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PROJECT OVERVIEW

The project described in this report was a commercialization effort focused on cost-effective
remote water pumping systems for use in utility-based photovoltaic (PV) service programs. The
project combined a commercialization strategy tailored specifically for electric utilities with the
development of a PV-powered pumping system that operates conventional ac pumps rather
than relying on the more expensive and less reliable "PV pumps"” on the market. By combining
these two attributes, a project goal was established of creating sustained utility purchases of
250 PV-powered water pumping systems per year.

The project was implemented by NEOS Corporation (N EOS), a woman-owned small business.
NEOS teamed with Golden Photon, Inc. (Golden Photon), a manufacturer of advanced PV
panels and systems, and 25 electric utilities in the western U.S. to propose a project with three
primary objectives: 1) to demonstrate the performance and reliability of a PV-powered ac
pumping system; 2) to implement a new business enterprise, called the Photovoltaic Services
Network (PSN), with a mission of "working proactively on behalf of member utilities to ensure
that they purchase and install quality PV systems that meet established design criteria, are
competitively priced through quantity purchases, and meet the utility customer's expectations
for performance and reliability;" and 3) to aggregate utility purchases by supporting each
utility's activities through the business enterprise.

These project objectives were implemented through six project tasks: 1) business plan
development to create a new business venture aimed at PV-powered ac water pumping; 2)
utility installations to develop in field utility data regarding the performance and reliability of
the Golden Photon pumping system; 3) strategic alliance development to consolidate PV
pumping interest into a new business venture called the Photovoltaic Services Network; 4)
utility marketing strategy implementation to develop and implement utility-specific marketing
strategies ; 5) aggregate system purchases to create a sustainable utility market "pull” for PV
pumping systems; and 6) project documentation to thoroughly document the project's lessons
learned, so they can be applied to other PV applications within the domestic utility market and
to international PV pumping markets.

The results of each of these tasks are presented in two parts contained in this Final Summary
Report. The first part summarizes the results of the PSN as a new business venture, while the
second part summarizes the results of the Golden Photon system installations. Specifically,
results and photographs from each of the system installations are presented in this latter part.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thercof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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Mission

The Photovoltaic Services Network (PSN) is an independent, not-for-profit corporation
comprised of electric utilities of all types including rural electric cooperatives, municipal
utilities, public power districts, investor owned utilities, and power marketing agencies.

The mission of the PSN is to work proactively to promote utility involvement in PV through
education and training and to work on behalf of member utilities to ensure that the PV systems

they purchase and install:
e Meet established design criteria;
e Are competitively priced; and,

o Meet the utility customer’s expectations for cost, performance, and reliability.

Objectives

To accomplish this mission, the PSN has developed the following objectives:

e provide education, training, and installation support as required by member utilities;

e establish a forum for information exchange between utility members and the PV industry;
e accelerate market development through customer outreach;

e create standardized PV system specifications for a variety of applications;

e coordinate PV product purchases for appropriate applications;

e become financially self-sufficient through member support and product purchases; and

o pursue alliances with other organizations to support PSN service, product development,
and testing activities.

The PSN was created specifically for the benefit of electric utilities and their customers;
however, other organizations, such as PV industry companies or governmental agencies, are
encouraged to participate as well. There are four ways to participate in the PSN: 1) retail
utility membership; 2) utility association membership; 3) PSN sponsorship; and 4) a
subscription to PSN information.

PSN Membership

The PSN was created specifically for the benefit of electric utilities and their customers;
however, other organizations, such as PV industry companies or governmental agencies, are
encouraged to participate as well. There are four ways to participate in the PSN: retail utility
membership; utility association membership; PSN sponsorship; or a subscription to PSN
information.

Final Report 3 Part 1 - PSN Review




Utility and Satellite Utility Membership

This membership level can include rural electric cooperatives, municipal power companies,
public power companies, investor owned utilities and any other electric utility that provides
service to retail (i.e., end use) consumers. Utilities that serve both wholesale and retail
consumers may also join at this level.

Utility Association Membership

This membership level is for organizations that are involved in the electric utility trade but may
not directly serve retail consumers. Such organizations include generation and transmission
companies, trade associations, power marketing associations and organizations involved with
electric power research. Also, utilities that serve both retail and wholesale consumers may
choose to join at this level.

PSN_Sponsor

PSN sponsorships are for organizations that wish to support utility involvement in PV by cost-
sharing the PSN’s service and product support to member utilities. Sponsors of PSN support
activities include national laboratories, utility research organizations, state or federal agencies,
or non-profit foundations.

PSN Information Subscription

PSN information subscriptions are available to any organization or individual who wishes to
keep abreast of PSN activities and opportunities. Companies affiliated with the PV industry
are especially encouraged to subscribe, since the PSN anticipates interactions and information
exchanges with all sectors of the PV industry to promote development of PV products that
meet utility specifications.

Present Utility Participation

Presently, the PSN is comprised of 54 electric utilities of all types including rural electric
cooperatives, municipal utilities, public power districts, investor owned utilities, and power
marketing agencies. As shown in the following map, these utilities are located in 14 western
and midwestern states and include 42 rural electric cooperatives, 10 investor-owned utilities,
two power marketing agencies, and one municipality.
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PSN Activities To Date

Implementing the PSN's business plan to date can be divided into three primary areas: 1)
service support activities, 2) market development activities, and 3) product support activities.
It has been the implementation of these business plan elements that have resulted from four of
the six tasks identified in the original Commercialization Ventures proposal. These four tasks
included: 1) action plan development (CVP Task 1); 2) strategic alliances (CVP Task 3); and 3)
marketing strategy implementation (CVP Task 4); and 4) aggregate system purchases (CVP
Task 5). Results in these areas have initially demonstrated how the combination of packaged
PV systems (as supplied by companies like Golden Photon) combined with packaged PV
services (as supplied by the PSN and its member utilities) will reliably lead to greater
commercialization of the PV technology.

Service Support Activities

The service support activities have focused on education, information exchange, and training, as
these activities are essential for utilities to implement successful PV service programs. The PSN
provides PV education and training to utility member employees, board of directors, customers,
and local trade allies through series of workshops and other on-site support activities. In
addition, the PSN provides support in such areas as service territory audits; PV tariff
development; PV vendor qualification; PV system procurement; and PV service program
marketing. Examples of such training and education materials are attached.
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Market Development Activities

Market development activities have included general market assessment as well as direct
maiketirig support for individual PSN member utilities. The primary market assessment goal is
to quantify the benefits of utilities offering PV as an alternative service, while the direct
marketing support focuses on 1) developing marketing methods and tools aimed at increasing
customer awareness and participation in PV service programs (see attachments); and 2)
educating local trade allies, so they can become qualified vendors capable of supporting and
promoting the utility PV service program.

Throughout this project, the PSN supported and promoted four “standard” marketing plan
elements. Two key objectives of these standard elements were that they be low cost and self-
sustaining from the utility’s perspective, since most PSN member utilities do not have the
resources for costly marketing or promotion campaigns. From these elements, each utility was
encouraged to adopt (and adapt) those elements most appropriate to its specific situation. The
four standard marketing plan elements supported and promoted by the PSN included
marketing alliances; the PSN’ Product Lists; customer education; and media promotion. A
summary of each element follows:

Marketing Alliances

Since most PSN utility members are rural electric cooperatives with limited personnel and
financial resources, establishing marketing alliances with local organizations is an essential
marketing plan element. Key marketing alliances have been developed by utilities in this project
with local contractors (both well service and electrical), Real Estate developers, and county
offices of the Natural Resources Conservation Service (NRCS).

The first two types of allies (i.e., contractors and developers) have a financial incentive to
promote the utility’s PV service program for various off-grid applications. In the case of
contractors, the PSN has worked with several member utilities (e.g., Plumas-Sierra, Northwest
Rural PPD, KC Electric, etc.) to establish programs that provide various direct financial
incentives for local contractor involvement. Such incentives include commissions for customer
identification, discount pricing for direct contractor sales (with utility as local product
swholesaler”), and long-term service and maintenance agreements. In the case of Real Estate
developers, the primary incentive is the opportunity to obtain utility-grade power (via PV) in
remote locations not previously served. Utility “will serve” letters for such property
significantly enhances the developers chances of finding buyers due to better mortgage rates and
lower electrical service costs.

The third type of ally (i.e., county NRCS offices) is unique to the PV water pumping
application. The NRCS, formerly the Soil Conservation Service, is a federal agency that
manages numerous agticultural programs for the U.S. Department of Agriculture. These
programs and the associated conservation practices are managed through local NRCS county
offices. As a result, when a rancher has a problem or needs a new pasture developed, he
regularly goes to the county agent for free consulting support. Additionally, the rancher could
possibly obtain cost-sharing through this county agent, if the solution involves an approved
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conservation practice. Most often, however, these county agents are simply the preferred source
of information for the local ranching community.

Recognizing these county agents as potential marketing allies for utility PV service programs, the
PSN has supported utility members with educating their local NRCS offices about utility PV
services. Additionally, water pumping systems contained in the PSN’s Water Pumping Product
List has been “pre-approved” in several states (i.e., Colorado, Nebraska, and Arizona with
approval in eight others pending) as satisfying NRCS conservation practice standards.

PSN _Pr List

The PSN's PV Product Lists for water pumping and remote residential systems are an essential
element of each utility’s marketing program. The systems contained in this catalog are the
standard products that each utility is marketing. The Product Lists provide all the information
necessary for utilities, their marketing allies, and prospective customers need to make sound
purchasing decisions. In particular, the Product List features include:

o Side-by-side comparisons of PV system and supplier attributes - “single-stop
shopping;”

e Standard system specifications and warranties - all systems meet strict PSN minimum
requirements including 2-year system warranties;

« Simplified procurement - competitive bidding process already completed by PSN; and

» Volume pricing and quantity discounts.

As a result, several “versions” of the standard Product List catalog have been developed with
utility-specific pricing so the individual utility can distribute the catalog to their particular
marketing allies (see attachments). In this way, the utility’s marketing allies could have easy
access to standard systems and prices as well.

Customer Education

As with any new technology, customer education is an essential marketing plan element. The
PSN has supported each utility with information in a variety of forms that could be used to
educate prospective PV service customers. As shown in the example materials contained in
Appendix C, the primary objectives of this information is to:

e notify consumers that a PV program exists and how to find out more about it;
e describe how the program will operate from the customer’s point-of-view (e.g., costs);
e explain why the utility is promoting such a program;

 provide general information on PV, as well as specific information on PV systems to
meet their needs;

* supply a list of PV contractors that are qualified to provide equipment and services for
the program; and
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e offer case studies and testimonials from satisfied customers.

edia Promoti

Media promotion was another “standard” marketing plan element implemented to varying

degrees by each utility. Unlike the previous elements, however, promotional materials were
developed primarily by the utilities and their local media (as opposed to the PSN). A wide
range of methods have been used by these utilities for promoting including;:

e Marketing flyers or brochures for use by participating vendors;

 Bill stuffer notices;

* Notices/feature stories in local newspaper or dedicated magazine regarding program;
* Kick-off press releases and/or press conferences;

e Radio or television ads and/or public service announcements;

e Newspaper and local magazine ads;

e Direct mail letters to most likely customers explaining program;

s Point-of-purchase displays/signs at participating vendor offices;

* Site signs announcing installed projects;

¢ Exhibit booths for membership meetings, home shows, agricultural shows, etc.; and

e Promotional slide shows/videos for customers.

With these marketing plan elements as the initial focus supported and promoted by the PSN,
each utility was encouraged to adopt those elements most appropriate to its specific situation.

Product Support Activities

As of the introduction of the PSN in late 1994, no system hardware standardization existed
that addressed utility requirements for cost and performance. As well, no standard means of
implementing PV systems had been adopted that would ensure easy customer access, quality
customer service, and growing market development.

The concept of offering standard packaged PV systems as a utility service option was first
explored by NEOS in this project. Specifically, a packaged system was developed that used
readily available commercial AC water pumps powered by a new PV module technology
(developed by Golden Photon). With guidance from NEOS, Golden Photon introduced their
product exclusively packaged as a complete water pumping system. The systems were offered
in a discrete number of packaged sizes and included all required hardware and controls for
installation and operation.

Each system was capable of a range of pumping volumes and at a range of pumping heads. By
contrast other PV water pumping systems have to be custom designed and integrated to meet
specific applications. By limiting the number of available options, Golden Photon was able to
lower the cost of integration by bulk ordering and pre-assembling many of the system
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components. This product was consistent with the PSN’s philosophy of standard packaged
systems and served as a test case to demonstrate the validity of the concept.

The siccess realized by this initial demonstration has lead to the conclusion that the only viable
way for utilities to build sustainable PV service programs was to offer standardized PV power
systems, much in the same way they offer other energy service products. Below is a short list of
the lessons learned that justify the concept of “performance-based” packaged systems:

o Packaged PV systems manufactured in standard configurations lower the cost to the utility
and their customers by enabling the manufacturer to bulk order and assemble the necessary
components. Bulk ordering not only lowers the administrative costs of manufacturing, but
enables relative economies of scale in component costs. Factory assembly likewise lowers
production costs by requiring less skilled labor.

e By offering standard system sizes, the utility reduces the need and associated costs of
individually designing and specifying the PV system hardware. Rather than “fitting” the
hardware to the infinite number of possible load scenarios, the utility service representative
can “fit” the customer into one of the standard system sizes.

e Unlike custom systems, which require the stocking of hundreds of individual parts,
standard packaged PV systems are easily inventoried by utilities for quick application.
This feature also reduces the accounting required for processing a sale or lease.

e Properly designed PV packages can be made modular or expandable to adapt to changing
load requirements, thus further reducing the need for carrying excessive inventory.

o Packaged PV systems are easily transported for quick installation. This feature also enables
them to be re-deployed for future utility applications, should the initial customer no longer
need or desire the system.

o As the markets “aggregate” around standard system sizes, the opportunity for even lower
costs through more dedicated system manufacturing increases.

To further validate these lessons and to enable its utility members convenient access to
standard packaged systems, the PSN undertook an initiative to produce a catalog of
commercially available PV systems. The PSN developed the first two chapters of its “Product
List Catalog for two PV applications: water pumping and residential PV power systems (see
Product List catalog attached). However, the catalog is intended to include numerous
additional applications in the future.

The Product list was intended to provide its utility members a convenient means for making
informed purchasing decisions on standard packaged PV power systems. Some PV industry
companies distribute catalogs of PV components. The Government Service Agency (GSA)
likewise distributes equipment schedules to government agencies. Both sources list a select few
“Kkits” consisting of most necessary system components, but no catalog to date offered
completely integrated packaged PV systems. As well, those systems that were available in kit
form consisted of many different brands of components with each brand supplied being
reflective of the present availability or lowest cost available at the time of ordering. The PSN’s
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Product List was the first of its kind and has greatly enhanced the ability of utilities to offer PV
services.

The catalog includes a small PSN mark-up to each of the included systems. This mark-up was
calculated to cover the cost of processing the anticipated volume of sales. The resulting Product
List was distributed to all PSN members. Sample product lists were made available to select
purchasing groups. The catalog is a living document. Periodic updates will reflect changes in
suppliers and prices as the market forces deem them necessary.

The value of offering standard packaged PV power systems has been hailed by all who have
had occasion to use this catalog. Since March 1996 (when the Product List catalog was first
published), over $400,000 in sales have resulted, nearly half of which have been for livestock
water pumping applications. Additionally, none of these water pumping installations have
used AC pumping systems, as neither Golden Photon nor any other manufacturer had
commercial systems available during that period.
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Residential Product List

A wide variety of remote residential PV sys-
tems were evaluated for inclusion in the Resi-
dential Product List. The systems selected for
the list represent the best combinations of
high quality equipment, price and supplier
experience, capabilities and support.

To ensure that the systems on the Residential
Product list are of high quality and meet util-
ity needs for performance, reliability and con-
venience, the PSN used the minimum re-
quirements below as a preliminary screening
tool in evaluating proposed pumping systems.

Minimum Requirements

All of the PV-powered residential systems se-
lected for the PSN list meet the following
minimum system and supplier requirements:

v’ Systems are capable of supplying the de-
sign energy for at least 3 days without
auxiliary energy based on the low voltage
disconnect (LVD) set point during winter
temperatures and have a minimum two
year battery lifetime under typical cycling.

v’ Systems provide 115 VAC, 60 Hz, single
phase power.

v’ Systems are supplied complete and self
contained with all necessary installation
hardware. No components are mounted in
or on customer structures except the in-
house monitor.

v’ System are designed for 20 year life with
minimum maintenance.

v’ Systems are as pre-assembled and wired as
is feasible and cost-effective for shipping.

v’ Systems are capable of operating in tem-
perature of -20° to 45°C and winds of 100
mph for 20 years.

v’ Array structures provide a minimum of two
foot ground clearance.

v’ Systems meet all applicable National Elec-
tric Code requirements to ensure in-

e e~ Y NP S 4 g e o g M, 7y

staller/operator safety including: a manual
disconnect switch, proper grounding, proper
size wire and disconnects, and hazard
warning signs. However, all UL (or
equivalent) listed components are not re-
quired since few PV-powered systems on
the market today meet that requirement.

v' PV modules meet IEEE P1262 and UL
1703 standards and include a minimum 10
year, 90% power rating warranty.

v’ System components have proven and
documented records of field performance in
similar applications.

v’ Systems have NEC approved means for ac-
cepting auxiliary 115 VAC power.

v’ Systems are supplied with complete in-
stallation, operation and maintenance
manuals for utility personnel and a user
manual for the customer/member.

v’ Systems have adequate protection against
lightning and load induced voltage surges.

v’ System energy outputs are warranted for a
minimum of 2 years. (Utilities process all
warranty claims through the PSN)

v’ The system manufacturer has documented
experience in supplying similar packaged
residential systems.

v’ The price quotes contained in the Residen-
tial Product List are effective through De-
cember of 1997.

Residential System Selection

Five sizes of residential systems are included
in the Product List: 0.5 kWh/day, 1 kWh/day
h/day, 3 kWh/day, 5§ kWh/day and 8 kWh/day.
These systems were designed to provide the
rated energy when exposed to average daily
insolation levels of 5.5 kWh/m?2 (consistent
with the Boulder, CO TMY site). If your local
insolation differs considerably from this de-
sign point, refer to the System Information




sheets at the back of this section for monthly
system output in two other locations.

When selecting a residential system for a spe-
cific application, first estimate the daily en-
ergy requirement in kWh/day. Then turn to
the appropriate page of the Residential Sys-
tem Comparisons Charts (0.5, 1, 3, 50or 8
kWh/day) for information about the systems.

The systems on the charts are listed from left
to right in order of cost. When reviewing the
systems, please remember that there may be
significant differences between the listed sys-
tems that may justify a higher cost (such as a
larger PV array, higher quality batteries or
trailer mounting). For additional information
on any system (including system energy out-
put by month), refer to the PSN System Speci-
fication sheets at the end of the section.

Residential System Comparison Chart

The Residential System Comparison Chart
consists of five pages (one page for each sys-
tem size). Each page is labeled by the system
size on the upper right corner and also on the
bottom of the page.

The first line on the chart is the PSN identifi-
cation number for each system on the chart.
This is the number you would use to order a
system. The next line labeled Est. output
(5.5 sun hr) gives a rough approximation of
the daily energy output of each system in
kWh/day with an insolation level of 5.5 sun
hours (kWh/m?) per day.

Under the System heading, System configu-
ration describes how each system is packaged
and mounted for portability and Enclosure
description describes the construction mate-
rials of the equipment enclosure. Founda-
tion required describes the necessary site
preparation prior to installing the system.
Maintenance interval is the recommended
time between periodic maintenance visits. In-
house monitor tells whether the system in-
cludes a system monitoring device for use
within customer homes.

Under the PV Array heading, # modules/PV
array size gives the number of PV modules
in each system and the size of the PV array in
peak watts. PV make/model names the
manufacturer and model of the PV modules
and PV warranty lists the manufacturer’s
warranty on PV power output. PV field his-
tory gives the number of years that the PV
module has been commercially available.

Under the Balance of Syst., heading, Battery
make/model lists the manufacturer and
model number of the batteries and Battery
type describes the type of battery technology
used (such as flooded lead acid and sealed
valve regulated). Available battery capac-
ity is the battery storage capacity that is
available in AC watt-hours. The next line #
batteries/ system volt describes the number
of batteries in the system and the system DC
voltage. Estimated battery life is the sys-
tem supplier’s estimate of the battery’s life
when it is used according to recommendations.

Inverter make/model names the inverter
manufacturer and model number and In-
verter volts/waveform describes the in-
verter's nominal output voltage and waveform
(square, sine or modified sine wave). In-
verter contin. rating gives the inverter's
rated power output for continuous use. Con-
troller make/model lists the manufacturer
and model number of the battery charge con-
troller

Under the Supplier heading, Supplier name
lists the PV system supplier that provides
each residential PV system to the PSN. Sys-
tem warranty lists the supplier’s warranty
for the packaged system and Est. lead time
to ship describes the time each supplier re-
quires to ship a system after receipt of order.
Residential PV exper. lists the system sup-
plier’s experience with residential PV systems.

Under the price heading, Battery price is the
price for batteries and $/watt PV is the cost of
the packaged system divided by the size of the
PV array. System Price is the price for the
entire PV system.
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1997 Water Pumping
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hotovoltaic Services Network, Inc.




Water Pumping Product List

A wide variety of PV-powered water pumping
systems were evaluated for inclusion on the
PSN Water Pumping Product List. The sys-
tems finally selected for the list represent the
best combinations of high quality equipment,
price and supplier experience, capabilities and
- support. The selection of pumping systems on
" the Product List was narrowed to include only
those with submersible pumps, since that is
what the majority of utility pumping applica-
tions require. However, the PSN can price
and negotiate the purchase of jack and surface
pumps as well for any PSN member.

To ensure that the systems on the Pumping
Product list are of high quality and meet util-
ity needs for performance, reliability and con-
venience, the PSN used the minimum re-
quirements below as a preliminary screening
tool when evaluating pumping systems.

Minimum Requirements

All of the PV-powered pumping systems se-
lected for the PSN pumping list meet the fol-
lowing minimum system and supplier re-
quirements:

v’ Systems include two distinct sub-systems
1) a fully integrated PV power supply with
all hardware needed for installation
(excluding water pipe and pump cable) and
2) the associated pump/motor unit.

v’ Pump/motor units are submersible to a
minimum of 50 feet under water.

v Systems meet all applicable National Elec-
tric Code requirements to ensure in-
staller/operator safety including: a manual
disconnect switch, proper grounding, proper
size wire and disconnects, and hazard
warning signs. However, UL (or equiva-
lent) listed components are not required
since few PV-powered systems on the mar-
ket today meet that requirement.

v" PV modules meet IEEE P1262 and UL
1703 standards and include a minimum 10
year, 90% power rating warranty.

v’ Power supplies include bypass diodes ac-_
cording to module mfr. recommendations.

v’ Systems are capable of operating in tem-
peratures of -20° to 45 °C, withstand winds
of 90 mph with the array at 55° tilt and
have a minimum two foot ground clear-
ance.

v" Systems can withstand exposure to above,
conditions for 20 years without mainte-
nance. -

v’ Systems are supplied with complete in-
stallation, operation and maintenance
manuals for utility personnel and a user
manual for the customer/member.

v’ The system manufacturer warrants water
output for a minimum of two years.
(Utilities process all warranty claims
through the PSN.)

v’ The system manufacturer has documented
experience in supplying similar packaged
pumping systems.

v’ The price quotes contained in the Water
Pumping Product List are effective through
December of 1997.

Pumping System Selection

When selecting a pumping system for a spe-
cific application, first consult Chart 1: Per-
formance Nodes. Use Chart 1 to select a per-
formance node (labeled intersection) that is
closest to your combination of pumping head
(total vertical lift) and required gallons per
day (GPD).

Next turn to Chart 2: Pumping System Com-
parisons and go to the page labeled with the
selected node. This page will give you infor-
mation about the pumping systems offered by
the PSN that are appropriate for that par-
ticular combination of head and GPD. If your
application is between nodes, also check the
nodes immediately before and after your re-
quired head and GPD.




The systems on the Chart 2 are listed from
left to right in order of system cost. When re-
viewing pumping systems, please remember
that there may be significant differences be-
‘tween systems that may justify a higher cost
(such as lower maintenance pumps).

Chart 2: Pumping System Comparisons

Chart 2 consists of 69 pages (one page for each
node). Each page is labeled by node on the
upper right corner and also on the bottom of
the page.

The first line on the chart is the PSN identifi-
cation number for each system on the chart.
This is the number you would use to order a
system.

The next line labeled Estimated GPD/Max
GPM gives each system’s daily water output
(with an insolation level of 6 peak sun hours
or kWh/m? per day) and the maximum gallons
per minute production. These pumping levels
can be expected during the summer months in
most western states. Actual water delivery
will depend on the well’s location and season
of use. For a more accurate water estimate
call the PSN.

Under the Pump heading, the line labeled
Pump Type describes the type of pumping
mechanism used to move the water. All the
systems on the list are diaphragm, centrifugal
or sealed piston pumps. Diaphragm pumps
are positive displacement pumps that require
periodic replacement of the flexible dia-
phragms and rebuilding of the brushed DC
motors. Centrifugal pumps require no peri-
odic maintenance of the pumping mechanisms
and have brushless (maintenance free) mo-
tors. The sealed piston pumps are a new en-
try in this year’s Product List. They are
similar to diaphragm pumps but they do not
require as much maintenance.

The Pump Manufacturer and Pump Model
lines give the make and model of the pump.
Minimum well casing is the minimum well
inside diameter that each pump will fit into.
Pump field history describes how long each
pump has been commercially available and

e e A ——r et e & Wae T A A e S0 VF o e o 4 L o

installed in the field. Rebuild interval/cost
gives the pump manufacturer’s estimated
time before the pump needs to be rebuilt and
the approximate cost for the rebuild. Rec-
ommended pipe describes the type and size
of pipe that the manufacturer recommends for
installing each pump. Recommended wire
describes the type and size of pump cable that
should be used with the pump.

Under the Power Supply heading, # mod-
ules/PV array size gives the number-of PV
modules in each system and the size of the PV
array in peak watts. PV make/model names
the manufacturer and model number of the
PV modules and PV warranty lists manufac-
turer’s warranty on PV power output. PV
field history gives the number of years that
the PV module has been commercially avail-
able.

Array mount describes the type of mounting
structure used for the PV array and the brand
name of the tracker if one is used (either
Zomeworks, passive tracker, or Wattsun ac-
tive tracker). Controller make/model
names the manufacturer of the pump control-
ler and Back-up power option describes the
method used to provide back-up power to the
pump (if any).

Under the Supplier heading, Supplier name
gives the name of the PV system supplier that
provides each pumping system to the PSN and
PV pumping experience lists the amount of
experience each supplier has with PV-powered
water pumping. System warranty lists the
system supplier’s warranty for the packaged
pumping system and Est. lead time to ship
describes the time each system supplier re-
quires to ship a system after receipt of order.
Estimated ship weight is the approximate
shipping weight of the system.

Controller price and Pump price gives the
prices for the separate components and Sys-
tem Price is the price for the entire system.



SINOY uns g Jo Uoyejosul Uo paseq AISAIOP JOIBM xx

*Spaau JnoA jins swaysAs Buiduind jeym no puy 0y 2 Heyd o3 ulny uayl ‘uswalinbai 1ojem
Ajep pue peay Suiduind paiinbai 1noA (ueyj 1omoj Jou Inq) 0} }SASO}D SI JBY) SPOU pajoqe] B 199[aS .

(199}) pesH m:_nEsn_,

0og S/¢ 0S¢ S¢e¢ 00¢ SZFb O0SL G2k O00F SZ 0§ S¢ 0

T T T T T T T T T 0

cene .0.0.2‘. ....... ."- .Owg‘ ....... m. . -°.°.N.<‘ ....... s". .o.m.—.<‘ . WNH@‘. .°.°. —..<.‘. . .WN<‘ .o .O-m.<.‘. - .m.N.Q.. ...... pou

o ooga® T 0sed® T 00 ® 06199 5218 ® voia® 62 ® oeg® wea® - 0004

" oogo® i 0sge® " 0020® 0159 520 ® 0610® 6259 05 ® 5o ® 7

o oosa® T osed® > ooza® i 061d® sera® voia® 62d® osa® " gea® - 0002
.......... omwmoSNmComrmomupmospmﬂm\.uoommomwmo1 000€ m
.......... wl.loln.MAnuon-ttm-nlntolnmn.ll'onn“r-n--nl.mct-Qa‘.mocnonnoom---nn-m-otn--mlOl-lat-mnnnnnno-”r-..lnl] 1
.......... e g @ @ 1@ g1 @ 5@ gy @ gy @ oo 000V T
---------- .\.-lvncnﬂnn-u-.-.”.olalnt.“aoo.oaonuac-.--.”o.-.-ol“-.o-.--“.-nuoc-ulco.ooo-”co-.o--“oou-au.wasaunull G
.......... R LR LEt SR R SR PP E T PP PP PP PP P PEPPPRPPETPPPPPI SPPRPPRT PEPPPRES B0 ¢ 0} o
.......... ...........l m
.......... w.......m........m........m........m.........m..OWFG‘.WN—.G‘.QQHG‘..WN.@.‘...OWG‘..m.NM.v‘........l Ooowm
.......... manunuan..mooa.--am..a.u.-.mo.c.....“”.a.-...-m...u...-m...-.-.-m...--umn......nmn...u.o.ma-a..-n.w.a.a.o.l —
...... D T B T T Sy D R P T e 0002 @)
.......... S S L O S AU T S AU SRR SOOI SUPPPR .M
.......... preeesisesee g @ s @ GG [H® g2 ®  o5H® e ® -] 0008 =
llllllllll oft-lu.ocmnoooc-oﬂ.olonnOc“anltnot.w-onol-.“ololoooa“-caocactnunl-.l-nulol.-otn“.-n-l-'o”l-a-a-ua"ac-COlll ¥
e P S S Meeeees R S e ........ feviienan ........ eenaee - 0006
.......... froseresisensesdi st @ @@ g @ g @<+ -~ ~ 00001

« SOPON 92uUBUWLIOLI®d | 1HBeY)
uonosjes weisAs buidwing




(@do 00S “}4 S§2) SZV 9PON sereie

'
{
)
t
'

.

099% 055% cel$ TLSS 89v$ aol1d dwnd
8eL$ So1$ x4 30\l I9jjouo
_ T R T T , ooud

M di 00l al Ly qg| 08 di s¢ biom diys pajewnys3
1 sinoy g SYoaM 2-| shep 2 sinoy 2 sfep g sinoy gy-2 diys o3 awi) pea| 3s3
i sleak g sieak g sleak g sleak 2 sieak g sleak g fueriem woyshs
i sleak g1 " sleah 91 sieak g sleak gl sleak g sieak |] aousuadxs dwnd Ad
_ Jamod paljddy ‘0adg oUj09|3 JejoS [Ja1eAN 1B Jemod joaild wi109010yd 181BAN B Jamod 10a11Q uosiqoy aweu sonyddng

I S R R I R T RN Jdayddng ..
: auou Raneq AvZ 10 2L sauaneq A2l Riajeq oA 2L uondo tamod dn-yoeg
00yVS sojpuni GiA eslaly VOE-5 VAd d0efle|os V0e-01 VOd joelie|os| Voe-G VAd yoellejos NOA 2 1-0dS [spowy/ayew lajjosjuo)
sjod/paxy sjod/paxy ajod/pexi} slod/paxty ajod/paxi} ajod/paxuy junow Aesty
sleak g sieaf 0l sieak 6 a|qereA sieah 6 sieak ol : A10ysiy piayy Ad
A sieak Q1 sieak 0l sleaf 02 a|qeueA sleak 0z sieak 0z Ajuesem Ad
! v-05-38Y 0SINS suswalg 09 XS xa1ejos | AuligejieAy uo pased |  OF XSIN Xa.e|0S €5-XA Xalejog [spowjayewl Ad
SHem osl/e SPem 05/1 spem 09/1 SHem Ov/L spem ob/L spem g5/l ozis Aelle \d/sdnpow #

“ TR T T o T T R g T Lo e © g e 41dans domod
8|qeo dwnd 9/¢-0 a|qeo dwnd 2-0L alqeo dwnd /2-21 | 9|qeo dwnd 9/g-zL | 9iqed dwnd 9/2-21 sjqeo dwnd Z-i1 BJIM papuawWILosdy
4 ONd WP/L L Alod /g J0 ,2/L Alod . p/e Ajod p/g Alod /e Alod ,p/¢ Jo ,2/1 adid pspusiiwodssy
v dwnd mau/k 0z 03 dn 051$/sIesh g 1509/[eAtaju] plingay
.W sleak g sleah g sieak £ sieak 1 sieak £ sleah Q| As0ysiy pjay dwng
| youl y youl youl youl g'y youi g’y yout y Buised |jom winwjuily
| £vs'LdS 00€6 821-a-sas 821-0-8ds 821-0-8ds 08/¥C 4 [opow duind
m sojpunis) oinys yoerie|os yoepie|os yoerse|os uostqoy Jaimaeynuew dung
. jebnsusn wbesydeiq wbeiudeiq wbeiydeia wbesydelq wbesydelq adfy dwing

| Lt R T T e e T T O S P R T R o ,,pb«iam o
1'9/€081 1'2/20L 2'1/ees 6'1/L09 2/609 S L/0¥S Wd9 Xel/ado s3

d-10dV - d - d-20dC d d-1L00d - d-v0dC d d-¢dd d ¢ :

\

(ad® 00S ‘Y S2) G2V @PON suostAnduio)) waIsSAg surdwund :g 140Y)




(@d9 005 “¥ 05) 0SY OPON - =

6vZ'L$ 9dlid WBISAS
8L9°L$ . 099$ 055$ cLs$ 89v$ 2911 dwingd
8¢e.l$ G9l$ GlL2$ adlud J3jjouo)
R N R T N | 20T
ql 00l q] ¢s al 0cl ql 99 Wbiam diys pajewijsy
shep g sinoy g syoam g-| sinoy 2 sinoy gy-ve diys o} awy) pesj )53
sleak g sleak g sleoh Z sleak g slesh g Ruerem usisAs
sleak g sieak Z| sleah 9| sleak G| sieak || aouapadxa dwind Ad
J9JBAA B JaMmod Joaliq Jamod paljddy ‘0adg 01109|3 JejoS wiwoosoloyd uosiqoy aweu s3jjddng
R IR P R £orpddng
auou Aoyeq Avz 1o 2)L sajaned AZL Kiapeq JoA pzJo gL | uondo samod dn-yoeg
09-8 VOd Yoellejog 00¥V'S sojpunio GIN eslaly \V0E-01 VOd doeliejog|  )OA g€ L-OdS [opowi/ayeul lajjonuo)
ajod/paxy a)od/paxy s|od/paxy ajod/paxiy ajod/pax|) Junow Aely
sleaf ¢ sleak g sieak ¢ alqeueA sieak Q| AojsIy pol Ad
sleaf oz sieak 01 sleak gl a|qeNeA sleah oz Ruenem Ad
99 XS Xalelos v-0§-3SY GLINS suawalg AjllgepieAy uo paseg |  ¢5-X1A XaJe|oS |opow/ayewt Ad
spemZLL/ie sliem 0gl/e spem g//1 sjiem 09/1 sjiem g0/ azis Aeile \d/so[npow #
L R R £ddng tamod
ajqeo dwnd 9/¢-0) o|qeo dwnd g-0} 9|qeo dwnd 9/2-21 a|qeo dwnd g-v1 Q1M PapUBLULLIOIY
ONd /L L Alod /¢ 4o ,2/L Alod ,prg Alod /¢ Jo 2/} adid papuswiuodsy
duwind mauyk gz 0y dn 0S1¢/sieah ¢ 1S09/[eAISI] plINgay
sleak g SiBoA g sieak g sleah /. sieaf Q) K10js1y pjayj dwing
youl ¢ youl ¢ youl y youl 'y youl Buises |jom wnuiuly
ovl-¥ SOS 9-VLdS 00€6 821-0-8ds 06/2¢ dd [apow dwing
Noerie[os sojpunio ojnys oerie|os uosiqoy Jainjoejnuew dung
lebnjujuan {ebnyuuan wbesydelq wbeiyderq wbeiydeiq adA} dung
, o | | dung
¥'1/e8S y 9'¢/519 2/y89 6°L/189 c/0cL NdO "XeN/ado 153

- « (@ - - UdV - - C - § - - - G « q >

(adS 00S ‘34 0S) 0SY ePON suostinduwio)) walsg surduwndg :z 340Y))




(ado 00S “¥ S.) SLV @PON 162

I|I|||||||||||||I|||||||||II|||I||||||||||III

vevLs$ 6veZ'L$ dILld WIBISAS

099$ 2LSS 0553 0bL$ 89¥$ adlld dwingd
8¢e.L$ Gol$ 1XAS adlid J9]joqu0)
R G : , , : oo
aieel gl 021 ql es ql 99 Wbiem diys pajewnys3
sinoy gy sinoy y¢ syoom z-1 shep g sinoy gy-ve diys o) awy pes] 353
sleak g sieak g sleah g sieah Z sleak g fueuem woyshs
sieak 2| sledh G| sleah 9| sleak g sleah || aousyadxs dwnd pd
Jamod palddy wwoooioyd ‘05dg 211093 JBj0S [481BAN ' Jamod 108i1a uosiqoy aweu solddng
T R T T e e T T e L Jenddng
auou sausneq Ave Aoneq AvZ 1o 21 Kianeq JjoA $Z Jo 2| | uondo samod dn-yoeg
00PVS Sojpunid  voe-0l vOd doeliejos GIAl esialy 0€-01 VOd Yoeliejog HOA 2€ 1L-0dS japouiaew lajjouod
ajod/paxi} ajod/paxuy ajod/paxi} ajod/paxy ajod/paxyy junow Aeuy
sieak 2 ajgeueA sleak ¢ sleal g sleaf Q| AiojsIy piou Ad
sieah 0| ajqeleA sleak gl sleah 0z sieak og fuesem Ad
v-05-4SY AynqejieAy uo paseg | GLNS Suawiadls 05 XS\ xale|og £6-XIN XeJe|og [spouljoyewl Ad
spem 002/v SNEM 001/ spem Gl/L . SHem 00L/2 spem 90lL/e azis Aelie pdjsa|npout 4
R S N N I R R e T A AR RO R T fddng emod
a|qeo dwnd 9/¢-01 | alqeds dwnd ©/2-21L 9|qeo dwnd z-0l a|qeo dwnd ©/2-2Z1 ajqeo dwnd z-y| 21IM papuaWwoasy
OAd Wb/l L Ajod /e Alod /¢ 40 ,2/1 Alod /e Alod ,p/€ J0 ,2Z/1 adid papuswiwiodsy
dwnd maupA gz 0} dn 051$/sieah ¢ 1509/|eALRJU| PlINGSY
sleak g siBoh L sledh § sleak slesh 0l A10s)y pjey dwing
youl ¢ youl gy youi ¢ youi 'y youi Buisea [lam wnwiuiy
9-VidS 821-0-8ds 00€6 821-0-8ds 05/2¢ dd {opou dwnd
sojpunis) yoerlejos o|unys NoerJe|os uosiqoy Jaamyoejnuews dwing
lebnjusd wbeiydelq wbesydelq wbesydelq wbeiydeig adAj dwng
T S L ™ o
6'2/9¢S [47x43 ¢/8€9 2/00L L'LeL9 Wd9 "xell/ado 153
d-€0dV d d-€0Dd d d d d d( - d-¢9™ d ¢ :

—

(ad® 00S ‘¥4 G1) GLYV OPON mzcm.EaQ:SFD Smgmamw m..ﬁf&ﬂ:& ..m t&ﬂ




(@dd 00S “34 00L) 00LY ©PON

Lercie

g28'Ls$ 099$ 055$ 0LL$ - 89¥$ 89v$ 99)1d dwing
8¢el$ GL2$ 1744 8dlid 18]]0u0D
T | T aoug
qlcel qal v. qai L. gl 99 ybjom diys pajewysy
shep 2 sinoy g S)oam ¢g-| skep g sinoy gy-y2 sinoy gy-+2 diys o) awy pes| ys3
sleak g siealk Z sieak g sleah g sleak g sieak g fjuenem woysAs
sleah g sleahk Z| sleah g| sieak g sleak || sleah || aouspadxa dwnd Ad
19]EAN B JoMod 10aaq Jamod pajjddy *0adg 0LJ09]3 JBj0S [481BAA B Jamod 10841g uosiqoy uosiqoy aweu Jajjddng
T T T T T T T aeddng

auou Aoneq Avyz Jo 2L Raneq oA pz 10 2L | Asneq oA gz loz) | uondo tamod dn-yoeg
09-8 VOd Yoeliejog 00bVS sojpunis SN estely 0€-S VAd Yoelejos JOA 2€ L-0dS 1l0A 2€ L-0dS |apowja)ew I9jjouod
ajod/paxiy ajod/paxy ajod/paxi} ajod/paxiy ajod/paxu ajod/paxi) junow Aelly
sleak ¢ sleak g sieal g} sleok g sleak gL sieaf QL Aoysiy pioy Ad
sieah 0g sieaf Q| sleaf 0| sieaf 0z sieak o2 slesh oz Kuenem pd
95 XS xalejog 1v-05-3SV 0SINS suswslg 95 XSIN xaJejog LL-XSIN xalejog €5-XIN Xalej|og [opow/ayel Ad
SNem $22/y Sjiem 0G2/S SHEM 00L/2 SHemeLLC SHEM $S1/2 Spem 901/¢ azls felie \d/sonpous #

I R R R R T R , C &pddng samoq
ajqeo dwnd 9y/¢-01 ajqeo dwnd z-0} 9|qeo dwind 9/z-z1L ajqeo dwnd z-p) ajqeo dwnd z-pL S4IM papuaLIkIosdYy
OAd Jb/) L Ajod p/g 40 ,2/1 Ajod /¢ Alod p/¢ Jo ,2/L Alod .p/g Jo ,2/L ad\d papuswiwodsay
dwnd maupA gz 0} dn 0S1¢/sieah g 0S1$/sieak ¢ 1509/[BAISJU] plIngay
sleak g sleak g siBak g sleah J sleah Q| sleaf oL A1o3s1y pjay dwing
youi ¢ youl youl youl Gy youl ¢ youl ¢ Buised [lam wnuiuiy
08¢-¢ SOS 6-VidS 00€6 8¢1-0-8ds 08/2¢€ dd 0S/2¢€ dd [apow duing
Yoerue|og sojpunis olunys yoeplejos uosiqoy uosiqoy Jamnjoejnuew dwing
lebnjuuan jebnjujuan wbetydelq wbesydelq wbesydeiqg wbeiydeiq adAj duing

> , dung
2'2/0L9 6°2/0v9 8'L/8¥9 8°L/¥99 2'¢/e6lL G L/I0bS Nd9 "Xe/ad9 353
« «{d c aldilaly - c] - d"Y d( - - a b= c c a b= c U C

