTENANCE :

An annual lubrication of the grease fittings and a check on gear box oil level is recommended.

WARRANTY

The Sunmill is guaranteed against defects in material or workmanship for 3 years.

LIFE EXPECTANCY

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 Smll DEALER / INSTALLER IS:
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"HOTOVOLTAIC PUNPING
. . matching the systein
» the need

The earthw oo cce of livable and are-
Lle lard- o b e i wereased by

sefar po he Lo coonomic e de-
V\’!‘U[) Lo aa
WHEIC Lol L
beer avial bl
to delives oo

Crivalaindill are s,
Liooviface waler hay
satwhiere the power
dot oo tar from the
nearest uiitiey oe o diesel depot {or
converiticnal power, these sites have
been imypractical for pumping.
Now photcvoliaic (PV) pumping sys-
tems, engineeied by TriSolarCorp, are
irrigating lund and watering herds —
and supplying potable water for people
— in many rosote areas in the west-

D 2T T FREPURAIE MPLLITt SL 30] DI, 70 ¢ T 0y 41
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ern United States and in more thun 30
other ceuntyies.

These PV systems ranoe froag 20.0-
watt portable micro-duioaton pockages
o L2-kilowatt deep-wall paunps. The
foundais of TriSclarCorp, while allil-
fated with MIT, were alio iceponsible
for the 100-kilowatt central utility
system at Natural Bridyes National
Monument and the world’s largest
solar-powered irrigation system at
Mead, Nebraska. For the present, how-
ever, the most cost-eficctive installa-
tions are at sites where water is
needed, electricity is not otherwise
readily available and power require-
ments are relatively modest.

TUOL TR AA L Dl o LA

ECK PUNP SYSTEMS
. . for low flow rates
r deep wells

ERTICAL TURBINE

>YSTENS

. for moderate to

Ligh-ﬂow tubewells

EENTRIFUGAL
PUMP SYSTENS

. . for low-1ift crop
Lr herd watering

Sometimes called “rod”, “"donkey”, or
“grasshopper” pumps these volumetric
pumps are ideully suited for relatively
low flow rates combined with lifts of
15 to 300 meters (E0-1,000 feet), as
shown in the graph above. They are
characterized by a counterbalanced
rocker bezin that lifts a piston (and a
volume of water) inside a submerged
cylinder by means of a rod and con-
necting linkages.

PN I ST IR

g oo

Centrifugal turbine pumps can deliver
a smooth flow of water at moderate to
high rates in tubewells, or from cis-
tems or other reservoirs, They are
most efficient at flow rates greater than
25 cubic meter, (6,000 US gallony)
per day, and lifts up to 50 meters (150
feet) as shown in the graph above.

UL A 155717 0a b %o

prilodi N she s J e N o

TriSolarCorp employs two different
motor optiorw in these high-perform-
ance systems. Below 15kW (20hp),
surface-mounted DC motors usually
prove rmost efficient. At higher ratings,
3-phase AC submersible motors be-
come an economic alternative when

SCA Metediris ¢ & o, ¢ .

T R T

Self-priming centrifugal pumps are the
economic means of providing water
for livestock or fitigation from ponds,
r.vers, cancls, dug wells and shallow
tubewells -— wherever there is abun-
dant water ncar the surface.

Systems pioncered by TriSolarCorp
provide flows in excess of 25 cuhic

meters (6,000 US. 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 eliminated.

Adni o s AL B 8 L A Ks o tad e s e om
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SolarCorp systems may employ
face-mounted centrifugal pumps,
rtical turbines or positive-displace-
enit jack pumps. Each is engineered
the world's most experienced ap-
cations tearn and employs state-
the-art technology, including high-
iciency motors with permanent
agnets and durable PV arrays —-
Ftchcd for optimum performance by
SolarCerp's exclusive Maximum
wer Controller (MPC: Patents applied
).
Hally, each system is pcwered di-
:tly by sunlight . . . without fuel
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costs or connibustion . . .
withott v oot 01 noise or
pollution . wd without

L ey
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10000 20070 3000 42000

reliance oo battories, While
site and wee conditions may
ory wiviely sied reguire
system cutoaization, the
following praph and de-
SCriptions nay SCive as an
introduction o basic system
capabiliti. -,
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These cepabilities ideally
match the potable or live-
stock water delivery nceds
of many semi-arid regions,
where the water table may
be deep and the flow mini-
mal. However, they present
an engineering challenge in
matching the uneven load to
the constant power typically
available from a PV array.