(@ds 00S “14 00L) 00LY 3PON suosiinduio)) walskg surdwndg :g 34nY;)

t



(ado 00S

£

099$ §59% £25% 89v$ a0l dund
8el$ Gol$ Gles adld Jajjonuo)
o Lo o , 2014
ql Lol qal oyl ai L jybiom diys pajewnsy
sinoy gy skep g sinoy $2 sinoy gy-¥¢ diys o) awyj pes) ‘353
slealk g sleah g sleak g sieak 2 Rueiem waysAs
sleah 2| sleah g sieak G| sleoh L} souspadxa dund Ad
Jamod pajiddy  [191eAN 2 Jamod joaild wwoasojoyd uosiqoy aweu Jo)ddng
T e T e T L Jegpddng
auou sauaneq AvZ f1aneq oA pZ 10 2| | uondo samod dn-yjoeq
00YVS Solpunis  Vog-0l VOd doelielosvoe-01 VOd ¥oelelos)  1OA 2¢ L-0dS [opouwyayew 13jjosjuc)
alod/paxiy ajod;paxiy ajod/paxiy sjod/paxuy junow Aely
sieah g sieak ¢ ajgeleA sieak Q| A1ojsiy piol Ad
sieak gl sieak 0z a|qeleA sleak g2 Auelem Ad
v-0§-3SV LL XS xatejos | Alliqe|ieAy uo paseg |  L/-XSIN XaJejog [opow/oyewl Ad
SHeMm 00€/9 spem $51/2 sjiem gZlL/e spem vy51/2 azis Aelte pd/sa|npous #
G ORI BRI T e e et  &1ddng 4amod
ajqeo dwnd ©/¢-01 | 9lqeo dwnd 9/g-g) | °lqed dwnd ©/2-2l ajqeo dwnd Z-p| UM popUAWIOIY
OAd WW/L L Ajod 271 fjod 2/1 Alod /€ 10 ,2/) adyd papuswiwioday
dwind mauuAk oz 0} dn 05L4/sieak ¢ 3509/|eAISJU] PlINGY
sieah g sleah sleak £ sleah Q| K1ojsiy pjolj dung
youl ¢ youi ¢ youl ¢ youi ¥ Buised |jom winwiuyy
6-ViLdS 8¢¢-a-sds 8¢¢-0-sds 06/2¢€ dy jopow dwing
sojpuni yoeriejos yoerse|os uosiqoy laamjoejnuew dwngd
[ebnjuan wbeiudelq wbeJudeiq wbelydeiq adf} dwng
R R A it MR Lo Codung
£/665 L' 1/559 L'LSLS 2/0cL Wd9 "Xel/ad9 13
- Uad Vv - 1 O ad( - C] U - - - aba - (} v
[ )
suostundwo)) wasksg surdund :g 340Y))

) GZL) SZLV ®PON




(@dd 00S “34 0§1) 0SLY ©pON

Leflele

90114 Wa)SAS

(@dD 00S “34 0S4) 0SLY SPON

0L8'L$ Svs$ §59$ 055% 89v$ 22)4d duing
Go1$ GLe$ 90}id Jojjouo)
q s H o 94
ql 091 al vl ai 1L yB1om diys pajewsy
shkep g sinoy 2 sfep g S)Hoam 2-| sinoy gy-ve diys o} awi) pes| ‘3s3
sleahk g slealk g sleak g sleah g sleak g Ruesrem uizysAs
sleah g sieak G| sleak g sieak 9| sleak || aouapladxa dwnd Ad
19)BAN 2 Jamod 10alig wiLooojoyd U9JBAN 2 JomOod 10aa1g| 0ads o1109]3 Jejos uosiqoy aweu s9)jddng
N R R T “Jenddng

solaneq Ape Koneg Avz o gL | Kiapeq oA g oz | uondo samod dn-yoeg
09-8 VOd Yoellejog [voe-01 VOd doelie|osivoe-01 YOd Yoelejos SN esialy HOA 2€ L-0dS [Spow/ayeuw lajjoljuod
Jayoed) unspepn ajod/paxy ajod/paxiy ajod/paxiy ajod/paxiy junow ey
sleak g ajqeueA sleah g sleaf 0L sieaf gL Aoys|y pjay Ad
sleak 0z ajgeLeA sleak o2 sleak gL sieak 0z Ruenem Ad
09 XSIN xaiejog | AligelieAy uo paseg | /2 XS Xaiejos QSIS suawialg LL-XSIN XaJejog [apowjoyewt Ad
SHeMm 0v2/y SHem 09L/2 SHem 5172 SHEM 00L/2 SHem G112 az|s Aelle Ad/sa|npow #

WA R R T o L1 ddng «amod
a|qeo dwnd ©/z-01 | siqeo dwnd 9/2-01 a|qeo dwnd z-01 ajqeo dwind gz-pL M papuaIWoady
Ajod ,z/1 Ajod 271 Kjod ,p/g 10 ,2/1 Aod /e Jo ,2/1L adid papuswiwosay
0Sl$/sieak ¢ JS09/[eAISjUl plingsy
sigak g si1eak / sleak J sieak g sieak Q| Aojsiy pjay dwing
youl ¢ youl yout y youl ¢ youl ¢ Bujses jjom winwuiy
08¢-C 808 82¢-0-8ds 8¢¢-a-sds 00€6 0S/2€ dd [apow dwng
NoerJe|os yoepue|os yoerlejos onys uosiqoy Jainjaejnuew dwng
{efnjuuan wbeiydeiq wbeiydeiq wbesydelq wbeiydeiqg adAy duing

A dung

L' L/8y9 L'HLes L'LSLS 9°1/98G 9'1/9LS IWNd9 Xe/ado ¥s3
d-v¢dd-NSd d-900d-NSd d-6£dd-NSd d-€S3S-NSd d-1g94-NSd al weysAs

"mﬁﬂm&aﬁzﬂmﬁm %sm%:ﬂmw M. t%&b




(ado 00S “3 00Z) 002V SPON

(@d9 00S

£

oy
N T

34 002) 0

wdbes

02V ®PON

0L8'L$ 659$ gvs$ a9jid dwingd
S91$ 8dlid Jojjonuo)d
L L o0d
ql 09l biom djys pajewysy
skep g shep g sinoy ¥2 diys o3 swy pes} 353
sieah g sleak g sleak 2 fyuenem woyshs
sieah g sledh g sieak G| sousiadxa dwnd Ad
191B/\\ B Jamod 10941 [191BAN @ Jamod Joalid wwoooloyd aweu Joljddng
T o senddng
sauaneq AYZ uopydo Jomod dn-yjoeg
0Z1-8 90d Yoeliejos Woe-01 YOd Yoelle|ogvoe-01 VOd Yoelie|os) [spowjayew Iajjoquod
Jayoed) unspepn JayoeJ} unspepn JaYoel} SHIOMaWOoZ junow ey
sieoh g sieak ¢ a|qeMeA Aojs|y piei Ad
sleah o2 sieah 02 ajgeleA Rueuem Ad
09 XS Xalejog LL XSIN xelejog | AlljigelieAy Uo psseg [opowjayew Ad
SHEM 09€/9 Spem G112 SHEM 091/2 oz|s Aete p\djssnpowl #
T g o e fddng deatod
ajqed dwnd 9/2-01 | 9iqed dwnd 9/2-01 Q1M papusLlILody
Aod ,2/1 Ajod ,2/) adid papuswiwossy
3sod/jeasjul plingay
sleah g sleah 1 sleahk ; Aojsiy pjey dwng
youl ¢ youl ¢ youl ¢ Buises jjom winwijun
082-¢ SOS 82¢¢-0-sds 82¢-0-as jopow dwing
Noerie|os yoeriejos yoerse|os laamoenuew duing
jebnyuan wbeiydeiq wbesydelq adfj duing
e o | dung
9'1/59% LvL9 L1229 Wd9 "XelN/ado 1s3
d d( d d-09dQ - d-200d d q :

——
—

——

suostundul

0) wWa3sAg surdwndg :g 340Y;,)




(@d9 00S “¥ 052) 052V ©PON

«Q&O 00s rt QMN\ 0sc V SPON

Lerle

90114 WdISAS

d-L0dV-NSd

d-95dd-NSd

08L'L$ 868'L$ 9zL'L$ 29]1d dwing
s2s'Ls L6e$ 99lid lajjonuo
e g
ql 96€ d] 00€ blom diys pajewsy
sinoy gy shep g sinoy ¢ dys o} aw pes| 353
sleak g sleak g sleak g fuenem wisysAs
sleak z| sleah g sleak g| aouapadxe dwnd pAd
Jamod palddy  [4a1eAn 8 Jamod J0alig wioaojoyd alueu so)jddng
R T T fanyddng
aoeLuLul ‘uab |euondo sauaneq AG.L uonydo Jomod dn-yorg
00S1-VS sojpunio | 0Zi-8 G0d dJoelielos | 0Z1-8 §0d doeliejog | [spowyayew Jsjjopuo)
ajod/paxy JayoeJ}) unspepn Jayoen sylomawoz junow Aety
sleak g sleaf g a|qeneA Koysiy pjay Ad
sleak Q) sleak o2 ajqeleA Auenem pd
Iv-05-38Y 95 XSIN Xalejog | AjIqe|ieAy Uo pasegq |3powlje)ew Ad
SHEM 008/91 Sjem 095/01 SHeMm 009/01 az|s Aelie \d/ss|npow
N IR L _&jddng «emoq
9[qeo dwind 9/¢-9 a|geo dwnd 9/z-g ajqeo dwind 9yz-9 AlIM papusWoddy
ONd 2 Ajod b/ Ajod . p/e adid pspuswiwoosay
dwind maupuA gz o1 dn 3509j|EAI3)U] PlINGSY
sleafk g1 sleak g sleak 2 A1oys1y pjoy dwing
youl y youl ¢ yout ¢ Buises [jom wnwiuyy
Gl-veds 62v-€ SOS 62¢-v SOS [apow duing
sojpunio oerueos yoeriejos Jamoejnuew duing
lebnjuuan lebnjuiuan [ebnjunuan adA) dwing
, dung
y's/6cl €1/609 £'C/LG6 NdO XelN/ad9 353

n_-woon_-zmn_

Q Ewwm&m

—_——— ——

m:cmfaps:ob Emumam_ %EQE:& N ?:ED




(@do 00S “¥ 00€) 00€Y dPON

\\l

W
|
EP TN

: .

» N

v e .

(@do 00S

Lekle

AT

805°9%

SS0'P$

991id WdISAS

86¢'L$ ozL'L$ 829'L$ ao)d dwnd
ges'le 15€$ 39}id l8jjonuod
AT Caandg
dl 96€ ] di 0o€ ql 25t wbiom diys pajewyys3
sinoy g sfep g sinoy 2 Sy9aM Z-| diys o) awy pea) ‘3s3
sleak g sleah g sleak g sieahk g Rueuem wayshs
sleak Z) sleoh § sieak G| sieak g} aouapadxe dwind Ad
Jamod paliddy  [191epN %2 Jamod 19a11d wwosojoud ‘0adg oL99|] Jejos awreu Jo)jddng
I R A L R L T R o danddng
aoelaul ‘uab |euondo souayed AGL Raneq AvZ 10 2L uondo samod dn-yoeq
005 }-VS sojpunie | 0Z1-8 §0d Yoefie|os | 021-g 80d yoefiejog | a/L-4N Jowdung | [Spowjayew Jajjoljucd
ajod/paxuy JayoeJ} unsjiepn Joyoel) SIomawoz | Jexoel} sYJomawozZ junows Aenry
sleah g sieoh g ajgeleA sleah ¢ Alojsiy plo Ad
sieaf 0l sleak 02 a|qeueA slesdh 01 fuenem Ad
v-05-3SY 96 XS xasejos | ANjiqelieAy uo pased |  0LINS suswalg [apowjaewl Ad
sjem 008/91 spem 09s/01 spem 009/01 spem 082/Y azis Aelle \d/sonpoui #
P 3 L T R A T | _&yddng 4amod -
a|geo dwnd 9/¢-9 alqes dwnd ©/2-8 a|qeo dwnd 9/2-8 BJIM papusWILIoddy
OAd .2 Ajod /e Alod /¢ Ajod p/e add papuawiwoday
dwnd msu/uA oz 03 dn 1509/|eAIaju] pjingay
sleah gl sieak g sleah g sleah ¢ Kosiy pjay dwing
youi ¥ youl ¢ youl ¢ your ¢ Buiseo |[om winwiuily
L2-VS'LdS gZy-¢ SOS gee-¥ 808 812% jopow dwing
sojpunI Yoerie|0S oerie|os asuung Jaimoejnuew dwnd
[eBnjuusD jebryuad jebnynuan uojsid pajeas adfy dwng
LS e e I e o T G T e
" }'€/92S 9'1/008 9'}1/68 S L/SY9 Wdo "xelN/ado 1s3
d-80dY d - d C ] d-600d ] d-6 d (] 0
suos1unduwo)) waiskg surdwnd :g 140Y))

“34 00€) 00EY 9PON



(@dd 000} “34 S2) G529 OPON - ==

9011d Wo)SAS

099$ Sv9'L$ 05S$ 559% 2L5% 0LL$ adlid duind
g8eL$ g9l$ a0id Iejjonuo)d
oo T : o T L 9oMd

qi 00} ql . qi 08 Whiom diys pajewnsy
sinoy gt skep g SHOOM Z-| skep g sinoy g skepz diys oy awiy) pesj ‘3s3
sleak g sieak g sleak z sleah g sleah g sleah Z Ruenem waysAs
sleah Z| sleah g sleah 9| sleak g sieak G| sieak g aouapadxs dwnd Ad
Jamod paliddy  [1e1eAn '8 Jamod 10alig| "oads oujoelg Jejog [IsjeAn 8 Jamod 10aaid wiwooojoud 19BN B Jomod 10alig alueu Jo)ddng

B R e T o soryddng
auou Aoyleq AvZ Jo 2L sauaned AYZ uoyydo Jamod dn-yoeg
00yVS sojpunid 09-8 ¥Od Yoeliejos S eslaly 0€-8 VOd doelie|og W0e-01 VOd doellejos| Voe-G VA doeliejos | [opowayew Jajjo5uod
ajod/paxiy ajod/paxy Ja)oBl} SHIOMBWOZ alod/paxiy ajod/paxiy ajod/paxiy junow Aeny
sieafh g sieak g sieaf g} sleak g ajqeueA sieak g Aiojsiy pioy Ad
sleaf g1 sieaf 0z sieak o) sleah 02 ajqeleA sleah o2 Rueuem Ad
v-05-3SVY 959 XS Xalejog 0SINS suswals LL XS xaJejos | AllligejieAy uo paseg | L. XSIN Xalejog [spowleyewl Ad
SHem 0GlL/e spemzeiLe SHem 001/ spHem yG1/2 siiem $9/¢ SHem /L az|s Aelte p\d/sanpows #

L o e R T : - £ddng damod
ajqeo dwnd 9/¢-01 o|qeo dwnd g-0) a|qeo dwind 9/g-Z1 | o|qes dwnd 9/2-z1 | 8jqeo dwnd ©/z-zL Q4IM PIPUSLLIWLOIAY
ONd WP/L L Ajod /¢ J0 /L Alod /g Ajod /¢ Aod /e add papustuwiosay
dwnd mauk gz 0} dn 1S09/[EAIR)U] plINGaY
sieak g sleah g sleak ¢ sieak / sieah 1 sleah ) Aoysyy pjey dwing
youl ¢ yout ¢ youl y youl ¢ youl gy youl 'y Bujsea |jam wnwuiy
£-Vs'LdS GLl-G 808 00¢€6 8¢1-0-8as 821-0-8ds 8¢1-0-8ds japow dwing
sojpunio yoerie|os olunys yoeplejos Joeriejos yoeruiejos Jammoejnuew dwng
{ebnjuuan febnyuan wbetydeiq wbelyderq wbesydelq wbeiydeiq adfy dwng

| dung
1'9/€08L 8°2/0ELl 2/086 8°1/2s0lL 8°C/Hp0l ¥°2/0801 NdO "Xe/ado 31s3
d-10dY d d-£0dd . d-¥ - d-S0dC d d-( d d d-90dC d q S

(@do 0001 “¥ S2) GZ9 dPON

suostiandulo)) walsdg surdwundg ..Nﬂ..@@b




(ado 000} “M 0S) 069 OPON =~

dago ooy »Yvs 929 & %

z88'l$ vrsL$ 08v°L$ 99Lid WIISAS

829'L$ 099% 055$ CLS% 0LL$ a1 dwnd
8el$ GoL$ 3dl1d I9]jo4ju0)
Lo R R G 2dd
qi 2st qalecl qlyL ai 001 yBiam diys pajewys3
SHooM 2~} skep g sinoy 8 syooMm Z-1 sinoy $2 skep 2 diys o} sy peaj ‘3s3
sleak g sleah 2 sieak g sleak 2 sleahg sleak g fyueniem wa)shs
sieah 9| sieoh g siesA Z| sleak 9| sleak gL sieak g aouauadxs dwnd Ad
'0adg oUj09|T JejoS [19JeAA B JaMod Joalld|  Jemod payddy ‘oedg 011093 Jejos wwoo0joyd 1918\ 18 Jamod 10alld aweu Jajddns
R T R e I T R A o deyddng
Kiapeq AvZ 1o 2L auou Aiejeq Avg Jo 21 ssliayed Ave uoido Jomod dn-yoeq
/LM Jewudung | 09-8 vOd Yoelejos 00¥V'S sojpunio SN esisly \V0E-01 VOd Yoeliejos) 0€-01 vVOd yoefielog | [opowjaxew 13jjojuocy
sjod/paxiy Jayoel unsjiepn ajod/paxi} Jayorl) syuomawoz ajod/paxy s|od/paxi} junow Aexry
sleah ¢ sleoh g sleah g sieak gl ajqeueA sleafk 6 A1ojs1y Py Ad
sleak 01 sleak 02 sleak gl slesh gl a|qeueA sleak 02 Ruelem Ad
0LINS suswialg L1 XSIN Xalejog V-05-4SY OSWS suawals AligejieAy uo paseg | 05 XSIN Xa.e|og [spowiajewl Ad
Spem 08c/¥ spem $G1/2 spem 002/v SHem 00L/e Spem 001/ spem QoL/e azis Aeute Ad/ssinpoul #
T e e e P T T e e, L e Aqddng damod.
a|qeo dwnd 9/¢-0l ajqeo dwnd ©/z-21 | elqeo dwnd ©/2-21 BlIM papuowIWoddy
Alod /e OAd WP/L L Aod /¢ Jo 2/} Ajod /e Alod ,p/¢ adid papuswiwoddy
dwind mauyk oz 0} dn 3509/jeAIRU} PIINGDY
sieal ¢ siealk 2 sleak g sieak g sleah / sleak 2 Aojsiy pjay dund
youl ¢ Youl ¢ youi ¢ youl ¢ youl gy youl 'y Bujse [jom wnwiuiy
8les 06-8 SOS 9-V1LdS 00€6 821-0-8ds 821-0-8dsS japow dwnd
asuuns yoerse|0s sojpunis o|unys Noerue|os yoerJe|os Jainjoegnuew dwing
uojsid pojees {ebnyuuen jebnyuuad wbesydelq wbeiydeiq wbesydelg adfy dung
T e e T A L T Codung
y'e/0LLY §'¢/002L y1v0cl 2/096 8'¢/eL0l 2'eivvol Wd9 "xel/ado ¥s3
d-( - d d( . d-20dV - d-¥ d - d ] d-91dd d ¢ S

S ———
tatae—

\

(ads 0001 “} 0S) 059 dPON suos1indulo)) walskg surdwundg :g 140Y))



(@d9 000t “¥ S.) §.9 @PON

Lercie

829'L$ 055$ 2Ls$ aalld duind
8e.L$ gol$ adlid I9]jonuod

L TR . I
ql 25l qi ¢l q) €6 q1 00l \| ubiam diys pajewnsy
SHooM Z2-| skep g sinoy gy SNOOM 2-| sinoy ¢ sfep g diys o} aulyy pesj Js3
sleak g sleak g SIeak Z sleah g sieak g sieah z - Rjueniem wajsAs
sieaf 9| sleaf g sieal Z1 sleah g| sieak G| slesh g asuapadxe dwnd Ad
'09dg 011109|3 Jejog [I9JeAN B JamOod 10adld| Jemod paljddy ‘09dg OM108|] JejoS wwooo0joyd IS1EAN 9 Jamod 108d1g aweu Jo)ddng

C T R T T e T Ty T T A R ‘qorpddng
Mapeq Avz Jo 2L suou Kayeq Apz 10 21 salaneq Ave uopdo Jomod dn-yoeg
q/1L-IN Jawidung | 09-8 VOd Yoeliejog 00bVS Sojpunio SW esialy V0€-01 VOd doele|og| 09-8 vOd doellejog | [apowjaew iajjouod
ajod/paxy Jaxoel} unspiepn alod/paxiy Joyorl) siIomawoz | tayorl) syiomaoz ajod/paxiy junow Aesry
sieak ¢ sieak g sieok g sleaf 0| ajqeLeA sleak g Kiojs|y piayy Ad
sieak Q| sieak 02 slBak 0| sleah gl a|qeleA sleah 02 Aueiem Ad
0LINS suswalg 09 XSIN xaJejog v-05-3SV GLINS suswals | AlligejieAy uo pased | L. XSIN Xalejos |opowjoyewl Ad
SHem 08e/y SHEM 0V2/P SHEM 052/S Sspem Q5L/e SHem 0212 Spem y51L/2 azjs Aelle \d/sa|npow #

S IR T L _&1ddng «emogq
ajqeo dwnd 9y/¢-01 ajqeo dwnd gZ-0} ajqeo dwnd 9/z-21 | a|qeo dwnd ©/2-zZ1 SIM PapUAIWIODY
Ajod /e OAd Wb/l L Ajod /€ Jo ,2/L adjd papuawiwodsay
dwind maupk gz 01dn 1S09/[eAIR}U| plingay
sieah ¢ sleak g sleoh z sigah sleak | sieak Aojs1y pey duing
youl y youl youl ¢ yout youl G’y youl 'y Buisea |jam wnwiuiy
gles 082-2 SOS 6-VidS 00¢6 821-0-8as 821-0-sds [apow duing
asuung yoerue|os sojpunio olunys yoerie|os JoerJe|os Jaimaejnuew dwng
uolsid pajess jebnjiuan {ebnyunuan wbeiydeiq wbesydeiq wbesydeiq adfj dwng

— - , dung
€'€/00L1 L'2/0SL) 9°¢/q501 2/096 9¢/elc) £/08¢l WdD "XelN/ado 1s3
- « ad-véedU - d-70AdV - - - - - - ad-vviéal - q G

(@d9 000} “14 S.) S.9 9PON

suostunduio)) walsAg surdwndg :g 140Y,)



829'L$ 099$ 2.LS$ ao)1d dwnd
8el$ Gol$ 3ol4d 19]jonuo
L L Lo L a914d

al 2sl ai Lol q) 021 ai €6 brom diys pajewnsy
syoam 2-| sinoy gf sinoy 2 syoam 2-| shep 2 diys o3 aws} pes| ‘353
sleak Z sleak g sieah Z sleah g sleak g fuenem woysAs
sleaf 9| sleak 21 siealh g1 sleah 9l siedh ¢ asuapadxa dwnd Ad
0adg oM09|3 Jejos Jamod paljddy wiwoaoojoyd -0adg oU109|3 JejoS |491BANA 8 JaMmod 10alld awey 19)jddng
R R L B T T upddng
Ksjeq Avg 02 auou sauaNeq Ave Klaneq Abz 10 21 uopydo Jomod dn-yoeg
a/i-IN Jewudung 00pVS SoIpunI9  [V0E-01 VOd Yoeliejos SIN esJaly 0€-01 VOd Moeliejos | [spowjayeul 13jjo;juo)
ajod/paxiy ajod/paxy JaYORJ) SHIOMALWIOZ | JoNOBJ} SHIoMBWOZ JaYorl} Unsepn junow Aeury
sleak ¢ sieak 2 o|geMeA sleak o) sleak g Aojsiy proy Ad
sleaf 0} sleah 01 ajqeleA sleak 0l sieak Q2 Ruelem Ad
~ 0LINS suawaig v-05-3SY AujigejieAy uo paseg GLINS suswels LL XSIN Xale|oS [apowyaxewl Ad
snpem 08¢/y spem 00€/9 spem 091/¢ spem QgL/2 Spem y61/2 azis Aelte pdjsoInpow #

i R AR TORE LI e BT B e fjddng 1omod -
a|qeo dwnd ©/¢-01 | @lqeo dwnd ©/2-21 alqeo dwnd g-0l a|qeo dwnd ©/2-21 A4IM papusiwoddy
Ajod p/c ONd WP/ L Alod /¢ 40 ,2/1 adid papuswiwodsy
dwind mau/A oz o3 dn 3509/[eALRYU] Plingay
sleah ¢ sleak g sleah / Sledk § sleah 2 Aiojsiy pioy dwing
youl yout ¢ youl gy yout v youl 'y Buisea jlam wnwiuiiy
:134¢) 6-v1idS 821-0-8ds 00€6 821-0-8dsS [opous dwing
asuung S0jpunis) yoepiejos olLNYs yoerJe|os Jainjoejnuew dwng
uojsid psjess [ebnjuuad wfeiydeiq wbesydelq wbesydelq adfj dwng

T P R R LU I I L B T dung
2'€/08S1L L'€/0001 g8'c/elel 2/096 g8c/olel Wd9 "XeN/ddo 3s3

d-( d d-G0dV d d d d - d d-81dC - d S

R R e —————————

—_— e

0, WSS Surdwund :g 140Y))

(ado 000}

£

"} 004) 0019 9PON

suosi1avdul




(@do 000!}

“} GZ1) SZ19 @poN a2l
061 9% 7 $ $ $ 0% g q 20114 S

€90'1$ 8L9'L$ y8y'LS$ 829'L$ 055$ 291 dwing
6es'le Lve$ 30lid J9]jojuod
0 : o , g
ql Lle al oye ai2sl di €6 Whem diys pajewnsy
SyooM g-| skep g sinoy g SYoom g-| syoam z-| diys o} awf) pea) Js3
sieah g sleak g sieak g sieak g sieak g fuesrem waysAs
sleak 2| sieak g sleak G| sieak gL sleah gl asuapadxs dwind Ad
Jamod pajjddy JOJBAN '8 JoMOd 10a11(] wwooojoyd ‘0adg oM09}3g Jejog | 'oads ou09|T JejoS aweu soy1ddng

R I R T o e Jagjddng
aoelajul ‘uab jeuondo salaeq AGY Kiapeq Apz Jo 2) Kayeq Apz Jo 21 uondo Jomod dn-yoeg
00§1-V'S sojpunio | 09-8 VOd Yoellejos | 09-8 YOd Yoeliejos | q/L- sewndung SN esia)y [apowyoxew Iajjonuod
ajod/paxy Jayoel} unspean Jaxoel) SHIOMBLLIOZ ajod/paxy Jayoerl} SHIoMaWoZ junowl Aelry
sleak g sieak g ajqeneA sieak ¢ sleaf gl Aojsiy piey Ad
sieaf og sieah 02 alqelieA sleak gL sleah gL fuesem Ad
Y9-XSIN XaJejog 79 XS xaJiejog | AJljigejieAy uo paseq 0LNS suswalg GLINS suswialg |apowijoyewl Ad
siem z15/8 SHEM $8€E/9 SHEM QZP/9 SHEeM 082/v Sjiem 0GL/2 az|s Aelse Ad/sa|npow #

P R R T - € ddng 1omoq
9|qeo dwnd 5y/¢-g a|qeo dwnd ©/z-zl | aiqeo dwnd o/z-z| a|qeo dwnd z-01 alM papuawILIonsy
ONd .2 Alod ,prg Aod ,p/¢ 10 ,2/1 ad}d papuswiwoday
dwnd mauyk gz 03 dn 1509/jeAISJY] plINgaY
sieak 9| sleah g sleah g sleah ¢ sledh g Ai0ys1y pjay dwing
youl yout ¢ youi yout y youl y Bujses |jom wnwnuiy
0lL-veEdS ovL-¥ S80S 051-¢ SOS 81¢2s 00€6 [apow duing
SOJpunio Yoeriejos NoerJeos asuung onys Jaamyoejnuew dwng
lebnjmuan [ebnyuuan lebnjuuan uojsid psjeas wbesydeiqg adfy duing
: , dung

6°'G/0L01
d-8¢dV-NSd

(@d9 000} “} SZ1) SZLF OPON

L'y/LEQL €/e0clL
d-0vd@-NSd  d-v1Od-NSd
SUOS1UD

duio)) wals

L'€/5071
d-01S3S-NSd

2/056
d-§S3S-NSd

Wd9 Xe/ado 53
al WasAs

————

€S Buidwng g 110y




£90'l$ 868'L$ y8p'L$ 829'l$ a9lid dwind
62s'Ls 3443 adlid Iajjouo)
, R T oond
ql 09¢€ q] 092 ql 25l jyblom diys pajewys3y
sinoy g sfep g sinoy yg syoam 2-| diys o} swyj pes) ‘353
sieak g sleah g sleak g sleah 2 Rueuem woysis
sieak g| sleah g sieaf 6} sleaf g| aouapadxs dwnd Ad
Jamod palddy  [191eAA 8 Jamod 1oalld wuwooojoyd '0adg 0M109|3 Jej0S aweu Jojjddng
T T R e T e o e s enddng
aoepoul "usb jeuofdo souaneq ASY Aapeq Avz 1o 2L uondo somed dn-yoeg
005 1-VS Sojpunie | 0Z1-8 80d %oelie|os | 09-8 YOd doellelos | a/i-1N Jowudung | [apowyayew 13]jonuod
alod/paxiy Jayoes} unspepn Jayokl} SHIOMaWOoZ sjod/paxuy junow Aelly
sleah g sleak ajgeueA sieak ¢ K10js)y pioy Ad
sieah 0} sleak 02 sjqeleA sleah Ot Rueuem Ad
v-05-3ASY g5 XSIN xesejog | Ajllige|leAy uo paseg 0LINS suswalg [apowjoyewl Ad
Sjiem 00L/v 1L SHEM 81/ s|em 08+v/9 spem 0ge/y azis Aelle pd/sejnpout #
L e o e T e A ddng Jamod.
ajqeo dwnd o/g-g | 9|qeo dwnd ©/z-01 | ojqeo dwnd 9/2-01 21IM papualIWossy
OAd «C Ajod pre adid papuswiwossy
dwnd maupA oz 0y dn 1S09j|EAIa}U] plingoYy
sleah gl sleah g sleah g sleal ¢ Asojs1y pjay dwing
youl ¢ youi ¢ yout youi v Buises |jam winwuily
0}-vedsS g2e-¥ SOS 051-¢€ SOS 812s [opow dwingd
sojpunie Joepie|os oerse|os asuung Jaampoejhuew dwng
[ebninuan jebnjnuad jebnyuan uojsid pajeas adfj dwing
R e R L R T R L 58
2'6/9851 9'2/9v01 1'€/eact 6'¢/0ccl WNd9 "XelN/qdo 153
- alv - «arfall C - - - a1~ a ( O

T

(ad9 000}

£

‘M 0S1) 0S)

g 9PON

SUOS1AD

dwo)) walsAg surdwng :g 14DY))




(ad 000} “¥ 002) 0029 @PON

Lerire

99114 WdISAS

08L'L$ 868'L$ yav'Le 8z9'l$ a2)id dwing
q2s'L$ 8443 adlld 19]jouod
BERERE R oo

gl 09¢ ql 092 gl 2si bom diys pajewns3y
sinoy g sfep g sinoy g syoam g-1 diys o) awy pesj 453
sieak z sleak Z slesh g sleak g Ruesiem wajsAs
sieak Z1 sieeh g sleak g| sleah g asuspadxa dwind Ad
Jamod paliddy  |19jepn % 1amod 198a1q wuwooojoyd "00dg 0M109]3 JejoS aweu 19)jddng

T T T T T T aanddng
0Bl ‘ueb jeuondo salianeq Ay Kayeq Abz Jo 21 uojjdo Jomod dn-yoeg
00S1-V'S sojpunis | 0zZ1-8 80d doelie|os | 09-8 VOd doelle|os | q/L-yIN Jowndung | [opowjayew Jajjosuod
ajod/paxuy Ja)oB1}) Unspepn Joyoes) syiomauloz | Jeyord) SHIomawoz junow Aeiiy
sieak g sleak ¢ ajgeneA siealk ¢ Aojsiy piely Ad
sieaf QL sleaf o2 sjqeleA slead QL Rueiem Ad
v-05-3SY LL XSIN xasejog | AjlliqelieAy uo paseg |  OLINS suswals |apowjaet Ad
SHEM 00L/p) SpEM 91.9/8 SHeM 08%/9 SHEM 08Z/Y az|s Aelie pdJsajnpow #

B , R L Lo i o hﬂNgﬁ.ﬁkaSQnN,
ajqeo dwnd o/¢-g¢ | ajqeo dwnd ©/2-01 | 8|qeod dwnd ©/2-0) S1IM PapUaLIL0odY
oNd .2 Ajod . p/¢ adid papuswiutosay
dwind mau/A gz o1 dn 1S09/[eAI)U] plINgoY
sleah 9| sieak g sleah g sleah ¢ A0ys1y pjay dwing
youi ¢ youi ¢ yout ¢ yous 4 Buises |jom winWuIR
§Sl-veds G2g-¥ 8OS 002-¢€ SOS 9228 [spow dwing
sojpunio yoerlejos Noeprte|os asuung Jainjoejnuew dwing
lebnjuuan jebnjujuan |lebnjuusn uojsid pajeas adfy dwng

o dung

9'9/.501 8°2/0L01 y'2/0CL) 1'2/0901 Wd9 "XelN/qdo 353
d-v€dV-NSd d-2Sda-NSd d-91L0d"NSd d-9S3S-NSd dl woysAs

(@dD 0001 “}4 002) 0029 2PON

mﬂomw&d“%EomuI% Emw”mm. %ﬂ.»%&ﬁu& ¥4 #:\urm\b



(ado 0001 “¥ 0§2) 0529 SPON tezire

86¢€'L$ 868'L$ 9zL'L$ ao}id dwingd
62s°'L$ LGeS adld J9)jonuod
L Lo o I , - ondg

ql 0cd ql 005 ybrom diys pajewys3
SYoOM Z-| sfep g sinoy ¢2 diys oy s} pesj ‘js3
sieak g sleak g sleak g Kueiem wioishs
sleak 2| sieal g sledh G|, aouapadxa dwnd Ad
Jamod pajiddy  [Js1BAn g Jamod joalIQ wiwoooioyd aweu Jojjddng

, T T T s T T Jegddns
aoellalul ‘uab [euondo sallaneq A0 uopdo Jamod dn-yoeq
005 1-VS sojpunid | 0Z1-8 80d Y%oele|os | 0Z1-8 80d dOelie|os | [apow/axew Iajjouod
ajod/paxy Jayorl} Unspepn JaMorI} SHIOMAWOZ junow Aely
sleah g sieah a|qeMeA Aiojsiy piois Ad
A sieak 02 sleak 02 ajqeneA fuenem Ad
$9-XSIN Xa1e]0S 96 XSIN XaJejos | AnjigejieAy uo paseg [opousjoyewl Ad
sHem $20L/91 sjem 2L9/21L spem 0z.L/9 ozis Aeise pdjsojnpows #
g e g ddng Joamod.
ajqeo dwnd 9/¢-9 9jqeo dwnd 5/2-8 ajqeo dwind ©/z-8 21IM popuaWIWosdy
oAd .2 adid papuswiwosay
dwnd mauA gz 01 dn }509/[eAla}u] plingay
sleah 9| sleak g sieah Z Aojsiy pey duing
youl ¢ youl ¢ youl ¢ Buises [jom winwiuipy
12-V5'LdS §2¢e-¥ SOS gce-¥ SOS [opows duing
sojpunio Noerie|os soerejos laimoegnuews dwnd
febnynuad jebnjumuad {ebnjuan adfy dung

T e e g
9/0vb| L'e/68LL 2'e/e6c) WNd9 "xell/ado Is3

. dV d d-9Gd{ - - - - ( 0

(ad® 0001 ‘M 0S2) 0629 PON suostinduwo)) wasdg surdundg :g 140Y)



(@do 000} 34 00€) 00€9 9PON

Lerie

(@d9 000! 4 00€) 00£9 9PON

28¢'6$

9011d Wd)SAS

08L'L$ 868'L$ 9zL'L$ 2o1d duing
§2s'Ls Lge$ 921id J9jjonuo
i L _oopg
Qi 6599 al 008 YBlom diys pajeuins3y
sinoy g sfep g sinoy 2 diys o) auyy pes| 453
sieak g sleah g sieak g Ruelem woyshs
sleak g1 sleah g slesh gl aouapadxa dwnd Ad
Jamod paljddy  [us)epn '8 Jamod 108lig wiooooyd aleu sayddng
R dayyddng
a0eMa)U| "uab |euondo sauajeq A0l uondo tomod dn-yoeg
00SL-VS sojpunio | 0Z1-8 §0d Yoelejos | 0ZL-g 90d Yoeliejog | [apowayew 1ojjouod
ajod/paxy Jayoel} unspepn Ja)0Bl} SHIOMBWOoZ junow Aeuy
sleah Z sleak ¢ a|qeneA Aojs|y pisl Ad
sieaf Q) si1eak oz ajqeneA Rueuem Ad
v-05-3SY 95 XS xalejog | AjljigejieAy uo paseq [Spowljayew Ad
SHeM 0021/ve SHEM 968/91 SHEM 08/ L azls Aelle \d/se|npou
S N T . &ddng aemog
9|qeo dwnd 9/¢-9 ajqeo dwnd 5/z-g ajqeo dwnd o/z-g aIIM pPapUBUIIOTdY

ONd .2 adjd papuswuossy

dwind mauAk gz oy dn 3509/|BAIS}U] PIINGRY

sleah gL sieak g sledh g Aojsiy pjey dwing

youl youi ¢ youl ¢ Buises [[om wnwiuy

Sl-vZds §2¢-¥ SOS G2e-y SOS [spow dwing

sojpunio yoepie|os oepriejos Jaimjoejnuew duing

lebnjusn lebnjuuan jefnjuusn adA) dwing
dung

L1ylol L'e/02CL 6°c/eell NdO "XelN/ad9 353
d-60dV - d-8%all - a-93 - - q =

suositunduio’) ud

]
————

1S4Q MMm&EﬂNIN °g MDY




(@dD 005} “}4 SZ) S22 9PON sz

0% P92 3 L% 8V L $ 20lid W
829'L$ 099% 0L.% 2L5$ a91d duing
8¢e.l% Gol$ 80lid 13]jonu0
S : : : _ o X S A : X - 20

qi2si ql 001 qi 08 yBlam diys pajewns3y
SHoaM 2-| sinoy gp sfep g sinoy ¥2 diys o} aw} pea| Js3
sleak g sleaf g sleak g sleak g Ruesem wsyshs
sieah g| sieah z| sleak g sleah g| aouaiadxa dwnd Ad
'0adg ou09|3 Jejos Jamod payddy  |U91BAA '8 Jamod j0aud Wwoo0joyd aweu sa1jddng

DR R i R dapyddng
Aapeq Ay 40 2L auou sauaneq Ave uondo 1amod dn-yoeg
a/1-IN Jawndung 00bVS sojpunio | 0£-01 VOd Noelie|oS W0e-01 YOd Yoeflejog| [spowjayew J3jjouc)
ajod/paxi ajod/pax1y ajod/paxuy ajod/paxiy junow ey
sleah ¢ sleah g sleak g ajqeneA Alojsiy pjal} Ad
sleah 0| sieak Q| sleah 02 ajqeueA fueuem Ad
0LINS suawialg Iv-06-3SY 05 XSIN XaJejog | AlljigejieAy uo paseg [Spowe)ews Ad
SHEeM 082/v Spem osl/e SHEM 001/ SHeM 00L/2 azis Aelle pd/sajnpous #

e e e g ddng Jomod
ajgeo dwnd 9/¢-01 | ojqeo dwnd 9/z-zL | ajqeo dwnd ©/2-2| 94IM popUsWILLIaY
Alod ,p/e OANd WW/L ) Ajod /e Alod /e adid papuawiwiodsy
dwind maugAk gz 0} dn 1S09j|eAI3JUI plINgaYy
sieaA ¢ sleah g sieaf 2 sieak , Kioysiy pjey duing
youi youl youl g’y youl g'y Bujses |lom wnwiuly
8Lcs €-VS'IdS 8¢1-0-8as 821-0-8ds [opow dwing
asuung sojpunis yoerJiejos yoerJe|os Jaimoejnuew dung
uolsid pajeas {efnjuan wbeiydelq wbesydelq adfy duing

T T dung
9'c/0881 1'9/2081 €/ecol S5'e/Ll9l INdO "Xej\/ado 353

d-0 d d-10dY . d-09dC - d-6 d - ¢ 2

(GdD 00S1 “} 62) SZ9D SpPON su0s1Unduio) wasg surduwndg :g 340Y))



99114 WdISAS

829'L$ 099¢ 0LL$ cLS$ aojid duing
8¢e.L$ gol$ 99lid Iojjonuod

Pt 8 o » :ZJ ' B . ,, , rwn_vw&m )
ql 26l ai 051 ql 02l yBlom diys pajewysy
S)oM 2-L sinoy g shep g sInoy ¥z diys 0y awy pes) Js3
sleah g sleafh 2 sleak z sieak g Ruesem wajsAs
sleak 9L sleak zZ| sleah g sleah g| aouauadxa dwnd pd
'0adg o093 Jejos Jamod palddy  luajepn % Jamod 10a41Q wwooojoyd aweu J9)ddng

e T T T T T T enddng
Kaneq AvZ 1o zi auou sauaneq Ave uoydo 1omod dn-yoeg
q/1-AIN Jawldung 00bVY'S Sojpunis | 0g-0} VOd oeliejos [V0E-01 YOd Yoelejos| [apowyexew isjjonuod
ajod/paxy alod/paxuy ajod/paxuy ajod/paxy junow Aelly
sieak ¢ sieah Z sieak ajqeneA Ao}siy piou Ad
sieak 0} sleaf o) sleah 0z a|qeueA fueuem Ad
0LINS suswaig v-05-38Y 95 XSW xalejog | Ajliqe|ieAy uo paseq [spowjayewl Ad
SHem 08<¢/y SHeM 052/S SpemgiiL/ie SHEem 091/ azis Aelie \d/ss[npow #
E R T , LQddng 1amog
a|qeo dwnd ©/¢-01 | siqeo dwind 9/2-z1 | el|qes dwund 9/z-z1 aljm papualLLoddy
Aod /e ONd WW/L L Alod ,p/e Ajod /e adid papuswiiossy
dwind mauyk gz 01 dn 1S09/|eAIaju} plIngay
sleak ¢ sleah g sieak J SIedA J A10}s1y piay dwng
youl ¢ youl youl gy youl 'y Bujses jlom wnwiuiy
8Lce £-VEedS 821-0-8ds 821-0-8ds [apow duing
asuung sojpunio " yoerIeos oerie|os Jaimjoejnuew duing
uojsid pajess jebnyuiuad wbeiydelq wbeiydeiq adfj duing
. B dwung

Y'e0LLL L'LIpesl e/9¥S1 2'¢/01L9l WdO XelN/ad9 153

d-( - - alv « - Yd - a~{ - - q =

(0dD 005} 14 0S) 05O 9PON suostundulo)) waisky suldung ;g 110y




Lecle

(@d® 005} ‘¥ S1) LD 9PON

9911d WIISAS

829'l$ 099$ zLs$ aolid duing
geL$ S91$ 80lld l3jjonuo)
. T - 2014

ql 25l al 19l qil oyl brom diys pajewnsa
syoom g-1 sinoy gp sinoy 2 diys o} awy pea) js3
sleok 2 sleoh g sleak g Aueriem woisAs
sieaf gL sleak Z| sieah G| sousuadxs dwnd Ad
0adg oU09i3 Jejog Jamod payddy wwoaooyd aweu 43)|ddng

R R A T _teyddns
Aaneq AvZ Jo 2L auou sauaned AvZ uonydo Jomod dn-yjoeg
/LN Jewudung 00pVS sojpunie  V0E-01 VOd doellejog| [opowjayew i3jjoRucd
. ajod/pax1y ajod/paxuy ajod/paxiy junow Aeury
sieak ¢ sledh g ajqeleA Aojsiy ploy Ad
sieak gl siealk 0| a|qeneA Rueiem Ad
- QLS suswelg 1v-05-3SV Ajlige|ieAy uo pasegd [apowjoxeul Ad
SHEM 08C/Y Sjem 00€/9 spem 002/y azjs Aesle \d/senpow

ey e e gddng damod

ajgeo dwnd 9/¢-01 | eiqeo dwnd 9/z-z1 Q1M PapuUaIosdy

’ Ajod p/e OAd Wil | Ajod /¢ adid papuswwiodsy
dwind maupA gz o} dn 3509/|eAI}u] PlIngaY
sleahk ¢ sieah g sieak 2 Aso3s1y pieu dwing
yout ¢ youi youi 'y Buises [jom wnwiuy

1248 y-vZdsS 821-0-8ds [apow duing

asuung sojpunis yoerse|os Jaanjoejnuew dwing

uoisid psjeas [ebninuad wbesydeiq adfj dwng

o B S , L dung

£'¢/00L1 L'6/9891 £/69v1 WNd9 "Xel/ad9 53

a-( - A"V 1dV - - - - U =

(ad® 0051 “¥ S.) S.D 9PON suostundwio)) wasdg surdwngdg :g 14DY)H




(@d9 0051 “}4 00L) 00LD @PON

Lerie

(@dD 00SL “34 00L) 001D 9PON

660'L$ 829'L$ 2LS$ o0LL$ a2)1d duing
6es'Ls Gol$ 801 13]j0Jju0D
G ¥ S i e Ll
ql Lcc qi 2sl qi ovi Jybtom diys pajewssy
SHooM z-1 S)ooM 2-| sinoy 2 skep z diys o) sy pesj ‘js3
sleakz sleah g sleak g sleak g Rueliem wojsAs
sleak g1 sieaf g| sleak G| sleafk g asuspadxa dwnd pd
Jamod paljddy '0adg ouoeig Jejos wiwooojoyd IBJEAN ' JOMOd 108l aweu s9)jddng
R R R L T TR I A L S - JSe1pddng
okl ‘ueb jeuondol Aieyeq Apz Jo 21 sauaneq Az uondo Jomod dn-yjoeg
00S1-VS sojpunie | q/L-jN Jawudung  Voe-01 VOd Yoeliejos) 0g-01 vOd doefiejos | [apowyayew Jajjonuo)
ajod/paxy s|od/paxiy Jayoeld) SIOMaWoZ ajod/paxy junow Aeury
sleak ¢ sleak ¢ ajqeleA sieak Ao)siy piei Ad
sieah og sleaf QL a|qeueA sieaf oz Rueuem pd
Y9-XSIN Xalejog OLINS suswajg | Ajliqe)leAy uo psseg | €8 XSIN Xaiejog [apow/ayewl Ad
SHem 216/8 SHEM 082/Y SHem 002/y Spem 991/2 azis Aelte Ad/sdjnpoul #
e ST C R : &ddng «omoq
9|qeo dwnd 9y/¢-g 9|qeo dwnd 9/2-g| | 9|qeo dwnd 9/2-Z| S1IM PapUSWOITY
ONd .2 Kjod ,p/e Ajod pre Kod /¢ adid papusuwiwosay
dwind mauyiA gz 0y dn 3509/[eAI2)u] plIngay
sleak g9} sleak ¢ sieak / sleak J Aojsiy pey dwing
yout yout youl gy youl gy Buises |lam wnwiuly
L-V5dS glLes 821-0-8ds 821-0-8ds [apow dwing
SoJpunIs asuung oerie|og yoefiejos Jainjoejnuew duwing
febnjujusn uojsid psjess wbesydeiq wbeiydeiq adfy dwing
: dwung
5°L/58G| 2'€/05S1 8°¢/EL9l 8°¢/psel Wd9 "XelN/ad9 Isd
- d\% d d-( d - d d d-29dQ - q 3
suosiundulo)) waisdg Surdwng :z 14nY")




(@dD 0054 “¥ SZ1) SZTLO ®PON s

€90'l$ vey'L$ aolid dwnd
Ges'ts 87243 9014 19]jou0)

L oo K Y
ql 08¢ al 002 ybiom diys pajewsjsa
sinoy g sinoy ¢ diys o3 awy pesj 383
sleak g sieah z Kyuenem wiayshs
si1eaf 2| sleaf G| aousuadxa dwind Ad
Jamod paljddy wwodojoud aweu to1jddng

R R I danpddng
aoepeyu) "uab jeuondo saleNeq ASY uondo samod dn-yoeg
005 1-VS Sojpunie | 09-8 vOd doellejog | [spowjaxew 13]j0juod
ajod/paxy Jayoel} syiomawoz junow Aeisy
sjeak g ajqeleA A10)s1y pjayy Ad
sleah Q) a|qeneA Ruelem Ad
Tv-05-3SY Ajige|ieAy uo paseg [spowjoyew Ad
SPEM 00L/Y) spem 08%/9 azis Aelle \d/salnpowl #

S i g ddng em0d
alqeo dwnd ©/g-g | 9jqeo dwind ©/2-Z1 allM popuswiwiossy
INd W2 adid papuswwioossy
dwnd mauuA gz 03 dn 3s09/jeAIju} Plingay
sleak 9| sieak g Azo03s1y pjey dwing
youl ¢ youl ¢ Buises jjam winuip
0l-vedS 002-€ SOS [epow duing
s0Jpunio jyoefe|os Joimoejnuew dwng
[ebnjiuad [enjuuad adfy dwng
o dund
8'ch/8LEC S'e/0vLL Wd9 "XelNiad9 1s3
a alt c - - - (U >

\

(ado 00SL “M SZL) SZ1LD PON suos1unduio)) walsAg surdund :g 340Y)



(@do 00SL “¥ 0SL) 051D @PON i

99114 WBISAS

€90'L$ yay'L$ 99)1d dwingd
ges'ls Lves 99lid I9jjouod
PR R e R ]

ql 09¢ ql 05¢ yblam diys pajewnsy
sinoy g sinoy ¢z diys o} awy pes| 353
sleak Z sleak g Ruelem wajsAs
sieak 2| sleal gL aouspadyxe dwnd Ad
Jamod paljddy WILL000}0Y awley joyyddng

T A Jorpddng
a0kl "uab jeuopdo sauaiieq AGY uondo Jomod dn-yoeg
00S-VS sojpuni | 09-8 YOd doeliejog | [opowyayew ajjouod
ajod/paxu Jayoel) syJomauloz junow Aely
sieak g alqeneA Kojsiy pjen Ad
sleal gL ajqeueA Rueiem pd
Tv-05-38V Ajlige|ieAy uo paseq [opowjeyew Ad
SHem 0041 SHeM 0$5/9 az|s Aelie \d/sajnpow #

o R o £1ddng tamoqg
ajqeo dwnd 9/¢-g | 8jqeos dwnd 9/2-0} Q1M PapUSWIWOddY
IN\d .2 adid papuawituossy
dwnd msuyA gz o1 dn 1S09/|BAISJU] PlINGDY
sleah g} sleal g Aoys)y pioy dwing
youl ¢ youi 4 Bujsea [[om winwiuip
0l-vedsS 002-¢ SOS [apow duing
sojpunis Joerie|os Jomnjoejnuew dwing
[ebnjuuan lebnjLuan adfj dunyg

v , dung

6/0051 L'€/e8ll Nd9 "XeiN/ad9 353

- al’ C « I -« - q =

—

suostandulo)) wayskg surdwng ;g 140y,

(do 0051 "1 0S1) 051D OPON




(@dd 0051 “} 002) 0029 PON st

9911d WodISAS

081'L$ yev'Ls$ aold dwing
62s'1$ bve$ 99l I3jjonuod
w I . 20Md
ql ¥6€ ql 00¢ JyBlam diys pajewns3
SHoM Z2-| sinoy 2 diys 0y awy pesj 3s3
sleah g sleak 2 Kueuem woyshs
sieak Z) sleak G| aouauadxa dwnd Ad
Jamod palddy wwooojoyd aweu 4a)jddng
B I T T A IS | upnpddng.
aoealu| ‘uab jeuondo sauaneq AGY uoydo samod dn-yoeg
005 L-VS Sojpuni | 09-8 ¥Od Yoelie|og | [apowyayew Jd|jo5uo)
ajod/paxiy Jayoel} SHIOMaWoz junows Aelry
sieah 6 ajgeneA Aojsty pren Ad
sleak 02 ojqeleA fueuem Ad
09-XSWN xalejos | AyligejieAy uo paseg |apow/axewl Ad
SHem 0ve/vi sjiem 009/21L azis Aelle \d/sajnpout #
T i &ddng damod
ajqeo dwind 9/¢-9 | 9jqed dwind ©/2-01 Q1IM papusLLosdy
oNd .2 adjd papusuiniossy
dwind mauyA gz o1 dn 1S09/[eAIR)U| plingay
sieah 9| sleah g Kiojsiy pjay dwing
youi ¢ youi ¢ Buses jjam wnwiuiy
Gl-veds 002-¢ SOS [opous duing
sojpunio Noerse|0s lomoejhuew dwing
jebnjuusd jebnjuuad adf} dung
e dung
8'9/005) £'e/6651 Wd9 "xel/ado 353
- rfa Y - - - - q C

——————————

(ado 0054 “14 00Z) 0020 9PON 5u0s1UDAW0) WdISKS . mEiMSSIN ‘G MEQW




(@d9 00S1 “)4 0S2) 0522 dPON

Lerire

gLe‘olL$
08L'L$ 9zL'L$ adjid duing
62s'Ls 16e$ 3dlid J9jjonuod
, D , 21
al 0ey al 00t yb1om diys pajewps3
SyooMm Z-| sinoy ¢2 diys o} aw) pea| 353
sleah z sleah z Ruenem wisysAs
siealk z| sleak gL aouapadxs dwnd Ad
1amod pajddy wwoo0joyd aweu 19)jddng
LT e Jonpddng’
aoeajul "usb jeuondo sauaneq A06 uondo Jomod dn-yoeg
00S1-VS sojpuni®) | 0ZL-8 G0d Yoeliejog | |opowyayew Jojjonuoc)
ajod/paxiy 18)0B) SHIOMBLWOZ junow Aeiry
sleak 6 sjqeleA Aiojsiy pjoy Ad
sleak oz 9|qeMeA Rueuem pd
¥9-XSW Xasejos | AjjiqejieAy uo paseq [Spowljayew Ad
SHBM $201/91 SHEM 0$8/21 azjs Aelie Ad/sajnpouws #
B B 0 : - £ddng Jamog
ajqeo dwnd ©/¢-9 9[qeo dwnd 9/z-g B1IM papuawIWIody

n_-wmn_<-zwn_

ONd .2 adid papuswwiosay
dwind maugA gz 0y dn 31509/[eAI)U] plingay
sleak 9| sieak g Aoysiy pjay duing
yout ¢ youl ¢ Buises jjam wnwiuly
Si-veds G2e-v 808 [spow dwing
sojpunio Joeriejos Jaimoejnuew dwing
lebnjuua) lefnyiuan adf} dwng

, dung
9'9/0151 9'¢e/9591 NdD "Xe/ado 353

m-mwom-zmm

al E&gm

(@do 00S1 “¥ 0S2) %No .%oz

mﬁ@wﬁd&: o)

mwmam MSQESAN Z N.:ED




(@do 00S L ¥ 00€) 00€D @PON

\I

6£8CILS gzeLLe 90Lid WBSAS
08L'L$ 9zL'LS$ a9}id dung
ges'L$ LGS 8911 19]joyuod
T RIE . ELIN
qi 0Ls q] 009 ybitom djys pajewns3
syoom Z-| sinoy 2 diys oy sy pesj 353
sleah g sleak g Aueuem woyshs
sieak Z| sleaf 61 aouauadxa dwnd Ad
Jamod paljddy wuwooooyd aweu J9)|ddng
T e T T uatyddng

goepelul "uab jeuondo|  sausneq AOZL uondo Jamod dn-yoeg
005 L-VS sojpuni9 | 0Z1-8 90d Yoellejog | [spowjayeul lajjo5uod
ajod/paxiy Ja)orl} sHIomawoZ junow Aeniy
sleak ¢ ajqeueA Aiojsiy pjey Ad
sieak 02 a|qeueA Rueem Ad
€8-XSIN xaJejog | Alliqe|leAy Uo paseq [opowjayewl Ad
SHem gzZel/9l Spem Q2L L/91 azis Aelle pd/sdInpoul #

T e g ddng damod
ajqeo dwnd /¢-9 s|qeo dwnd ©/2-8 2llM PapuUsILIosdy
S7d W2 adjd papuswiwossy
dwind mauyA gz 0} dn 3509/[eAI3JU} PlINGOY
sleah g1 sieah Z Ki0js1y pjay dwing
yout ¢ youi ¢ Buises ||am wnwiuiy
G1-veds gze-y SOS {opow dwing
sojpunio yoereos Jainjoejnuew dwng
lebnjuan jebnyuuad adfj dwing

SR R o dwung
L'L/00S ) /I0LL) Wd9 "Xe/ado 153
- aly a - - - q =

\

(ado 008} 34 00€) 00€

O ®PON

SUO0S1AD

dwo) walsAg surdwnd :g 340Y;,)



(ado 0002 “14 §Z) $ZQ @PON

Lerele

206°L$

amm 0002 ‘) m& qu %oz

268'LS$ 099¢$ 895'L$ 0L.% cLS$ aolld dwing
8¢e.$ gol$ 30lid I3jjoguod
e A N - . 30
a1 2gl qigel alool JyBlam diys pajewns3
syoam -1 sinoy gf sfep g sfep g sinoy g diys oy awy) pesj 353
sieak g sleoh g sleak g sleak g sieak z Rueiem wosAs
sieak 9} sleah Z| sieak sleak § sieak G| asuspadxs dwnd pAd
ooam oEom_m hm_ow Lm\son_ uo__&< J2JBAN B JaMOd Joaaid[I191BAn 8 1aMod 10adiq wiwoooioyd sweu to}jddng
,,,,,,, aprjddng

bw:mn >vw Jo NF auou souaneq Ave uogydo Jomod dn-yjoeg
q/L-N Jewiudung 00¥VS sojpunio | 09-8 VOd Yoellejog |0€-01 VOd Xoele|0S W0E-01 YOd YOellejos| [epowayew Jajjo5uod
ajod/paxyy ajod/paxy Ja)orl} unspepn Jayoel} UnsieAn JONOBI} SHIOMBLWOZ junow Aeny
sleak ¢ sieak g sleak g sleak g a|qeLieA Ao)s|y pjey Ad
sieah Q) sieak QL sieah 0z sieak 02 a|qeueA Ruenem pd
GLINS suswalg v-05-3SV 95 XSIN Xalejog 95 XSI Xalejos  |Ajjiqe|ieAy uo paseq |apouljayew Ad
SHEM Q0¢/b SHEM 002/y SHEmM Z2LL/2 SHem ZLiL/e Spem QgL azjs Aelle Ad/ss[npow #

o B e N R €lddng «omog
alqeo dwnd ©/¢-01 | @jqeo dwnd o/z-z) | siqeo dwnd ©/2-zL | eiqeo dwnd o/z-z) allM papuswiodsy
Ajod b/ ONd WW/L | Alod /e Alod /e adid papuawwiodssy
dwnd mauuA gz 01dn Js09j[eAId)ul piIngay
siesh ¢ slBah g sleah g sleak } sleshk J A10)s1y play duing
youl ¢ youl ¢ youl youl 'y youl gy Buisea jlom winwyuiy
0€es ¢-VEdS 0L-vl SOS 8¢1-0-80s 821-0-8ds [spow duing
asuung sojpunIo yoeple|os Joerueos yoerlejos Jamjoeynuew duing
uojsid psjeag jebnjujusy lebnjuusd wbelsydelq wbeiydeiq adf) dwing

, dwung

9'9/90€2 clicele 1'6/5092 §°€/09¢2 §'e/02¢ee NdO "XelN/ad9 I3
n_-swmm-zwn_ d-0 _‘n_<-zmn_ n_.mon_n_-zmn_ d-20dd-NSd d-820d-NSd ai E&mSm

—

e

mﬁcmf&&:ob Smwmé.m_ m,SQS:nN :Z 140Y)



(ado 0002 “34 0S) 0Sd SPON

Lercire

099% 2.8 0LL$ aolid dwing
8¢€.$ GolL$ adlud J9jjolue)d

N e KA
ql 051 qalogl ybiom diys pajewiysy
sinoy 8¢ sinoy ¥2 shkep g diys oy awily pesj '3s3
sleah 2 sleah 2 sleak g fjuenem wajshs
sieah gl sleak g1 sleak aouauadxa dwnd Ad
Jamod paljddy wiwoooioyd 18)BAN 8 JaMOod 103110 aweu Jajjddng
TR e i R Tuanddng
auou saleneq Ave uoydo somod dn-yjoeg
00PVS sojpunie  W0E-01 VOd doelle|os| 0€-01 VOd yoelie|os | jopoutja)ew lsjjonuod
ajod/paxyy Joyoes) syIomawoz Joyoes unspemn junow Aeny
sieak 2 a|qeneA sjesh 6 Aojsiy piey Ad
slesh oL s|qeueA sieah 02 Ruenem Ad
v-0§-3SY ApgejieAy uo pased | LL XSIN X8Je|0S japowyjexeui Ad
sjem 05¢/S sjem 09172 spem $51/e azjs Aeue pdjsainpow #
T e - &gddng damod.
ajqeo dwnd 9/¢-01 | °lqeo dwnd ©/g-gl [ alqed dwnd 9/z-21 B1IM POpUSWIWIOdY
ONd W/L L Ajod p/e Ajod ,p/€ adid papuawiuioddy
dwnd mauyk gz 0} dn 3509/jeAlaju] plingay
sleah 2 sieak , sleak 2 K103s1y piay duing
youl ¢ youl g'y youi Gy Buises |jam wnwiuiy
£-vEdS 821-0-8ds 821-0-8ds [opow duind
soJpunis yoeriejos yoepe|os lainjoejnuew dwng
febnjuad wdesydeiq wbesydeiq adfj dund
NIRRT Codwng
L'LIpesl A 44 X4 ¢'e/60le Wd9 "XeN/ado 153

cl al' - « il - - ad-8lal - (J =

(ad9 0002

“} 05) 0§

d @PON

—————

suostunduio)) waisdg Surdwund :g 140Y)




Lerle

(@dD 000Z ‘4 S1) S.d @pPON

89l WIB)SAS

(@d9 000Z “¥4 S1) §.d aPON

yav'L$ 268'L$ 099% 0LL$ ao)id duing
84 8eL$ 92lid Jajjonuod
e T T od
ql 002 qi 25t qi 19l blom diys pajewns3y
sinoy y2 Syoam g-1 sinoy g¥ skep g diys o) swijy pesj ;353
sleak g slesh g sleoh g sleah g Rueuem woysAs
sleak G| sleaf g} sieak gL sleah g souspadxe dwnd Ad
Wwwoo0joYd '0ads ou09|3 J8j0S Jamod paliddy  [4ajepn 8 Jamod 108l1Q aweu Ja)jddng
e T T e ddng
salayeq AGY Koyeq ApZ JO 2L auou uondo lomod dn-yoeg
09-8 VOd Yoelejog | q/L-N Jewudung 00$V'S Sojpuni | 0Z4-8 80d Yoellejog | [spowayew Jajjosuod
190} SHIoMaWoZ | Joyorl) SHIOoMaLIOZ ajod/paxuy Joyoel} unspepn Junows Aesly
ojgeleA sieak ¢ sieak g sieah ¢ Kiojsiy pjay Ad
ajqeueA sleaf 0| sleak 0| sieak o2 Rueuem Ad
AjliqejleAy uo paseg |  GLINS suswalg v-05-9SV LL XSW Xale|og |opowija)ewl Ad
SHEM $8€/9 SPEMm Q0¢/v SHeM 00¢€/9 SHEM 80¢E/Y azls Aere pd/sanpou #
COE R SRR £rddng «amod
alqeo dwnd 9/z-z1 a|qeo dwnd 9/¢-01 | aiqeo dwnd 9/z-z| SlIM papuaiwIoday
Alod /g OAd .P/L | Ajod p/g adid papusuiodssy
dwind maugk gz o1 dn 1509/[eAIJU] plIngay
siBak 2 sieak ¢ slealk g slealk / Aojs)y piey dwing
yout ¥ yout ¢ youi 6% Buses [jom winwiuiy
0LL-¥ SOS 6-v1dS 8¢1-0-8as [3pow dwing
Noerue|os asuung sojpunio) yoeriejog Jammoejnuew dwing
lebnjuuad uojsid pajess lebnjujuan wbeiydeiq adfy dwing
- dung
L'viegle §°6/5902 9'y/EbYl £/091¢ Wd9O "XelN/ado 353
d-0€2d-NSd d-8S3S-NSd d-§0dV-NSd d-§2dd-NSd al weaysAs

suos1unduwio)) wasAg surdwndg :z 140Y)




Illl|lll||||||l||l|l|||l||||||||-|||||||

G9¢'G$

ovv'v$

99114 WdISAS

660°'1$ Go8'l$ yev'L$ 829'l$ a9lid dwind
62s'L$ 3243 89}id 18]josuU0D
N e S 2014

gl 09¢ qi 0eg ql 2sl biom djys pajewysa

sinoy g sfep g sinoy ¢ SYOOM Z-| diys o) awy pesj ‘js3

sieah Z slesh Z slesh g sieah Z Aueuem wo)shs

sieak z| sleak § sieah G| sieak 9} aosuapadxe dwnd Ad

Jamod paliddy  [191epA B Jamod 108110 wiooojoyd '0adg oM109|3 Je|oS aweu 19)ddng
T L T senddng

aoeelul uab jeuondo saueneq Asy Aaneq Avz 10 2L uogido Jamod dn-yjoeg

00S1-VS Sojpunio | 09-8 VOd Yoeliejos | 09-8 vOd %oefie|og | q/i-4N Jawudung | [apow/ayew 13|jouod

ajod/paxiy Jayoes) Unsiepn Jayoerl) syiomawoz | Jayoel} sylomowoz junow Aeny

sieak g sieak 6 ajgeueA sieak ¥ Aojsiy pjgl Ad

sleaf 0| sleah 02 ajqeleA sleah o) Ruenem Ad

V-05-3SV LLXSIN xaiejog | AlligejieAy uo paseg |  0LINS suswsls [apowseyell Ad

Sjem 00L/v1 SHEM 291/9 Sjem 08%/9 SHEM 082/Y ozis Aelle \d/sajnpoul
“&1ddng temod

ajqeo dwnd ©/¢-g | aiqeo dwnd 5/g-g1 | slqes dwnd 9/2-21 Q1M papusWosdy

oNd .2 Kod /e add papuswiwossy

dwnd maupA gz 0} dn 1s09j[eAIS)Y| plingay

sleah 9} sleah g sleak g sledh ¢ Aojsiy prey dwing

youl ¢ youl ¢ yout ¢ youi y Buises |jom winwju)y

L-vY5dS 06-8 SOS GLl-G SOS 92es [opow dwing

sojpunio) yoeple|os Noerie|os asuung laampoeynuew dwng

{ebnjiuan jebryiuao jefnjiuad uojsid psjeas adfy dwnd

R LB L g i o dund

L'eLibeye €1'9/0v.C g/.eec 2'£/0002 Wd9 "Xell/ado 53

d-8€dV d d d(C d d d d d-9 - ¢ :
(ad® 000Z ‘3 00L) 00Ld ®PON suos1undulo)) walskS Surdung :g 140Y,)




(@d9 000Z “¥ SZ}) SZ1d ®PON

(QdD 0002 "4 S21) S

¢1ld 9POoN

Leele

8¢.L'G$

89114 WdISAS

€90°'L$ 00.L'1$ yey'L$ ao}id dwing
ges'L$ Les 90ld J3jjouod

R o oo
ql 09¢ q] 082 yBlam diys pajewns3
sinoy gf skep g sinoy ¢ dys o) awy pes| 353
sleak g sleak g sleak g Rueiem wajsAs
sleak zZ| sieak g sleah G| aouapadxes dwind Ad
Jamod payiddy  [191eAn 9 Jamod 10ai1q wwoo0joyd sweu J9)ddng

L e e o "~ uanddng
aoesiu) “uab |euondo sauoneq ASy uondo Jomod dn-yjoeg
00S1-VS sojpunid | 0Z1-8 90d doeliejos | 09-8 ¥Od doeliejog | [opowyayews Jajjouod
alod/paxy Jayoel} unshiepn Jayoel) sylomawioz junow Aesry
sleaA g sieah g ajqeueA Aojsiy pigl Ad
sieak Q| sleah 0z ajqeneA fueiem Ad
v-0§-3SV 09 XSIN xaJejog | AjiligejieAy uo paseq |opouijoyew Ad
SHeM 00L/vi SHem 009/01 SHEM 0$9/9 a2|s Aelie \d/sd|npow #

L e gyddng damod
aiqeo dwnd 9/¢-g | ajqeo dwind D/z-zL | aiqeo dwnd 9/z-z1 Q1M papuswuogsy
ONd 2 add papuswiuiossy
dwind mau/iA gz 0} dn 1S09/|EAIJU] PJINGDY
sleak 9} sleah g sleal g Aojsiy pren dwing
youl ¢ yout ¢ yout 4 Buises |jom wimuuiy
0l-vedsS G81-8 SOS O¥l-¥ SOS [apow duing
sojpunis Joerie|os Joeriejos Jamjoejnuews duing
jebnyuan lebnjuiusd lebnjuuan adA; dwng
, : dung

LL/8LEC 1/99¥2 CRATAYA NdO XelN/Qd9 153
d-€€dV-NSd d-lvdd-NSd d-2€0d-NSd dl weysAs

SUOS1AD

dwo)) wais€g swdung :z 110Y)




(@d® 0002 ‘¥ 0G1) 0S1d dPON

Lerie

(ado 000z

£

‘3 0S1) 0S1d dPON

92lid WalSAS

€90°1$ GL6'L$ yey'Ls 2ld duing
62s'LS L6e$ 8dlid 19jjonuod
.,m: S o 0 90k
qi 96¢ qj 0ge ybtam diys pajewnsa
sinoy gy sfep g sinoy ¢z diys o} sy pes| *Js3
sleak 2 sleah g sleak g Ruelem woyshs
sleah Z| slesh g sieak g aousuadxa dwnd Ad
Jamod paiddy  J8lBAA '8 JaMod 10alIQ wwooojoyd awet Ja)jddng
SO e e L e eddng

soepajul ‘uab jeuondo salaeq A06 uondo samod dn-yoeg
00SL-VS Sojpuni9 | 0Z1-8 80d %0oelle|os | 021-8 90d doefiejos | [spowjayew Jajjonuod
ojod/paxy Janoe} unspemn Javoel} syIomalloz junow Aelry
sieak g sleal ¢ al|qeueA Kiojsiy piel Ad
sleak Q| sleah 02 a|geueA fueuem Ad
v-05-3SY 95 XSW Xalejog | ANjige|ieAy uo paseg |apow/ayell Ad
SHem 008/91 sjiem 2.9/2} spem 0g/9 ozis Aelle Ad/sonpou #

LR e £ ddng demod
ajqeo dwnd 9y¢-g a|qeo dwind ©/z-01 | 8jqeo dwnd ©/2-01 9lIM papuaWiWosdy
ON\d .2 adid papusiiwoossy
dwind mauk gz 0} dn 3509/jeAI}U] plingay
sleak 9| sieak g sleal z fioysyy ploy dwing
yout ¢ youy ¢ yout ¢ Aujses [lam wnuuiy
0l-vedsS 0le-Ll SOS 062-¢ SOS [opow dwing
sSoJpunNe Noerie|os yoerlejos Janjoenuew duing
jebniuad jebninuen lebnjnuad adf) duing

“__,,”,f , L | ,‘?”,f‘ ,,,ﬁ,” - ” i Q,ESA.N
LL/20ec 6°2/€0.2 }'6/€0€C Nd9 "Xel/ado 53

d-90dYV - d-Stdd d d d - ( G

suostundulo)) ulalscg

Furduing :g 140y




(@d9 000z “34 002) 002 8PON

—

(@d9 000Z “1 002) 0024 ©PON

L62He
69.°0L$
08L'L$ 0€0'2$ yey'Ls$ 99)id dwng
6es'Le L6e$ 32lid 19jjou0
R i s g
di 805 ql 02y Jyblom dys pajews3
sinoy gt skep g sinoy ¢2 djys o3 awy} pesj *ys3
sieah g sleak g sieak g Ruerem woishs
sleal ZL sleah g sleah G| aouapadxs dwnd Ad
Jamod pellddy  [1e1eAp B Jamod 10au1q wuwooojotd aweu 1a))ddnsg
i SR ' o o Janyddng
aoeMaul "uab |euondo souaeq A06 uogdo Jamod dn-)joeg
00S1-V'S sojpuniD | 0ZL-8 90d %oele|os | 0Z1-g 90d Yoelie|os | [apowyayew 1a]jo5uod
olod/paxi} Jayors} unspemn Jo)orl} SHIoMoWoZ junows Aeliy
sleak g sieak ¢ aj|qeueA Aojsiy plal Ad
sleaf gl sleak 02 ajqeueA Ruenem pd
v-05-3SV LL XS xaiejog | Ajljige|ieAy uo paseg [9powjayew Ad
Spem 0sol/ie SHeMm 26/l Sjiem 096/¢1 azis Aelle \d/sojnpous #
o T L , £1ddng 1amod
siqeo dwnd 9/¢-9 | a|qeo dwnd 9/2-01 | ajqeo dwnd 9/z-01 allM papusliwosay
INd .2 adid papusiuwosay
dwind maupA gz 01 dn 509/[eAId}U] PINGoY
sieahk g| sleah g sledh g Aojs1y pjey dwing
yout ¢ yout ¢ youi ¢ Buises jjom winuwpy
Gl-veds gce- S80S 058¢-9 SOS [apow dwing
sojpunio) Noepiejos yoeriejos Jaimoejnuew dwng
[ebnjuuan [ebnjuuan lebnjuuan adA) dwing
, dwung
§'6/0v1C 9'v/.6€2 6'y/bS2c WNd9 XeiN/ad9D 53
- d G - ] d (] - d-v - - U =
suositinduwo)) waisAg surdwndg :z 14ny;,)




(ad9 0002 ¥ 0SZ) 052d @PON

|||||II||||I|J|||III|I||||II|||I|||II|||||I

ooL‘0L$

9911d WdISAS

08L'L$ ozl'L$ o)1 dwingd
6zs'ls L6e$ adld lojjonuod
‘ 2014d

ql 665 al 089 jybiom dys pajewnsy

sinoy gy skep g sinoy $2 diys oy awi pes| Js3

sleah 2 sleak 2 siesk g fueuem woyshs

sleah Z1 sieak ¢ sleak gl aouapadyxe dund Ad
Jamod paliddy  [4a1epn '8 Jamod 108410 wwoosoloyd aweu lajddng
T e At G e e T ienddig
aoeaul "uab jeuondo sauoneq ASOL uoydo samod dn-yoegd
005 1-V'S sojpunie | 0Z1L-g 90d Yoellejos | 021-g 90d yoeliejog | [apowljayew Jajjo5uo)
ajod/paxis Jayoel) unsiepn JaMyoes} sHoMaWoZ junow Aesry

sleak g sieak alqeueA K1o3s1y plol Ad

sieak gl sieak 02 aj|qeneA Kuelrem Ad
v-05-3SY LL XSW xaiejog | Aiqe|leAy Uo paseg [opowjayewl Ad
spem 00z1/ve spem gecl/ol sjiem gL Livl azjs Aeile \d/sdjnpout #
B R T AR w0 &ddng damod
9jqeo dwnd 9/¢-9 ajgeo dwnd ©/2-8 s|qeo dwnd 9/z-¢ AIIM papuswiwiossy

ONd W2 adjd papuswiossy

dwind mau/k gz 0} dn 3509/|eAIBJU] PjINGRY

sieak gl sleak g slesh Z Aojs1y piay dwind

youi ¢ youl ¢ yout ¢ fuised |[om wnwiuiy

§1-vZdS Ggee- S80S Ggee-¥ SOS fspow dwind

soJpuni9 yoerie|os Noerie|os Jaimoejnuews dwnd

jebnjnuad lebninuad jebnjnuan adfy dwing
R S . dung

9'e/helc 2'6/999¢ 6°'v/60¥C Wd9 “Xel/ad9 353

d-60dV . d d( d d d d q C

\

suos1induwo)) walskg surdund :g 140Y)

(adD 0002 34 0SZ) 0524 @PON



(@do 000z 94 00€) 00£d dPON sahe

09 VLS N v N, = C =

08L'L$ 9zL't$ 026'L$ a0}l dwing
62s'lL$ 16e$ 39l1d Jsjjoju0

T oo
qigeLl qdl 009 14Blam diys pajewys3y
sinoy gy sinoy 2 sfep g diys oy awpy pesj ‘3s3
sieak g sleak g sleak g Ruesem wayshs
sleah Z| sleal g| sleak g aouayadxa dwnd pd
Jamod pajddy wwoo0joyd J9JBAA B Jamod J0allq aureu Jayddng

St Do T e T e T - Jayddng
Qoepajul ‘uab |euoyido|  sauaneq A0ZL uondo Jamod dn-yorg
005 }-v'S sojpunis | 02Z1-8 §0d Yoele|os | 0ZL-8 90d Yoeliejog | [spowyayew Jajjonuod
ajod/paxy 19081} SHIOMBLIOZ Ja)oel} unspepn junow Aenry
sieak g sjgelleA sleah g Ao)s|y piey Ad
sleah Q| a|qeueA sleah 0z Rueuem pd
1v-05-38V AlligelleAy uo paseg | £/ XSIN XaJejog [Spowljayew Ad
Sspem 00gl/ee SHEem 08¢ L/9) SHem gecL/ol az|s Relle \d/ss|npow #
R R v Lddng 4emoqg

9|geo dwnd 9y¢-9 9|qeo dwind 9/z-g 9|qeo dwind 9/z-¢ a1lM papuaLIWosdy
ONd .2 adid papuswiwiosay
dwnd mauyAk gz 0y dn 3509/[eALS)UI PlINGRY
sleah g| sleak g sleak g Kiojsiy pjay dwing
youi ¢ yout ¢ yout p Buises j[om winwyupy
G1-v2ds §ce-v SOS G2e-¥ SOS [apow dwing
sojpunis joepiel0S Noerie|og Jainjoejnuew dwng
lebnjuuan jebnjujuan [ebnyujusn adfy dwing

3 : dung
L'6/€8.2 6'y/28ce 2's/0bee Wd9 "Xe/ad9 3

- av « ad"9 d - a"obd( - q <

—_— e e ————
(@dD 0002 ¥ 00E) 00Sq 3PON suosiunduwo)) wasAg surdwng :z 74DY)



(@dO 000€ “} §2) SZI 9PON =~

||I||||||||II||||||||||I||III||||||II||||||I|II||I||

Sv9'L$ 099$ zLS$ aod dwnd
8el$ Lve$ aold Jojjonuod
oy , 9oLid
qlzel ai ovl ybiom diys pajewyysa
shkep g sinoy g sinoy $2 diys o} auij) pes| 53
sleah 2 sleah g sleoh 2 Rueuem wdyshs
sleak g sleah 2| sjeah G| aouanadxs dwnd Ad
19BN 9 JoMod 10811a|  Jamod paljddy wuwooojoud aweu Ja)jddng
T S sl e E.”_;__,x_ e h , .&mﬁ&ﬁ,ﬁm"

auou sauaned A0S uondo Jamod dn-yoegd
09-8 VOd oeliejog 00PVS SOIPUNID | 09-8 YOd Yoelielog | [Bpowyayew Jajjonuod
Jayoel} unspepn ajod/paxis Jayoel} sHIomawoz junow Aeuy
sleok 6 sleak 2 ajqeneA A10jsiy piey Ad
sleak 02 sieak QI a|qeneA Ruesem Ad
LL XSIN xa.lejog v-05-3SV AjigejieAy uo paseq [apowyaewl Ad
SHEM $51/C sjiem 002/ spem 09i/¢ azls Aelle pd/sojnpowl #

T i e s Apddng deaod
ajqeo dwind 9/2-g1 | elqes dwnd ©/¢-01 | alged dwnd 9/z-21 21IM papusWiWosdy
ONd WP/ L adid papuswiwossy
dwnd mauyk gz 03 dn 3S09/[eAIdjU| plingsy
sieak 2 slealk g sieoh Z Kiojsiy pjay dwingd
youl ¢ youl ¥ youi ¢ Bujsea jlom wnuwiuly
0L-¥1 SOS ¢-vVedS 06-8 SOS {opow dwing
Noerse|os soJpuni yoerie|os Joampoeynuew dwing
jebnjuued febnjnuad [ebnyuiuad adfy duing

R R Y .
cLicele 8°6/06¢C¢ Nd9D "XelN/ad9 53
- 1"0LdV - - - - U =

(ddO 000€ ¥ §2) SZ3 9PON suostandwio)) wajskg Surdwund :g 3140Y)



(@dd 000€ “34 0S) 03 @PON

Lacie

8911 WBISAS

§SL'LS gee'L$ 099% ao)id duing
Lpe$ 8¢e/l$ 3d)id lojjonuo)
- T - oong

al 08} di Lol W61am djys pajewys3
shep g sinoy g sinoy gy diys o} awi) pesj 1s3
sleah Z sleak g sleah Z Kuesem wojsAs
sieak 6 sieak g| sleah Z) asuspadxa dwind Ad
13BN 9 Jomod 108lIg wwoosojoyd 1amod paijddy aweuy Jojjddng

T T ey ddng
salaneq A0S auou uojjdo Jamod dn-yoeg
09-8 VOd Yoeltejos | 09-8 vOd Yoelejos | 00pYS sojpunio |apowayew Jajjonuod
Jaxoen Unspepn 1081} SHIOMBWOZ ajod/paxy junou Aeliy
sleah g a|qeneA sieak g Aiojsiy piol Ad
sleaf 0z 9|qeuEA s1eak ol Rueuem pd
LL XSW xalejog | AyligejieAy uo paseg 1v-05-3SVY |opow/ayews Ad
SHEM 80¢/P SHEM 00€/9 SHem 00¢€/9 ozs Aelle \djse[npow #

L S R : ___ &ddng aamog
a|qeo dwnd 9/2-g1 | 9i1qeo dwind 9/z-z1 | siqes dwnd o/¢-01 A1IM PapUaWW0I3Y
ONd WW/L L ad}d papusiwiodsay
dwind mau/A gz o1 dn|  3sogyjenssju] piingey
sleak g sleah g slealk g Aojsiy pjay dwing
youi ¢ youl ¢ youl 4 Buises [jom wnwiuIy
06-8 SOS 06-8 SOS V-veds [apow dwing
Joepie|os yoeruejos sojpunie Jamjoepnuew dung
lebnyuagn [ebnyujuan lebnjuuan adfj dwnyg

dung

9°2/009¢€ L' LI2ove L'6/¥20¢E WNd9 XeN/ad9D Is3
d-02dd-NSd d-8€0d-NSd d-V1dV-NSd dl weysAs
(@d® 000€ “34 0S) 0S3 apPON SUos1Induwo)) wasAg Surduwng :z 14nyY;)




(ad® 000¢ “¥ S.) G.3 9PON

(ado 000€ “¥ SZ)

G/3 9PON

lerie

660'L$ GSL'L$ 065'L$ ao11d dwingd
ges'ls$ Les adld l9jjonuod
, . . edLld
qj 99¢ gl 002 brom diys pajews3
syoaM Z-| shep g sinoy $2 diys o) awy pesj js3
slealk g sleak g sleah 2 Rueuem waysAs
slesh 2| sleak g sieaf G| asusuadxs dwnd Ad
Jamod pajjddy 19]BAA ® Jamod 10811g wiwoosojoyd aweu Jatjddng
T o vanddng
aoeyau] ‘uab jeuond sauaneq A0S uondo samod dn-yoeg
00S1-VS sojpunio | 0Z1-8 90d Yoeliejos | 09-8 VOd Yoelie|og | [opouljayew Jajjonuod
ajod/paxuy ajod/paxi} Jayoel) sIomawoz junow Aely
sleah g sieah s|qeueA Kojs)y pjau Ad
sieah 02 sieah 02 ajgeneA Kueuem Ad
LL-XSIN Xale|0g ¥9 XSIN xalejog | A)llgejleAy uo pased japouijoyewi Ad
SHEM §19/8 sHem 216/8 SHem 001/ azis Aelle pd/sojnpowl #
T e T e g ddng deatod
a|qeo dwnd ©/¢-g | algeo dwnd 9/g-z| | eiqeo dwnd D/g-ZI 24IM papusiiwossy
OAd .2 adjd papuswiwiodsay
dwnd mauk gg 0y dn 1509/|eAIS}Ul plIngoYy
sleak 9| sleak 2 sieoh g Aiosiy pjen duing
youi ¢ youl youl ¢ Bujses |jom winwiuy
L"Y&dS 091-81 SOS 091-8} SOS fopow dwing
sojpunio Joepse|os yoerJe|os laimpoeynuew duing
jebnyiua lebnnua lebnyuad adAy duing
T I Cdung
¢'L1/090€ ¥'CL/08YE 8/¥05¢€ WNd9 "XelN/ado 153
- dV - d-9¢dll - a-6 - - ¢ C
suos1unduo)) walskg urdwnd :g 140Y))




.«IQME 000€ “34 004) 0013 9PON

(@d9 000¢ “34 001) 0013 @PON

Lelcie

adlid WaysAS

660'L$ G98'L$ 065'L$ aoid duing
mmm _‘w _‘vww 90lid I9]jo3u0d
R oong
ql 08 ql omm ybjam diys pajewtjsy
sinoy gt sfep g sioy g diys o} awy pesy 3s3
sleah z sleah g sleak 2 Ruerem wayshAs
sieah 2| sieaf g sieaf g| asuopadxa dwnd Ad
Jamod paliddy  [19leAn '8 Jamod 19aliq wwooojoyd sweu 13)ddnsg
SR T T T B Janpddng
gokgleiul ‘uab jeuondo sauaneq A09 uondo Jomod dn-yjoeg
00G1-VS sojpunis | 09-8 YOd Yoellejos | 09-8 VOd Yoeliejos | [apowyayeus Jajjonuod
ajod/paxiy Jayoel} unspepn 19081} SHIOMBWOZ Junow Aeiry
sieal g sleak g a|qeueA Koysiy pia Ad
sieah 0} sleak 02 ajqeueA Ruesem Ad
vY-06-3SVY LL XSIN Xalejog | A)iqe)leAy uo pasegq [Spowyayew Ad
spem ooti Sjiem 919/8 Spem 0gp/8 az|s Aedte p\d/sa|npows #
o T T T fddng samog
a|qed aE:a O\m-w a|qeo dwnd 9/g-01 | 9l1qeo dwnd 97z-01 3lIM P3puaWIL0IY