2 portable TriSolarCorp system is
atweight and completely self-
Ticient, without batteries, providing
\ny years of maintenance-free cper-
n for remote locations. It is esti-
ited that therc are 50 million small
ms, of four hectares (10 acres) or

5, supporting a quarter-billion peo-
in the world's major alluvial val-

Rather than burdening the O
system with the costs and maintenance
of battery packs to even the load,
TriSolarCorp developed new technology:
flywheel inzrtia levels the cyclical

load, while the Maximum Power Con-
troller adjusts voltage and current to
match the starting load and provide
morc purnping hours per day.

far Al L L LI v .

equipped with specially
controlled DC-AC inverters.
All TriSolarCormp turbine sys-
tems employ the Maximum
Powser Controller for more
continuous performance un-
cer conditions of marginal
sunlight. The MPC also
helps the system adapt itself
to site variations, increasing

* AL R AL NI RS IR A A

20 &0 Wobu

O 120 140 o

FUW (M PER DA

STYSTEMS

L PRI ANt Lk it Bt By Al

By these innovations, the TriSolarCorp
system is independent of both batteries
and auxiliary power supplies, for max-
imum reliability at minimum operat-
ing cost.

A it N A ek 2T Db d 2

installation flexibility and decreasing
the cost of customization. Unlike the
volumetric systems, they do not re-
quire flywheels for load leveling.
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leys. Developed to serve this
population, TriSolarCorp
portables are already in use
in more than 25 countries.
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EWER rRoal SUNLIGHT
. . . wherever on carth
the need may be
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Ehe photo-clectric effect, discovered
nearly a century ago, is the ability of
photornis of light energy to knock elec-
trons out of their atomic orbits — in
certain materials such as silicon —
and force them to follow a wired path
to get back, thereby creating an electric
current.

But the technology to produce useful
amounts of this photovoltaic (PV)
power was not developed until the
space program recognized the need for
an inexhaustible power supply. The
engineers who later founded TriSolar-
Corp were responsible for many devel-
,opments involving solar arrays and

TriSolarCorp

sy senns for Both satel-

we prabes,

interncl parse
lites and do g
Since the varly Jdays of space explora-
tion, continuing progress in both the
matiufactire of solar cells and the en-
ginzoring o 'V cysterns have made
this povee: s oce vost-eftective for
many applicatons here on earth. Wa-
ter pumpinys and purification, residern-
tial electrification and the powering of
medical and comniunications equip-
ment, patticularly in remote lczations,
are alrcady practical with TriSolarCorp
systems.

As the erratic costs and supplies of fos-
sil fuels mulke solar energy more com-
petitive - and as the ecological effects

of combustion become more critical —-
these systerns are taking their place
among the world’s significant energy
sources.

Solar power is obviously most cfficient
in those areas of the world where sun-
light is most abundant. But continuing
reductions in the unit cost of PV ar-
rays, and [riSolarCorp's continuing in-
novation in systems engineecring, are
bringing “free electricity” and a better
quality of life to more and more people
around the world.

10 DeAngelo Drive, Bedford MA 01730 USA
(617) 275-1200 Telex 940536 BOSTLX (TSC)
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€ 1982, TriSola:Corp Fanted in US A

. . . putting the sun {o worlx
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P.O Box 4185, Noatxk HoLivwocn, Ca 91407
10615 Cuarprer Bourrvaup, Noxtu Horrywoon, Ca. 9160] vL.s.a.
(213) 983.6248

(213 £6.7.3501

TWX, 91C-499-2677 AMTURHER

SUBMERSIBLE TURBINE PV PUMP SYSTEMS

~n

FOR LARGE WATER FLOWS, SUBMIRSIBLE TURBINE PUMPS POWERED BY
PHOTOVOLTAIC ARRAYS OFFER THX HIGHEST EFFICIENCIES AND EASY
INSTALLATION. BELOW, WE LIST THE CHARACTERISTICS OF TWO
TYPICAL PUMP SYSTEMS THAT USE A 12 MODULE (ARCO SOLAR M51)
ARRAY.