ONd 2 adid pspuswiuiosay

dwnd mauA gz 03 dn 3509/|EAIR)U] PlINgOY

sleak 9| sleah g sleah z Aojsiy pjsyy duing

yout ¢ yout ¢ youi y Buises jlom wnwuip

L-VYSdS 001-6 SOS 0€2-0} SOS japow dwng

sojpunio yoeplejos yoeplejos Jainjoejnuew dwng

lebnjuuad [ebnjuan lebnjuuan adfy duing
dung

L'SLVEVE 0L/Qgle 6°L/LLLE Nd9 XeN/Qd9 153
d-8¢dVv ] d-¥¢dd - d-0} - ¢ 0

suostinduwio)) Smwm.am. Su ﬂ ﬂ.zﬁ




(ado 000€ “¥ SZL) G213 9PON Lz

€90'l$ 065'L$ aolid dwind
62l Lve$ 3ol 18]|0uU0)
o - : o oold

ql 96¢ q} 052 6rom diys pajewns3

sinoy gy sinoy ¥2 diys o} awy pesj 353

sieak g sieak g fyuerem wa)sAs

sieak 2| sleah g1 aouapadxs dund Ad

Jamod palddy wiwoo0ioyd aureu Joljddng
R aaryddng .

aoeeul "uab |euondo sauapeq A0S uondo Jamod dn-yoeg

00S1-VS sopunio | 09-8 VOd doellejog | [epowljaXew I3jjo}uod

ajod/paxuy Joyoel} SHIoMawoz junow Aenry

sleak g ajgelieA Aojsiy piey Ad

sleaf ol s|qeleA Rueuem Ad

v-06-38Y AjigejieAy uo pased |apowijayewi Ad

spem 008/94 Spem 081/ azis Aelle pd/sonpowi #

T s e Ajddng samod.

ajgeo dwnd ©/¢-g | 9jqeo dwnd 9/2-01 B1IM papuswIodsy

oAd .2 adjd papuswuossy

dwnd mauypA gz o1 dn 1509/[eAIBjU| plIngaYy

sleaf 9| sleah 2 Koysiy piey dwing

youi ¢ youli ¢ ‘ Buisea jjom wnwiuiy

0l-vedS 0¢€2-0} SOS [opow dwind

sojpunie oerie|os Jainyoejnuew dwng

jebnynuad jenjuuad adfj dwing

N A codung

8'¢L/slee G'L/9VEe NdD "XeiN/ad9 153

d"90avy - - yJd - U C

—————
——

(ad® 000€ “1 SZ1) GZL9 ®PON m\@.ﬂmﬂaQSQD woalsAg Surdund :g 140Y)




(@do 000< “¥ 0S}) 0613 9pPON

L6rle

8014 UWIB)SAS

£90°'L$ G98'L$ 065'L$ aolid dwing
§2s'1L$ 6e$ 92|id J9jjonuod
R R g
qi 0cd ql 00€ blom diys pajewns3
SyooM g-| shep g sinoy yg diys o} awg pea| 953
slealk g sieak g sleak g fuesrem wajsAs
sieoh Z) sleak g sleah G| souapadxe dwnd pd
Jamod payddy  |191epn 8 Jamod 10811 wwoosojoyd aweu J3)jddng
Loy R e T e Jarjddng
aoeiejul ‘uab jeuondo salaneq AGL uondo Jamod dn-yoeg
00S1-VS sojpunis | 0Z1-8 90d Joelie|os | 0Z1-8 ¥Od doeliejos | |apowyayew iajjoue)
ajod/paxy Jaxoed) unspepn Jayoel) SHIOMaWoZ junow Aeny
sieah ¢ sieak ¢ a|qeneA Aojsiy plen Ad
sieaf o2 sieak o2 a|qeneA Ruerem Ad
Y9-XSIN Xalejog 09 XSIN xaJejog | AjlligejieAy uo paseq [Spowljayewl Ad
SHem $201/91 SHeM 0212l SHEM 009/01 azis Aelle \d/sajnpouws #
o : o : £ddng damoqg

ajqed dwnd 9/¢-01

a|qed dwnd 9/g-01

a|qeo dwnd ©/2-0)

QM PapPUSWWOIAY

(@do 000€ “3 054) 0513 m30|2|

OAd . adid papuswiuiossy
dwind mauA gz oy dn 3509/[eAI3)U] plINgaY
sleah g) sleak g sleah g A0)s)y pjoy duing
youi ¢ you youl ¥ Buised jjam wnwyuiyy
0l-vedS 0L2-Ll S80S 0€2-0l SOS japow duing
sojpunin yoepiejos Joerieos Jaimoejnuew dwng
lebnjuusd lebnjujuad lebnjuuan adfy dwng
dung
L'yl/0eee L'8/0cle §°L/€95¢€ NdO Xell/ad9 153
- al? C A~ 9vVdl - - i/ - - (J >
suosiundwo)) waskg surdwndg :z 34nYy,)

- P s e



(ad9 000¢€ 4 00Z) 0023 ©PON

(@do 000¢ ‘¥ 00Z) 0023 ©PON

lerire

9911d WIISAS

08L'L$ 698'L$ 06S'I$ aol1d dwing
ges'Ls 16e$ 8dld l9jjouo)d
T ELT P

ql 665 ql 00¥% biem diys pajews3

sinoy g sfep g sinoy ¥z diys 03 awy pes) 3s3

sieak g sieak g sleah g RAueuem wayshs

sleal 2| slesk g siBok G| aouayadxs dwnd Ad

Jamogd paliddy  [481eAn 8 Jamod 10aIg wwoooloyd auieu 4a)jddnsg
I e R R o dapddng |

aoepajul ‘uab jeuondo salaleq A0 uondo Jamod dn-yoeg

005 1-VS Sojpuni9 | 0Z1-8 90d %oelIejos | 0Z1-8 VOd doeliejog | [spoul/ayew Ja|jo5uo)

olod/paxy Jo)oEJ} Unspepn JayoBs} SHIOMaLWOoZ junow Aeiry

sleak g sleak g ajqeneA Aojsiy pol Ad

sieaf Q| sleah o2 ajqeueA Aueuem Ad

v-05-3SV #9 XSIN xaJejog | AjligejieAy uo paseg |apouijoyel Ad

Sjem 0021/v2 SHeM 968/v 1 SjeM 096/21 azjs Aelie \d/se|npow #
T T e £ ddng aemod.

ajqes dwnd 5y¢-9 | o|qeo dwind 9/2-01 | 9lqeo dwnd ©/2-01 Q1M papuawILIoday

ONd .2 adid papuswiiosay

dwnd maupik gz 03 dn 1S09j[eAISJ] PlIngaY

sleaf 9| sledh g sleah g Aiojsiy pioy dung

youi ¢ yout ¢ yout ¢ Buises {jom WUl

GL-v2ds 0le-L1L SOS 0le-LL SOS [opow dwingd

sojpunis Moerie|os yoerie|os lainjoejnuew duing

lebnjuad jebnjuad jefnguan adA) duing

R R | dung
8'CL/9LLE £'6/990V G'L/I0ELE Wd9 Xe/ad9 153
1°00dV - 2" 79dl - cl 20 I« - ¢ C

suos1unduwio)) waiscg

WE duing :z N&W@D




(@d9 000¢ ¥ 052) 0523 °PON

(@do 000¢ ¥4 0SZ) 0§23 9PON

L6HE
08L°'L$ 065°'L$ §.6'1L$ o)l duingd
6es'LS L6e$ 301l J9]j05ju0D
i L ool
qicell g1 059 Jyblam dys pajeurns3
sinoy gy sinoy $¢ sfep z diys o} awy pes| 3s3
sleahk g sleah g sleoh g Rueiem waysAs
sleah z| sieak g| sieak g asuapadxs dwind Ad
Joamod paljddy wiwooojold I91EMN B Jamod 10841 aweu 9)|ddng
G T e T :  Janpddng
aoefa)ul ‘uab jeuondol  sauaneq A0ZL uondo tamod dn-yoeg
00G1-VS sojpunio | 0Z1-8 YOd Yoeliejos | 0zZ1-8 €0d joeliejos | [opouyeyew sajjonucd
a|od/paxy Jayoel} sHIomawoZ Jayoel} unsiepn junow Aeuty
sieak g alqeueA sleak g Aojs|y poy Ad
sleak gL ajqeleA sleafk o2 Rueuem Ad
Iv-05-38Y Alige|leAy uo paseg | €8 XSI XaJejos [spow/oyeul Ad
Sjiem 0091/2¢ Siem 0821/91 SHem geel/ol az|s Aelie \djsa|npows #
SRR e fddng wamod
9|qeo dwnd 9/¢-9 9|qeo dwnd ©/z-g a|qeo dwnd 5/z-¢ AlIM papuswWIIondYy
ONd .2 adid papuswosay
dwnd mauk gz oy dn 3s09/jeAlaju) plingay
sieak 9| slealk g sleah g Aojsy pisy duing
youi ¢ youi ¢ youl Buises jjom wnwiuy
Gl-vZds 0€2-0l S0S 0le-Ll sOS [apow duing
sojpunio oerue|os )oerie|os Jainjoejnuews dwing
lefnjuiuan [ebnjuusn {ebnjuuan adA) dwing
, dwung
c'LL/egbe £'8/868¢ 6°6/0V2¢ WNd9 "XelN/dd9 153
d-€LdV-NSd d-¥¥Id-NSd d-67dd-NSd aj weysAs

——

mﬁ@m.ﬁd%:@bﬂl&mam

mzn.ﬁ&s:ﬂnﬂ.lw M.MELDI...




|

(ad® 000t ‘) SZ) 624 ©PON

(add 000¥ “34 S2) S24 @PON

8L9'1$ gee'l$ 099% aolid dund
Ive$ 8¢c.$ ao}id 49]|03u0)
e L , 2oLd

di 00l al 05l ybiom diys pajewnsy
shep g sinoy g sinoy gy diys o} swiy pes) js3
sieak 2 sleak g sleak g Aueuem wiaysAs
sleak g sleak G| sleoh Z| asuapadxe dwnd Ad
NE) wwoaoloyd Jamod palddy aweu Ja)jddng

T e yepddng
salaneq A0S auou uondo Jamod dn-yoeg
09-8 YOd Joefliejos | 09-8 VOd Yoeliejos 00$VS Sojpunio [apowi/ayeul 1g]jonuo)
Jayoel unspepn JayorJ] SHIOMBLWOZ ajod/paxi Junow Aeuy
sleak g a|qeueA sieah g Aiojs1y pjal Ad
sieak Q2 a|qeueA sieak g . Rueuem Ad
9g XSIN xaiejos | Apjige|ieAy uo paseg v-05-3SV [apoui/ayewl Ad
sNem ovZ/e spem 052/ azis Aelle Ad/soinpowl #

e e T e D e Apddng 1amod
a|qeo dwnd 9/z-z1 | eigeo dwnd 9/z-gi | slqeo dwnd 5/¢-0} Jl|M papusLIN0sdY
OAd /L | adid papusiuioday
dwind mau/A gz oy dn|  jsovjeAIjul plingay
sleak g sleak g sleak g Aoysiy ppaly duing
youl ¢ youl ¢ you ¢ Huises Jjom wnwiuly
0L-¥L SIS 06-8 SOS ¢VEdS fopow duwingd
Noeriejos oerle|os sojpunio Jainjorjnuew dwng
jebnjusn jebnjuuad febnjuuan adf dung

_dung
€ LL0veYy 9'8/96.LY 91/296% Nd9D "XeN/ad9 153

401 d( - - 70d - ad"9Lav d q G

suos1unduwlo)) wals

£ swiduing :g 140y




(@d9 000¥ 34 0S) 0S- @pPON Lezire

adlid WolsAs

660'L$ g8e'L$ 8.9'L$ aol1d duing
§es'l$ Lve$ 89lid J3jjoju0Y
R R T 2 Y
qi 2€C ql 00¢ JyBlom dys pajewys3y
sinoy gy sinoy ¢z sfep z diys o} awyy pesj 3s3
sleak g sleal g sieah g fuenem woyshg
sieak zZ| sleah gi sleeh g aosuapadxa dwnd pd
lamod pajddy wiuooojoyd USJe/N\ 8 Jamod 10841 aweu Joyddng
R _dayddng
9oelI8)U "ualb jeuondo salayeq Ay uonydo samod dn-yoeg
00§1-V'S Sojpunio | 09-8 VOd doelle|os | 09-8 vOd doeflejog | [opowyayews sojjonuod
alod/paxis Jayoed] sylomawoz JayoeJ] unsjepn junow Aely
sieah g a|geueA sieak 6 Aos|y pisy Ad
sieak gl a[|qeueA sleak oz Rueuem pd
v-05-38Y AlligejleAy uo paseg | 09 XSIN XaJejos [Spow/ayeuw Ad
SHEM 00/8 SHEeM $¥8¢/9 SHem 09¢/9 azjs Aeite pd/sajnpow #
R S L1ddng aamog
9|qea dwnd ©/¢-g | sjqeo dwind H/2-z} | 9|qeo dwnd ©/z-z] AlIM papuaILIdYy
INd .2 adid papuswiwossy
dwnd mauyk gz o) dn }S09/[eAIS)U} PlINgDY
sieak g} sleak g slesh g Kiojsiy proy duing
youl 4 yout yout Buises jjom winwyuyy
LV5dS 06-8 SOS 0/-¥1 S8OS [apow duing
soJpunis Noeriejos yoeriejog Jainjoeynuews dwng
lefinjuzuan [ebnjujuan jebnjuuan adfy dwng
- dung
Gl/£96¢€ Z'6/9L9% 9ClL/L62h Wd9 "Xe/ad9 353
d"0cdV - a"97Jd c a-v0call - (4 G

llﬂlllllllll.l'lllllll.lll —————
(@dd 000¥ “}4 0S) 0S- @pPOoN suosiindwo)) WaISAS Surdwng :z DY




(ado 000¥ “4 L) S/ ®PON LBV

660°'1L$ G5L'1$ 065'L$ aalld dund
62s'Le Lve$ 30l J9jjouo)
BT R - aoLd

q] 99¢ ql 0gc ybiam djys pajewysa
syoam Z-| sfep z sinoy 2 diys o} awy pesj ‘js3
sleah g sleak g sleah g fuenem woysAs
sieak g| sieahk § sieak G| sousuadxa dwnd Ad
Jomod paiiddy  [JejepA B Jamod 10alld wwoosooyd aweu t9)ddng
T T e e Janddng
aoepaul ‘uab jeuondo sauaneq A09 uondo samod dn-yjoeg
0051-VS sojpunie | 0z1-8 90d doelie|os | 0Z1-8 0d Yoeliejog | |apowijayew J9|joiuod
alod/paxy JoXyorR) UNSHEAN JaYoel} SIOMaWO0Z junow Aely
sieah g sleah § ajqeueA Aojsy pie Ad
sleah o2 sieah 02 s|qeueA fuesem Ad
LL-XSI xaiejog 09 XSIN Xa1ejog | Ajilge|ieAy uo paseq [opowjayewl Ad
SHEM 919/8 sjiem 081/ siem 08¥/8 azls Aelle \d/sdnpowl #

R T I R R TR T P T L £jddng 1amod
alqeo dwnd o/¢-¢ | olqeo dwnd 9/g-z1L | 2l9ed dwnd 9/g-21 21IM popusWWosdy
IAd .2 adid papuawiwosay
dwnd maupA gg 01 dn 1509/jeAIRju} plingoy
sleaf gl sieak g sleah g K10js)y pjay duing
yout ¢ youl ¢ youl ¢ Buises [jom winwiuiy
L-VYSdS 091-81 SOS 0€2-01 SOS [opow dwingd
sojpunis Noerlejos yoerie|os lainjoejnuewt duing
jebnjmued {ebnyinuan jebninuan adf) duing

o e D e o dung
Z'L1/000v coL/LLoOY ¥'L/998Y Nd9 "xelN/ado 1s3

- ok - d-"8¢dl ] - 7Jc - q C

I||||I|I||||II|II|I|I||I-|||II|-|IIII||III|I|

(@dD 000¥ “1 SZ) G/ OPON suostIDdulo)) walsis surdwnd :g 140Y)




(@d9 000¥ “34 001) 0014 ©PON

Lecire

(@d® 000+ “34 00L) 0014 @PON

90lid WdISAS

660'1$ 00.'L$ 065'L$ a0lid duing
ges'Le LGe$ 92lid J9]joju0n
e L sl
ql 96¢ dl 00€ 3yBom diys pajewsy
sinoy gy shep g sinoy $2 diys oy awy} pesj ys3
sleah g sleak Z siesh z Ruenem wajsAs
sieak g| sleah g sleak G| asuapadxe dwind pAd
Jamod paiiddy  [uajepn 9 Jamod 10aliq wiwoo0}oyd aweu Jo)jddng
” ,:, , Coho o : S B kwmwgﬁsm
oeleu) ‘uab |euoydo sauaneq AG. uondo Jamod dn-yoeg

00S}-VS sojpunio | 0ZL-g 90d Yoelie|os | 021-8 80d doellejog | [spowyayew Jojjonuo)
olod/paxiy Jayoel} unspemn Ja)oBl) SHIoMalloZ junow Aeisy
sieah g sieak g ajqeneA Aojsiy piay Ad
sleal 0} sleafk oz aqeleA Ruesem Ad
v-06-3SV 09 XSIN xaJejog | Ajllige|ieAy uo paseg |apoljayewl Ad
S{iem 008/9} SHEM 009/01 SHEM 009/01 azis Aelie \d/so[npow
LT T _&ddng tamoq
a|qeo dwnd ©/g-g¢ | 8lqeo dwnd 9/z2-01 | sjqes dwind 9/2-01 AlIM papusuiwogy

suositunduwo;) u

ONd .2 adid papuswiwossy

dwnd mauyA gz 0} dn 3500/|EAISJU] PJINGSY

sieah 9| sleak g sleah z Aojsiy pay dung

yout youl ¢ youl 4 Bujses [jam wnwiuy

L-V5dS 091-8l SOS 0€e-0} SOS japow dwing

sojpunio yoerie|og JOBQIRI0S Jainjoejnuew dwng

lebnyuad [ebnjuuan lebnjuuan adfj dwing
dung

¥'SL/0v6E £°01/902v C'6/00LY WNd9 XeN/Qd9 353

d-¢LdV-NSd d-5€dd-NSd d-8¥O0d-NSd dl weysAs

——

2150g SuIdWINg 3 ?mgml.




€90'1$ Gp9'L$ 018'L$ 065°L$ 29)1d dwing
6zs'L$ Lees adlid 13]jouo)
S %

al 65§ di 00€ ybram diys pajewnsy
sinoy g shep g skep g sinoy 2 diys o} awiy pea| 53
sleah g sleah 2 sleak g sleak g Auelem waishs
sieah g1 sleoh g sleah g sieah G| souauadxa dwind Ad
19JBAN 2 Jamod 10811 [4e1e AN B Jemod Joallg wwooojoud awey so)ddng

il R R T R - Janddng
aoeua) "uab jeuondo salioneq AGL uondo somod dn-yoeg
0051-vS sojpunie | 0z1-8 90d Yoele|os | 0Z1-g 80d Yoelielos | 021-8 90d yoeliejog | [apowyayew Jo|jo5u0)
ajod/paxi Jeyoed} unspepn 19)08B4} UNSHEAA JoMoRl} SHIOMaLLI0Z junow Aeny
sleak 2 sleak sieah g sjqeueA A1ojs1y plel Ad
sieaf gl sieaf 02 sleah 02 a|qeleA Rueiem Ad
1v-05-3SY 9 XS xalejog LL XS Xasejog | AjlligejieAy uo paseg [opouljayell Ad
spem 002L/ive spuem 89//gL spem 0LL/01 sjem 009/0L azis Aelse p\d/sd|npow #

& L L e e iy A ddng demod
ajqeo dwnd ©/¢-0 | ajgeo dwnd 9/2-01 | lqeo dwnd H/2-01 | o|qe0 dwnd 9/z-01 A4IM papuaiwodsy
ONd .2 add papuswiwiosay
dwind mau/k gz 01 dn 3509/[eAIa)U} PlINGRY
sieak 9| sleak g sleah g sieak Z Kiojsiy peyy dwing
youi ¢ yout ¢ youl ¢ youl ¢ Buises |jam wnwiup
0L-vedS 091-81 SOS 091-8} SOS 0eg-0l SOS [opow dwing
sojpunis yoerie|os Noeriejos oerJe|os Josmpoejnuew duing
leénjiuen {ebnanuen jebnynuad [ebnyuad adfj dung

N T R A TR e g0 dund
9°L1/9885 ‘eL/ocly 9'6/EPEE L'8/Clvy WdD "XelN/ad9 153
- aly - d-0¢al - - 7 (U - d-o7Jd - ( O

(ado 000¥ ‘¥ S21) SZi-4 @PON

SUOS1UAD

dwo)) waIsAs

sgurdwung Z mu&ﬂ



(@d9 000% ¥ 0SL) 0S4 @PON

(@dd 000+ 4 0S1) 051 @PON

€90'1$ 065'L$ 8d)id duing
92s'Ls L6e$ 8914 J3]joju0d
N L 201
q| 659 qi 0ve yBlam diys pajewsy
sihoy g shep g sinoy g diys o} awy pea) js3
sieoh z sleak g sieak g Ruenem woysAg
sieak zZi sleak g sleah g aosuspadxa dwnd pAd
Jamod palddy  |1a1epn 9 Jamod 10au1g wuwosojoyd awets 49)ddng
R T “woryddng
a0e4I9)u] "uab jeuondo sauaneq A06 uondo Jomod dn-yoeg
00GL-V'S Sojpunio | 0Z1-8 90d Joeliejos | 021-8 80d doeliejog | [apowyayew 1ajjoijuod
ajod/paxy Jayoe} unspepn Jo)oen sylomawoz junow Aeury
sleah g sieah g ajqeleA Ao)s|y pion Ad
sieak 0L sieak oz ajqeleA Ruenuem pd
v-05-3SV 09 XSW xalejog | AjljigejieAy uo paseg [spowjoyewl Ad
SHeM 00ZL/ve SHEM 096/91 Spem 0Z2./9 az]s Aelse Ad/se[npow #
L e e . &)ddng uamoqg
o[qeo dwnd 9/¢-9 a|qeo dwind 9/2-01 | siqeo dwnd o/z-g1 1M PapUsWILI0IY

IAd .2 adid papuswiwosay
dwnd mauk gz 0} dn 1509j[eAIB)U| plIngay
sleaf g} sleak z sleah z Aoys)y pjayy dwng
youi ¢ youi ¢ yous ¢ Bujses |jom wnunuy
0l-veds 0L2-LL SOS 0€2-0l SOS [apow dwing
sojpunio) Joeplejos yoerlejos Jayoejnuew duing
lebnjuuan jebnjuuan {ebinjujuan adAy duing
dumng
€OL/LLOY e L/0gey 9°L/010% Wd9 Xe}N/ad9 53
- dV - d-.vdQ - d-( - d q S

suosiunduio)) w

a1sAQ MEQQI nwl..m m:w




(ado 000¥ ‘4 00Z) 0024 @PON

\

(@do 000¥ )4 00Z) 002 ©PON

169'VL$ 180°L1$ 90lid WBISAS
08L°'L$ 06S'}I$ ao1d dwing
G2s'Ls 16e$ 30lid 18]|ou0d
] oottd
qicell ql 058 biom diys pajewys3
sinoy gy sinoy 2 diys o} awy pes] 353
sieak g2 sieak g Auenem wayshs
sieak g} sieah g1 aouayadxa dwnd Ad
Jamod paljddy wwoooioyd aweu 19)|ddng
L L T depddng
aoeyayul ‘uab jeuondo|  saualied ASOL uondo samod dn-yoeg
005 1L-VS sojpunie | 0Z1-8 g0d Yoellejog | [spowjayew Ja]|ojuod
ajod/paxiy Jayoel} syIomawoz junowi Aeity
sleak g alqeneA Koysiy pren Ad
sieak 0l ajqeleA Aueitem Ad
Tv-05-3aSV AligejieAy uo paseg [opow/axyeul Ad
spem 009L/2e Spem ogi Lyl azis Aelle \d/so|npoul #
e g ddng Jemod
ajqeo dwnd 9/¢-9 ajqeo dwnd 5/z-8 B1IM papuaLILI03Y

OAd W2 adyd papuswiiosdy
dwnd mau/A gz 0} dn 1509/[eAIR)U| plINgRY
sieaf 9} sieak 2 Aojsiy piey dwng
yout ¢ yout ¢ Bulsed [jom wnwiuly
Gl-veds 0€2-01 SOS [apow dung
sojpunI9 yoerle|os Jaanjoejnuew dwing
jebnjiuad [ebnyuad adfy duing
L i e oo dung
[A3715444 G'6/599% Nd9 XelN/ad9 353

- alv - « - - (J =
suo0s1induwo)) waskS surdwndg :g 140Y))



¢

(@do 0009 “)4 SZ) 29 9pON

(@do 0009 ) §Z) 29 apON

Lerle

8L9'L$ 099% yey'L$ 30)id duing
8¢e.$ Lves 39]4d I9]jojuo

o Co oo ,
al 191 qal 0L y6lom diys pajewnjs3y
skep g sinoy gy sinoy 2 diys o} auuy) pes| Js3
sieah g sieah 2 sieak Z Ruelem waysAs
sleak g sieak | sledh G} asuauadxs dwnd Ad
JB1EAN B JoMOd 10au1g Jamod pajddy wiwooojoyd aweu Jojddng

I R _sonddng
auou sauaneq A0S uondo somod dn-yjoeg
09-8 ¥Od Yoeliejog 00¥V'S Sojpuniy | 09-8 YOd doeliejog | [opowyayew Js|jouo)
Jayoel} unsiepn ajod/paxy JONORI} SHIOMBLWIOZ junow ety
sleah g sieak z a|geueA Ao}s|y piey Ad
sieaf Oz sleak 0| s|qeleA Ruenem Ad
09 XSW Xalejog v-05-3SV AligejieAy uo peseg |opowljayewl Ad
SHEM OVZ/b SHEM 00€/9 SHem 0y2/e azjs Aelle \d/sdjnpouws #

LU o fddng damog
9|qeo dwnd o/g-zL | a|qeo dwnd 9/¢-01 | e|qes dwnd 9/z-z) AlIIM papuaILIodsy
OAd /L L add papusuiwooay
dwnd mauyA gz 01 dn 1S09/[eAIS)Y) plingsy
sleak g sleah g slesh z Ai0)s1y pjan dwing
youi ¢ yout ¢ youl ¢ Buises jlem wnwyuip
0L-vl SOS 9-VedS 0/-v} SOS [apow dwing
yoerie|os sojpunis) yoeriejos Jainjoejnuew dwing
jebnjujuan jebnjumuan lebnjuuan adfy dwng

, dwng
/0929 61/2619 1'21/0929 Wd9 "XeN/ad9 Js3
c a( c « dy d - « - q G

——

—————

suos1undulo)) Smwmamtmlw.nqls::& ‘@ ue.:ummb




(@do 0009 “¥ 0S) 0SO @PON

(ad9 0009 “¥# 0S) 0S9 @PON

660'1$ v8P'L$ 8.9'l$ adlid duing
szs'lL$ 3445 80l I8jjonuo
I 2014

qi €2 qi0l¢ yhiom djys pajewyysy
syoaM Z2-| sinoy $2 skep g diys o3 awy pea) ‘}s3
sleah Z sleak 2 sieah g Ruesiem woayshs
sieak 2L sieah G| sleah g aousyadxs dwnd Ad
Jamod psijddy wwooojoyd IS1BAN 3 JaMOd 1081 aweu 19)|ddns

T e e T qenddng
aoepe)ul ‘uab jeuondo salayeq A0S uondo Jamod dn-yoeg
005 L-VS Sojpunis | 09-8 VOd %oeliejos | 09-g vOd doellejos | [opouifayew 19jjouod
alod/paxy Jayoel) SHiomawozZ JoMoel} unspem junow Aeiy
sleok ¢ a|geLieA sleah g A10js)y pial Ad
sleak 02 ajgeleA sieak o2 fuelem Ad
LL-XSW xasejogs | AlligejieAy uo paseg | L. XSIN X8Je|og {apowjo)ewl Ad
SPEM 6€G/L Sjem 08v/¥ SHem 29v/9 azIs Aelie pd/sajnpout #
T T e e kpdding aagrod.
a|qeo dwnd 9/g-g | o|qeo dwnd 9/g-ZL | oiqeo dwnd ©/2-g} alIM papusluwioday
SN\d .2 adid papuswiwosay
dwnd mauyk gz 0y dn 3509/jeAId}U] plingoy
sieak 9| sleah g slesh z A1o0ps1y pjey dwng
youl ¢ youl ¢ youl ¢ Bujses [jom wnuiy
L-V5dS 0L-vl SOS 0Lyl SOS [opow dwing
sojpunio oerue|os Noerie|os laimoejnuew dwnd
{ebnjinuad {ebnynuad jebfnguad adAy duwing
e R ey . dung
,'02/00€9 €'¢1/.899 91/68.19 NdD "XelN/Qd9 ¥s3

ad"U0edV a - - - - a - ( C

—

e ————

suositundul

L ——————

0) WSS surdwnd :g 340Y,)




(@d9 0009 “¥4 SZ2) S19 9poN tezir

065°L$ 29)1d dwing
62s' L Les 3}l 19]jouo)
R L eoug
ql 96¢ q] 00¢ Jyb1om diys pajewnsy
sinoy gy sfep gz sinoy ¢z diys o) awy pesj ‘3s3
sleak z sleak g sieak g Ruenem woayshs
sieal z| sleak ¢ sieaf g| aouauadxa dwnd pd
Jamod pelddy  |4sjepA ' Jamod 1alig Wwoo03oyd sweu J9)ddng
e T e T S C Janpddng
goej9)U! "uab jeuondo sausneq A09 uondo Jomod dn-yoeg
00S1-VS sojpuni9 | 0Z1-8 90d Yoeliejos | 0Z1-8 §0d Yoelie|jog | [opowayew Jojjouo)
alod/paxy JoM)OR) UNSHEAN Javoed]} SHIOMBLWIOZ junow Aenry
sleah g sieafk g ajgeLeA Kiojsiy play Ad
sieaf gL sleak oz alqeueA Rueuem pd
v-05-3SV 95 XSIN Xaiejog  [AjjigejieAy uo paseg [apowjayelt Ad
SHEem 008/91 spem 219/el siem 09/8 azjs Aelie \d/ss[npow #
tf,:,.,_”,, ) Lo ,V L ?.NQ.,QSW&NSQAN
a|qeo dwnd 9y¢-g ajqeo dwnd ©/z-z1 | ajqeo dwnd o/z-zi Q1M papuawwooay
ONAd .2 adid papuswwosay
dwnd mau/k gz 0} dn 3S09/[eAI3)U| PlINGRY
sieak 9} sleak g siesh g Kio3s1y pjoy dwing
youl ¢ youl youl ¢ Buises [jam wnwiuy
L-VSdS 091-81 S08 09l-8l SOS [spow dwng
sojpunis) yoerle|og Joepiejos Jaimpoejnuews duing
lebnyuuan lebnjuuan [ebnjuuan adfj dwng
: dung
2'02/€9599 L'S1/080L GCL/82H9 Wd9 "XeN/ad9 53
d-¢ldV-NSd d-6¢dd-NSd d-$50d-NSd dl wesAs

e e L T
(@dS 0009 “¥ SZ) §19 9pPOoN suosiunduio)) uIdISAQ suidwung :z 14DY)




(ado 0009 “34 00L) 00LO ®PON

(@d© 0009 “¥ 004) 0015 SPON

660°'L$ 00.'L$ 06S‘L$ aold duing
62s'L$ 16€$ 80d J9jjoRuo
L o g

dl 805 di 00¥ ybtom diys pajewnsy
sinoy gy skep g sinoy ¥2 diys o} aw pesy ‘353
sleah g sleak g sleoh g Ruelem wajshs
siedk 2| sleak ¢ sleah G| aouapadxs dwnd Ad
lamod palddy  [191eAN % Jamod Joall wwooojolyd aweu 19)jddng

R R R S L A L U denpddng
aoeLaul ‘uab [euondo sauenedq AGL uondo Jamod dn-yoeg
005 1-VS sojpunio | 021~ 90d ¥oelie|os | 0Z1-8 90d Yoeliejog | [apowljayew Jajjonuod
g|od/paxy Jayoes) unspepn Jayoel} SyIomawoz junowl Aely
sleah g sleak g ajqeueA Kiojsiy ploy Ad
sieaf 0l sleah 02 ajgeneA fueiem Ad
v-05-3SY LL XSIN XaJejog | AYligelieAy uo paseg jopowoyewl Ad
sjiem 0G0L/1e SHem +26/21 sjiem 008/01 azis Aelle \d/sojnpoui #

T T e e e &jdding Jamod
a|qeo dwind ©/¢-9 | 9jqeo dwnd 9/2-01 | ajgeo dwnd ©/2-04 AIIM papusLLILIoddy
oAd W2 adid papuswiwosdy
dwind maupA gz 01 dn 3509/|eAID}U) plingoy
sleak 9| slealk 2 slealh g Kiojs)y pjoy dwng
youl ¢ youl ¢ youl ¢ Bujsea [jam wnwiuiy
L-V§dS 091-8) SOS 09l-gl SOS [opow duing
sojpunio yoerJe|os Noerie|os Jasmoenueus dwng
lebnjued lebnynusn [ebruuan adf; dwing

T R R U S oo dung
§'22/8.499 L'91/098L €L/e619 Wd9 XelN/Qd9 153

d-0VdVv - -y a( - - - - U =

——
—

—

—— —
— t——

mzom.?mw&gob WSS Su dung :z 140Y)



- €90°'L$ 065'L$ 99]id dwing
62s'Ls$ Lge$ adlid 13jj0Nju0)

N P T Lo Vg
dl 669 ql 05 4Bjam diys pajewpsy
sinoy gy sfep g sinoy g diys o) awy pesj ‘3s3
sleah g sleak g sieak g Rueliem woysAs
siesh gL sleak g sieaf g| souayadxs dund pAd
Jamod paljddy  |4s)epn 9 Jamod 10aa1Q wwooojoyd awrey J9)ddng

R T R Janyddng
soeLIaul "uab Jeuondo salaneq A06 uopdo samod dn-yoeg
00S1-V'S sojpunis | 021-8 80d Joeflejos | 0Z1-8 80d Yoeliejog | [opowayew sajjonuo)
ajod/pax1} Jayoe)} unspyepn JaxorJ) SHIoMalloZ junowt Aeliy
sleak g sleoh ¢ ajqeueA Aoysiy piaiy Ad
sieah 0l sleak g2 a|geneA , fuenem Ad
v-08-3SY LL XSIN xalejog | Ajjige|ieAy uo paseg ispowijayew Ad
SReMm Qocl/ve spem geel/al SHeMm 096/21L azs Aelle Ad/sajnpow #

R L R Lo &ddng damog
sjqeo dwnd ©/¢-9 | 9jqeo dwnd 9/z-01 | eiqeo dwnd o/z-01 AIM papuawossy
ONd .2 adid papuswwosay
dwnd mauk gz 01 dn JS09/[eAI}U} plIngay
sleak 9} sleak g sleah g Aiojsty piay dwing
youi ¢ yout ¢ youl ¢ Buises jfom wnwwp
0L-veds 09}-8l SO 091-8l SOS [spow dwing
SOJpunIo) joeruejos yoerlejog Jainjoeynuew dwing
{ebnjuagn lebnjuuan [ebnjuuan adfy duing
‘ dung

9°/1/988% 2'81/5929 LS9 NdO XelN/ad9 353

d-§1dV-NSd d-€vdd-NSd  d-990d-NSd al waysAg

—_— N il
(@dD 0009 ¥4 SZ1L) §ZL9 9pON suostundwo)) waisdg suidwng :z 140y’



(@dd 0009 ¥4 0SL) 0519 SPON

“‘I

(@do 00

09 %4 0S1) 0519 8PON

6.5'V1$ 6ze'cl$ 690°L1$ 99lid WaISAS
€90'L$ 065'L$ G98'L$ aol1d duingd
6es'Le 1SS adlid 18jjouo)
R 1 “ooud.

qiecll q1 059 bem diys pajewnsy
sinoy gy sinoy ¢ shep ¢ diys o0} awpy pea) Js3
sieak g sleak g sleah Z Auenem wsyshs
sieah Z| sieah 6| sieak g aouauadxs dwnd Ad
Jamod paijddy wiwooojoyd I81BAN 8 JoMOd 102 aweu 19)ddng

. R N N , Vo o Janddng
aoeueu) "uab |euondo|  saueneq AQZL uopydo tomod dn-yoeg
005 L-VS SoJpunis | 0Z1-8 g0d doefie|os | 0Z1-g 80d Yoelle|og | [spow/ayew 19jjonuod
ajod/paxy Joyoel} sylomalloz Jayoed} unspemn junow Aeny
sleal g a|qeueA sleak Aojsiy pjay Ad
sleaf 0L ajqeleA sieah o2 Ruesem Ad
v-05-3SY Aungejieay uo pased | L. XSIN Xalejos [opow/ayell Ad
sjem 0091/2¢ sjiem 0821/91 spem 2ecl/ol azjs Aeue \d/sajnpow #
T T e e £ ddng deaod
alqes dwind ©/¢-9 | 9jqes dwnd ©/z-01 | alqes dwnd 9/z-01 AlIM papualiWossy
INd .2 adid papuswwosay
dwind mau/A gz 0} dn 1509/|eAIoU] pIIngey
sieah 9| sieah g sleak g Aojsiy pjey duing
you) ¢ youl ¢ youl ¢ Buises jjom wnwiuip
0l-veds 091-81 SOS 0le-Ll SOS jopow duing
sSoJpunio oeriejos yoerle|os laamoejnuew dwng
jebnunuad [enjuuad jebnjuuad adfj duing

A R podung o
8'61/5¥89 [AATALA] 2'eL/LGe9 Wd9 XelN/ado 153
d-6}taVv - - - - ad-8vadl - q O

suosLIndulo)) Wasks surdung :z 1Y)



(@dd 0009 “¥ S2) SZH opON 1szife

pe'L$ yay'L$ a0}id duingd
§25'L$ 3443 301id l9jjouo)

e T Mg
qi 2e¢ ql 051 JyBlom djys pajewnsy
sinoy g sfep g sinoy 42 diys o) awy pesj ‘3s3
sleak g sleak g sleak g Rueuem wayshs
sleah zZ| sleah ¢ sieak G| aouauadxs dwnd Ad
Jamod palddy  |uajepn @ Jamod joaliq wwooojoyd aweu s3)ddng

N R N A ~Jogyddng
@oe1a)ul “uab jeuondo sausyeq AoE uopydo Jamod dn-yoeg
00S}-V'S sojpunio | 09-8 80d Yoellejos | 09-8 vOd doelle|os | [apowyasyew Jojjonuo)
ajod/paxiy Jayoes} unspepn Joyoes sylomawoz junow Aesry
sieak g sleak g ajqeleA Aojsiy plen Ad
sleah gl sleak og alqeleA Ruenem Ad
v-05-3SV 09 XS xelejog | AjlligejieAy uo paseg [spowjeyew Ad
SHEM 001/8 SHEM 09¢/9 SHeM OzZe/y azis Aelte pd/sajnpouw #
R R R T T £1ddng aomog
9|qeo dwnd 9/g-0) | 9lqeo dwnd ©/z-z1 | 8iqeo dwnd 9/z-Z| allM papuswwossy
OAd .2 adid papuswwosay
dwnd mau/ik gz 0} dn Js09j[eAs}u} plingay
sleah g| sieak g sledk z Kioys1y proy dwing
youl ¢ youi ¢ youi ¥ Buised |jam winwyuiy
§-v8dS 0.-¥l SOS 0/-¥L SOS [opow duing
SoJpunio 3Yoerle|os yoerlejog Jaimoejnueur dung
lebnjuuan {ebnjuusn jebnjuuan adfy duing
| , dung
61/00S. €°L1/0v98 8vL/6Ly8 Nd9 XelN/Qd9 153
0 - dC d d-8 d - q s

h - CI \J -
(@do 0009 “14 §2) GZH dapON suosrindwo)) waisg surdwundg :z 340y




(ado 0008 “} 0S) 0SH ®PON

I|||||I||||.I||II||I||I|III||||I|||||II||||I"II|||||||I

(Gdo 000

8

£

‘34 0S) 0SH 9PON

660'L$

A AL
TCLAES

89114 WdISAS
90lid dung

62s'lL$ Lve$ aolid J8jjouod
G L g
ql 99¢ al 00€ ybiom diys pajewnsy
SoaM Z-1 sinoy $2 shkep ¢ diys o) atuy ped] 1s3
sieak g sleak g sleeh Z fjueriem woyshs
siesh 2| sleah G| sieah g aousuadxa dwnd Ad
Jamod paj|ddy wwooojoyd 18)eMA '8 Jamod 10aiid aweu Ja)jddng
T R TR TR AR T donddng
aoepajul "uab jeuondo saualleq ASY uojydo Jomod dn-yoeg
0051-YS Sojpunio | 09-8 YOd doeliejos | 09-8 YOd Yoellejog | [apoul/ayews J3||ojucy
ajod/paxu Jayoel} syIomauioz Jaxoed) unsiepn junow Aelry
sleah ¢ ajgeLieA sleah g Aojsiy piey Ad
sleaf 02 ajqeueA sleak 02 fueuem Ad
L1-XSW xasejos | AjligejleAy uo paseg | LL XSW XaJe|oS [apowayewd Ad
sjem 919/ spem 009/21 spem g19/8 azis Aelie pd/sd|npoul #
R a S e T g ddng 1amod
sjqeo dwnd 9/¢-8 ajqeo dwnd ©/2-z1 | aiqeo dwnd ©/2-2| Q1M pPapuaWWOIDY
ONd .2 adyd papuswititossy
dwnd mauyk gz 01 dn 3509/[eAI3}U| PlINGOY
sieaf 9] sleak g slesh z Ki0jsiy piay duing
youl ¢ youi ¢ youl v Buises [[om wnwuil
L-V5dS 0Lyl SOS 0L-v} SOS jopows duwing
sojpunio yoerle|os yoertelos Jainjoejnuew dwing
{ebnjnuan jebnynuad jebnjuan adfy dwing
R T T A R R RNt s cdund
8'ec/0LEL e.L1/1188 Wd9 XelN/ad9 s3
] AV d "0 - cl - d( - ( S

I||||II|||II|||||||I||II|“|||||II

suos1induwo)) waisks surdundg :g 140Y))



(@dD 0008 “34 1) SLH @PON sezie

Sh9'L$ 06S'L$ 20jd dwing

§25'LS Lges 99lid l8]josuo0)
e R g

dl 0ty ql 0¢e yB1am diys pajewpss

SyaaMm z-) sfep g sinoy vz diys 0 awj pesj js3

sleah 2 sleak g sieak g Rueiem wayshs

sleaf z| sleah g sleah g) douamadxa dwind Ad

Jamod palddy  [1ejepp '8 Jamod 100410 wwoosoloyd aweu 13)iddng

LT T T s . Janddng

soeLaul "ual jeuondo sauaneq A06 uopydo 1amod dn-yoegq

00S1-VS sojpuni9 | 0Z1-8 80d Yoeliejos | 0Z1-8 G0d doeliejos | [opowyjayew iajjonuod

ajod/paxy) Jayoed) unspepn Jayoel} sylomawoz junow Aelry

sleah g sleak g ajgeneA Aojsy pje Ad

sieak oz sieak oz ajqenea Rueuem pd

y9-XSIN xalejog ¥9 XSIN Xalejog | Ajljige|ieAy uo paseg [Spow/ayewl Ad

SHeM 2oL/l siem 89//21 SHem0gL/glL azjs Aedle pd/sd[npow #

SRR ___ &ddng temog

sjqeo dwnd ©/¢-9 | o|qeo dwind ©/z-z1 | a|qeo dwnd /z-z| 91IM papuawnIonsy

ONd .2 adid papuswwosay

dwnd maupk gz 0} dn 3509)[eAlaju] PlIngoy

sieah 9| sieak g sleak g Aioys1y piayy duing

youl ¢ you ¢ your ¢ Buises |jom wnuupy

L-VYSdS 091-81 SOS 091-8L 808 [3pow dwng

Sojpunts Noerue|os Joeriejos Jainjoejnuew dwng

jefinjuiuan febnjujusn febnjuuag adfy dwnyg
dwung

¥'92/09.LL 61/0¢C¢E8 L'GL/00SL Wd9 "XeW/qd9 153
d-62dY d d-02dQ d d-090d - q S

lllllll!!ll.h-
(@do 0008 “14 SZ) S/IH 9pPON suos1indulo)) WaISAS surdwndg :z 14DY)



(@do 0008 “} 00L) 00LH 2PON

\

(ado 0008 “}4 00L) 00LH 9PON

z2¢8'8$

99114 WalSAS

660'L$ 065'L$ aol1d duing
62s'Ls 16€$ 39)id ls8jjouod
S o . ooud

qi 698 di osy jybiom diys pajewns3

sinoy gf sfep g sinoy $2 diys oy swy} pea) ‘js3

sleak z sleah 2 sieak Z Ruenem woyshs

sieak ZL sieak § sieak G| aouapadxs dund Ad

Jamod palddy  |J91eAA B Jamod 10anq witooojoyd aweu J9)|ddng
R R datpddng

aoeau ‘uab jeuondo sausned A06 uondo 1amod dn-yoeq

00S1-VS Sojpuni | 0Z1-g 80d doelie|os | 0Z1-g 90d Yoelle|og | [ppowjayewl 13||o}juod

alod/paxiy JayoeJ) unspepn Jayoerl} sHIomaWoZ junow Aeiry

sieok 2 sieak ajqeMeA Kioysiy pley Ad

sieak Ol sleaf g2 a|qeueA fueuem Ad

IV-05-38VY LL XSIN XaJejog | Altjige|ieAy uo paseg [spous/oyewl Ad

spem 00ciive spem g.0L/L1 Spem 096/} azls Aele pd/ss|npows
U e e g ddag deatod

a|qeo dwind ©/¢-9 | slqeo dwnd 9/z-01 | 8jqeo dwnd 5/2-0} A1iM popuswWwossy

\ 9Ad «2 adid papuswituoaay

dwnd mauk gz o0} dn 1509/[EAI)U] PlIngaY

sleah 9| slealh g sleak g Aiojsiy piey dwng

youi youl ¢ yout ¢ Bu|ses ||am wnwiulp

L-V&dS 091-81 SOS 091-8l SOS [opow duing

sojpunio yoerle|os Noerte|os laamoejnueus dwng

jebninuad [ebnjuad jebnjuuan ~adf) duing
T e ey L dung

¥2/e0LL 02/00¢6 L29L/¥0L8 Wd9 "XelN/ado 153

d-8LdV - d-9¢d( d d-190d - q :

suostunduio))

———

———

a1sA4q surdwnd :g 140Y))



(@dD 0008 ‘¥ SZ1) SZLH 9PON

(@d® 0008 ¥ SZ1) SZLH SPON

suosiunduwo)) wascg Sul

660°'L$ 065'L$ a9]1d dwing
§2s'L$ 16€$ 39lid lojjonuo
o o 2014g
ql /88 ql 004 brom diys pajewnsy
sihoy gy sinoy g sfep g diys o} awyy peaj )3
siesh g sieak g sleak g Ruenem washs
sleah Z| sleak gL sleah g aouanadxs dwnd pd
JaMmod peijddy wiuoooloyd ISIEAN B Jamod 10auig aweu J9)jddng
e T £aryddng
goepaju] ‘uab jeuondo souaNeq A0zl uoyydo t1omod dn-yoeg
009 1-VS Sojpunio | 0Z4-8 90d Yoelle|os | 0Z1-8 §0d doeliejog | [spowyayew iajjonuo)
ajod/paxis JaxoRI} SHIOMBLWOZ Jayoes unspepn junow Aeiry
sleah g ajgeleA sleafk ¢ A1o3s1y piap Ad
sleaf gL a|qeneA sleak 02 Ruenem pd
v-06-3SV AlligelieAy uo paseg | 2/ XSIN Xasejos [Spowijayew Ad
SHeMm 0002/0Y SHem 08clL/al sHem zecL/ol azs Aewte pdjsanpow #
B S £1ddng 1amoqg
ajqeo dwnd ©/¢-9 | 9|qes dwnd ©/2-01 | 9|qeo dwnd ©/z-01 M papusWwossy
oNd .2 adid papuswutossy
dwind mauyk gz o} dn 3509/|EAIB)U} PlINGRY
sleak g| SIeak g slesh g A10)s1y piayy dwng
youi ¢ youl ¢ youl ¢ Buises jjom winwnmpy
L-VYSdS 091-81 808 091-81 808 {apow duing
sojpunio Noerie|os Joeplejos Jaimyoejnuew duing
Jebnjuuan febnjuusn lebnjuan adfy duing
dung
9'82/5058 L'LLIv928 2'6L/v618 INdD "XelN/adD ‘}s3
d-12dV-NSd d-¢90d"NSd  d-Vevdd-NSd aj weysAs

dung :g 310y,




(ado 0008 ¥ 0S1) 0SLH PON

\I\I\

6vs LLS

L1£G1$

vy8°LL$

99114 Wa)sAS

€90'L$ 0£0'2$ GL6'1$ aold dwnd
6zs'L$ 1G€$ adlid 19]joAuod
b L Ld

qdl 188 dl 006 jybrom diys pajewys3
sinoy g sinoy $¢ shkep ¢ djys o) awyy pea) Js3
sleah 2 sleak g sleak g Ruenem woyshs
s1edk 21 sieah g| sleeh g aouauadxs dwnd Ad
Jamod paljddy wiuooojoyd IS1EAN %@ Jamod 108l1q awieu Joyjddng

T T e dagddns
aoepou) "uab jeuondo|  saueneq A0S uopdo Jamod dn-yoeg
005 1-VS sojpunis | 081-8 80d Yoeliejos | 021-8 82d yoefiejog | |apowjdyew JajjoHuo)
ajod/paxy J9X0BJ) S}IOMaWoZ J9Moed} unspepn junow Aeiry
sieak g ajgeueA sleah g A10)s1y piai Ad
sieak 0} a|qeuBA sieak 0Z Kuenem Ad
v-05-3SY AigelieAy uo pased | €8 XSIN X8JE|0S [spowjoyewl Ad
siem 0002/0Y spem 0091/02 sjem gge /9l azis Aelle \d/sojnpoul #

i e T &ddng wemog
ajqes dwnd ©/¢-9 | ajqeo dwnd ©/z-0L | 9Iqed dwnd 9/z2-01 AlIM papuswuiosdy
ONd «2 Aod .2 adid papusiiwoosay
duwind maupih gz 03 dn 1509/[eAIa)U| plIngay
sleak 9} sleak g sleak g A103s1y pjen dwind
youi ¢ youi ¢ youi ¢ Buises |[om wnwiuig
0l-vedS 002-02 SOS 0L2-Ll SOS [opow dwing
sojpunis) oerie|os yoerteos Jainjoejnuew dwnd
{efniuad jefnjuad lebnynuad adfy duing

L R o dung
£'12/5298 9'02/¥906 6'¥1/0969 Wd9 "xelN/ado 3s3

- dV - - 9Jd - a-bvd(l - (J C

||||||||||||I||I||||||||l“|||l|l|||||ll|l|ll

(ads 000

8 U 0S§1) 0S}H dPON

suostindul

0) waisAS Surdwnd :g 140Y))



(@d9 00004 “¥ §2) 521 aPON

lecle

(@do 0000} “¥ §Z) 2] @PON

ve'L$ vay'L$ aolid duing
§zs'Ls 3443 99]1d I8jjo)uo)
R N L]
ql 09¢ d]1 002 Jyb1am diys pajewysy
sinoy g sinoy g skep z diys o} awy pes| Js3
sleah g sleah g sleak g Ruesem woysAs
sieah g2| sleaf g) sleah g asuauadxa dwnd pAd
Jamod pajjddy wwooojoyd IBJEAN B JaMod 10a.11g aweu s3)jddng
I <onddng
soel9U| “uab jeuondo salaleq AGY uondo Jamod dn-yoeg
005 1-VS sojpuntd | 09-8 80d Yoeliejos | 09-8 vOd doellejos | [spowyayew J3jjo1juo)
ajod/paxiy Jaxyoel} sytomalLozZ 19080} UNSREAA junowt Aelry
sleak g sjqeueA sleah g Aoysiy playy Ad
steah Q) alqeueA sleak gz Ruerem pAd
v-05-38Y Anniqejieny uo psseg | 2/ XSIN Xalejos [Spowijaxew Ad
SHEM 008/91 SHEM 084/9 SHEM 29¥/9 azjs Aedle pd/sonpowt #
o e , o £1ddng 1amog
9|qeo dwnd 5/¢-g a|qeo duind ©/2-gL | s|qeo dwnd 9/z-z1 94IM papuawWulossy
INd .2 adid papuswwosay
dwind mauguA gz o} dn 3S09/{eAI3)U] pjingay
sleah g} sleah g sleah g A1ojs1y piay duing
yout ¢ youi 4 yout ¢ Buises [[om wnwupy
5-v8dS 0.l SOS 0L-¥1 SOS [3pow duing
SOJpunIo) Joepiejos oerlejos Jaimjoejnuew duing
lebnjuyusn febnjumuagn [ebnjtuan adfj dwing
dung
¥'81/89501 2'81/8€801) £61/00L0) WdO XelN/ado 353
- dalv - a~v9Ja - - a(l - q >
suostunduwo)) waskg surdwund :g 140y,



(ado 00001 “¥ 0S) 051 ®PON ssire

660'L$ 065'L$ ao1d dwingd
62s'l$ Lges a1 I8jjouoy
R 2014

gl 96¢€ gl Q0€ wbiom diys pajewnys3
sinoy 8y sfep g sinoy ¥2 diys o) awyy pea| 3s3
sleak g slealk g sleah g fyuertem wayshs
sleal g1 sleah g siesl G| aouapadxae dwnd Ad
Jamod payddy  [1a1eAN 8 Jamod 198414 wwoosoioyd aweu Jaj|ddng

T L e T donddng,
aoeglojul “uab jeuondo salloneq A06 uondo 1amod dn-yjoeg
00S1-V'S sojpunio | 021-g 90d doefielos | 0Z1-8 €0d yoefie|os | [opoujoyew Jajjoiuod
ajod/paxy Javoel) unspepn JayoeJ} SHIOMOWOZ junow Aesry
sieak g sleah 6 a|qeueA A1oys)y piey Ad
sleaf 0} sieak 02 ajgetiea Rueiem Ad
v-0§-38V 1L XSIN xaJejog | AllligejieAy Uo psseg [spowijayjewl Ad
sjem 008/91 spem QLL/0L SHEM 0Z.L/9 azis Aelie pd/se[npowl #
N e e T SR LT T LI S &ddng pmod -
ajqeo dwnd ©/¢-g | 9jqeo dwnd D/g-zl | 3|qed dwnd 9/2-2L allM papusituoasy
IA\d .2 adid papuswittoody
dwnd mauyk gz o) dn 3509/[eAsR)u] plIngoy
sleaf 9| sleak g sieak 2 Kiojsiy piely dwngd
youi ¢ yout ¢ youl ¢ Bujsea jjom wnuwiuly
L-VqdS 091-81 SOS 091-81 SOS jopow dwind
sojpunio yoerie|os joerse|os laimjoejnuew dwng
jebnynuad febniuad - jebnyuad adf) duingd

,M ”,”: ~ ,,A,W,_,””.,,””,, S C Q.Ea ,_,,, ,
y'oc/evlol L'6L/98ell £'81/66201 WNd9 "Xell/ado 1s3

- adV c - a( - - 9Jd - (J c

\\\I

(ads 00001 ‘¥ 0S) 0SI °PON suos1undwo)) wasAg surdwundg :g 1Y)




(@d9 00001 4 S1) .1 @PON

(@dD 0000t ‘¥ S1) S.I SPON

lercie

660'L$ 065°'L$ aold duind
§2s'ls 16e$ 3014 19]jou0)
i - 20ud

ql 685 ql 0S¥ blom diys pajewnsy

sinoy g shep g sinoy 42 dys o) awy pes| js3

sieak g sieak z sleak g Ruenem wa)sAs

sleah zZ| sieak g sleaf G| souapadxa dwnd pd

1amod paliddy  [18)eAN 9 Jamod 10841 wwoosojoyd aweu s3)ddng
T T T b & ~ «a17ddng

aoey9)u| "uab jeuondo souaneq A06 uopdo Jomod dn-yoeg

00S L-VS sojpuni9 | 0Z1-¢ 80d doeliejos | 0Z1-8 §0d Yoeliejos | [epowayew iajjonuod

ajod/paxy 1Mok} unsyepn JoXoBl) SHIOMBLWOoZ junow Aeuy

Sieak g sieak ¢ 9|qeueA Aoys)y pisyy Ad

sieak gl sleak Qg ajqeleA Ruenem pd

v-05-38V €8 XS xalejog | AjljigejieAy uo paseg [opowjayell Ad

Sjiem 002 L/ve SHem 966/C1 SHeM 096/21 az|s Aelte \d/ss|npow #

Ly S &jddng Jamoq
a|qeo dwnd ©/¢-9 | siqeo dwind 9/z-gL | ejqes dwnd ©/z-g| AlIM PapUSWILI0IDY

ONd .2 adjd papuswiwoday
dwnd mauyik gz 0} dn }J509/|eAIs}U] plIngay
sieak 9} sleak Z slesh z Aioysiy ppey dwing
youi youl yous Buises |jom winwiuy
LVSdS 091-81 SOS 091-8l SOS jopows duing
sojpunio Noerie|os Noepue|0s Jainyoenuew duing
febnjuuan jebnjuuan febnjuuan adfj dwng

, dung

0e/51801 1°02/00601 ¥'61/€8701 NdO "XelN/ado 1s3
d-8LdV-NSd d-1€da-NSd d-990d-NSd al waysAg
suostundulo)) wasg Suidwung :Z 140Y)

oy v —C——



(ado 0000

| 24 00L) 00LI ®PON

||||||||I|I-||I||||||||-I|I-|I|||Illl-l||||||lll||||l||l

6cecl$

LG9°LLS

99lld WolsAS

660'L$ 065'L$ 0l8'l$ a9)d dwnd
6zs'Ls LGES a%)id 19]joRuo
,A,‘_;t,;,,,r._ : i 2a1dd

qieell al 00L biom diys pajewys3
sihoy gy sinoy ¥Z skep 2 diys o) auty pea| Js3
sledh g sleah g sieak g fuenem wayshs
sleaf g2} sleaf Gl sieah g aouapadxa dwnd Ad
Jamod pallddy wiwooojoyd 19}JeM\\ B Jamod 10a4ia auteu Jo)jddng
T L i n e T T T vdonddng
aoeyoul "uab jeuondo|  selaleq AOZL uoydo Jamod dn-yjoeq
005 L-VS sojpunis | 0Z1-g 90d Yoelejos | 0Zi-8 80d yoeliejos | [opowjaiew 1sjjoiue)
ajod/paxi} Jayoes) SHIoMaWozZ JayorJ) unspepn junow Aeuy
sleah g ajgeneA sleah 6 Ao)s|y pley Ad
sleak 0} s|qeueA sleah 02 Rueuem Ad
1v-05-3SVY AngejieAy uo paseg | €8 XSIN X8Je|0S [apowjoyew Ad
syem 0091/2¢ spem 0gcL/9l spem geel/ol azis felte pd/sonpow #

| T ey &ddng amod
algeo dwnd ©/¢-9 | o|qes dwnd 9/2-01 | 3iqeod dwnd ©/2-01 allM papuswiwoosny
OAd «2 adyd papuswiwiosay
dwnd mau/ik gz 0} dn 3509/jeAIR)U] Plingay
sleak 91 sleoA g sieal g K1o0js1y pjay dwing
yout ¢ youl ¢ youl ¢ Bujsed [jom whuluiy
LV&dS 091-81 S80S 091-8l SOS [opow duwingd
SoJpunIo yoerJe|os yoerieos Jaimoejnuew dwng
jebnyuad jebnymuad jebnyuan adfy dwing
TR i el dung
g8'0e/evlolL 2'6L/LL10) 8'12/00L0L Nd9 "XelN/ado 153

d"vVédV - - 9)d - - d U - ( C

\

(ado 0000

} 14 004) 00LI ®PON

suosiindul

09 waisAg surdwnd :g 140Y))



(AdD 00004 ¥ S2Z1) SZ LI OPON

(@do 0000} Y4 SZ1) SZLI O9PON

LETlE
986°L1$ 0L6°cL$ LS9°LLS 9JLid WBISAS
660'L$ 065'L$ 0L8'L$ a9)1d dwing
62s'L$ 16e$ 92J1d Iajjonuo)
et R L 0ug
q] /88 ql 0SL Wblom djys pajewnsy
sinoy g sinoy 2 skep z diys o} aw pes) 453
sleak g sieak g sleahk z Ruelem wayshs
sleak gL sieak G| sleak ¢ asuapsadxe dwnd Ag
Jamod pojddy wiuooojoyd I9JEAN 8 JamOod Joalig aweu 19)|ddng
R R T ) A T T Janddng
aoejolul 'uab jeuondo|  sauaneq AQZ) uojdo tomod dn-yjorg
00S1-VS sojpuni9 | 0Z1-8 99d Xoele|os | 0Z1-8 90d Yoellejos | [opowyayew Jajjouog
ajod/paxu JayoeJ} SyJomawozZ Jayoel) unspuepn junow Aeiry
sieak z algeMeA sieak ¢ Aoysiy psi Ad
sleaf o) sjqeLieA sleaf oz Ruenem pd
v-05-9SV Ajlige|leAy uo psseg | €8 XSIN XaJejos [opowijayewl Ad
SHEM 0002/0¥ SHEM ObvLive spem geel/9l azls Aelle Adjss|npout #
A T N o £1ddng samog
9|qeo dwnd 9/¢-9 9|qeo dwnd ©/2-01 | a|qeo dwnd 9/2-0} M papuationay

ONd .2 adid papuswwosay
dwnd maupf gz 0} dn 1S09/[EAI3)U] pINGaY
sieak 9} sieal g slealk g Aoysiy pey dwing
yout ¢ youl ¢ yout Buisea |jam winupy
L-V§dS 091-81 SOS 091-8L SOS [spow dwing
sojpunis) Noerieos yoerue[os Jaimjaejnuew ding
jebnjuan [ebnyuuan lebnjuuan adfj dwng

: , dung
80e/92¢t ) 2'61/£6.6 2'61/0068 NdO "Xe|N/Qd9 53
d-12dV-NSd d-890d-NSd d-,8dd-NSd gl weysAg

——

suos1 nduior) waisy Suiduing :Z 1DY)



1997 Lighting
Product List

——
St —————

—PSN

notovoltaic Services Network, Inc.




Lighting Product List

Many PV-powered lighting systems were
evaluated for inclusion in this new Lighting
Product List. Once again, the systems se-
lected for the list represent the best combina-
tions of high quality equipment, system price
and supplier experience, capabilities and sup-
port.

Toensure that the systems on the Lighting
Product List are of high quality and meet
utility needs for performance, reliability and
convenience, the PSN used the minimum re-
quirements listed below as a preliminary
screening tool in evaluating proposed lighting
systems. Systems that did not meet these re-
quirements were not considered for the Prod-
uct List.

Minimum Requirements

All of the PV-powered lighting systems se-
lected for the PSN list meet the following
minimum system and supplier requirements:

v Systems are supplied complete and self
contained with all hardware and wiring
necessary for installation except for poles or
sign lighting arms and wiring for sign
lights.

v Systems are as pre-assembled and pre-
wired as is feasible and cost-effective for
shipping.

v Systems are designed for 20 year life with
minimum maintenance.

v Al PV system components exposed to the
elements are capable of withstanding expo-
sure to temperatures of -20 °C (-4 °F) to 45
°C (113 °F) and up to 90 mph winds.

v All system components and hardware must
be able to perform in a condensing envi-
ronment

v Systems meet all applicable National Elec-
tric Code requirements to ensure in-
staller/operator safety including: a manual
disconnect switch, proper grounding, proper

size wire and disconnects, and hazard
warning signs. However, all UL (or
equivalent) listed components are not re-
quired since few PV-powered systems on
the market today meet that requirement.

v’ PV modules meet IEEE P1262 and UL
1703 standards and include a minimum 10
year, 90% power rating warranty.

v System components have proven and

. documented records of field performance in
similar applications for a minimum period
of one year.

v Systems are supplied with complete in-
stallation, operation and maintenance
manuals.

v Systems have adequate protection against
lightning and load induced voltage surges.

v The entire PV system is warranted for its
rated light output (at the design foot-
candles and daily run time) for a minimum
of two (2) years. (Utilities process all war-
ranty claims through the PSN.)

v The system manufacturer has documented
experience in supplying similar packaged
lighting systems.

v The price quotes contained in the Lighting
" Product List are effective through Decem-
ber of 1997.

Area Lighting System Selection

When selecting an area lighting system for a
specific application, first consult Area Light-
ing Chart Al: Performance Nodes. Use Chart
1 to select a performance node (labeled inter-
section) that is closest to your desired combi-
nation of light level (in foot candles) and cov-
erage area in radial or square feet.

Next turn to Chart 2: Area Lighting System

Comparisons and go to the page labeled with
the selected node. This page will give you in-
formation about the area lighting systems of-



fered by the PSN that are appropriate for that
particular combination of light and area. If
your application is between nodes, also check
the nodes immediately before and after your
required light level and area.

The systems on Chart 2 are listed from left to
right in order of system cost based on the me-
dium and large size power supply options.
When reviewing lighting systems, please re-
member that there may be significant differ-
ences between systems that could justify a
higher cost such as larger batteries or PV ar-
rays and different type lamps. For additional
information such as photometrics for each lu-
minaire, refer to the PSN System Specifica-
tion sheets at the end of the section.

Sign Lighting System Selectidn

When selecting a sign lighting system for a
specific application, first consult Sign Lighting
Chart S1: Performance Nodes. Use Chart 1 to
select a performance node (labeled intersec-
tion) that is closest to your desired combina-
tion of light level on a sign (in foot candles)
and the size of the sign.

Next turn to Chart 2: Sign Lighting System
Comparisons and go to the page labeled with
the selected node. This page will give you in-
formation about the sign lighting systems of-
fered by the PSN that are appropriate for your
particular combmatlon of light level and sign
size. If your application is between nodes,

also check the nodes immediately before and
after your required light level and sign size.

The systems on Chart 2 are listed from left to
right in order of system cost based on the me-
dium size power supply option. When re-
viewing lighting systems, please remember
that there may be significant differences be-
tween systems that could justify a higher cost
such larger batteries or PV array. For addi-
tional information such as photometrics for
each luminaire, refer to the PSN System
Specification sheets at the end of the section.

Lighting System Comparison Charts

There are two sets of Lighting System Com-
parison Charts, the first set for area lighting
and the second for sign lighting. The area and
sign lighting charts contain one double page
for each lighting node, are laid out in the

same format and contain the same informa-
tion.

Each System Comparison Chart is labeled by
lighting node in the top and bottom right cor-
ners of the two page chart. The first line on
the top page of each chart is the PSN series
identification number. This number identifies
only the system series which is characterized
by a specific lamp and system supplier. Each
series is offered with as many as four different
size power supply options that correspond to
different hours of lamp run time.

The information specific to each power supply
option for a series is listed on the second page
of each chart in the same column as the se-.
ries. This 1nformat10n includes the system
identification numbers labeled Small ID,
Med ID, Large ID and X- Large ID. These
PSN system identification numbers are what
you would use to order a lighting system. The
system prices that correspond to each power
supply option are listed in the rows labeled
Small System $, Med System $, Large Sys-
tem §, and XL System.

Back on the top page of each chart under the
Luminaire heading, Lamp Type refers to the
lamp technology used in the luminaire (either
compact fluorescent or low pressure sodium
lamps). Lamp output rating is the lamp’s
rated light output in lumens and Lamp input
rating is the lamp’s rated power draw in
watts. 'Lamp life lists the estimated hours of
run time that each lamp will last. Lumi-
naire type is a general description of the
lamp housing style and Luminaire
make/model names the manufacturer and
model number. Optional luminaire types
available lists the other luminaires available
with this system at a slightly different price.
Starting temp. range. gives the ambient
temperature range at which each lamp is



rated to start reliably. IES cut-off tells
whether each luminaire includes a light cut-
off which meets Illumination Engineering So-
ciety standards.

Under the System heading, Field history
lists the number of years each lighting system
has been installed in the field.

Lighting controls gives a brief description of
the different lighting operation controls avail-
able with each system such as dusk to dawn
(D to D), and real time clocks (clock). Timer
range is the range of hours for which each
controller timer can be set. Controller
make/model is the name of the light-
ing/charge controller manufacturer and the
model number. Charge method is how the
battery charge controller controls the level of
charge in the batteries such as pulse width

modulation PWM).

Under the Power Supply heading, PV tilt
range describes the angles from horizontal to
which the PV array can be set. PV warranty
lists the manufacturer’s warranty on PV
power output and PV field history gives the
number of years that the PV module has been
commercially available. Battery
make/model lists the manufacturer and
model number of the batteries and Battery
type describes the type of battery technology
used (such as flooded lead acid and sealed
valve regulated). Estimated battery life is
the system supplier’s estimate of the battery’s
life when it is used according to recommenda-
tions.

Under the Supplier heading, Supplier name
lists the PV system supplier that provides
each lighting system to the PSN. PV light-
ing experience lists the system supplier’s ex-
perience with PV lighting systems and Sys-
tem warranty lists the supplier’'s warranty
for the entire packaged system. Lead time to
ship describes the time each supplier requires
to ship a system after receipt of an order.

On the second page, PV watts gives size of
the PV array (in peak watts) for each power
supply option and PV make/model names the

manufacturer and model of the PV modules.
Battery Capacity Avail. is the available
battery capacity in days of storage.

The next line is labeled ND/CO/AZ. These
abbreviations stand for Bismarck, North Da-
kota; Boulder, Colorado and Tucson, Arizona.
These are the locations for which performance
estimates are given on the next lines. The
line labeled Run time gives the estimated
hours of lamp run time for each of the three
locations. The line labeled Sun hours gives
the daily hours of solar insolation in each loca-
tion upon which the run times are based. The
run times are also based on the PV array tilt
angle which is given on the line labeled PV
tilt angle.
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Solar Igktricity
for Livestock Water Pumping

Solar electric or photovoltaic (PV) systems can be used to

i power water pumps in remote locations far from utility
lines. They are used to pump water for livestock, wildlife,
small scale irrigation and off-grid homes. In remote locations
where power line extensions are not affordable, PV-powered
pumping systems are often the least cost water solution.

This booklet provides an introduction to PV-powered water

pumping to help you evaluate the PV alternative.

A publication of the Photovoltaic Services Network



PV vs. Line Extensions

by mll he cost of extend-
| [l ing a power line
L t0 2 water pump-

ing site depends on
your local electric
utility’s line exten-
sion policy and the
distance from the site to
existing electrical distribution
lines. If the local utility has a
generous line extension policy
and the pumping site is close to existing dis-
tribution lines, the cost of a line extension
will be affordable.

However, many electric utilities expect cus-
tomers to pay the full cost for line construc-
tion and livestock watering sites are often in

remote, isolated locations. Utilities are also

becoming reluctant to build power lines

. . fO small loads in remote loca-

&1/ tions even if the cus-
¥ tomer is willing to pay
because the utility must pay for
expensive line maintenance once it
is built.
With utility line construction costs
typically ranging from $10,000 to

~ $40,000 per mile plus additional
costs for maintenance, it may be to the utili-
ty’s and customer’s benefit to find an alterna-
tive source of power. Depending on your
electricity requirements, a PV system could
be the least cost option even when the near-
est utility line is no more than 1/4 mile away.

Your local electric utility company can give
you an estimate of the cost to extend a new
line to a pumping site. Many utility compa-
nies are also offering PV service options as
well, and can assist you with PV as an alter-
native solution to your power needs.

The PV Alternative

“ I.\ ,' hen electric utility service

] ' is not a viable choice,
it’s time to explore the
alternatives. In some cases,
other power sources for
pumping water besides PV may
be practical. These include wind-
mills and engine generators.

Windmills have been used on
ranches to water livestock for
generations. Why are ranchers .,

_ cost for fuel. Sunlight is a renewable and

switching to PV systems? For two reasons:
the wind often does not blow as much in the
summer when livestock need water the most
and windmills require plenty of maintenance.
The seals on their well plunger assemblies
must be replaced regularly. In addition, ser-
vice personnel (usually the rancher) must
climb the windmill tower periodically to
change the gearbox oil.

The other alternative, engine generators,
require high maintenance as well &
(regular oil changes and tune-ups).
Generators also require fuel to be
hauled to the pumping site, are noisy
and give-off unpleasant exhaust
fumes.

In contrast, PV pumping systems are
quiet, need no fuel, require very little
maintenance and pump the most water
during the sunniest, hot days of summer. PV |
pumping systems are becoming the most i
popular alternative because of their low
maintenance requirements and high reliability.

Other advantages of a PV system include:

“Free” energy - once a PV system is
purchased and instailed, there is no additional

plentiful resource throughout most of the
United States. The solar resource has been
measured and documented for many years
and can be predicted with surprising accura-

cy.

Reliable power - PV power sup-
plies have no moving parts and the PV
modules carry ten to twenty year
warranties. For these reasons, PV sys-
tems have become the power
source of choice for many critical
applications such as emergency
lights and sirens. yg

F lexibility - many PV pumping systems
allow for convenient expansion. If the pump
is sized large enough to accept additional
power, PV modules can be added at a later
date to increase water output.

Quick installation. and portability -
most PV water pumping systems can be
installed in less than a day and because they
are easy to install, they can be moved from
one water source to another to follow live-
stock rotations. In fact, some ranchers have
installed their PV systems on trailers to move
them quickly to where water is needed. (The
PV system on the cover of this booklet is
mounted on a trailer.)




Photovoltaic Technology

V is a descriptive name for a technolo-
gy in which radiant light energy from
the sun (not heat) is converted to
direct current electrical energy. PV cells are
made of semi-conducting materials, typically
silicon, doped with special additives. When

. sunlight hits the surface of a silicon PV cell,
approximately 1/2 volt is generated. The
amount of current generated is directly pro-
portional to the cell’s size and to the intensity
of sunlight.

As shown in the figure below, groups of 36
interconnected PV cells are packaged together
into standard modules that provide a nominal
12 volts (or 18 volts at peak power). PV mod-
ules were originally configured in this manner
to charge 12-volt batteries. Desired power,
voltage and current can be obtained by con-
necting individual PV modules in series and
parallel combinations in much the same way
as batteries. When modules are mounted
together in a single frame they are called a
panel and when several panels are intercon-
nected they are called an array. (Sometimes a
single panel is also called an array.)

Cell

Module

eddd i 0008|0000 4
Panel

b 0000 0
- d b 0000|0000 -
(L1 00000000 [

Array
4
Source: NREL
PV Terminology

The first practical PV cell was developed about
the same time as the first practical transistor -
during the mid-1950s by Bell Laboratories.
PV's first cost-effective application was to
power the Vanguard satellite in 1958. Since
then, PV usage has increased as the price
decreased. PV modules are now less expensive
than ever and they are readily available from at
least eight major manufacturers.

Pumping Water with the Sun

V-powered pumping systems are in
many ways different from standard
line-conrected pumping
systems. Unlike line-connected
water pumps that deliver water on
demand, most PV
pumping systems only
deliver water when the sun is
shining. This means
there must be a large water
storage facility to provide
water during the night
and other times when
the sun is not shining.

In most cases, the water storage or tank should
be large enough to provide water through a
minimum of three days of cloudy or overcast
weather. For instance, if a rancher needs 1000
gallons per day to water his 50 cow/calf pairs,
he should have a water tank that holds a mini-
mum of 3000 gallons (i.e. a tank two feet tall
by 16 feet in diameter). The storage should be
even larger for critical applications such as
when there is no back-up water source and for
locations with long periods of inclement
weather.

PV-powered pumping systems also vary great-
ly in their water output from season to season
due to the changing availability of the sun.
This is why daily water requirements must be
known for each season to properly size a PV
pumping system. Fortunately, these systems
deliver the most water during the long hot days
of summer when livestock drink the most.

Because PV power supplies are not unlimited
sources of power and energy like utility power
lines, the most cost-effective PV system is one
that is properly sized for the application. If a
PV pumping system is undersized, the user may
save money on the system but in the long run
will be dissatisfied with its low water produc-
tion. On the other hand if a user over-estimates
his water requirements to ensure adequate
water delivery, the oversized system may turn
out to be unak @réiab,lé‘BefmpurchaSmg a PV




pumping system each user needs to take the
time to accurately estimate his water require-
ments.

Water source information must be known
accurately as well, especially if the water
source is a well. If current well data is not
available, a well test can be performed by
local well and pump service companies.
Although a well test may be an added
expense, it can prevent the purchase of an
improperly sized system that either costs
more than necessary or must be corrected to
provide enough water.

Pumping System Components

ost PV-powered pumping systems con-
sist of a PV array, a water pump, a
pump controller and a storage tank.
Optional components include solar trackers,
batteries with a charge controller and water
level sensors or float switches.

PV Arrays

The PV array is comprised of PV modules
that range in size from 50 to 80 peak watts
and cost from $350 to $500 apiece. The PV
modules are the most reliable component in
any PV pumping system. They have been
engineered to withstand extreme tempera-
tures, severe winds and impacts from one
inch hail balls at terminal velocity. PV mod-
ules have an expected life expectancy of 20 to
30 years and the manufacturers warrant them
against power degradation for 10 to 20 years.
PV modules require no care other than occa-
sional cleaning of the surface if they are used
in dusty locations.

Pumps

The main difference between conventional
line-connected pumps and PV pumps is the
fact that PV pumps are designed to run off of
DC power supplies. Efforts are currently
under way to develop a pump controller that
can operate conventional submersible AC
pumps with DC power supplies, but at this
time there are no field proven products on the
market. However, there are many reliable DC
centrifugal and positive displacement pumps
designed to operate with PV power supplies.

Centrifugal pumps move water by means of
blades or impellers that rotate at high speeds.
Because the movement of the water depends
on the force created by the impeller, both the
water flow rate and vertical lift capability are
related to the speed of the impeller and pump

ry¥

- ] V : ‘
K — =

!
Water Tank

motor. Due to this relationship, a centrifugal
pump may fail to deliver any water if there is
a significant decrease in the power supply
(i.e. a cloudy day) or an increase in the pump-
ing head.

To their advantage, centrifugal pumps have
no seals or mating surfaces to wear out, are
fairly tolerant of dirty water and typically
require no regular maintenance. In general,
centrifugal pumps are good for pumping
medium to large volumes of water at low to
medium heads. One example of a centrifugal
pump is the standard, line connected sub-
mersible AC well pump.

Positive displacement pumps move water by
mechanically advancing a sealed quantity of
water. Some of the more common positive
displacement pumps used with PV power sup-
plies include diaphragm, piston, and jack
pumps. A positive displacement pump's flow
rate, is directly related to the motor speed and
power input. But in contrast to centrifugal
pumps, its vertical lift capacity is relatively
unaffected by the motor speed. This means
that PV-powered positive displacement pumps
are more likely to pump water under low light
conditions although at a slower rate.

Since all volumetric pumps have seals, mat-
ing surfaces or diaphragms that wear, they
require regular maintenance to replace or
repair worn parts. In general, positive dis-
placement pumps are good for pumping small
to moderate amounts of water at all heads. An
example of a positive displacement pump is
the down-hole cylinder and plunger used with
windmills.

Centrifugal and positive displacement pumps
come in both surface and submersible models
for use with PV systems. However, for live-
stock watering applications, submersible
pumps are by far the most popular. This is




due to the fact that they can be used in both
wells and surface water supplies and are
much easier to protect from freezing. The two
most common types of PV pumps are sub-
mersible diaphragm and submersible centrifu-
gal pumps.

Submersible diaphragm pumps are used in
smaller PV pumping systems. They typically
deliver as much as 1500 gallons per day and
have a vertical lift limit of about 200 feet.
| However there are promising new diaphragm
pumps on the market that may deliver up to
3000 gallons per day and up to 600 feet of
lift, Prices for PV diaphragm pump systems
start around $1,200.

Submersible centrifugal pumps are used in
medium to large PV pumping systems. They
can deliver as much as 40,000 gallons per day
and have vertical lifts of up to 600 feet.
Systems with these capabilities, however
require very large PV power supplies and are
not cost-effective for most applications.
Typical centrifugal systems are much smaller
with prices that start around $2,000.

Pump Controller

Pump controllers maximize the water delivery
of pumps by matching the voltage and current
output of the PV array to the requirements of
the pump motor. This allows pumps to oper-
ate in reduced light conditions such as in the
morning, in the evening and during some
cloudy days.

Some controllers also contain features to pro-
tect pumps from power surges, over-current,
overheating and dry run conditions. They also
accept input from water level sensors and
float switches to prevent pumps from running
dry or to stop the flow of water to a tank once
it is full,

Solar Trackers

Trackers optimize the energy production of
PV modules by facing them towards the sun
as it travels across the sky. This increases the
effective length of the pumping day and
decreases the number of PV modules neces-
sary to deliver the same amount of water.
However, trackers with their moving parts add
to the complexity of a pumping system and
can be expensive. As a general rule, trackers
do not gain enough energy during the winter
months (especially in northern climates) to
pay for their added expense. However, if your
water requu:ements are Zbl,ghest m the summ

Batteries and Charge Controllers

Batteries are generally not used in water pump-
ing systems because storage of water is more
cost-effective than storage of electricity in bat-
teries. Batteries add to the cost and complexity
of a pumping system, must be protected from
freezing conditions, require regular
tenance, and have a limited life.
However, there are some pumping
applications where batteries are
required. These include wells with
low recharge rates that must be
pumped slowly over a period of time
beyond normal sunlight hours. Batteries
can maximize the output of slow wells by
allowing them to be pumped over a 24-hour
period. Another application is pumping systems
that must deliver water on demand. These sys-
tems are sometimes used to provide water for
off-grid residences and in situations where :
water cannot be stored due to water quality con-
cerns.

An important factor in the life and reliability of
a battery is the charge controller. The charge
controller has two separate functions: 1) to pre-
vent overcharging of the battery and 2) to keep
the battery from being too deeply discharged.
Battery life can be severely shortened by either
of these conditions.

Storage Tanks

For stock watering applications, round open
tanks of galvanized steel with steel, cement or
clay bottoms are typically used. Although this
type of tank is least expensive to purchase and
install, a lot of water is lost to evaporation,
especially in hot, dry, locations that are com-
mon in the west. If an enclosed tank with a
watering trough is used instead, a smaller (and
less expensive) PV pumping system may be
able to keep up with your water demand at a
lower total system cost. The water storage
tank should be large enough to fulfill water
requirements through a minimum of three
days of cloudy or overcast weather.

Pumping System Examples

he following two pages contain exam-
ples of four PV pumping systems, two
with submersible diaphragm pumps
and two with submersible centrifugal pumps.
Each example lists the daily water delivery,
the total pumping head and the size, and cost
range of the each system Also, for each sys-
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System Example #1: Small Diaphragm Pump System

System Description :

% Total pumping head: 50 feet
Avg. daily water delivery * 500 gallons per day (GPD)
PV array size: 60-100 watts
Livestock watered: 25 cow/calf pairs
Typical price range: $1,200-$1,500
Cost of new windmill to pump $2,300-$2,600

equivalent water (w/6hrs. of wind)

Austin, TX Bismarck, ND Boise, ID Goodland, KS Tucson,AZ

Summer 510 510 560 540 600
Spring/Fall 450 430 450 480 550
Winter 360 270 240 370 450

System Example #2: Large Diaphragm Pump System

i System Description : }

Total pumping head: 75 feet

Avg. daily water delivery * 2000 gallons per day (GPD)
PV array size: 300-350 watts

Livestock watered: 100 cowl/calf pairs

Typical price range: $3,400-$4,000

Cost of new windmill to pump $3,400-$3,600

equivalent water (w/6 hrs. of wind)

Variations In Average Daily Water Delivery (GPD)

Austin, TX Bismarck, ND Boise, ID Goodland, KS Tucson,AZ
Summer 2000 2000 2300 2100 2400
Spring/Fall 1800 1700 1800 1900 2200
1000 ‘ 1500 1800




|
System Example #3: Small Centrifugal Pump System

System Description :

Total pumping head: 75 feet

Avg. daily water delivery * 2000 gallons per day (GPD)
PV array size: 300-350 watts

Livestock watered: 100 cow/calf pairs

Typical price range: $3,600-$4,600

Cost of new windmiill to pump $3,400-$3,600

equivalent water (w/6 hrs. of wind)

| Variations In Average Daily ‘Yater Delixery (GPD)

Austin, TX  Bismarck, ND Boise, ID Goodland, KS Tucson,AZ

Summer 2000 2000 2300 2100 2400
Spring/Fall 1800 1700 1800 1800 2200
Winter 1400 1100 1000 1500 1800

System Example #4: Large Centrifugal Pump System

System Description : %

Total pumping head: 200 feet

Avg. daily water delivery * 4000 gallons per day (GPD)
PV array size: 1,200-1,600 watts
Livestock watered: 200 cow/calf pairs

Typical price range: $10,000-$15,000

Cost of new windmill to pump volume not possible
equivalent water (w/6 hrs. of wind) wiwindmill

Variations In Average Daily Water Delivery (GPD)

Austin, TX Bismarck, ND Boise, ID Goodland, KS Tucson, AZ
Summer 4100 4100 4500 4300 4800

Spring/Fall 3600 3400 3600 3900 4400




Selecting a PV Pumping System

Y @ \ne of the first things that must be
| }known when considering a PV pump-
ing system is whether the energy
required to pump the necessary amount of
water can be cost-effectively supplied by a
PV system. To obtain an answer, a minimum
of four factors must be known: 1) the total
pumping head, 2) the water requirement, 3)
the seasons of use and 4) the site location.

100 ft.

| 3
000 gallory

%ﬁ

%%
sme
*”4’7;

The pumping head and the water requirement
together determine the amount of energy
required to raise the water. The season of use
and location determine the amount sunshine
available to supply that required energy. If the
energy requirement is too high or if too little
sunshine is available during a season of high
use, the cost of a PV system large enough to
provide the energy will be unreasonable, even
in comparison to a long line extension. When
the cost of a line extension and PV system are
both too expensive, options such as generator-
powered pumps become more attractive alter-
natives.