TEE PUMPS ARE OF NOMINAL 4" AND 6" SIZES, AND WEIGH ABOUT 60
POUNDS. INSTALLATICN CONSISTS OF CONNECTING THE REQUIRED
LENGTHI OF CABLE BRLTWEEN THE PUMP AND ARRAY, ATTACHING THE
FLEXIBLE OUTPUT BJOSE, AND LOWERINC TO A SUBMERGED LEVEL IN
THE BOREHOLE R POND.

THE MOTOR IS MAGHETICALLY COUPLED TO THE TURBINE AND THUS
THERE IS NO LINE SHAFT. 7THE MOTCR IS DRIVEN DIRECTLY FROM

THE PV ARRAY. THERE ARE NEITHER COIPLICATED ELECTRONICS OR
BATTERIES TO CAUSE TROUBLE. THE ONLY PERIODIC MAINTENANCE
REQUIRED IS REPLACEMENT OF MOTOR BRUSHES...APPROXIMATELY

EVERY 3-5 YEARS...WHICH 1S DONE IN TEE FIELD WITH SIMPLE TOOLS.

16' LIFT 50' LIFT
FLOW AT PEAK SUN 70 gpm 25 gpm
FULL SUN DAY'S 33,000 gal. (125 M3) 11,000 gal. (40 M3)
PRODUCTION
EFFICIENCY* to 60% to 55%

*"WIRE TO WATER"
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APTENDIX C

PV MODULE QUALIFICATION TESTS SUMMARY

-JFT PROPULSION LAB

The program of the Jet Prupulsion Laboratory (JPL) Flat-Plate Solar Array
Project (FSA) has included a series of conpetitive procurements, designated
Block I through Block V, of varicus quantities of solar modules. The objectives
of this procurement effort were to stimulate reduction in the cost of photovoltaic
energy by encouraging technology udvances and to make modules of advanced design
available for field testing ond ftor cowmerical applications.

Block I included the purchasc frowm five contractors of a quantity of
modules having a total power cutput of approximately 58 kW. These modules were
procured to the contractors' specifications a& & means of agcertaining the
state of the art of commercial tervestrisl solar cell mrdules and of providing
modules for early test and applicutions programs.

Block II, consisting of the purchese of 123 kW of total power caﬁacity
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 11l procurement concisted of 205 kW of total power capacity from
five contractors. The design spocifications aud the quelification test program
were esscntially the same as those for Block IT.

Block IV varied from the prior procurements in that: the design specifica~
tions and the qualification tesis wece wore stringent; modules were categorized
as either intermediate-load or rusfdentlsl; and the procurement was effected
in the form of sequential develojpwent and production contracts. Each successful
proposer was awarded a contract ior development of about 1 kW of modules. For
each design that ceompleted the subiiuent qualification tests successfully, a
production contract was issued for | vo 4 kW of modules. The seven contractors
whose modules passed th~ tests supplied a total of 32 kW, including development
and production modules.

Because the Block V procurerent was Initiated and carried out during a
period of programmatic change, it was iuplemented in three phases. The first
phase consisted of design only. 71hie second phase consisted of the manufacture
of 10 modules for qualification test, and the third phase consisted of the
manufacture nf additional modules, after correction of the deficiencles revealed
by the foregoing qualification tests, plus various documentation. The contractors
who were awarded the design phasc contracts did not all participate in all of
the subsequent phases.

The design and test requirements for Block V modules are wore demanding
than those for Block 1V.



Modules of each Block V design were subjected to a series of qualificetions
tests to prove their ability to withsrand the required ranges of environmental
exposure. Typically, four modules woio used for each of the tests. Qualificarions

of a design means that modulas of §iia: vpeclfic detailed design and processing
have been shown capable of withstaniing the stresses of the test program witlout
more than 5% power degradation, without exhibiting open circuits or ground

faults during the environmental testys, wlithout failing of a hot-spot test, an
electrical isolation test and a ground contfnuity test, and without visible
degradation exceeding preselected criteria,

A simplified description of the Klock V qualification tests ip presented
here. .

The block diagram in Figure B-1 shows the qualification test sequence with
the names of individual tests given in blocks that are alphabetically cnded to
key them to the descriptions below. HNote that some tests occur more than once
in the sequence. The description of vach test ig ag follown:

A. VISUAL INSPECTION

This consists of detailed visual examination of the module for mechanical
degredation exceeding preselected criteria for that module design. The criteria
" reflect a judgment of degradation that threatens continued succesgful performance
of the module. Such degradation mav appear as breaks, cracks, delamination,

spalling, etc.