The PV system examples on pages 6 and 7
give an indication of the relative costs of dif-
ferent size PV systems. To obtain a more
accurate cost estimate for a PV system, fill
out the PV Pumping Information Form on
page 11 and contact a your local utility or PV
system vendor for a price quote. Those assist-
ing you with your system selection carry a
wide variety of PV pumping systems and can
advise you as to which system makes the
most sense for your particular application.

Careful consideration should be given to your
choice of system supplier and their experience
in designing and supplying PV systems. PV
systems can (and should) be designed and
_1nstalled to prg {i@decades of safe rehable

N r«"’* N -
s i -

service. Systems not designed and installed in
a safe manner could result in fire or personal
injury. The National Electrical Code (NEC)
was developed to ensure safe electrical sys-
tems. The PV system supplier you choose
should design PV pumping systems to comply
with the NEC.

Obtaining a PV Pumping System
There are three basic means for obtaining,
installing and maintaining a PV pumping sys-
tem: 1) the local electric utility; 2) local PV
vendors; and 3) PV catalogs.

The local electric utility:

In many cases, the same electric utility com-
pany that provided you with an estimate for
the cost of constructing a utility line can also
provide you with a quote for a PV system
alternative. It is the mission of electric utilities
to provide you with electricity, and the PV
alternative is consistent with that mission.
Depending on the nature of their PV service
program, utilities may the following several
choices.

PV Energy Services: this method is similar to
the way they provide traditional grid-powered
electricity. The utility owns, installs, and
maintains the PV system and bills you on a
monthly basis the same as for regular electric
service. The bill is usually based on the initial
cost of the installed system and includes their
anticipated cost of maintenance and replace-
ment parts. This service option is usually the
least cost option offered by the utility and
eliminates most of the technical and financial
risk to the customer.

Financing: the utility may provide access to
the equipment they can buy in volume and
offer it to you with a financing package. They
may also provide you with an optional extend-
ed warranty (service and maintenance con-
tract). With this option you end up owning the
hardware and may be responsible for future
component replacements.

There are many advantages to obtaining a PV
system from the local utility. The systems
offered by utilities have been designed and
built to meet high utility standards including
the requirements of the NEC. They are com-
plete pre-packaged systems to simplify deliv-
ery and installation. The ability of the utility
to finance the system may also be of tremen-
dous value to those who are unable or unwill-
ing to tie up the capital for a direct purchase.

{I‘he utility is in the business of providing




electricity and has been, in some cases, for
nearly a century. They are used to providing
customers with quick and efficient service.

To obtain a system from a utility follow the
procedure suggested below:

» Contact your local utility for a line exten-
sion quote and ask if they also offer PV ser-
vices;

« I they do offer PV services, simply follow
their procedure to receive quotes for the PV
options they offer;

«If your local utility does not offer PV ser-
vices, there are many other electric utilities
that do. The Photovoltaic Services Network
(PSN) is an organization of many utilities
across the country that all offer PV services.
Since PV is electricity without wires, many
of these utilities are offering PV services to
customers regardless of utility service terri-
tory boundaries. For assistance call 303-
980-1969 and ask for the PSN.

Local PV Vendors:

In some areas of the country a network of PV
vendors can be found. These vendors have
built their businesses on providing PV sys-
tems to regional customers. In addition, some
well and pump service companies also sell
and service PV pumping systems.

PV vendors can assist you with the design of
your system and have access to many brands
of hardware. Some vendors also staff
licensed electricians that can be hired to
install and maintain your system.

Most systems offered by PV vendors are cash
sales and are custom designed to meet your
exact needs. The vendor can work with you to
decide on the best system and installation
configuration for your particular situation.

To locate a PV vendor near you, contact:

Solar Energy Industries Association
122 C St., NW 4th Floor
Washington DC 20001-2109

(202) 383-2600

Independent Power Providers

PO Box 231

North Park, CA 93643

(209) 841-7001 or (916) 475-3402

Do-it-yourself Catalog Cash Sales:

Many PV companies have produced catalogs

that list all the components necessary to build
and install a complete system. Some catalogs

also offer kits that are sized in graduated

‘number of livestock that will be watered. If

increments. This option usually requires you
to have the ability to design and size the
appropriate components as well as install and
maintain your system. However, most catalog
companies can provide some technical assis-
tance over the phone.

Water Pumping Site Information

A certain amount of information is necessary
to properly size a PV pumping system for a
particular well or watering site and to deter-
mine which type of PV pump is best suited to
the site and end use. Any PV pumping system
supplier, whether it is the local

utility or a PV vendor, will PV Pumping Srte Information

need to know this same infor-
mation to be able to provide a
price quote for a PV system.
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The form on page 11 lists the

|

information that is needed. An
explanation of the form is pro-
vided below.
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Water End Use:- This information can be
used by system suppliers to estimate or verify
your daily water requirements. If the end use
is for livestock watering, record the type
(dairy cows, yearling cattle, sheep etc.) and

Water Use Information:

the end use is for domestic household use,
record the number of people in the household.

Average Daily Water Requirement: -
Determine as accurately as possible your
average daily water requirements (in gallons)
for each season and record them here.

Water Storage - Circle the type of water stor-
age that you will be using and record the stor-
age capacity in gallons. If you plan to use an
existing tank and you are unsure of the capac-
ity, record its dimensions and a system suppli-
er can help you calculate the capacity.

Water Source Information:

Water Source - The type of pump used with a
PV pumping system is determined by the
water source. Streams and ponds can take
either surface or submersible pumps whereas
wells require submersibles. If the source is a
well, record the diameter of the well casing,
the depth of the well and whether a recent
well test has been performed. The diameter of
the casing determines what type and size of
submersible pump can be installed in the
well. The depth of the well gives an indica-
tion of how far below the static water level a




pump can be submersed. The date of the lat-
est well test gives a good indication of the
accuracy of the well data.

Is this water source presently being used? -
The answer gives pumping system installers
an indication of whether additional work may
have to be done before a PV-powered system
is installed. For example, if the water is being
pumped by a windmill and a submersible
solar pump best suits the application, all of
the windmill's down hole equipment may
need to be removed prior to installation of the
new pump. This question also alerts the
installer to possible problems with water qual-
ity. A well that has not been used for a while
may initially produce water with silt, sand or
rust.

Static Water Level - This is the distance from
the ground surface to the water level in the
well, stream or pond when the water source is
not being pumped (see diagram). This water
level may change seasonally or from year to
year. Record the deepest known static level.

Draw Down Level - As well as contributing
to the total dynamic head, the draw down
Jevel indicates to the pump instalier how deep
the pump or water intake must be installed to
remain submerged while pumping. The draw
down level is the distance that the water level
drops when the water source is being pumped

A \\
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(see diagram). Record the largest known draw
down when the source is being pumped at a
rate that supplies the daily water requirements
within a five or six hour period. Also record
the pumping rate. For example, if you need
3000 gallons of water per day, divide 3000 by
five hours to get 600 gallons per hour. Divide
600 by 60 minutes to get 10 gallons per
minute (GPM). In this case, the draw down is
the distance the water level drops while the
source is being pumped at 10 GPM.

Discharge Head - This is the vertical distance
that the water is pumped uphill from the water
source to a storage tank or a distribution point
(see diagram). Record the vertical distance to
the highest storage tank or distribution point.

Pressure Head - If a pressure tank is used to
store the water (usually in domestic water sys-
tems) and if the same pump delivering the
water is used to pressurize the tank, the pres-
sure in the tank must be transiated to an
equivalent head of water. To do this, multiply
the pressure in the tank (psi) by 2.31 to get the
equivalent head in feet.

Friction Head - The friction head is the pres-
sure loss due to the drag of moving fluid
against the pipe walls. It is a function of the
length of the pipe run, the diameter of the
pipe, the smoothness of the pipe, and the
velocity of the fluid. In most cases, when the
water is used close to the water source, the
friction head is negligible and can be ignored.
However, if the water is pumped for any dis-
tance away from the source (over 300 ft.) the
friction head must be added to the total pump-
ing head. A PV system supplier can help you
calculate the friction head.

Total Pumping Head: - The total dynamic
pumping head is the sum of the above five
heads. This is one of the critical numbers
used to size pumping systems.

Water Quality: - If the water contains sand,
silt or rust; pumps may need additional
screens or filters for proper operation or a dif-
ferent type of pump that is not sensitive to
impurities may be selected.

Solar Access: Does the area surrounding the
site contain any trees or hills that may block
the sunlight reaching the water site at any time
of the day during any season of use? If so, the
PV array may have to be located some dis-
tance away from the pump. The heavy gauge
outdoor rated wire that must be used in a long
cable run to a distant array adds to the
expense of the pumping system.




PV Pumping Site Information

Name
Address
State & Zip Code
Telephone Number

Water Use Information

Water end use: (Circle one) I. Livestock watering - Number of head
Type of livestock:

2. Domestic household use - Number of people

3 Other - Please specify:

Average daily water requirement: Summer: Gallons/Day
Fall: Gallons/Day
Winter: Gallons/Day
Spring: Gallons/Day
Water storage: (Circle one) |.Above ground tank - Size: Gallons
2. Pressure tank - Size: Pressure: psi

3. Other Size:

Water Source Information

Water source: (Circle one) [. Drilled Well - Well casing diameter: inches
Depth of well: feet
Max pumping rate for well: GPM

Date of most recent well test
2. Stream or pond
3. Other - Please specify:

Is this water source presently being used? Yes [ | No [ ]
If yes, how is it being pumped?

Static water level: (Distance from ground surface to water before pumping) Feet
Draw down level: (Distance water level drops when pumping at normal rates) Feet
@ GPM

Discharge head: (Vertical lift to uphill tank or distribution) Feet
Pressure head: (Tank pressure in psi x 2.31) Feet
Friction head: (see description previous page) Feet
Total pumping head: (sum of above 5 lines) Feet
Water quality: (Circle one) Very Good Good Fair Poor Very Poor
Water contains: (Circle all that apply) Silt Sand Rust Minerals

Does the site have unrestricted solar access!  Yes [ | No [ ]
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Additional PV Applications

long with water pumping, there are

many other applications that can be

cost-effectively powered by PV sys-
tems.

Remote residences

PV systems can provide electricity in remote
locations to homes, cabins, ranches, farms
and any other facility that is not served by
electric power lines.

As people start to build their homes in remote
locations to avoid pollution and crowds, and
to take advantage of the scenery, they
are discovering that PV sys-
tems are often their
most cost-effective
energy solution. Also,
people who already live
“off-grid” using engine generators for power
are adding PV systems to decrease the noise,
exhaust fumes, maintenance and constant
need to haul fuel for their generators.

In addition, government agencies such as the
National Park Service, Forest Service, and
Bureau of Land Management are finding PV
systems to be a fast, easy and inexpensive
way to provide power to remote ranger sta-
tions, campgrounds and restroom facilities.

Remote Lighting

PV power systems are also being used more
frequently for remote lighting applications.
Due to the cost of trenching and run-

ning cable, many PV lighting systems

are even cost competitive with near-

by electric line connections. Some
examples of PV lighting systems

are:

«Remote security lighting

» Sign lighting, particularly remotely located
bill boards

« Pathway lighting

» Lighting for remote out-buildings such as
shops, barns or restrooms

« Street lighting
PV lighting systems offer many of the same
maintenance and cost advantages as water
pumping systems. Hardware for both of these
applications (remote residential and lighting)
may be available from your utility or local
supplier as packaged systems.

In addition to these applications, PV systems
can be cost-effective for many electric loads
requiring low to moderate power and small
amounts of energy. Your imagination is the
only limit to using this versatile and innova-
tive technology.

This booklet is provided to you by:




N Alfernative To UTIIlTy Power Lines

Solar electric or photovoltaic (PV) systems can provide elec-
tricity in remote locations. They can be used in cabins,
homes, ranches, farms, or any other facility that is not served
by electric power lines. In locations where extending a power
line to a site is prohibitively expensive, PV systems may be the

least cost solution. This booklet provides an introduction to PV

systems to help you evaluate the PV alternative.




- PV vs. Line Extensions

by mihe cost of extending a power line to a
| ihome or other facility depends on how
Ll the electric utility company charges for
line extensions and the distance to existing
electrical distribution lines. If the local utility
has a generous line extension policy or a
home or facility is located close to existing
distribution lines, the cost of a line extension
for electric service will be affordable.

However, if the local utility expects the cus-
tomer to pay for all line construction costs
and the home or facility is far from existing
distribution lines, electric utility service may
not be a viable choice. Your local electric
utility company can give you an estimate of
the cost to extend a line to your home or
facility. Many utility companies are also
offering PV service options and can assist
you with PV as an alternative solution to
your power needs.

The PV Altemaiive

L{ith utility line construction costs typi-
Vv cally ranging from $10,000 to $40,000

per mile it may be to the electric utili-
ty company’s benefit and to the customer’s
benefit to find an alternative to a line exten-
sion. Depending on your electrical require-
ments, a PV system might be the least cost
option even when the nearest utility pole is
no more than 1/4 mile away.

In some cases, other sources of power may
be practical. These include wind powered
generators and low head hydro-electric gen-
erators. Of the three, PV systems are the
most popular because of their low mainte-
nance requirements and the more consistent
availability of solar energy. Other advantages
of a PV systen-include:-

‘ v"‘c:),nvc,c»‘th;e_PV sys-
Ibe 110 additional

night. For this reason, PV systems have
become the power source of choice for many
critical applications such as emergency lights,
communications and sirens.

Flexibility - most PV systems are
designed to allow for convenient expansion.
The PV modules which make up
the PV array (see PV terminolo-
gy diagram at bottom) are mod-
ular and more modules can be
added if future electrical require-
ments increase. With time and
population growth, the electric utility
grid may gradually extend within eco-
nomic reach of a PV-powered home.
A residential PV system can be
installed to easily accommodate future con-
nection to the utility grid.

Quick Installation - many utilities
now offer completely packaged PV systems
that are pre-assembled at the factory and can
be installed in less than one day. They require
little site preparation and no modification to
the residence. They can also be installed dur-
ing house construction to power construction
tools.

Celt
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Photovoltaic Technology

| Y hotovoltaic is a descriptive name for a
technology in which radiant light ener-
gy from the sun (photo) is converted

to direct current electrical energy (voltaic).
PV cells are made of semi-conducting materi-
als, typically silicon, doped with special addi-
tives. When sunlight hits the surface of a PV
cell, electricity is generated. A single silicon
PV cell generates approximately 1/2 volt of
DC electricity. The amount of electric current
generated by a PV cell is directly proportional
to its size and to sunlight intensity. If there is
no light, no electricity is generated.

As shown in the figure, groups of 36 inter-
connected PV cells are packaged together into
standard modules that provide a nominal 12
volts (or 18 volts at peak power). PV modules
were originally configured in this manner to
charge 12-volt batteries. Desired power, volt-
age and current can be obtained by connect-
ing individual PV modules in series and par-
allel combinations, in much the same way as
batteries are connected. When modules are
mounted together in a single frame they are
called a panel and when several panels are
interconnected they are called an array.
(Sometimes a single panel is also called an
array.)

The first practical PV cell was developed about
the same time as the first practical transistor -
during the mid-1950s by Bell Laboratories.
PV's first cost-effective application was to
power the Vanguard satellite in 1958. Since
then, PV usage has increased as-the cost
decreased PV modules are noyzreadily avail-

PV-powered water pumping is usually the
only application that does not require bat-
tery storage. Instead, several days worth of
water is pumped and stored in large tanks
for use during night time and periods of
cloudy weather.

Just as an automobile uses a voltage regu-
lator to control the charging voltage to the
battery, a similar type of controller is used
in PV systems to prevent overcharging the
battery bank. PV charge controllers limit
the current from the PV array to the batter-
ies once the batteries reach a pre-set volt-
age limit and are fully charged. Most sys-
tems also include a load disconnect control
as well. This feature disconnects the elec-
trical load from the batteries when the bat-
teries reach a low state of charge.

PV arrays and batteries are generally con-
figured to provide 12, 24, or 48 volts of
DC power. However, 120-volt AC (alter-
nating current) power is often required to
operate conventional equipment such as
appliances, motors and lights. The conver-
sion from DC to AC current is achieved
with a separate component called an invert-
er. An inverter makes it possible to operate
common household appliances. Inverters
can also power office equipment such as
computers, copiers and facsimile machines.

An optional component for PV systems is a
back-up engine generator. A back-up gener-
ator often results in a system with lower
initial cost, lower cost of energy, more
flexibility and more reliability. For a small
incremental cost, a generator can provide
addmonal energy for tlmes when the sun

‘kn)?'j 0 &
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System Safety

PV systems can (and should) be designed and
installed to provide decades of safe, reliable
service. Systems not installed in a safe man-
ner could result in fire, personal injury, or
even death. The National Electrical Code
(NEC) was developed to ensure safe
electrical sysfems:and it 4ddresses PV

‘overhauls will-depend upon the houss of use
-and e type 0 : ’

ten years. Those operating the system can
extend the life of batteries by limiting the
depth of daily discharge. This can be done
through system conirols or through proper task
scheduling and energy awareness.

Oil in back-up generators must be replaced at
least twice a year, or more often if the genera-
tor is used frequently. Other generator repair
and maintepance such as tune-ups and major

ato:




Liing In a PV Ponered Home

(I ] ntike a utility line, PV systems provide
a limited amount of energy and a fixed
power capability. Power refers to the

wattage or combined wattage’s of the appli-
ances you wish to operate simultaneously and
energy refers to the length of time they are
run. In PV systems, the power capability is
limited by the size of the inverter. The energy
available from a PV system is limited by the
size of the PV array, the storage capacity of
the battery bank and the weather.

If designed properly, a PV system is capable
of operating any and all
household appliances.
However, it may not be

practical or cost - effec-
tive to have the PV system
built to handle high power
appliances. In many cases
it is more efficient and less
expensive to operate some
appliances from an alternate power
source such as a generator.

The occupants of a typical remote home pow-
ered by a PV system have a great deal of free-
dom in how they manage their system.
Carefully choosing which appliances to oper-
ate on electricity and deciding how and when
they are operated can reduce daily energy use.

PV systems can be (and often are) designed
such: that minimal lifestyle modifications are
regmmd to hve comf@rtably -The primary

Inappropriate Loads

In general, PV systems are not used to
power large heating and cooling loads.
These appliances typically contain
resistive heating elements or com-
pressors that require high power and
consume large quantities of energy.
Propane is a more cost-effective
energy source for these applications.
Examples of these loads include:

+ Baseboard heaters
» Cook stoves, ovens or ranges
« Clothes dryers

+ Water heaters
+ Dishwashers
* Space heaters

+ Large refrigerators or freezers

Despite recent advancements in PV technology,
PV energy is relatively expensive. Most of the
above appliances are available powered by natural
gas or propane. In most cases it is more cost-effec-
tive to replace existing electric appliances with gas
models rather than increase the size of the PV sys-
tem to accommodate them. Engine generators are
also available that use propane as their fuel source.
Using a propane generator reduces the need to
haul and store more than one fuel.

Appropriate Loads

As was mentioned earlier, PV systems can be

designed to power almost anything. The size of the
system selected ultimately determines which loads
are appropriate to operate. The following cate-
gories of appliances are considered appropriate for
most medium 1o large sized residential PV systems

: (refer to thesys im exax_nples on pages | 8-11 for




Loads Requiring Special Consideration

There are some loads which require special
consideration. PV systems are not generally
used to power older conventional refrigera-
tors or freezers. Although they have only
moderate power requirements, these appli-
ances consume a large amount of energy
because they run for a large percent of the
time and have automatic defrost cycles with
electric heating elements. Instead, propane
refrigerators, or special super efficient elec-
tric refrigerators can be used. Newer model
refrigerators (1994 and later) that conform to
higher efficiency standards may also be con-
sidered for use with larger residential PV sys-
tems.

Some appliances draw energy 24 hours/day.
These include: clocks, appliances with light-
ed displays, remotely-controlled TVs, VCRs
and stereos, and appliances that
, use charging transformers
(plug-in black boxes) like
flashlights and answering
machines. Whereas these appli-
ances are not high power
devices in themselves, their ener-
gy requirements quickly accumulate. Many
non-electric or battery powered alternatives
perform the same functions.

Washing machines also deserve careful con-
sideration. Larger residential systems are
capable of powering them, but their use
might be best scheduled when the generator
is running. Washing machines require water
delivery and in many cases the well pump
may be run on the generator. This is a matter
of task scheduling - a minor but necessary
energy use adjustment.

Conventional air conditioners also consume a
large amount of electricity and are not rec-

ic operation of the engine generator or during
periods of good sunshine. This might include
scheduling the weekly ironing on the same
day as vacuuming and doing laundry.
Since most PV systems have a built in
battery charging circuit, whenever
these high power appliances are
operating from the generator, the
system’s battery bank is receiving
a boost charge as well.

Energy Gonservation

Energy conservation requires an awareness of
how you use your appliances. Conservation
measures can range from simply turning off
lights that are not in use to buying efficient
appliances.

Numerous new energy efficient products have
been developed for use with PV-powered
homes. Many companies supply high efficien-
cy and special appliances for use in

remote homes such as propane or

super efficient electric refrigerators,

compact fluorescent lights, TVs,

pumps, evaporative coolers and

radio telephones.

Choosing the correct light bulbs

can have a major impact on your
energy use. Similar to larger heating
appliances, incandescent light bulbs use
resistive heating coils to produce light.

The newer compact fluorescent light bulbs
use approximately one quarter the energy and
last as much as ten times longer than incan-
descent bulbs. With a PV system, the energy
saved by switching to these bulbs can save
you thousands of doHars in PV system costs.
For example, four rooms can be illuminated
for the same energy as one room lit with
incandescent bulbs.

Energy Monitoring
~Most PV systems are offered w1th a system




Domestic Water Systems

LW Jl ery few remote homes have access to
community water systems. Most
remote homeowners obtain their water

from streams, artesian springs, or from bore
hole wells. Wells are by far the most common
source of domestic water and generally
require a pump to deliver water to the home.

Where possible, water should be stored in a
tank that is large enough to contain at least
three days anticipated water requirement.
A general rule of thumb is to store at least
100 gallons per person per day. If the tank
can be located uphill from the resi-
dence, gravity will provide the pres-
sure necessary for the delivery of the
water to the faucets and showers. An addi-
tional benefit of a gravity feed system, is
always having water pressure available for
emergencies, such as putting out fires.

Pumping water out of the well can be accom-
plished by one of the following means:

* A separate PV system without batteries
can be dedicated to powering the well
pump. This system only pumps when
there is sunshine and delivers the water
to a storage tank. An additional booster
pump may be required to deliver the
water to the home and this pump can be
powered from the home PV system.

+ The well pump may be powered only
when the generator is operating. A float
- Svitch in the»*toxage tank:can control the
Tevel §

mersible well pump in the well. Existing
model pumps may be oversized for the appli-
cation and may not be as efficient as newer
model pumps. As with older model refrigera-
tors and other appliances, it may be more cost
effective to replace the old pump with a
newer model than to increase the size of the
PV system.

Many electric utilities and PV vendors carry a
wide variety of PV powered pumping sys-
tems. Those assisting you with your system
selection will advise you as to which method
would make the most sense.

PV System Types and Sizes

he choice of the type and size PV sys-

tem that is required to meet your needs

is primarily a function of its intended
use. The first and most obvious selection cri-
teria is based on the size of the residence you
wish to power. The second is based on the
number of people that will live there and the
planned use of the dwelling.

Seasonal or small cabins generally require
smaller PV systems. This is based not only on
the size of the structure but on the length of
time it is occupied. As the size of the
dwelling increases and the occupancy increas-
es, the required size of the PV system increas-
es proportionally. Of course all this depends
on the type and quantity of electrical appli-
ances used.

The system examples shown on the following
pages reflect four common residential system
scenarios. Each example lists the type of

ihe size, capacity, and cost range
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System Example #1 Small or Seasonal Gabins

System Description :

T Daily system energy output 600-1,000 W-hr/day
i (PV only)
PV amay size 200-300 watts

Power capability (continuous rating) 500-1,500 watts

Battery storage 35 kWh
Available operating voltages 12 VDCH20 VAC
Recommended generator size 125 KW

Typical price range $4,000 - $7,000

Loads Recommenaded for Use on PV System

lights small kitchen appliances cell phonefradio phone

small TV and stereo small household appliances laptop computer/ printer

Loads Recommended for Use on Engine Generalor Power

supplemental battery charging - power tools washer/dryer

water pump microwave oven vacuum cleaner

Loads Recommended for Use on Proparne

refrigerator hot water heater

cook stove space heater
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System Example # 2 Small Full Time Home

‘ System Description :
FFFEFER Dally system energy output 1,000-2,000 W-hr/day
F;;: g% (PV only)
eealesnsles PV anay size 300 - 600 watts
%% Power capability (continuous rating) 1,500-2,500 watts
Battery storage 510 kWh
Available operafing voltages 12 VDC/120 VAC
Recommended generator size 2.54.0 kw
Typical price range $9,000 - $11,000
Loads Recommended for Use on PV System
lights small kiichen appliances cell phonefradio phone
TVNCR and stereo small household appliances computer/ printer
vacuum cleaner small microwave oven
Loadis Recommended for Use on Engine Generalor

supplgmenta] battery chargmg power tools washer/dryer
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Systam Exanple # 3 Medum Ful Time Hoe

System Description .

: | Daly system energy oufput 3,000-4,000 W-hriday
: %E (PV only)

RS PV amay size 900 - 1200 watts

E % Power capability (continuous rating) 1500 - 2500 watts

TR Battery storage 15 - 20 KWh
EiE Available operating voltages 120 VAC

i %% Recommended generator size 46 - 65 KW
% SRR Typical price range $16,000 - $19,000

Loads Recommended for Use on PV System

lights kitchen appliances cell phonefradio phone
TVNCR and stereo household appliances computer/ printer
vacuum cleaner microwave oven small efficient refrigerator

Loads Recommended for Use on Generalor Power

supplemental battery charging washer/dryer

water pump power tools

Loads Recommended for Use on Propane

refegerator: ¢
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System Example # 4 Large Full Time Home

} System Description :
HFEHER ’ HHHE  Dally system energy output 5,000-8,000 W-hr/day
s Ao
AR THEE PV amay size 1,500 - 2400 watts
% 5 %@ Power capability (continuous rating) 4,000- 8,000 waits
PR R THEFARR]  Battery storage % - 0 KWh
i % £ j Available operating voltages 120 / 240 VAC
R FEHEHEAEEH — Recommended generator size 65 - 12 KW
H 3 ik D R Typical price range $23,000 - $31,000
Loads Recommenaed for Use on PV System
lights kitchen appliances cell phonefradio phone
TVVCR and stereo household appliances computer/ printer
vacuum cleaner microwave oven small efficient refrigerator
minimal clothes washing water pump small power tools
Loads Recommended for Use on Engine Generator
sqp;glLemgnl 5 washer/dryer ) - water pump
as ﬁeaommma@a’ for Use (7] Prqaane
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Selecting a PV System Size

by mll he size and subsequently the cost, of a

| Il photovoltaic system depends upon two
LIl £ ctors: the electrical energy require-
ments of the appliances powered by the system
and the amount of sunlight available in your
region. The amount of sunlight in your area is
known by your system supplier and is a fixed
design point. What is under your control is the
type and quantity of appliances you plan to use.

Therefore, the first step in selecting a system
size is estimating your daily energy use - your
loads. This is usually followed with an adjust-
ment to the estimate. Once completed, the final
estimated daily load requirement can be used to
review various system size options.

Determine the Dally Energy Use

Determine your total daily energy using the
following steps:

« Identify all the electrical devices that
will rely on the system for power;

» Determine each device's power usage
(in watts);

« Make an estimate of the average daily
use of each device in hours per day;

« Multiply each device's wattage by the
hours of daily use to get watt-hours per
day (Wh/day); and,

» Add together the watt-hours for all
devices to get the total daily energy
requirement.

An example of this calculation for a typical
home is shown on page 14. If the energy
requirement varies from season to season, the
calculation must be made for each season to
determine the largest requirement. Residences
tend to use more energy in winter when the
days are shorter, since lights and other appli-
ances such as televisions are on longer.
The wattage of
rinted:an

sl

a-device is usually stamped or
jeplatesonidentifi '

Making Adjustments to Loads

After reviewing and calculating your daily
load requirements, adjustments to the loads
may enable a more cost-effective PV system
selection. Adjustments may include:

« Fuel Switching: as mentioned previously,
some appliances may be most cost-effec-
tively powered on propane or a genera-
tor. Review your intended list of loads
for those that may be switched to another
energy source.

« Energy Efficient Appliances: where pos-
sible, plan on replacing existing low effi-
ciency appliances (such as incandescent
lights, old refrigerators, etc.) with newer
more efficient models.

Task Scheduling: this is a good time to
begin looking at which electric loads
might be operated when the generator is
running.

After reviewing your original load list, at-
tempt to eliminate those loads that fall into
the above categories. Revise your daily load
estimate and use this revised number to help
you select a system which is within your bud-
get.

Remember that most systems will include an
engine generator for supplemental energy and
that most people tend to overestimate their
load usage. These two factors together enable
you to choose a system which appears to be
slightly smaller than your load estimate
would suggest. If you have questions on the
final system size selection, consult your utili-
ty representative or system supplier for assis-
tance.

Obtaining a PV System

ere are three basic methods for
obtaining, installing and maintaining a
PV system:




native. It is the mission of electric utilities to
provide you with electricity, and the PV alter-
native is consistent with that mission.
Depending on the nature of their PV service
program, utilities may offer you several
choices.

PV Energy Services: this option is similar to
the way they provide traditional grid - pow-
ered electricity. The utility owns, installs, and
maintains your PV system. They bill you on
a monthly basis the same as for regular elec-
tric service. The bill is based on the initial
cost of the installed system and also includes
their anticipated cost of maintenance and
replacement parts. The bill does not include
any charges for the amount of energy pro-
duced or consumed. This service option is
usually the least cost option offered by the
utility and eliminates most of the technical
and financial risk to the homeowner.

Financing: the utility may provide access to
the equipment they can buy in volume and
offer it to you with a financing package.
They also may provide you with an optional
extended warranty (service and maintenance
contract). In this option you will end up own-
ing the hardware and may be responsible for
future component replacement costs.

There are many advantages to obtaining a PV
system from the local utility. The systems
offered by utilities have been designed and
built to meet high utility standards. Most
come pre-packaged and fully assembled to
simplify delivery and installation without any
hardware mounted in or on your dwelling.
The ability for the utility to finance the sys-
tem may also be of tremendous value to those
who are unable to accumulate enough funds
for a direct purchase.

firem & Wiy
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» If your local utility does not offer PV
services, there are many other utilities
that do. The Photovoltaic Services
Network (PSN) is an organization of
many utilities across the country that
offer PV services. Since PV represents
electricity without wires, many of these
utilities offer PV services regardless of
utility service territory boundaries. You
may call the PSN for assistance at 303-
980-1969.

Local PV Vendors:

In some areas of the country, local PV ven-
dors can be found. These vendors have built
their businesses on providing PV systems to
regional customers.

PV vendors can assist you with the design of
your system and have access to many brands
of hardware. Some vendors also staff licensed
electricians that can be hired to install and
maintain your system.

Most systems offered by PV vendors are cash
sales and are custom designed to meet your
exact needs. These systems are usually
installed on your home with the batteries and
controls located in a separate building or in
your garage. The vendor can work with you
to decide on the best installation configuration
for your particular situation.

To help locate a PV Vendor near you contact:

Solar Energy Industries Association
122 C St., NW 4th Floor
Washington DC 20001-2109

(202) 383-2600

Independent Power Providers

PO Box 231

North Fork, CA 93643

(209) 841-7001 or (916) 475-3402

Do-ityourself Catalog Cash Sales:

any PV companies-have:produced catalogs
at dist-all thefeompote: Gessary .




Calculating the daily energy requirement

g Example
| fiance Vel Daily Hours of Use Daily Watt-
hours
Fluorescent fight 40 X 6.00 = 240
Compact fluorescent light 20 X 6.00 = 120
Compact fluorescent light 11 X 4,00 = 44
Incandescent light 60 X 2.00 = 120
Microwave oven 1,243 X 25 = 310
Refrigerator, 19 cf super efficient 64 X 12.00 = 770
Water pump (1/2 hp centrifugal) 1,280 X 50 = 640
Vacuum cleaner (3/4 hriweek) 800 X 10 = 80
Washing machine (2 loadsfweek) 920 X 20 = 184
Computer 80 X 2.00 = 160
Television (19" color, no remote) 58 X 400 = + 232
Total dally energy requirement 2900 (29 KAh)
Worksheet
liance Wals Daily Hours of Use Daily Watt-hours
X =
X =
X =
X =
X =
X =
X =
X =
X =
X =
X =
X =
X =
X =

X

Total daily energy requirement




Appliance wattage chart

Appliance Rated | Measured Appliance Rated | Measured
Watt Watts Watt | Watt
MISCELLANEQUS
BATHROOM Clock; LED, Alam 5 2
Hair dryer - Evaporative Cooler 396 -
High 1200 1176 Evaporative Cooler, 1/2 hp 875 897
Medium 650 710 Fan; 18" Portable 660 586
Low 300 282 Ground fault circuit intenupter (7) - 5
Curling iron 150 140 Security system 1 1
Telephone, Cordless 10 42
Vacuum; Canister 1080 818
Vacuum; Upright, - 297
ENTERTAINMENT Vacuum; Shop 660 586
TV, 19" Portable Washing Machine 920 -
Off (wiremote control) - 6 Water Pump; 1/2hp centrifugal jet | 1495 1280
On 95 58
VCR OFFICE EQUIPMENT
Off (wiremote control) - 10 Computer, 286 150 61
Play 27 25 Computer, 486 220 83
Radio, Portable 15 3.6 Computer, 14" Color Monitor 120 76
Computer, 386 Notebook 144
KITCHEN Off (charging battery) 16
Coffee Pot; 10 Cup 825 798 On. idle - 31
Coffee Pot; 4 Cup 625 620 On; hard drive on - 41
Gas Range; Printer, Dot Matrix 180 1
Clock/Controller - 3 Printer, LaserJet 576
ignitor - 1 Warm-up 408
Glow Plug 400 398 On, ide - 28
Microwave, 600 Watt Printing - 456
Off (Clock controller on) - 4 Printer, DeskJet 48
On 1200 1243 Off 13
Toaster 1050 1110 On, ide - 16
Refrigerator, super efficient - 16 3 On, prining - 31
Refrigerator section 64 68 Facsimile, idle 140 13
Freezer section 64 66
Refrigerator; conventional-18 #3 600 432 SHOP TOOLS
Saw, Radial Am, 10° 1200 583
Saw, Circular, 7" 1200 841
LIGHTS Saw, Mier, 107 1440 751
7 Watt Fluorescent @5 W equiv.) 7 5 Planer, 35 480 355
13 Watt Fluorescent (60 W equiv.) 15 11 Orill, 38 VSR 246 151
18 Watt Fluorescent (75 W equiv.) 20 20 Dill, 1/2° VSR 408 214
40 Watt Incandescent 40 36 Router, 1 hp 746 490
60 Watt Incandescent 60 59 Sander, Belt 624 445




Additional PV Applications

long with remote homes, there are
many other applications that can be
cost-effectively powered by a PV sys-
tem. Two of them are discussed below.

Water Pumping

When reliable water is needed a long

distance from the electric line, more and more
people are looking to photovoltaics for cost-
effective power. Whether for your home or
ranch, PV power is a good alternative to tradi-
tional methods of remote pumping such as
windmills and engine generators.

Ranchers are beginning to water their cattle
with PV-powered pumping systems because
in many cases, it is not only the least cost

solution but also the most conve-
nient. New grazing tech-
niques for better range
management require more
frequent rotations of livestock on
smaller sections of land and fenc-
ing livestock away from stream
beds. These methods require more
numerous sources of water and a way to
deliver water from fenced streams. Since
range lands are often far from the electric
grid, PV is usually the best option for pump-
ing water in these situations.

PV pumping systems require less mainte-
nance, are quick and easy to install and can
easily be transported to use at more than one
well site. Some utilities Jease PV systems on
trailers to make it even more convenient to

follow the pasture rotations. PV pumping sys-
tems also produce the most water on sunny, hot
days when livestock need it the most and the
wind is not blowing. In most situations, these
systems are quite cost competitive with wind-
mills and generators.

Remote Lighting

PV power systems are also being used more
frequently for remote lighting applications. Due
to the cost of trenching and running cable,
many PV lighting systems are even cost
competitive with nearby electric line con-
nections. Some examples of PV lighting
systems include:

« Remote security lighting

« Sign lighting, particularly remotely
located bill boards

+ Pathway lighting

« Lighting for remote out buildings such
as shops, bamns or restrooms

+ Street lighting

PV lighting systems offer many of the same
maintenance and cost advantages as water
pumping systems. Hardware for both of these
applications have been manufactured for many
years (water pumping and lighting) and may be
available from your utility or local supplier as
packaged systems.

In addition to these applications PV systems
can be cost-effective for many electric loads
requiring low to moderate power and requiring
small amounts of energy. Your imagination is
the only real limitation to the application of this
growing technology.

This booklet is provided o you by:




Photovoltaic Services Network

Why are electric utilities getting into off-grid photovoltaics!

All around the country, electric utility companies are beginning to realize that offering photovoltaic (PV) services to cus-
tomers with small remote or difficult to serve loads is a smart busmess decision. Here are the reasons why

Lower cost of service: ‘

When new or rebuilt lines to small remote loads don't pay for themselves, electricity rates go up for all customers. By
using PV, utilities can better control their line construction and mamtenance costs and still prov1de consumers with quali-
ty service at a competitive price.

Increase in customer base: , J
By offering a wider range of services such as PV power systems for remote applications, it is possible to serve a larger
and more diverse customer base.

Local economic development:
When utilities offer PV customer services, they often rely on local businesses to support their PV programs. This support
means more jobs for the community and a more stable local economy.

Image as progressive utility:
By offering PV, a solar technology with few environmental impacts, utilities can let thelr customers know that they care
about the future.

PV is happening with or without utility involvement:

‘Many industries such as railroads, telecommunications, oil and gas, and ranchxng, as well as individuals recognize the
value of a reliable source of remote electric power. Consequently, they-are installing PV systems themselves or leasing
them from utilities at an accelerating pace. These installations represent lost opportunities for utilities that don’t offer PV
services, -

How can the PSN help!

The Photovoltaic Services Network, Inc. (PSN) is an independent, not-for proﬁt organization of electric utilities. The
founding PSN members recognized a need for professional assistance in PV education and training and a forum for off-
grid PV application issues. They also recognized a need for high quality packaged PV systems that meet utility standards
for performance and reliability. To address their needs, several rural electric cooperatives joined together to form the
PSN, an organization that makes quality PV support services and products available to all electric utility members.

If you feel that the use of photovoltaics could be of value to your utility, the PSN can help by providing assistance for
successful PV pilot projects and customer service programs. All members are provided with the PSN’s PV Services
Guidebook, a guide for implementing PV customer service programs based on the experience of utilities with active PV
programs. The PSN also offers-members the capability to purchase high-quality, low-cost PV systems from the PSN
Product Lists, a catalog of pre-qualified packaged PV systems that meet utllxty requirements for performance and relia-




Who is the PSN! N .

The PSN is made up of electric utrlrtres of all types 1nclud1ng rural electric cooperat1ves, niunicipal utilities, public power
districts, investor owned utilities and power marketing agencies. It was formed to assist member utilities with off-grid PV

- by 1) providing education, training, and installation support as required; 2) establishing a forum for information

exchange on PV program implementation and marketing methods; 3) creating staidardized PV system specifi cations for
a variety of applications; 4) negotiating volume dlscounts for group PV product purchases 5) identifying funding
sources (both public and private) for service support product development and testing; and 6) pursuing alliances with

* other organrzatlons active in PV,

Some key PSN members are the utilities whose representatrves serve on our Board of Directors and we’d like you to

- know who they are: Please feel free to call any of them if you would lrke to discuss the PSN or have any questions.

© President” - - - Rolland Skinner, Northwest Rural PPD Nebraska (308) 638-4491
. “Vice President - : Peggy Plate ‘Western Area Power Admmrstratron Colorado (303) 490-7227
Treasurer - William Wood , San Isabel Electrrc Colorado (719) 547-2160
Secretary k - Gary Garber Carbon Power- &Lrght Wyommg (307) 326-5206
Member - ) Tom Mrller, McKenzre Electric Co- op.,_North Dakota (701) 842-2311
Member - Paul Bony, Plumas-Siefra REC, California (916) 832-4261
Member - Gary JurKin, Arizona Electric Power Co- -op, Arizona (520) 586-5280
Member - Thomas chkrnan Arizona Public Service Co., Arizona (602) 250-2826
Memher' S - A Martm Gordon National Rural Electric Co-op. Assn., Virginia (703) 907-5840

The PSN is supported by’ NEOS Corporatron the PV services contractor that takes care of the daily business of running
the organization. Although some of the board members may be difficult to reach, you can almost always get in touch
with Kirk Stokes or Terry Schuyler of NEOS to answer any questrons you may have (Phone 303-980- 1969 Fax: 303-
980 1030)

What are the membershlp optlons7

Although the PSN was created specifically for the benefit of electric utilities, other orgamzatlons individuals and the PV
industry are encouraged to participate as well. There are five ways to participate in the PSN: three membership levels, a
PSN sponsorship, and asubscrlpnon to PSN information. T hese options are described below and on the followrng pages.

Utlllty Membershlp

This basic membership level i is for electric utilifies that are drrectly mvolved in servmg reta11 customers and want direct

" access to PSN benefits such as educational and technical PV service support and the capability to purchase packaged PV

systems directly from the PSN. Utility members could include rural electric cooperatives, municipal power companies,
public power companies, investor owned utilities, G & Ts, and any other electric utility that has a need for PV service
support and to purchase PV products The ma]orrty of the PSN’s membershlp is at this level

" Membership Fee:.

The utility membership fee is $500 (for a full calendar year membershrp)

Benefits:

The following benefrts are avarlable to PSN members at the utllrty level

« An on-site "PSN orientation workshop plus five hours of cost-shared service support (at $25/hour)
Additional support services are available at the full service rate; .

. Receipt of the PSN’s PV Product List catalog and Utility PV Services Guldebook
. Capablhty to make PV system purchases directly from the PSN Product L1sts
. Notlce of and part101pat10n in coordinated volume purchases of PV’ systems
. Abrhty toactasa regronal PSN product “wholesaler™ to other utilities or cornpames,
"« A vote on major PSN decisions such as election of the Board of Directors;
- ‘Ehgrbrlrty to serve: on the Board of Drrectors ‘
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Photovoltaic Services Network, Inc.

Membership Application Form

Organization name:
Primary Contact: Phone: Fax:
Secondary Contact: Phone: Fax:
Address:
City: State: Zip:
For which PSN membership option are you applying?

— Utility Member —_ PSN Information Subscription

Associate Organization Member

— PSN Sponsor (contact PSN directly)
— Satellite Utility Member = Affiliated PSN member:

Please go to the appropriate membership level below to complete the application.

Utility and Satellite Memberships

_ 1) Ona scale from 1 to 10 how much off-grid PV
experience does your utility have? (1 =none; 10=a
great deal)

1 2 3 4 5 6 7 8 9 10
none some - a great deal

2) How interested is your utility in each of the
followihg PV applications? (Please rate each from 1 to 5
with 1 = no interest and 5= very interested.)

3) Does your utility have an existing PV service
program?

Yes No
If not, is that a goal for the near future?
Yes No — Don't know

4) How important are the following PSN benefits to
your utility? (Please rate each from 1 to 5 with 1= not
important and 5 = very important.)

_Coordinated PV system purchases
— On-call PV service expertise
. Utility grade PV product development

— Residential systems _ Water pumping
——_Telecommunications ___ Lighting

— Cathodic protection

— Other:

Information exchange (e.g. PSN newsletter)
____ Other: .

Associate Organization Membership

1) On a scale from 1 to 10 how much off-grid PV
experience does your organization have? (1 =none;
10 = a great deal)

1 2 3 4 5 6 7 8 9 10
none some great deal

2) How will your organization be involved with PV?
(Check all that apply.)

—— Purchase PV products

— Provide PV services to retail customers

—— Support your member’s PV service programs
— Other:

3) How important are the following PSN benefits to
your utility? (Please rate each from 1 to 5 with 1= not
important and 5 = very important.)

—_Coordinated PV system purchases
—__On-call PV service expertise

___Utility grade PV product development
—__Information exchange (e.g. PSN newsletter)
___Other:

4) Would you like to make an additional contribution
to support the PSN beyond the minimum
membership fee of $1000?

—Yes No



PSN Information Subscription

1) What type of organization do you represent? 3) Ifyou are a PV industry organization, what are
—— PVindustry — Government agency your areas of business? (Check all that apply.)
— Electric utility __ Individual PV module manufacturing
—— Other ___ PV component manufacturing

___Systems integration

2) What kind of PSN information interests you most? PV service (installation & repair)

(Please rate each from 1 to 5 with 1= not interested and 5 __Equipment sales

= very interested.) ___Consulting

____Other:

PV product specifications

PV product evaluation reports
Information on utility PV activities
Volume purchases of PV products
Other:

Fold here

Fold here

Photovoltaic Services Network, Inc.
165 S. Union Blvd., Suite 260
Lakewood, CO 80228
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* Review of utility grade PV product specii"‘icaﬁons and development;
+ Information exchange with other PSN members and with the PV mdustry,
* Attendance at annual membershlp meetings; )

+ Receipt of the PSN’s newsletter and other information such as PSN developed product specifica-
tions and product evaluation reports; and

* An opportunity fo show support of a cost-effective renewable energy technology.

To join the PSN at the utility level, simply fill out the application form enclosed with this brochure and mail it with a
check for $500 to the PSN. ,

Satellite Utility Membership

This membership level is for electric utilities that are affiliated w1th a PSN utility member and wish to receive all PV ser-
vice support and/or PSN products through that designated PSN member. Although the list of benefits is similar to ‘utility
members, satellite members do not receive two key benefits directly from the PSN: 1)-cost-shared PV service support;
and 2) purchase of PV systems from the Product List catalog. Satellite utility members could include any electric utility
such as rural electric cooperatives, municipal power companies, public power compames and investor owned utilities as.
long as they are affiliated with a PSN utility member. : :

Membership Fee:
The satellite utility membership fee is $250 (for a full calendar year membership).

Benefits:
The following benefits are avallable to PSN members at the satellite uflhty level:
» Receipt of the PSN’s PV Product List catalog and Utility PV Services Guldebook,

¢ Capability to purchase PV products from the PSN Product Lists through an affiliated PSN utility
member;

 Capability to purchase PV service support from the PSN at the full service rate.

* A vote on major PSN decisions such as election of the Board of Directors;

» Eligibility fo serve on the Board of Directors;

» Review of utility grade PV product specifications and development;

* Information exchange with other PSN members and with the PV mdustry,

+ Attendance at annual membership meetings; and ' ‘ ) l

* Receipt of the PSN’s newsletter and other information such as PSN developed product specifica-
tions and product evaluation reports,

To join the PSN at the satellite utility level, 51mp1y fill out the apphcatlon form encIosed with thlS brochure and mail it
with a check for $250 to the PSN. -

Associate Organization Membé’rship

This membership level is for organizations that are involved in the electric utility trade but are not directly involved in
serving retail PV customers. Such organizations could include generation and transmission companies, electric utility

trade associations, power marketing associations and organizations involved with- electric power research. This member-
ship level provides organizations with an opportunity to acquire PSN membershlp benefits and to support utility involve- .
ment in PV by cost-sharing the PSN’s service and product support to member utilities. This cost sharing support is pro-
vided by choosing to contribute more than the minimum annual dues»és described below.

Membership Fee: g .

The minimum associate organization membership fee is $1000 (for a full calendar.year membershlp) However addmon-
al contributions are welcome and encouraged. For contributions over the minimum fee, your organization will provide,
cost-sharing PSN support services to utility members. If an associate organization chooses to contribute $5,000 or more,
the contribution can be designated for support of specific PSN members (e.g. a wholesale utlhty may choose to cost-
share services for a retail utility member or their customers). ’ -




Benef Is:

The following benefits are available to PSN members at the assomate orgamzatlon level

o Fifteen hours of cost-shared service support (at $25/hour). Additional support services are available
at a the full PSN service rate. (No orientation workshop)

« All other benefits are the same as for utility members

To join the PSN at the associate orgamzatlon level, simply fill out the application form enclosed with this brochure and
mail it with a check for a minimum of $1,000 plus any additional contribution to the PSN. If you wish to contribute
$5,000 or more and would like to des1gnate how it is used, please call Kirk Stokes at 303-980-1969 to discuss options for
the contribution. R .

PSN Sponsorship

This option is for any organization or individual that wishes to support utlhty involvement in PV by cost-sharing the
PSN’s service support actrvrtles The minimum contribution Ievel is $1,000. However, additional contributions are wel-
come and encouraged. If a'sponsor chooses to contribute $5,000 or more, the contribution can be designated to support
specific PSN members, activities, PV applications, or geographic regions. Sponsors of PSN support activities include
national laboratorres utility research orgamzatlons and state energy offices.

Benefits:

The following benefits are available to PSN sponsors:

» Support of utility involvement with off-grid PV systems through cost-sharing of PV support ser-
" vices. (For each dollar contributed by a PSN sponsor, at least one dollar will be spent by a PSN
member on either PV equipment or support services.)

« Information ‘exchange with PSN members and the PV industry.
+ Attendance at annual membership meetings.

o Receipt of the PSN’s newsletter and other mformatlon such as PSN developed product specifica-
tions and product evaluation reports. ‘

If you wish to become a PSN sponsor, please fill out the apphcatlon form enclosed with this brochure and return it to the
PSN. PSN staff will call you to discuss sponsorshrp ‘options.

“ PSN Information Subscription

The PSN information subscription level is for any orgamzatlon or individual who wishes to keep abreast of PSN activi-
ties and opportunities. Companies affiliated with the PV industry are especially encouraged to subscribe since we antici-
pate interactions and information exchanges with all sectors of the PV industry to promote development of PV products
that meet utility specifications. In addition, PSN members are encouraged to form alliances with local service providers
to support them in providing PV customer services. PSN publications include the bi-monthly newsletter, PSN developed
PV product specifications and product evaluation reports

Subscription Fee:
The PSN information subscnptron fee is $150 (for a full calendar year)

If you wish to subscribe to the PSN, simply fill out-the application form enclosed with th1s brochure and mail it with a
check for $150 to the PSN. :

For more information on the PSN, please call or write:
Photovoliaic Services Network, Inc.
165 S. Union Blvd., Suite.260
Lakewood, CO- 80228
Phone: (303) 980-1969
Fax: (3(_)3) 980-1030
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The PSN is up and running!

O n behalf of the Photovoltaic Services Network’s
(PSN) board of directors and support services per-
sonnel, I would like to welcome aboard all new mem-
bers and subscribers. Since this is the first issue of
the PSN newsletter “Network News”, I want to take
this opportunity to better inform our readers about
the PSN. As a result, this following article describes
the PSN’s mission and initial activities as well as
explains how the PSN intends to interact with mem-
bers and with-the PV industry. In the future, feature
articles will cover the progress the PSN is making
towards its many goals and will provide information
about individual member utility projects and activi-
ties.

I'm excited about being able to provide this kind of
information to you on a regular basis, and I hope it
stimulates your excitement in utility opportunities

for PV.
Kirk Stokes, PSN Manager

What is the PSN?

The Photovoltaic Services Network (PSN) is an
independent, not-for-profit organization comprised of
all types of electric utilities including rural electric
cooperatives, municipal utilities, public power districts,
investor-owned utilities, and power marketing agen-
cies. The PSN was created specifically for the benefit
of electric utilities and their customers. However, PV
industry companies and trade associations are encour-
aged to participate through the PSN’s information sub-
scription, since the subscription will serve as a the
main channel of communication between PSN utility
members and these organizations. Other organiza-
tions (e.g., federal or state agencies and facilities; pri-
vate non-profit organizations, etec.) that are not electric
utilities but want more involvement than a PSN sub-
scription are encouraged to participate by collaborating
with their local electric utility.

The PSN’s mission is to work pro-actively to pro-
mote utility involvement in PV through education and
training. The PSN also intends to work on behalf of

Continued on page 2
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Introducing
Network News...

Network News is a
bimonthly newsletter of

" the Photovoltaic Services

Network. This newsletter
will be used to keep mem-
bers and subscribers up-
to-date on PSN and mem-
ber activities. In addition
to feature articles on PV
projects, PSN activities
and member PV service
programs, the newsletter
will consist of the follow-
ing regular sections:
PV Market Place

This section will pro-
vide descriptions of pack-
aged PV products newly
available through the
PSN and a listing of prod-
ucts purchased by mem-
bers during the past two
months.

Network in Action

Network in Action will
offer a listing of future
events and a brief
overview of past PSN
activities.

PSN Profiles

PSN profiles will
spotlight a PSN board
member, member utility
representative, or techni-
cal representative.
Membership Corner

On the last page of
each issue, the Member-
ship Corner will present
the latest tally of mem-
bers, sponsors and sub-
scribers as well as list
current PSN contri-
butors. e




Photovoltaic Services
Network News is a
bimonthly publication
of the Photovoltaic
Services Network

organization of .
electric utilities that
have joined together
to make PV services
and products readily.
accessible to its.
utility members.
PSN members receive
the Network News as
a benefit of member-
ship. For non-mem-
bers, subscriptions
are available to the
Network News plus
other PSN publica- -
tions for $150 per
year. ) :
Editors:
Patricia Saito
Pauline Valenzuela
News items or com- ~
ments may be sent to:
Photovoltaic Services
Network »
165 S. Union Blvd.,
Suite 260
Lakewood, CO
80228
Phone: (303) 980-1969
Fax: (303) 980-1030

(PSN). The PSN is an

Terry Schuyler, PSN
technical represen-
tative, trains ranchers
and utility personnel
on a PV pumping
installation.

member utilities to ensure that the PV systems they
purchase and install meet established design criteria,
are competitively priced, and meet utility customer
expectations for cost, performance, and reliability. To
fulfill this mission, PSN activities will be divided into
two primary areas: service support and product sup-
port.

Service Support

To assist utilities in learning about the potentlal PV
may have for their customers, the PSN service sup-
port focuses on education, training, and information
exchange. The PSN offers education and training for
utility member employees, board of directors, cus-
tomers, and local trade allies through a series of work-
shops and other on-site support. Utilities have the
choice of classroom seminars or field training on sub-
jects ranging from PV technology basics to system
installation, operation and maintenance.

Further PV information is distributed by the PSN
in three primary forms: 1) consultation with PSN
technical service representatives; 2) literature gener-
ated by the PSN (e.g., product evaluation results,
product lists, utility PV market reports, PV service
implementation guidelines, the bimonthly Network
News, etc.); and 3) literature published by other orga-
nizations (e.g., PV technology fundamentals, solar
resource information, PV application examples, manu-
facturer’s PV product literature, etc.).

Depending on member requests, the PSN can pro-
vide small and large scale feasibility studies for pro-
posed PV projects. These studies might include PV
system design support that range from system cost
estimates to detailed system specification and pro-
curement. Suggestions regarding specific components
and prospective suppliers will be made based on the
latest information available.

The PSN can also provide assistance to members in
developing PV customer service programs. This PSN
assistance focuses on facilitating information transfer
from utilities that have existing programs to those

Continued on page 3
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Network in Action

A Look Ahead
July 23-25

The PSN will pre-
sent a booth at the
NRECA’s annual
Marketing, Member
Services and
Communication
Conference in
Portland, Oregon.
PSN board member
Paul Bony will be
there to discuss the
PSN with potential
members. If you plan
to attend the meeting,
look for the PSN in
booth number 200
(across from NRECA’s
booths).
July

A PSN mailing will
be sent to selected sec-
tors of the PV industry
to encourage them to
subscribe to this

’ newsletter and other

PSN publications.
Since the PSN sub-
scription mailing list is
our primary channel of
communication with
the PV industry, we
need to encourage PV
system manufacturers,
suppliers and local PV
contractors to keep in
touch with PSN activi-
ties by subscribing.
August

The PSN will be
mailing a detailed
member information
survey to all utility
members to determine
what services and

Continued on page 3




4
products are
‘ most needed by

our members. If you
are a member, please
look for the survey in
mid-August and take
a moment fill it out.

Aclivities Recap
May 31

The PSN business
plan has been final-
ized (although it is a
“living document”) and
approved by the Board
of Directors. The busi-
ness plan development
effort was supported
by the Utilities
PhotoVoltaics Group.
A summary of the
business plan is avail-
able to members and
subscribers upon
request,

June 13-14

Member utility
Southwestern Public
Service installed a
Golden Photon Inc.
(GPT) PV-powered AC
water pumping system

-for testing field perfor-
mance at the USDA
agricultural test facili-
ty in Bushland, Texas.
This facility has all
the instrumentation
and equipment neces-

" sary to thoroughly test

the performance and
reliability of the GPI
system.

June 16

A PSN technical
representative trav-
eled to Hay Springs
Nebraska to assist
Northwest Rural
Public Power District
in determining the
cause of a pumping
system failure. He
found that the inter-
mittent problem

Continued on page 4

that do not. Through this process, support can be
provided in such areas as service territory audits,
PV tariff development, PV vendor qualification, PV

‘system procurement, and PV service program mar-

keting. In addition, for utilities that have little or
no previous experience with their local PV commu-
nity, the PSN can assist in identifying PV vendors
and service providers.

To make the PSN support services easily accessi-
ble to utility members, a technical service represen-
tative is assigned to each. new member as they join.
The responsibilities of the technical service repre-
sentatives are: 1) becoming familiar with the partic-
ular member’s unique situation and needs, 2)
responding to the member’s requests for information
and on-site service support, 3) and coordinating the
member’s product purchases.

Each utility member is treated as an individual
client of the PSN, and service request procedures
are standardized to ensure that the PSN responds
to the needs of its members in a timely and cost-
effective manner. ’

Product Support

The PSN’s product support activities include con-
solidating information on existing packaged PV sys-
tems and facilitating the development as required of
new PV product packages that meet utility-defined
specifications for cost, performance, and reliability.
In addition, the PSN will coordinate both individual
and aggregated volume purchases of PV products by
utility members.

The PSN’s initial product support efforts will be
focused on commercially available packaged PV sys-
tems for a variety of off-grid applications. The PSN
will develop functional specifications for each appli-
cation with input from utility members and the PV
industry and then evaluate available products using
manufacturers’ product literature and independent
laboratory testing. Prices for products available
through the PSN will be negotiated competitively

Continued on page 4
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PV Markeft Place

PSN Goes Shopping

Check this section in
future newsletters for
descriptions of new
products available for
purchase through the
PSN. The PSN is cur-
rently involved in nego-
tiations with suppliers
for volume pricing on
several PV-powered
water pumping systems.
We'll keep you informed.

What’s Selling
The following commer-

_cial PV systems were

the first purchased by
member utilities
through the PSN:
* A Robison PV-powered
pumping system that
includes al50 watt PV
array, a Robison model
RPII-150 submersible
diaphragm pump
with controller and
100 feet of pump
cable.
¢ A Shurflo pumping
system that includes
a Shurflo model
9300 submersible
diaphragm pump, a
Photocomm model
PC-1 controller and
210 feet of pump
cable. go

Pumping system
being evaluated by
the PSN and member
Southwestern Public
Service near Amairillo,
Texas.
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seemed to be

4 caused by mal-
functions in both the
array and pump motor.

June 20-21

Member utility
Nebraska Public Power
District (NPPD)
installed a GPI pump-
ing system at a NPPD
customer site in
Duncan, Nebraska. All
pumping system test
results will be pub-
lished by the PSN at
the end of the AC
pumping system evalu-
ation project.

June 27-29

Two members, San
Isabel Electric and
West Plains Energy,
cosponsored the instal-
lation of seven differ-
ent PV-powered water
pumping systems on
the Fort Carson army
base near Colorado
Springs, Colorado. The
PSN coordinated an
installation workshop
with on-site installa-
tions and will assist Ft.
Carson in monitoring
the systems.

June 30

The PSN PV buying
service is'up and run-
ning! PSN members
have already placed
two orders for PV-pow-
ered water pumping
systems.

with prospective system suppliers. These product
evaluations with negotiated prices will be provided to
utility members in the form of a “consumer report’
style product list.
In parallel with this effort, if no products exist that
meet the PSN’s functional specifications, the PSN will
initiate the second phase of product development sup-
port process by encouraging the development of new
packaged systems. It is the PSN’s intention to work
closely with the PV industry in a cooperative effort to
develop systems that are cost-effective and meet the
operational and quality standards to which utilities
are accustomed. As required, PSN product develop-
ment activities can include five key steps:
sDistributing functional specifications to initiate
interest for developing a product;

sSupporting product development organizations in
further specifying and developing prototype prod
ucts;

eTesting prototype products in an independent
laboratory and comparing test results to the func
tional specifications;

oVerifying the prototype products’ performance
and reliability with utility field tests; and

*Publishing the comparative evaluation of the
products for use by utility members when making
purchasing decisions.

Once the five step process is complete, the “evaluat-
ed” product will be added to the PSN’s product list
with the negotiated price and distributed to all utility
members for the PSN’s coordinated purchase activi-
ties.

Through these service and product support activi-
ties, the PSN anticipates engaging all segments of the
PV industry, thus providing benefits to PV system
suppliers as well as local PV service contractors. The
direct benefits to the PSN’s utility members and their
consumers will be savings on existing PV system costs
and the development of PV systems better suited to
their needs. '

The PSN’s service and product support are now
available and the PSN is presently implementing
numerous tasks and coordinating purchases of exist-

ing packaged systems for several utility members. #&

Rolland Skinner
President, PSN Board
of Directors and
General Manager,

Northwest Rural Public

Power District

PSN Profile

For most of you
familiar with PV,
Rolland probably does-
n’t need an introduc-
tion since he’s always
been on the forefront
of utility PV services.
Northwest Rural
Public Power District
(NRPPD) has leased
PV-powered pumping
systems to it’s cus-
tomers for over five (5)
years and is now
expanding into other
applications such as
residential PV. As gen-
eral manager, Rolland
has been personally
responsible for initiat-
ing NRPPD’s PV ser-
vices. Rolland’s expe-
rience with PV and
utility operations
makes him ideally
suited to be president
of the PSN’s Board of
Directors.

PSN Question:

Why is NRPPD offer-
ing PV services?
Rolland Skinner: “A
utility’s involvement in
PVs make sound busi-
ness sense. With the

Continued on page 5
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consolidation of

farms, existing
residences eventually
turn into just stock
watering locations.
Our existing distribu-
tion system, which is -
aging, is serving many
of these locations. We
hope to replace these
services with PV
installations and pre-
vent, the rebuilding of
many long line exten-
sions,

“The other business
issue is the existence
of over 1,000 aging
windmills that are
potential customers of
NRPPD. These can
provide a revenue
stream to help offset
the diminishing rate
base created by farm
and ranch consolida-
tions. NRPPD’s desire
is to continue to be the
supplier to our cus-
tomers by providing
energy at remote sites
with leased PV equip-
ment instead of exten-
sive and costly line
extensions.” %

Seven PV Pumping Systems

Installed

A good example of the PSN’s on-going service and
product support activities occurred recently in
Colorado when the PSN provided technical support
to member utilities San Isabel Electric Association
and Mountain View Electric for a PV pumping
workshop. The workshop, cosponsored by the two
utilities and regional Soil Conservation Service
offices, was held for local ranching customers inter-
ested in using PV for watering livestock. It was
held at Chico Basin Ranch, a working Colorado
state owned ranch located between Pueblo and

- Colorado Springs. PSN technical service represen-

tative Terry Schuyler assisted in organizing the
workshop, scheduled speakers representing seven
different PV pumping systems, gave a presentation
on PV pumping basics and provided hands-on
pumping system installation training.

Among the more than 60 attendees were repre-
sentatives from Graham County Electric and

.Westplains Electric (both PSN members), Colorado

Springs Municipal Utility, several PV service
providers, and a host of interested utility customers
and ranchers. After the workshop classroom ses-
sion, which was held in the ranch’s barn, the group
enjoyed a catered lunch and then traveled to a near-
by pasture where one of the PV pumping systems
had recently been installed. Schuyler’s on-site
training included fine-tuning the centrifugal sub-
mersible pumping system, testing its water produc-
tion (5.5 gallons per minute), and demonstrating the
system’s features.

This workshop dovetailed nicely with a US Army
project to install up to 40 PV water pumping sys-
tems on the Ft. Carson Army Base. The base, locat-
ed near Colorado Springs, is served by several of the
PSN member utilities present at the workshop. The
Directorate of Environmental Compliance and
Management (DECAM) at Ft. Carson agreed to
purchase one each of seven different PV pumping
systems that are presently being investigated as
part of the PSN’s water pumping initiative.

All the systems are either new to the market or
prototype in nature and include submersible pumps.
The seven systems included two DC diaphragm
pumps, two DC centrifugal pumps, one low voltage
AQ centrifugal pump, and two standard AC cen-
trifugal pumps. The representatives from the vari-
ous PV pumping systems were on hand to assist the
PSN and the Army with the installations. In the
near future, the PSN will assist DECAM in outfit-
ting each of the seven systems with data acquisition

-systems to monitor their short and long term perfor-

mance. These data will be incorporated into the
PSN’s PV pumping system comparative assessment
activities. - o

PV water pumping
workshop held at
Chico Basin Ranch.




. ey - 1 -
-~ s e Lo

Membership Totals

Utility Members 25
Rural Electric Cooperatives 16
Municipalities
Other Public Utilities

Investor Owned Utilities
Utility Association Members
Subscribers 1
Sponsors :

PSN Contributors ($5,000 or more)

Colorado Office of Energy Conservation
National Renewable Energy Laboratory
Sandia National Laboratories

Utility PhotoVoltaics Group

Western Area Power Administration

For information on how to become a PSN member,
write or call:
Photovoltaic Services Network
165 S. Union Blvd., Suite 260
Lakewood, CO 80228
Phone: (303) 980-1969
Fax: (303) 980-1030
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Photovoltaic Services Network
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Lessons from the Field

Plumas-Sierra Rural Electric Cooperative (PSREC),
always on the cutting edge of utility PV services,
recently installed a packaged off-grid residential PV
system purchased from the PSN Product List. The
PSN-PC1-R system provided by Photocomm, Inc.
includes 510 watts of PV, a 2500 watt sine wave
inverter and almost six days of battery storage.
PSREC contracted with a local Photocomm dealer,
Blackhawk Solar and their licensed electrician for
installation and service support.

The PSREC residential system enclosure
is liftéd onto its foundation

The PSN monitored this installation closely to
make certain that the delivered product meets PSN
specifications. In the process, we found there were
some important lessons to be learned.

" Ome lesson was verification of the concept that
packaged PV systems make sense for utilities. -
PSREC’s system arrived with the PV array pre-
assembled, wired and ready to go in one crate and
the batteries, inverter and balance of system neatly
mounted and wired in a white powder coated steel
enclosure. It took little time to secure the array and
enclosure onto the concrete foundations and wire

Continued on page 2

Summer 1996

Network In Action
A look Ahead
Summer

Contingent upon antici-
pated funding from the
Utility PhotoVoltaics
Group, the PSN will be
working on a customer
education booklet for
PV-powered water
pumping similar to the
one developed for resi-
dential PV: “Solar Elec-
tricity, an Alter-native
to Utility Power Lines™.

September/October
The PSN plans to send
out RFPs to PV suppli-
ers that can provide
packaged lighting sys-
tems for the upcoming
PSN PV Lighting Prod-
uct List.

October 15-18

The Utility Photo-
Voltaics Group will be
holding it’s annual
Utility PV Experience
Exhibition and Confer-
ence in Denver this
year. The PSN will
have a display at the
exhibit and many utili-
ties (including PSN

Continued on page 2




Photovoltaic
Services Network :
News is a bimonthly
publication of the
Photovoltaic Services
Network (PSN). The’
PSN is an organiza-
tion of electric utilities
that have joined

services and products
readily accessible to
its utility members.
PSN members receive
the Network News as
a benefit of member-
ship. For non-mem-
bers, subscriptions
are available to the
Network News plus
other PSN publica-

Editor:
Patricia Saito
News items or com-
ments may be sent to:
Photovoltaic Services
Network, Inc.
165 S. Union Blvd,,
Suite 260
Lakewood, CO 80228

Phone: (303) 980-1969
Fax: (303)'980-1030

together to make PV

tions for $150 per year.

the array to the enclosure. (The customer built the
foundations to minimize installation costs.)

However, another part of the same lesson is the
fact that when PV systems are packaged and pre-
assembled, they can be bulky, heavy and take spe-
cial equipment to move and install. These packaged
systems were designed to transported and handled
by the large boom and flatbed trucks that utilities
typically own (see photo below). Local PV suppliers
and electrical contractors that support utility PV
programs usually don’t own the equipment neces-
sary to move large packaged PV systems (although
they can rent trucks as needed). Important consid-
erations for delivering and setting up packaged PV
systems are installation sites that are easily accessi-
ble to trucks and proper attachment points for Lift-
ing the enclosure and large arrays. (The PSN
requires all residential systems on the Product List
to come with the proper lifting attachments.)

Crated array is unloaded with
PSREC’s boom truck.

Continued on page 3

v, members) will
w4 present the prog-
ress, results, lessons

‘learned and products

resulting from their PV
projects. Thisis a
great opportunity to
keep up with utility
involvement in the
acceleration and com-
mercialization of PV.
Aclivities Recap
Spring

The PSN has been pro-
viding member utilities
(WestPlains Electric;
Plumas-Sierra REC;
KC Electric) with cop-
ies of the PSN Product
Lists modified for their
use. Modifications in-
clude the utility’s name
on the cover and the
replacement of PSN
prices with the utility’s
retail prices to cus-
tomers. This service is
available to all PSN
members. Call Pat or
Kirk at 303-980-1969 if
interested.

April 16-17
Plumas-Sierra REC
(PSREC) with assis-
tance from the PSN

held a meeting/work-

shop for residents of
Secret Valley, an off-
grid community near
Susanville Calif. The
purpose of the meeting
was to explain PSREC’s
PV service program to
potential PV service
customers. Several
presentations that
were developed for this
meeting may be of in-
terest to other utilities:
“Living in a Solar
Electric Home”,

Continued on page 3
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4 Systems” and “To
PV or Not to PV (How
to make the decision)”.
Call Pat at 303-980-
1969 for more details.
April 10

The PSN attended a
meeting with the Neb-
raska Natural Re-
sources Conservation
Service (NRCS) and
Nebraska Public Power
District (NPPD) to help
establish a “PV link”
between the two organi-
zations. The Nebraska
NRCS has adopted PV
pumping systems as a
vital component in the
concept of “whole farm
conservation”. As are-
sult of the meeting, the
NRCS plans to procure
PSN pumping systems
through NPPD.

May 29-30

The PSN in conjunction
with its utility mem-
bers in Arizona and
Solarjack, a PSN sys-
tem supplier, co-spon-
sored a workshop on PV
water-pumping geared
for utilities and utility
customers. A total of 30
people attended with 10
from utilities and 20
from regional offices of
the BLM and NRCS.
An additional workshop
may be scheduled in
Denver if there is
enough interest.

June

The customer educa-
tion booklet “Solar Elec-
tricity, an Alternative to
Utility Power Lines”
was completed and
printed. This booklet,

Continued on page 4

Another lesson is the fact that although packaged
PV systems themselves require little installation
time, a substantial amount of work is required to
connect the PV system to the house distribution
panel, customer owned generator and the in-house
PV system monitor. These connections typically
require trenches to bury the electrical cable or con-
duit for the cable. (Electrical codes usually require
the monitor wire to be run in its own separate con-
duit.)

DUtilities can deal with these connections in sever-

- al ways. For the PSREC installation, the customer

dug the required trenches and installed conduit
ahead of time to minimize the installation costs. The
electrician provided by Blackhawk Solar ran the
electrical and monitor wire and made all the connec-
tions. The costs for the electrician’s time and materi-
als are paid by PSREC and recovered in the cus-
tomer’s monthly lease fee. Other utilities may
choose to install the trench, conduit and wiring
themselves and charge the customer a one time fee,
include the costs in the customer’s monthly service
charge or not-charge the customer at all if the utility
traditionally pays for service drops.

Installation crew raises the array.

Because off-grid residences typically rely on
engine generators for power, most residential PV
customers already own generators they want to use
for charging the PV system batteries and running
large loads. Unfortunately, these customer-owned
generators are often of an unknown quality that may
or may not interface well with the PV system. (Most
PSN residential systems contain inverters that will
accept input from any properly operating generator
and include built-in system protection.)

Continued on page 4

PV Market Place

PSN Goes Shopping
The PSN will go shop-
ping next for packaged
PV-powered lighting sys-
tems to include in a
Lighting Product List.
The first step will be to
gather information on
PV lighting products
that are now commer-
cially available. To that
end, we will be sending
a lighting product sur-
vey and request for liter-
ature to all PV system
manufacturers within
the next month. In
addition, the PSN will
also send surveys to our
member utilities re-
questing information on
their requirements for
lighting systems.
What's Selling

The following is a sam-
pling of the PV systems
purchased by PSN mem-
ber utilities since the
last issue of Network
News:

e Six Solarex grid-tied
residential PV systems
with a total of 24 kW of
PV,

¢ A Photocomm residen-
tial PV system with 510
watts of PV ;

* A Solarjack centrifu-
gal pumping system
with 110 watts of PV

e Ten Solarjack dia-
phragm pumping sys-
tems with a total of 944

Continued on page 4




, which explains
£ solar electricity
and residential PV sys-
tems, was mailed to all
PSN members and sub-
scribers in early July.
Additional copies can be
purchased for $1.00
each. Call JoAnn at
303-980-1969 to place
an order.

July 30

Plumas Sierra REC
(PSREC) installed a
residential PV system
from the PSN Product
List for an off-grid
member in Janesville,
Calif. The system, sup-
plied by Photocomm,
was installed by the
PSREC line crew and
Bill Rockett of Black-
hawk Solar, a PSREC
PV Program Partner.
See cover article for
details. £t

@Watts of PV;

¢ Two Grundfos
centrifugal pumping
systems with a total of
600 watts of PV;

¢ A Direct Power PV
power supply for a
Direct TV system with
225 watts of PV; and

¢ Miscellaneous PV
modules, pumps, mot-
ors, controllers and
parts. £

What PSREC learned from this installation is
that if the customer’s generator does not operate
within the parameters accepted by the PV system,
a lot of time can be spent by the installers in trying
to make the two work together. What is the solu-
tion? Paul Bony, Member Services Manager with
PSREC, feels strongly that the customer needs to
be told in advance (perhaps in the PV service con-
tract) what is required of their generator to inter-
face successfully with the PV system (voltage, fre-
quency and current). Paul wants to make certain
the customer understands that the generator is
their responsibility. (Residential systems on the
PSN Product List may be purchased with a genera-
tor integrated as part of the package.)

The customers get acquainted with the system.

Continued on page 5

Gary Jurkin

PSN Board of Directors
Demand-Side
Programs Manager,
Arizona Electric Power
Cooperative (AEPCO)

e

PSN Profile

We'd like you to meet a
new member of the
PSN Board of Directors,
Gary Jurkin. Gary is in
charge of demand-side
programs, including PV
power services for
AEPCO, a generation
and transmission coop-
erative in southern
Arizona. AEPCO and
its six member distribu-
tion cooperatives serve
a region with some of
the highest solar insola-
tion levels in the Un-
ited States. Yes, it’s hot
there, but that bright
sun also brings down
the cost of using photo-
voltaics.

Two years ago,
AEPCO and Gary rec-
ognized the tremendous
potential for using PV
systems to serve remote
customers and decided
to “get their feet wet” by
implementing two re-
mote PV projects.
AEPCO participated in

an NRECA research

/i

Continued on page 5§




project to install

and test Golden
Photon water pumping
systems and they in-
stalled a packaged resi-
dential system for a re-
mote off-grid customer.

AEPCO is now ready
to support their distribu-
tion cooperatives’ use of
PV by providing financ-
ing for PV systems leas-
ed to remote customers.
Two member RECs in
particular, TRICO Elec-
tric and Sulphur Springs
Valley Electric are offer-
ing residential and wat-
er pumping PV systems
as a customer service,
According to Gary, the
PSN Product Lists play
an important role in
their PV programs by
serving as a reference for
system specifications
and prices whenever a
customer inquires about
PV service.

AEPCO is fortunate.
to be located in a region
that not only has a great
solar resource but has a
supportive regulatory
agency as well. The
Arizona Corporation
Commission encourages
utilities to install PV and
has set renewable ener-
gy goals for electric utili-
ties as part of an IRP
order, The goal for
AEPCO and their distri-
bution cooperatives is to
install one megawatt of
renewable energy capaci-
ty by the end of the year
2000, In Arizona, PV is
the renewable energy
source that makes the
most sense,. ’

PSN Question:

‘What role does AEPCO’s
PV Power Service Prog-
ram play in the PV mar-
ket? '

When the customer is notified of generator
requirements in advance, they can have their gener-
ator tested and adjusted, tuned-up or replaced as
necessary before the PV system installation. At the
time of the installation, the installer should have
meters available to verify that the customer’s gener-
ator output is within the specified parameters. The
utility may also choose to bring a properly operating
portable generator on site to test the PV

. system/generator interface in case the customer-
" owned generator is not operating properly.

A final lesson is one that is true for any new pur-
chase. Delivered systems need to be checked to ver-
ify that specifications have been met. One of the
PSN’s roles in this installation has been to do just
that. We have worked closely with PSREC, the

" installers and the customer to make certain that

the delivered system both met their-expectations
and PSN specifications. Through this process, the
PSN has also verified the importance of providing
utilities with a system acceptance checklist to assist
them in taking delivery of PSN systems. These
checklists are now being developed and will be sent
to utilities whenever an order is placed.

Everyone involved, PSREC, Photocomm, the cus-
tomer and the PSN, concluded that this was a suc-
cessful installation and all are satisfied with the
outcome. The system was easy to install compared
to PV kits or separate components and the customer
has a well functioning system that is professional in
appearance. The installation has also been a valu-
able learning experience for everyone involved and
PSREC looks forward to their next PV customer.

The satisfied customers (left four) and
installation crew. (Paul Bony third from right.) £§

Gary:

People living far
from power distribution
lines, typically must rely
on engine-driven genera-
tors for their power
needs. These generators
are not only expensive to
operate and maintain,
they are noisy and dirty -
attributes quite inconsis-
tent with the quality of
life in remote areas.
Also, ranchers are fre-
quently required to haul
generators to pump wat-
er at remote livestock
watering wells.

PV systems can sup-
ply remote power less
expensively in the long
run and much more con-
veniently to these remote
residents and ranchers
but they often cannot af-
ford the initial purchase
price. AEPCO’s Power
Service Program is de-
signed to overcome that
price barrier by offering
PV systems on a long
term lease basis. For a
flat monthly fee propor-
tional to the installed
cost of the system,
AEPCO in concert with
the distribution coopera-
tives will provide a PV
system and maintain it
over the lease period.

We believe that this
PV program is a natural
extension of our core
business which is not the
generation, transmission
and distribution of elec-
tricity, but the delivery of
end-use services such as
light, cooling and electro-
motive power, that elec-
tricity provides. Fo 3




Membership Corner

Membership Totals
Utility Members 43
Rural Electric Cooperatives 30
Municipalities
Other Public Utilities
Investor Owned Utilities
Utility Association Members
Subscribers 2
Sponsors

PSN Contribufors ($5,000 or more)

Colorado Office of Energy Conservation
Sandia National Laboratories
U. S. Army Construction and Engineering Research
Labs
Utility PhotoVoltaics Group
Western Area Power Administration
For information on how to become a PSN member,
write or call: .

Photovoltaic Services Network, Inc.

165 S. Union Blvd., Suite 260

Lakewood, CO 80228

Phone: (303) 980-1969

Fax: (303) 980-1030 gw,

¢
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PSN technical reps

Cary Lane and Terry:

Schuyler (right and

second from right)

assist with Nevada

Power grid-tied
system. .

PSN Behind the Scenes

What does the PSN technical support staff do
when they’re not in the office taking orders for PV
systems (or writing articles for this newsletter)?
They’re in the field supporting PV system installa-
tions and providing utility/contractor/customer
training. PSN members are all ' well aware of the .
PV system purchasing opportunities available
through the Product Lists, but not everyone is
aware of the on-site technical support the PSN pro-
vides. So, to get everyone caught up, here is a look
at some of the PSN field activities of the past year.

Nevada Power - UPVG TEAM-UP system instal-
lation . :

PSN technical representatives Cary Lane and
Terry Schuyler traveled to Las Vegas in September
to oversee the installation of the first of five resi-
dential grid-tied systems cost-shared by the Utility
PhotoVoltaics Group’s (UPVG) TEAM-UP project.
The four kW system was installed on a customer’s
flat roof located next to a Nevada Power sub-station
(see photo). Nevada Power sub-contracted the
installation work to local PV service suppliers with
the PSN technicians on site to train the contractors
and supervise the installation. '

Continued on ;}age 2
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Fall 1996

Network In Action

A Look Ahead
February 11 & 12
Mark your calendars
and make your reserva-
tions. The PSN Annual
Meeting is coming up
soon! The PSN meet-
ing will be held once
again in Denver,
Colorado on February
11th and 12th (prime
ski season). The new
Lighting Product Lists
will be introduced and
the updated Residential
and Water Pumping
Lists will be released at
this meeting. Come
meet the PV suppliers
who provide the PSN
with high quality sys-
tems and learn about

" the PV activities of

other PSN members.
Meeting announce-
ments with registration
forms were sent out in
November. If you have
not received yours in
the mail, call JoAnn at
303-980-1969.

Continued on page 2
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Photovoltaic ‘
_Services Network
News is a bimonthly .
publication of the
Photovoltaic Services
Network (PSN). The
PSN is an organiza-
tion of electric utilities
that have joined
together to make PV
services and products
readily accessible to
its utility members. _
PSN members receive -
the Network News as
a benefit of member-
ship. For non-mem-
bers, subscriptions -
are available to the
Network News plus
other PSN publica-

tions for $150-per year. |

Editor:
Patricia Saito

News items or com-

ments may be sent to:
Photovoltaic Services
Network, Inc.
165 S. Union Blvd,, -
Suite 260

Lakewood, CO 80228 |

Phone: (303) 980-1969
Fax: (803) 980-1030

WestPlains Energy - BP residential system
installation

WestPlains Energy based in Colorado Springs,
Colorado was the first PSN member to purchase a
BP Solar residential PV system. Because this was
one of the first BP residential systems to be in-
stalled in the United States, BP sent one of their
technicians to install the system with assistance
from PSN technical representative Cary Lane,
WestPlains engineer Ed Wiedenmann and a West-
Plains electrician. Cary’s role was oversee the
installation of the system and to train the customer
in proper operation and maintenance.

The array was installed just before the West Plains
customer’s prefabricated house was set on its
foundation.

Plumas-Sierra REC - Cusforher Education
Workshop

In May, Plumas-Sierra sponsored a special work-
shop to educate the residents of Secret Valley (an
off-grid community) about Plumas-Sierra’s PV ser-
vice program and PV systems. PSN technical repre-
sentatives Pat Saito and Terry Schuyler developed
and coordinated the workshop and traveled to
Susanville, California to present information on res-
idential PV systems, how to live in a PV home, and
PV basics.

Intermountain REA - PV pumping system for
Forest Service campground

The Pike National Forest was the recipient of a
$5,000 grant for a PV water pumping system from
the Public Service Company of Colorado’s
Renewable Energy Trust through Intermountain

Continued on page 3

% The PSN will host

a booth at the NRECA
TechAdvantage 97
Electric Expo in Las
Vegas. This important
meeting which will be
well attended by co-op
managers and member
services personnel, is
an excellent op-portuni-
ty for co-ops to gain
exposure to the PSN.
We will set up a work-
ing PV pumping dem-
onstration and will
have service represen-
tatives on hand to
answer questions. If
you will be attending
this meeting, please
stop by the PSN booth
(#1339) and share your
reasons for joining the
PSN with other co-ops.

Activities Recap

October 15-18

The Utility Photo-
Voltaics Group held its
annual Utility PV
Experience Exhibition
and Conference in
Denver this year.
During the meeting, the
PSN was awarded a
new contract that funds
activities such as devel-
opment of the Lighting
Product List, develop-
ment of a PV contractor
database, and contin-
ued marketing support
for member PV pro-
grams.
November

The PSN has been
working on a customer
education booklet on
PV-powered water
pumping similar to the
one developed for resi-
dential PV: “Solar

Continued on page 3
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Electricity, an

% Alternative to
Utility Power Lines”.
This new booklet, “Solar
Electricity for Livestock
Water Pump-ing”, will
be printed in late Dec-
ember and will hopeful-
ly be distributed to
PSN members by the
end of the year.
November 15

The new PSN solici-
tation for PV-powered
outdoor area and sign
lighting systems were
sent to PV suppliers
that expressed an inter-
est in providing pack-
aged lighting systems
for the upcoming PSN
PV Lighting Product
List. The solicitation
deadline is December
17th.
November 27

Solicitations for PV-
powered residential and
water pumping systems
to renew the existing
Product Lists were sent

" to PV system suppliers

on November 27th.
Although the PSN
anticipates few major
changes to the Lists,
this is an opportunity
for existing vendors to
update system specifi-
cations and prices.

This is also an opportu-
nity for new suppliers
to be added to the
Product Lists. The
solicitation deadline

is January 7th. e

Rural Electric Cooperative. A Grundfos centrifugal
pumping system with a 640 watt PV array was in-
stalled in November and will pump water for both
the Meadows and Buffalo Creek campgrounds.
PSN’s technical service representative, Cary Lane
went to the well site to instruct Intermountain REA
and forest service personnel on proper installation
and testing procedures.

WestPlains Energy - UPVG TEAM-UP system
installation

WestPlains Energy also received funding from
UPVG’s TEAM-UP program to install grid-tied PV
systems. Their first of five systems went up on an
addition to the City of Pueblo’s Nature Center. The
four kW array was installed by a city electrician,
John Rote, with phone support from the PSN. After
the system was installed, PSN technical representa-
tives Cary Lane and Terry Schuyler went on site to
train local electrical contractors and additional City
of Pueblo electricians on PV installation and to
oversee system startup, testing and troubleshoot-

ing. £

This grid-tied PV syétem on the Puéblo Nature Cen-
ter has a battery back-up system to provide elec-
tricity during power outages.

PV Markef Place

PSN Goes Shopping
Solarex is having a
sale on grid-tied PV sys-

tems and the PSN is
passing the savings on
to member utilities. See
article “Solarex Grid-
Tied Systems on Sale”
on page 5.