B. GROUND CONTINUITY

The procedure for the ground-continuity test was defined in the Block V
specifications by reference 1o an internsl JPL document. This procedure has
since become available in the Underwriters Laboratories, Inc., "Proposed First
Edition of the Standard for Flat-Plate Photovoltaic Modules, UL 1703." The
procedure consists essentially of supplying current flow equal to twice the
module short-circuit current through the wmodule grounding path and measuring
the voltage drop of ] volt. ‘The ifmfir in the subsequent UL document, UL 1703,

is 0.5 volt.

Cc. ELECTRICAL ISOLATION

This hi-pot test verifies that the insnlation between the
(shorted-together) output terminals of the module and the mwodule ground point
will not suffer dielectric breakuown when subjected to either 3000 Vdc for an
intermediate-load module or 1500 Vdc for a recidential module. The test is
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Figure B-l.

Qualification Test Sequence




conducted twice, once with each polarity. The voltage is applied at a rate
not exceeding 500 V/s Up to the test value and then held constant for
l minute. Failure ia defined au srcing, flashover, or leakage current

exceeding 50 microamperes. o, odules wot required to have g ground
terwinal, the WOURLANG struciv,. .. ._cd s the ground poiut. iIn the caue of
a8 module intended to be LOURLy thu uen cunductive Jiructure, this test does
not apply.

D. ELECTRICAL PERFORMANCE

The purpose of this test iv to obrain current-vzltage (I-V)
characteristic curvee, firast to co»tablish a perforwance baseline, and
subsequently to examine for Perforuwance degradation resulting from the
stresses of the qualification tescs. The criteria for excess degradation ig g
reduction in maximum power (weasuced at 100 wi/cm2, AM1.S irradiance and
259C cell temperature) exceediny 5.

E. THERMAL CYCLING (50)

This test requires that the wodules be subjected to 50 cycles of
cell-temperature variation betusep ~40°C and +90°C. The variation is
approximately linear, at a rate uot exceeding 100°C per hour, with a period
not exceeding 6 hours per cycle.

F. THERMAL CYCLING (200)

This test is jdentical to that in E except that 200 cycles are applied,
end the modules (two winimum) undergoing this test are not subjected to
subsequent envircnmental testg.

G. HOT-SPOT

Three individual, electrically igolated cells in the one module are
heated to Nominal Operating Cell Tewperature (NOCT) and then subjected to the
maximum values of cell current and back-bias voltage that could occur in the
field due to operating conditions, wodule faults, or cell shadowing, as
determined by the frequency of bypess diodes in the module design. The
current and voltage are waintained for 1 hour and are then reduced to zero
until the cell temperature has dropped to approximately HOCT. Thig cycle is
repeated until 100 hours have accuunlited under the power-on condition. The
wodule is not subjected to subsequent environmental regtg.

H. HUMIDITY-FREEZE

——

This test requires that the wodule be subjected to the
temperature-humidity regime depicted in Pigure B-2. The important part of
this test is the dwell time at 85°C and B85Z RH.
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1. MECHANICAL LOADING

This test verifies, by simulation, that a wind that produces peak
wechauical loading amplitudes of 32.4 kPa (450 1b/£t2) on intermediate~load
modules or +1.7 kPa (+33 1b/ft?) Gn panel-type residential rodules will not
result in mechanical or electricy! degradation.  The test is performed by
applying 10,000 cycles of wechanice] loud, normal to the module surface. This
test is not applicable to shingle type wodules.

J. WIND RESISTANCE

This test verifies, by use of & wind machine providing uplifrt force,
that shingle-type residential wodules uill wvithstand an uplift pressure of
1.7 kPa (35 1b/fc2).

K. TWISTED MOUNTING

This test verifies that wounting tne wodule on a twisted mouﬁting
surface with planarity deviation of 320 wm/m (+1/4 in./ft) will not cause
module damage.

L. HAIL IMPACT

This test verifies that the module will not be damaged by 10 impacts of
simulated hailstones (ice ballg) 25.4 mn (1.0 in.) in diameter, travelling at
23.2 m/8 (52 mi/h). The impact points ere on the surface of the module that
is exposed to hail in the intended ingtallation and are the most sensitive
points, as deterumined experimentally.
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APPENDIX D

SPECIFICATIONS POR A FIELD

TEST INSTRUMENTATION SYSTEM



SPECIFICATIONS FOR A
FIELD TEST INSTRUMENTATION SYSTEM

The Renewable Energy Field Test instrumentation syrcem will be used to
mouitor IPH, PV and wind energy syoicu fnstallations at urban and remote desert
locations in Egypt. These energy syutews include main power sources (solar
collec.ors, PV arrays and wind turbines) as well as ancillary subsystems
depending on specific fleld tast applicutions. These subsystems include ice-
making equipment, desalination systews, a variety of load characterigtics
ranging from small DC loads to grid-connected applications and back-up power
systems (diesel engines and batterieg).

The instrumentation system must bLe a stand-alone system. Failure of the
instrumentation system must not affcct the performance of the field test systen
that {8 being monitored. The faptrusentation system must have an on-site data
ptorage asystem that 1s non-voletil. oud capable of easy phyalcal remova: and
transporc to another location for dava vemoval and long~term storage. One form
of the non-volatile storage gystem nmust ba a wicrochip/ EPROM or CMOSRAM - Type
system that can be "milked” on site casily and uvithput dauger of a loss of data.

The instrumentation system nuut hLe o uicrocomputer based data logger with
programmable input channels and output formats. The user must have control
over sampling frequency and output t¢ vlod for each channel. Primary design
objectives for the instrumentation eystew nhould be reliability, siuplicity,
8mall size, low power and the ability to rnerate in envirommental extremes
(especially high temperature, sand/dust and tropical/sea coagt). The unit must
be capable of stand-alone battery operation for a period of at least two months.

The following minimum specificotions are required for the i{nstrumentation
system. If an>:xception must be tusken to one or more of these requirements,

the exception shall be noted and 8 clear explaination given as to vhy the



bidder believes that the excertion should be acceptable to the purchasger.

Physical Specifications

0 Small, stand-alone, aself-contuained syatem in an envirommental erclosure
0 Desired welght: 1less than 10 pounds
© Desired sire: 1less than 10 inches x 10 inches x 6 inches

System Power Requirements

0 Capable of operation using self-contained batteries
0 Capability for the use of an external power source to allow continued data
collection while changing bacterles or the use of a non~battery

external powe~ gource 1u degliuble.

o Capable of transient procection froa spurious electrical charges or
lighting.

Environmental Specifications

© Ambient Temperature: =25 deg. C to +50 deg. C
© Relative Humidity: 0 to 90 percent non-condensing

© Iupervious tn a tropical, oceanside enviromment with occasional high
airborne sand/dust and/or sulphur levels

Analog Inputs

Number of Channels: At least 16 channels with 20 channels desirable
Voltage Measurement Types: Differential or single-ended
Accuracy of Measurementa: 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 pecond for each channel

Pulge Inputs

Number of Pulge Counter Channels: at least 4 channels with 6 channels
desired

Analog and Digital Control Outputs: a total of three resettable channels

cach 18 desired with a range of 0 to
+ 5 volts with a 0.5 volt Tegolution

D=2
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Output Signal Interface

Memory: Capable of gtoring at lecast 3000 data points per day for a period
of one menth (two wcoanths desirable)

Display: A visual displuy of ctored date 1is required on-aite for dats
verification before dura removal

Peripheral Interface:

Downloading or date at the site should be by pliysical
Temoval i the data storage device or simple,
relicile dava dowunloading io & non-volatile storage

device. tiorage duta files shall be IBHM-PC compatible
on rtouppy dlac elther directly from the data logaer
or theough w slhaple, fast, reformatting technique.



Field Test 77 (pPV Irrigation ant Lfohting, preliminary)

Chaon.o ! Sampling Output Priority

Iten dvpe frequency Intervel Mant  Must
Array Power b 1 asec. 10 min b3
Insolation A . 3y
Load Voltage A "o b
Load Currert A oo X
Battery Charge Current A Ton i
Bettery Discharge

Current A - %
Battery Voltage A "o x
Anbient Tenmp. A "o s
PV ref. cell temp. A . x
Battery tcamp. A 10 ain x
Victer Pump (kilowatts) L 10 nin P
Water Pumped Produc=ion (! 10 win %

(1tters)
Suction Head (meters) A i0 win. %

13 ("musts”™) x 6 samples x 2% hoursg = 1872
Tire mark (6 x 24) e 144

Totsl « 2016 data points per day

13 channels

o} 1 pulge
0 12 analog

* To be reviewed and refined folleuing conceptual design
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