The new Outdoor
Area and Sign Lighting
Product Lists and the
updated Residential and
Water Pumping Lists
will be sent to PSN
members in early 1997.
The prices in the old
Product Lists will
remain in effect through
1996. Although we do
not expect any signifi-
cant price increases,
there will be some price
changes in the updated
Lists. If you are consid-
ering a purchase, place
your orders now to lock
in 1996 prices.

What's Selling

1996 PSN PV systems
sales to date.
Pumping Systems

*49 Systems

*10.4 kilowatts

*$130,000
Off-grid Residential

o7 Systems

3.2 kilowatts

#$51,000
Grid-tied Residential

*(UPVG cost-shared)

*10 Systems

*40 kilowatts

*$230,000 &%
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Texas PV Coadlition Joins
the PSN

The PSN has a new member and ally: the Texas
Photovoltaic Coalition (TxPVC). In many ways
similar to the PSN, the TxPVC was formed to help
electric utilities in Texas capitalize on the growing
PV market by integrating off-grid PV into their reg-
ular portfolio of service options. Texas, with its
immense land area, bright, year round sunshine
and many livestock ranches, represents one of the
largest potential markets for PV applications in the
Us.

Both the PSN and the TxPVC will benefit from
this alliance. The TxPVC, just formed in 1996, will
have quick access to the high quality, utility grade
PV systems available through the PSN and the
PSN has the potential to increase its sales volume
and to gain new members in Texas. (The TxPVC is
already purchasing a trailer mounted PV system
through the PSN for demonstration purposes.)
Although the TxPVC presently has four members
(Rio Grande Electric Cooperative, Wise County
Electric Cooperative, Tri-County Electric, and Lub-
bock Power & Light), with eighty rural electric co-
ops in Texas, the TxPVC has a great potential for
fast growth. .

The TxPVC is managed by Planergy, Inc., an
independent energy services company. John
Hoffner, director of advanced technologies for
Planergy, will be responsible for the TxPVC’s
strategic development and implementation of ini-
tiatives. Mr. Hoffner, previously managed the
Austin Electric Utility’s alternative energy pro-
grams for 13 years. According to Mr. Hoffner, “By
working together to develop necessary experience
and infrastructure for grid-independent utility PV
services, the TxPVC and the PSN will help build
a viable PV service market in Texas.” £

Maittin Gordon

PSN Board of Directors
Senior Program
Manager of NRECA’s
Rural Electric Research
Program

PSN Profile

Martin Gordon was
elected to the PSN
board of directors dur-

~ ing the 1996 annual

meeting. Like Peggy
Plate, with Western
Area Power Admin-
istration, he fills one of
the two PSN board
seats reserved for rep-
resentatives of utility
associations. Mr.
Gordon is senior pro-
gram man-ager of the
National Rural
Electric Cooper-ative
Association’s Rural
Electric Research
(RER) program. He is
responsible for manag-
ing research in the
areas of transmission,
distribution, automa-
tion, telecommunica-
tions, electric motors
and engineering aspects
of EMF.

The focus of the RER
is to provide research
on topics of particular
value to rural electric
cooperatives (co-ops).

Continued on page 5
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What sets co-ops

apart from other
utilities is the nature of
their distribution sys-
tems. Unlike munici-
palities and investor
owned utilities whose
customer bases include
a large percentage of
commercial and indus-
trial customers, the
" majority of co-op cus-
tomers (80-95%) are

residential and agricul-

tural. In addition,
these customers are
typically dispersed over
large geographic areas.
It is not unusual for co-
ops to have average
customer densities of
only one or two cus-
tomers per mile of line.
This dispersed nature
of many small scale
customers often pre-
sents co-ops with spe-
cial challenges in pro-
viding cost-effective and
reliable electric service.
Photovoltaics is one
possible solution to
remote power needs
that the RER is cur-
rently investigating.

Accord-ing to Mr. Gordon,

in areas of the country
with low population
density and high solar .
resource, (such as in
the high plains region
and desert southwest),
it makes good economic
sense for co-ops to serve
some remote customer
applications with PV
systems. Livestock
water pumping and
remote residences are
two PV applications in
which the RER has
sponsored field studies.
One study monitored
the performance and -
reliability of a residen-

tial PV system installed

—— P

Solarex Grid-Tied Systems
On Sale

A number of PSN member utilities have expressed
interest in exploring PV energy services for grid-tied
consumers through “green” pricing or DSM programs.
In fact, several members have already installed proto-
type grid-tied, systems. (See cover article “PSN Behind
the Scenes”.) Because of this interest, the PSN and
Solarex Corporation have negotiated a deal to make
their PV-VALUE grid-tied systems available to all PSN
members.

Solarex, one of the largest module manufacturers in
the United States, is now in the process of identifying
prospective utility participants for their new PV-
VALUE project. In this project, Solarex and the Utility

“PhotoVoltaic Group are providing co-funding to lower

the cost of a limited number of grid-tied systems to the
first utilities to make a commitment of installing ten
systems each. However, Solarex has agreed to sell these
same systems to PSN members with no minimum pur-
chase as long as the systems are purchased through the
PSN. Details of the PSN offer include:

® Prices as much as 40% lower than current market
prices for comparable systems;

e Complete packaged systems with everything needed

for installation;
_® UL listed, tandem junction amorphous modules with
20 year power warranties;
® Two year system warranties;
¢ Optional battery back-up; and
* Quantity discounts (5% for 5-9, 10% for 10+).

The table below describes the two of systems offered.

Modd#  ACOuput* AmaySe  #of ..  Price
S - (OCpom} Modules (approx)
SLX-SMGT 16kW  18kW 36  $7.229
SLXLGGT 26kW S0kW 60  $11,778

* @ PVUSA conditions
Project requirements and details include the following:

¢ System orders must be placed soon. (A limited num-
ber of these systems will be available at the reduced
prices so PSN members should place orders early.)

* Systems will be delivered in spring/summer of 1997.

¢ Utilities are responsible for making certain that the
systems they purchase are installed prop-erly. (The
PSN can assist with installation training as required.)

e Utilities are responsible for system maintenance.
(Maintenance responsibilities may be assigned to con-
tractors or customers at the utility’s discretion.)

¢ Ownership of installed systems will be decided by
utilities and their customers.

For more information, call Terry Schuyler. at 303-980-1969. £&

by La Plata

Electric Assn. for a
customer near Durango,
Colorado. The other
study involved the
installation and moni-
toring of PV powered
water pumping systems
by thirteen co-ops with
ranching customers.
PSN Question:

The PSN like the
NRECA, is an organiza-
tion of electric utilities
that came together to
support each other in a
common venture. What
value do you believe the
PSN offers to co-ops
with a need to serve
remote customers?
Martin:

Co-ops have limited
staff time to investigate
new products and tech-
nologies. They must
often rely on information
from product vendors
when there is no inde-
pendent source of infor-
mation available. The
Rural Utility Service
(RUS) (formerly the
Rural Electrification
Administration) is one
source of independent
information with its list
of materials acceptable
to RUS for use on sys-
tems by RUS borrowers.
The PSN offers similar
benefits by setting high
standards for utility
grade PV systems and
evaluating the PV prod-
ucts offered by vendors.
The PSN is a source of
independent information
on PV systems for co-ops
that want to find more
cost-effective ways of
serving remote cus-
tomers. £




Membership Corner

Membership Totals

Utility Members 51
Rural Electric Cooperatives 36
Municipalities 1
Other Public Utilities 3
Investor Owned Utilities 11

Utility Association Members 4

Subscribers 24

Sponsors 5

PSN Contributors ($5,000 or more)

Colorado Office of Energy Conservation

Sandia National Laboratories

U. S. Army Construction and Engineering Research
Labs

Utility PhotoVoltaics Group

Western Area Power Administration

For information on how to become a PSN member,
write or call:

Photovoltaic Services Network, Inc.

165 S. Union Blvd., Suite 260

Lakewood, CO 80228

Phone: (303) 980-1969

Fax: (303) 980-1030 o

%
printed on recycled paper
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Photovoltaic Services Network, Inc.
165 S. Union Blvd., Suite 260
Lakewood,-CO 80228
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1. Introd uclion

The cost of supplying tradilional electrical energy lo remote areas can be prohibitlive due to the
high cost of inslalling-and maintaining eleclrical lines over large distances. In many cases, the
high cost for line extension construclion ig not affordable from the customers perspeclive and Lthe
annual costs for the line exlension maintenance is nol cost-effective from the ulility's perspective.
In such cases, Lhe consumers with remote loads rely on alternalive sources of power such as gas
or propane generalors and windmills. The abilily ol pholovoltaic (PV) power syslems to supply
electrical energy quietly and reliably without the need for refueling makes them a natural

ither by themselves or in conjunclion wilh a generalor. Plumas-Sierra

alternative power source el
Rural Electric Cooperalive (PSREC) is offering a PV service alternalive that will benefit both the
customer and the utjlity by providing more convenient electric power at a lower initial cost and

less maintenance than line exlensions Lo remole localions.

PSREC's photovollaic electric service is offered Lo ils members through a regional networl of PV
service providers that are pre-qualiﬁed to be PSREC’s PV “program partners”. It is PSREC's
intent to limit participation in the program o only experienced PV service providers with the
capabilities Lo install and mainlain packaged PV syslems purchased by PSREC through the
Photovoltaic Services Networl (PSN). Ilowever, PSREC also desires to qualify enough PV
program partners Lo establish a com pelitive environment. A program partner may be pre-
qualified by PSREC to sell and service either residentlial PV systems or PV water pumping

sysltems or both.

This document describes PSREC's PV service program and explains the process and

qualifications required Lo Lecome a PSREC PV program partner.
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2. PV Program Implementation

Plumas-Sierra Rural Electric Cooperative (PSREC) has structured it’s PV service program lo
provide maximum benefits to customers with remole power needs, Lo the local PV industry and
to PSREC itsell. The benefit to cuslomers is easy access Lo a reliable, allternative power source
for remole loads. The benefit lo the local PV industry is an alternalive opportunity for
marketing and servicing PV syslems and increased local PV activity. The benefit to PSREC is
expanded services for their members without a great expenditlure of their personnel’s time.
Being a small rural eleclric cooperalive, PSREC does not have the personnel, experlise, or desire
to design, specify, install or service I’V syslems themselves. Therefore, PSREC intends to
purchase pre-qualified PV systems from the Photovoltaic Services Network (PSN) and contract
with local PV service providers (PV program pariners) for marketing, installation and

maintenance support.

The PV sysltems on the PSN's Product Lisls are designed, gpecified and packaged by PSN
selected manufacturers with ulility customers in mind. In addition, they have been pre-
evaluated by the PSN to meet utility standards for high qualily components, reliability, and easy
installation and maintenance. Therefore, PSREC prefers to pre-qualify as PV program partners,
PV service providers who have or are willing to form alliances with one or more manufacturers of

" these PSN syslems.

The role of PSREC’s PV program partners is Lo markel pre-approved PV systems, assist
cuslomenrs in selecling systems, site and install selecled syslems, provide system operalion
training lo customers, perform periodic maintenance and answer customer calls for service and

repair.

Sales & Marketing

Potenlial customers who conlacl PSREC with an interest in the PV service will be given an
informaltion package that includes a PSREC PV program brochure and fact sheel, aud a list of
approved program partners for residential and water pumping PV syslems. (A program
parlner's name may appear on both lists if qualified.) Customers are free to work with any of
the program parlners on the lists and may oblain quotes from more than one program partner.
Ilowever, if a PV program pariner independently finds a customer for PSREC’'s PV service
program, Lhat program partner will be the service provider for the referred cuslomer and the
cuslomer will not be given the PSRIEC's program parlner list.

g conlacted by a potential PV service cuslomer, the partner will assist
the customer in selecting the PSREC/PSN PV system best suited to their needs and budget
limitations. (See Altachment 1 for sample pages from the PSN Product Lists.) This syslem
selection assistance may be provided either by phone or on a customer sile visit. During this
process, the program partner will collect cuslomer information on PV gervice informalion forms
provided by PSREC (see Allachmenl 2). When a syslem selection is made, the partner will
conlact PSREC or thé PSN for a firm price quole that includes freight chavges and an estimaled
shipping lead Lime. The partner will then add his estimated installation charge to the system

price and calculate a monthly service charge for the customer.

Once a program partner i

Monthly charge = .015 x (PSREC system price - freight + install charge - $150) + $13.95A

g e —— —— . M



f the customer is inlerested in purchasing the system, the program partner will provide a firm
iystem quote including freight. The cuslomer may or may not choose lo worle with the program
yartner for installation of a purchased system.

[ the customer decides to go ahead with the PSREC service program, the program pariner
yrovides the customer’ with a PSREC letler of intent to sign and collects a $160, non-refundable
lown payment on the service. (Checks should be made oul to the program partner). The
srogram partner then completes the PV gervice information form and submits it and the letter of
atent to Plumas-Sierra. Once PSREC receives the letter of inlent, the system will be ordered
and a customer service contract will be prepared. The $150 down payment will be deducted from
the partner’s installation invoice to PSREC. If the cusltomer defaults on the agreement, the
parlner will keep the $150 down payment to compensale him for his time in working with the

sustomer.
ogram parlners lo provide sales and marketing support to PSREC’s PV

gervice program, PSREC intends Lo provide a commission of 5% of the cost of each sold system or
service Lo Lthe pariner that facilitates the sale. In addition, the same program partner will be

contracted o provide installation, mainlenance and on-call support for the service.
o market and sell PSREC's

As an incenlive for pr

gram partners wilh malterials required t

PSREC will provide PV pro

gervice or syslems. These malerinls include:

ng brochure; (See Attachment 3.)

. PSREC's PV Service Program Facl Sheet that describes the different leasing and purchasing
options and customer obligalions; (See Attachment 4.)

.« PSREC's PV service overview/markeli

o Alist of PV producls available Lo cuslomers through PSREC. This list includes PSREC
system prices but not the costs for freight or installation;

o Residential and water pumping PV service information forms;

e Customer load estimation worksheets;
.o« PSREC PV service letlers of inlent;
e PV education materials; and

« A mapof PSREC’s gervice lerritory.

Installation

Once the PSREC PV gervice customer cot
be notified by PSREC and a contract will
maintenance of the PV syslem.

riner will be contracted to perform the follo
foundation or other ingtallation materials Lo the

itract is signed and approved, the program partner will
be signed with the program partner for installation and

The PV service pa wing installation aclivilies.

o Delivery of the system and necessaty
cuslomer sile;

o Siling of the PV gystem for proper solar access and cuslomer convenience;

« Preparation of the site ag needed (sile leveling or preparing foundalions as required);

o Properly installing and tesling the PV system according lo manufacturer instructions and

local codes; and

[P - g . o e, - —
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o Training the customer on proper syslem operalion. (Customer operalion manuals will be

included with sysiems.)
The customer will be responsible for connecling the PV gervice to their home via a buried or
overhead drop wire. However, the customer may elect Lo hire the parlner or supporting
eleclrical contractor to perform this service. If so, Lhis service should be quoted as a separale
item on Lhe system installation quote. It will also be the customer’s responsibility to provide
proof that the house wiring has passed local electrical inspection. (If the house wiring does not
comply with local code, PSREC may provide {inancing to bring it up Lo code. Contact PSREC for

details.)

Once the program partner has installed and tested the system and instructed the customer on its
use, the partner will go over the installation test results wilh a PSREC representalive. The
representalive will then inspect the syslem and survey the customer on gatisfaction with the
system, installalion service and instruction. The program partner will be paid for installation
and the 5% syslem commission alter the system passes this inspection.

Maintenance

Twice yearly maintenance visils are required for each system. Maintenance visits will be
scheduled by the program parlner with the PV cuslomer at the cuslomer’s convenience.

Maintenance activilies include the following:

o Visual inspection of the enlire system;

o Ballery mainlenance (depends on type of batllery provided with system);

« Array cleaning (if required);
e System lesting (same test as performed at installation); and

ustomer Lo answer any PV system questions and Lo determine the

e Interaction with fhec
' lionnaire will be provided by PSREC).

customer's level of salisfaction wilth the gervice (a ques
The service provider must also be available to provide on-call support in case of system
malfunction or failure. On-call supporl may range from giving simple operating instructions to
the customer over the phone lo a site visit for system lesling and repair as required. The

following response times are required for on-call support:

« Phone response time: within 12 hours of nolificalion by PSREC.

. Sile visit (if necessary): within 48 hours of notification by PSREC.

Plumas-Sierra is willing to pay PV parlners $40
plus $1.00 per mile for travel Lo Lthe sile (one way). I the
mainlain more than one PV service in Lhe same area, the PV partner will be regponsible for

inimizing Lravel by scheduling one or more maintenance visits on the same Lrip if possible.

The regularly scheduled maintenance activilies listed above should Lake approximalely two
hours Lo complele for residential PV systems and one hour for water pumping PV sysiems (no
balteries). If replacement componentls are needed, Plumas-Sierra should be notified of the
requirement. Plumas-Sierra may purchase the replacement componeni(s) from the PV partner if

convenient, or order the componeni(s) from the PSN.

per hour for mainlenance and on-call support
PV partner is under conlract to

m




Chis section describes the ne
o be pre-qualified Lo provide PV markeling,

3. Program Partner Qualification Process

cessary sleps that must be taken by PV service providers that wish
installation and mainlenance support to PSREC's

>V gervice program.

L.

s inleresled in parlicipating in the program must review this

A PV service provider who i
PV Program Partner Application Form (Attachment B) and

document, fill out a PSREC
gubmit it to PSREC with all necessary gupporting documentation.

PSREC will review the application form and documentalion, and verify the information. If
there are any omissions or questions as to the information contained in the form or
documentation, the PV service provider will be contacled by PSREC for clarification.

when the applicalion has been approved or

ved, the PV service provider will be informed of
be submitted after the

PSREC will notify the PV service provider
disapproved. 1f the application is not appro
areas in which qualifications are deficient. A second application may
deficiencies have been correcled.

an appointment must be made with

Once the PV service provider is notified of qualificalion,
and Lo receive materials for

PSREC o sign a qualified PV program partner contract
jmplementing the program.
Once the qualified program partner contract witl

implementalion materials are received, the progr
to any polential cusltomers in PSREC's service lerrilory .

, PSREC is signed and the program
am pariner is free to market the PV service

<t




4. Program Partner Requirements

‘he minimum qualification criteria outlined below apply to all PV program partners

yarticipaling in the PSRIEC PV service program and include any additional parties
subcontraclors, equipment manufaclurers, distribulors) utilized in completing the work. The

(ualification criteria is divided inlo three areas:
« [xperience;
« Qeneral Requirements; and

« Terms and Conditions.

A. Experience

The following experience criteria must be met for ea
pumping) for which the PV service provider is seeking qualification.

ch PV application (residential or water

1. The PV service provider must have a minimum of Lwo years experience with the installation,
maintlenance and repair of residential PV power syslems and/or PV waler pumping systems.

9. The PV gervice provider must provide Lhe following documentation of experience.

a. The background, qualificatlions and experience of all personnel who will worlk on PSREC

PV contracts.

b. A listing of four client referenc
and the names of the personne
telephone number where the client can be reached.

ributors or subcontractors in, installalion,
ited for in-house experience.

es which include a briel descriplion of the of the PV system
1 involved with installation and maintenance. Include a2

If a PV service provider is supported by equipment dist
maintenance or repair, their experience may be substitu

B. General Requirements

1. The PV service provider must be capable of installing,
qualily packaged PV systems.

2. PV system installers must have a current electrical contracL‘T"/;
California and/or Nevada as applicable.s 7 =1 ¢ i oant T

3. The PV service provider musl be able Lo inslall systems within a reasonable time frame afler
they are received from the PV system manufacturer and must be able to respond lo gervice
calls by phone within 12 hours of notification by PSREC and on-site within 48 hours of

notification by I’SREC.

4. The PV service provider mus
two annual maintenance visils and on-call support.

maintaining and repairing high

license within the state of

t agree to provide a firm cosl proposal for system inslallalions,

5. 'The PV service provider must be willing Lo provide maintenance and on-call support for any
PV service sold and instulled by the service provider for a period of up to five years [ollowing

installation.
ompany must be stable and reliable as substantiated by the

6. The PV service provider's ¢
s in business prior to application.)

number of years in the PV business. (Minimum of 2 year
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Terms and Conditions

must comply with all applicable Stale and Federal laws, rules and

The program partner
f race, color, religion, nalional origin,

regulations, involving non-diserimination on the basis o
age, Or sex.
ependent contractor with sole control over the manner

The program partner must be an ind
f the contracted PV power system.

and means of each and every part of the installation o
The program partner can nol be an employee of PSREC and can not be entitled to any

benefits provided by PSREC and ils employees including but not limijted Lo compensalion
d pension plan.

insurance, unemployment insurance, group insurance an
PSREC may cancel or terminate qualified program pariner stalus with or without any reason
by giving thirty days writlen notice to the program partner. Any unresolved customer

complaints or allegations of questionable marketing practices involving the program partner

may result in aulomalic and immediale termination of the contractor at the sole optlion of

PSREC.

The program partner must agree Lo indemnify and hold harmless PSREC from and against
all demands, claims, suils, costs of defense, liabilities and other expenses for damage or
damages to property or for injury or injuries to or death.

The program partiner must provide and keep worker's compensalion (and show proof of such
insurance) and unemployment compensalion insurance in the amounts required by law, and
shall be solely responsible for the acts of the program partner, ils employees and agents. The
program pariner acknowledges that the program partner and its employees are nol entitled
to unemployment insurance benefits unless the program partner or & third party provides
such coverage and that the stale does not pay for or otherwise provide such coverage.

PSREC reserves the right to inspecl any job site where the program partner has installed a
PV system. Ifitis determined that the work performed by the program partner does not
meet or comply with established terms, crileria, requirements and specifications, PSREC
shall immediately inform the program pariner of such noncompliance, deficiencies and
defects. Within 10 days of nolification from PSREC of such noncompliance, deficiencies, and
defects, the program partlner shall respond with a plan to take all necessary aclion and
corrective measures Lo cure guch non-compliance, deficiencies and defects at no cost and no
obligation to PSREC and ils customers. If it is necessary for PSREC or its customers lo take
corrective aclion, the program partner hereby expressly agrees that, upon demand from
PSREC, the program partner will pay, indemnify, fully reimburse PSRIEC or ils customers for
all of PSREC's or its cuslomers' costs in the taking of corrective action. If the program
partner fails within 15 days aller demand from PSREC to pay and reimburse PSREC or its
cuslomers for these costs and PSREC is required to enforce this provision or to seek recovery
of damages for the program partner’s breach of this provision, the program partner
expressively agrees to pay all damages, expense, court costs, and reasonable attorney's fees.

The service provider must provide PSREC with writlen proof of all required insurance at the
time of application for program pariner qualification. The PV service provider ghall purchase
and maintain such comprehensive general linbility and other insurance a3 is approprinte for
the work being performed and furnished and as will provide proleclion from claims sel forth

below which may arise out of or result from the program pariners obligations under this

agreement whether performed by the program partner, any gubcontractor, by any one

e e e e o




10.

direclly or indirectly employed by any of them or by anyone for whom acls of any ol them

may be liable:
« Claims under workers or workmen's compensalion, disa
employee benefits acts;

bility benefits, and other similar

e Claims for damages because of bodily injury, occupational sickness, or disease, or death of

the program partner's employees;

. Claims or damage because of bodily injury, sickness, or disease, or death of any person

other than the program partners employees;

o (Claims for damages insured by personal injury liability coverage which are sustained &)
by any person a8 & result of an offense indirectly or indirectly related to the employment
of such person by the program partner, or (2) by any person for any reason;

. Claims for damages, olher than lo the work performed, because injury to or destruction of
property wherever localed, including loss of use resulling therefrom; and

mages because of bodily injury or death of any person or property damage

o Claims for da
r use of any motor vehicle.

arising out of ownership, mainlenance, 0
The comprehensive general liability insurance shall include complete operations insurance in
the amount of $1,000,000. All of Lhe policies of insurance 80 required to be purchased and
maintained shall contain a provision or endorsement that the coverage afforded will not be
canceled, materially changed, or renewable refused until at Jeast thirty days' prior written
notice has been given to PSREC. In addition, the program partner shall maintain such
completed operations insurance for a least two years after final payment and furnish PSREC
with evidence of continuation of such ingurance at final payment and one year after. The
comprehensive general liabilily insurance shall include contractual liability issuance.

"The program partner must indicate if a contract has been terminated for default in the last
five years. Termination for default is defined as nolice Lo stop performance due to the

program partner’s non-performance or poor performance.
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Residential Product List

A wide variety of remote residential PV sys-
.ems were evaluated for the Residential Prod-
act List. The systems selected for the list rep-
cesent the best combinations of high quality
squipment, price, and system manufacturer
experience, capabilities and support.

To ensure that the systems on the Residential
Product list are of high quality and meet util-
ity needs for performance, reliability and con-
venience, the PSN used the minimum re-
quirements below as a preliminary screening
tool in evalualing proposed pumping systems.

Minimum Requirements

All of the PV-powered residential systems se-
lected for the PSN list meet the following
minimum system and supplier requirements:

v Systems are designed to provide 1, 3,b,0r
8 kWh/day of AC energy based on an aver-
age annual insolation of 5.6 kWh/m? at

fixed latitude tilt.

v/ Systems are capable of supplying the de-
sign energy for at least 3 days based on the
low voltage disconnect (LVD) set point
during winter temperatures and have a
minimum two year battery lifetime under
typical cycling load to LVD.

v/ Systems provide 115 VAC, 60 Iz, single

phase power.

v’ Systems have the following continuous
power capabilities; 1 kWh - 1600 W; 3 kWh
- 3000W; 6 kWh - 4000W; 8 kWh - 6000W.

v’ Systems are gupplied complete and self
contained with all necessary inslallation
hardware and no components mounted in
or on customer structures.

v’ System are designed for 20 year life with
minimum maintenance.

v’ Syslems are as pre-assembled and wired as
feasible and cost-effective for shipping.

v/ Systems are capable of operating in tem-
perature of -20° to 45°C and winds of 100
mph for 20 years.

v Array structures provide a minimum of two
foot g_round clearance.

v’ Systems meet all applicable National Elec-
tric Code requirements to ensure in-
staller/operator safety including: a manual
disconnect switch, proper grounding, proper
gize wire and disconnects, and hazard
warning signs. However, UL (or equiva-
lent) listed components are not required
since few PV-powered systems on the mar-
ket today meet that requirement.

v’ PV modules meet PVUSA IQT and UL
1703 standards and include & minimum 10
year, 90% power rating warranty.

v’ System components have proven and
documented records of field performance in

similar applications.

v Systems have NEC approved means for ac-
cepting auxiliary 118 VAC power for bat-

tery charging.
v’ Systems are supplied with complete instal-

lation, operation and maintenance manuals
for utility personnel and a user manual for

the customer/member.

v/ Systems have adequate protection against
lightning and load induced voltage surges.

4 Syslem energy outputs are warranted for a
minimum of 2 years and the supplier is the
point of conlact for PSN claims. (Utilities
process all warranty claims through the

PSN)

v’ The system manufacturer has documented
experience in supplying similar packaged
residential systems.

v’ The price quotes contained in the Residen-
tial Product List are effective through De-

cember of 1996.




Residential System Selection

Four sizes of residential systems are included
in the Product List: 1 kWh/day, 3 kWh/day, b
KkWh/day and 8 kWh/day. These syslems were
designed to provide the rated energy when
"exposed to average dajly insolation levels of
5.5 kWh/m? (consistent with the Boulder, CO
TMY site) with the PV array at latitude tilt.
If your local insolation differs considerably
from this design point, refer to the System In-
formation sheets at the back of this section for
gystem output in two other localions.

When selecting a residential system for a
specific application, first estimate your daily
energy requirements in kWh/day. Then turn
to the appropriate page of the Residential Sys-
tem Comparisons charts (1, 3, 5 or 8 kWh/day)
for information about the systems offered.

The syslems on the charts are listed from left
to right in order of cost. When reviewing the
syslems, please remember that there may be
significant differences between the listed sys-
tems that may justify a higher cost (such as a
larger PV array, higher quality batteries or
trailer mounting). For additional information
on any system (including system energy out-
pul by month), refer to the PSN System In-
formalion sheels at the end of the section.

The following information is included on the
Residential System Comparisons charts.

System configuration describes how each
system is packaged and mounted for portabil-
ity and Enclosure type describes the con-
struction materials of the equipment enclo-

sure.

Foundation required describes Lhe neces-
sary sile preparation prior to installing the
system. Site preparation time ig an estli-
mate of the time required for site preparation
such as leveling of the ground and setling
poles in concrete. Installation time is an
estimate of the time required for actual instal-
lation and wiring of the system itgelf and
Maintenance Interval is the manufaclurer
suggested maintenance interval.

Maintenance interval is an estimate of rec-
ommended time between periodic mainte-
nance visits. In-house monitoring tells
whether the system includes a system moni-
toring device for use With‘in customer homes.

Array watts is the size of the PV array in
peak watts and PV module make/model is
simply the name of the module manufacturer
and model number. Module field history
lists the number of years that each make and
model of PV module has been commercially
available and installed in the field. Array
mount describes the type of mounting struc-
ture used for the PV array. PV power mod-
ule warranty lists the module manufac-
turer's warranty on the power output.

Available capacity is the battery capacity in
days of storage and Baitery type describes
the type of battery technology used such a8
flooded lead acid and sealed valve regulated .
Estimated battery life is the system manu-
faclurer’s estimate of the battery’s life when
used according to recommendations.

Inverter voltage/waveform describes the
inverter’s nominal output voltage and the type
of waveform supplied. Continuous power
rating gives the nominal wattage for con-

tinuous operation.

System manufacturer is the name of the
company that supplies the system to the PSN
and System warranty lists that manufac-
turer's warranty for the system. Shipping
lead time describes the length of time system
manufacturers require to ship a gystem after
receipt of order and Residential PV experi-
ence lists the system manufacturer’s experi-
ence with residential PV-systems.

Generator option is the approximate cost for
an optional engine generator gized to function
with the system. $/wuit PV is the cost of the
paclkaged system without the generator option
divided by the Array watts. Quantity dis-
count gives the additional price discount(s)
that some manufacturers are willing to offer
for quantity purchases and System Price is
the PSN system price to member utilities.
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Water Pumping Product List

A wide variety of PV-powered water pumping
systems were evaluated for the PSN Waler
Pumping Product List. The systems selected
for the list represent the best combinations of
high quality equipment, price and system
manufacturer experience, capabilities and
gupport. The gelection of pumping systems on
the Product List was narrowed to include only
those with gubmersible pumps, since that is
what the majority of pumping applications
encountered by electric utilities require.
However, the PSN can price and negotiate the
purchase of jack and surface pumps 8s well on
request for any PSN member.

To ensure that the systems on the Pumping
Product list are of high quality and meel util-
ity needs for performance, reliability and con-
venience, the PSN used the minimum re-
quirements below as a preliminary gereening
tool when evaluating proposed pumping sys-
tems.

Minimum Requirements

All of the PV-powered pumping syslems se-
Jected for the PSN pumping list meet the fol-
Jowing minimum system and supplier re-
quirements:

v’ Systems include two distinct sub-systems
1) a fully integrated PV power supply and
all hardware necessary for installation
(excluding water delivery pipe and pump
cable) and 2) the agsociated pump/motor

unit.

v’ Systems are as pre-assembled and wired a8
feasible and cost-effective for shipping.

v Pump/motor units are submersible to a
minimum of 60 feet under water.

v’ Systems meet all applicable National Elec-
tric Code requirements Lo ensure in-
alallar/onerator, safely including: a manual

warning signs. However, UL (or equiva-
lent) listed components are not required
since few PV-powered systems on the mar-
et today meet that requirement.

v’ PV modules meet PVUSA IQT and UL
1703 st_gx_xdards and include a minimum 10
year, 90% power rating warranty.

v" Power supplies include bypass diodes ac-
cording to module mfr. recommendations.

v' Syslems are capable of operaling in tem-
peratures of -20° to 45°C, withstand winds
of 100 mph with the array at 65 ° tilt and
have a minimum two foot ground clear-

ance.

v’ Systems can withstand exposure to above
conditions for 20 years without mainte-
nance.

v/ Systems are gupplied with complete instal-
lation, operation and maintenance manuals
for utility personnel and a user manual for
the customer/member.

v’ The system manufacturer warrants water
output for a minimum of two years and the
gupplier is the point of contact for PSN
claims. (Utililies process all warranty
claims through the PSN)

v’ The system manufacturer has documented
experience in gsupplying gimilar packaged
pumping syslems.

v’ The price quotes contained in the Water
Pumping Product List are effective through
December of 1996.

pumping System Selection

When selecting a pumping system for a spe-
cific application, first consult Chart 1: Per-
formance Nodes. Use Chart 1 to select a per-
formance node (labeled intersection) that is
closest Lo your combination of pumping head
(1nig) vartical 1i0) and required gallons per

v



Next turn to Chart 2: Pumping System Com-
parisons and go to the page labeled with your
selected node. This page will give you infor-
mation about the pumping systems offered by
the PSN that are appropriale for that particu-
lar head and GPD. If your application is be-
tween nodes, also check Chart 2 for the nodes
immediately before and after your required

head and GPD.

The systems on the charts are listed from left
to right in order of system cost. When review-
ing the systems, please remember that there
may be significant differences between the
listed systems that can justify a higher cost
(such as lower maintenance pumps). For ad-
ditional information on any refer to the PSN
System Information sheets at the end of the

gection.

On Chart 2 under System Information is each
pumping system's water delivery in Gallons
per day at average solar insolation levels of 6
pealk sun hours or kWh/m? per day. This wa-
ter output can be expected during the summer
months in most locations.

Pump Type describes the type of pumping
mechanism used to move the water. All the
gystems on the list are either diaphragm or
centrifugal pumps. Diaphragm pumps axre
positive displacement pumps that require pe-
riodic replacement of the flexible diaphragms
and rebuilding of the brushed DC motors.
Centrifugal pumps require no periodic main-
tenance of the pumping mechanisms and have
brushless (maintenance free) motors.

Field history describes how long each pump
has been commercially available and installed
in the field. Maintenarnce interval gives the
pump manufacturer’s recommended time be-
tween periodic maintenance services and 10-
year maint. cost gives the estimated cost for
replacement parts (no labor is included).

Array watts is the size of the PV array in
peak watts. Module field history gives the
number of years that each male and model of
PV module has been commercially available
and installed in the field.

Site preparation time gives estimates of the
time required for civil works such as concrele
foundations, footings and ground leveling. All
the pumping systems on the Product List re-
quire concrete footings or poles set in concrete
at least one day prior to system installation.

Installation time gives estimates of the time
required for installing the PV power supply
(installation of the pump and down hole
equipment is not included).

Mount type describes the type of mounting
structure used for the PV array. The struc-
tures are fixed (non-tracking) ground mounts,
fixed pole mounts or tracking pole mounts. If
a tracker is used, Tracker make lists the
manufacturer of the tracker as either Zome-
works (passive tracker) or Wattsun (active

tracler).

System warranty lists the system manufac-
turers warranty for the packaged pumping
pystem. PV power module warranty lists
the PV module manufacturer’s warranty on
the modules’ power output.

Local pump availability states whether the
pump/motor unit is available from local pump
dealers. Shipping lead time describes the
length of time each system manufacturer re-
quires to ship & system after receipt of order
and PV pumping experience lists the years
of experience each system manufacturer has
with PV-powered water pumping.

Quantity discount givés the additional price
discount(s) that some manufacturers are
willing to offer for quantity purchases.
Pumplmotor price lists the price of the
pump/motor unit by itself (without a control-
ler) and System Price is the PSN system
price to member utilities.

Only systems manufactured by Energy Pho-
tovollaics are presently capable of accepling
generator back-up power. However, other
manufacturers are working on that capability.
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Residential PV Service Information

-ogram Partners: To initiate a new service, collect a
1t this form completely,

$7150 non-réfundable deposit from the customaer, fill
and submit this form with a sfgnad customer letter of intent to PSREC. :

General Information

V Parlner name & company: Date:

ustomer name: Phone:

ddress:

ity: State: Zip:

V service nddress:

listance from Lhe PV partner place of business to the PV service address: miles
Price:

glected PV system model number:

Desired install date:

istimated monthly charge quoled to cuslomer: $

Customer Information

How did customer hear aboul this service?

1las the customer been quoled a price for a
ulility line exlénsion?

No Yes —s What price?$

Is the customer the owner of the home at the
service address?

Yes No

If yes, please attach proof of ownership.

If no, please provide owner information below:

Name:

Address:

Phone:
The owner must sign the letter of intent and
contract for PV service.

4. Ilas cuslomer ever lived in an off-grid home?

Yes No If yes please explain.

When will the system be used?

Continuously Weelkends:
Summer Spring:
Fall Winter

Ias the house wiring passed electrical
inspection?
Yes No

I yes, please attach proof of code compliance.

If no, please explain

Does the customer require 240 volt service?

Yes No
If yes please list 240V appliances.




Location sketch:

What type of refrigerator will be used? 11. Where would the customer like to locate the
PV system relalive Lo the house? (please

draw a rough sketch below)

How is water for the home oblained? 12. IJow far is the PV site from the house
electrical distribution panel? ft.

13. Does the location have unobstructed south
facing solar access?
_ Will customer be connecling an engine

generator Lo the PV system? Yes No

Yes No If no, can anylhing be done to prevent
shading of the array (such as cut down trees)?

If yes please [ill in the following information.

Generator male, model & year

. he sit i

Type of fuel used: 14. Is Lthe site accessible by truck?

Gas_____ Diesel _____ Fropane Yes No

Power rating: kW 15. Please checlk all that apply to the site:

Output voltage(s): level ground stoped ground

120V 240V Both flat surface uneven surface

Does the customer want to use 8 generalor sandy/soft soil rocky/hard soil _

with auto-start?

Yes No 16. Additional Comments:

Is the output power sulficient for use in

charging the selected PV system?

Yes No

NorthT

——— — —~—




Installation & IVlaintenance Price Quotes

1stallation
Dle for each of the following installation aclivities. If
il in the cost quote for that aclivity.

Other (write in)

iease indicate wilth an X the party who will be responsi
\e responsible parly for an activily is the 'V Partner, fi

PV Partner Customer
ystem delivery Lo customer home X $
round/foundalion preparation $ .
;stallation of house drop cable & monilor wire $
ncluding wire, civil works or Lrenching & backfill)
Lterconnection of system to house electrical panel 3
sterconnection of customer-owned generator $
el-up and wiring of PV array & enclosure ).
ystem tesling and reporling Lo PSREC X %
‘ustomer Lraining for system operation X8

Total price quote for PV Partner
instiallation activities indicated nbove: %

Waintenance

Aaintenance jucludes a visit to
Visual inspection of the entire system;
Baltery maintenance (depends on type ol balt
Array cleaning (if required);

System tesling (sanie test as per

the cuslomer Lo answer any r
he service (a questionnaire will be provic

the cuslomer site visit every six months to perform the following activities:

ery provided with system);

formed at installation); and
V system questions and to determine the cuslomer’s level

. Interaction with
led by PSREQC).

of satisfaction wilh L

o mainf{enance visits:

Price quote for tw
miles + $40/hour x 9 hours) = $

2 x ($1.00/milex

n an on-call basis. On-call support may
the phone to a site vigit for system
$10 for every 15 minutes of phone
its. The following response times

Maintenance also includes supporling the PV service customer 0
range from giving simple operating instructions to the customer over
testing and repair a8 required. Plumas-Sierra will pay the PV partner
support time and $40/hour plus travel at $1.00/mile for on-site repair vis

are required for on-call support:
« Phone response time: within 12 h
o Site visit (if necessary): within 418

ours of notification by PSREC
hours of notification by PSREC.

Date:

PV Partner signature:



Water Pumping PV Service Information

dsrogram Partners: To initiate 8 new service, collec

ywt this form completsly,

and submit this form with 8 signe

ta$150 non-refundable deposit from the customer, fill
d customer letter of Intent {o PSREC.

General Information
>y Partner name & company: Dale:
TJugtomer name: Phone:
Address:
Cily: State: Zip:
PV service nddress:
Distance from the PV parilner place of business to the PV service address: miles
Selecled PV system model number: Price:
Estimated monthly charge quoted Lo customer: $ Deosired install date:
Customer Information
1. Ilow did cuslomer hear about'Lhis PV service? 5. How much water is needed daily?
Spring: Gallons/Day
9. Ilas the customer been quoted a price for a Summer: Gallons/Day
utility line exlension? Fall: Gallons/Day
No Yes — What price?d_____ Winter: Gallons/Day
3. Is the customer Lhe owner of Lhe properly at 6. Whatis the waler source?
the service address?
Stream or pond
Yes _ No_— Drilled well
If yes, please attach proof of ownership. Inside diameter of well casing:
I{ no, please attach proof of easementls for inches
utilily access. Total depth of well: feet
Max. pumping rate: Gal./Min.
What is the end use for the pumped waler? IIas there been a recent well test?
Y N
Domestic household use es 0
. t L -7l ify:
Livestock walering. Other waler source- Please specily
Type of livestocl:
Number of head: 7. Is the waler source presently being used?
Irrigalion Yes No
Other - Please specify: If yes, how is it being pumped?




B.

What type of waler storage will be used?
____Above ground tank. - Size: ______ Gal
___Below ground tank. - Size: Gal.
___Pressure tank. - Pressure: psi.

Other (please specify)

See drawing below for queslions 9 - 12.

Cround Surface Y

Tolal Pumping 1 lead = A1DB1CtPlpe rlction

Slorage
A- Discharge Head Tank

3 A
B - Statlc Water Level

Y
rC D D
- raw own
Well "—‘L
Depth
g Well
Pump
X

10.

11

12.

What is the Stalic Water Level? (Verlical
distance from ground surface Lo waler)

Feet

What is the Waler Draw Down? (Dislance
waler level drops while pumping)

GPM Feet

Pumping rale

Whal is the Discharge Ilead? (Vertical
distance waler is pumped uphill Lo tanlc.)

Feet

What is Lhe Tolal Pumping Ilead: (add the
Lhree distances above)

Feet

13.

14,

16.

16.

117.

18.

19.

20.

21.

Iow far is the waler piped from the source to
storage or distribution? Feet

Does the water conlain:

Silt Yes No
Sand Yes No
Rust Yes No

Ilow is Lhe overall water quality?
___ Very Good

____Good

___ Fair

__ Poor

Very Poor

Where does Lthe customer want to locate the
PV system relative to the water source?
(please draw a rough sketch below)

How far is the PV sile from the water source?

Feel

Does the PV site have unobstructed south
facing solar access?

Yes No

If no, can anything be done to prevent
shading of Lthe array (such as cut down trees)?

Is the PV sile accessible by truck?
Yes No

Please check all that apply to the site:
level ground sloped ground

uneven surface

flat surlace

rocky/hard soil

sandy/solt soil

Additional comments:




Installation & NMaintenance Price Quotes

Installation

Please indicale with an X the party who will be responsible for each of Lhe following installation activities.
The aclivities Lhat are the sole responsibilily of the program parlner are already marked with an X If
the PV partner is responsible for an aclivily, fill in the cost quole for that activity.

PV Partner Customer Other (wrlite in)

System delivery Lo cuslomer home X &
Ground/foundation preparalion §
Installation of pump and all down well work %
Set-up and wiring of PV array & enclosure X &
System testing and reporting lo PSREC X &
Cuslomer Lraining for syslem operatlion X &

Total price quote for PV Partiner

ingtallation activilies indicated nbove: %

Maintenance

Mainlenance includes a vis
aclivities:

« Visual inspection of the enlire syslem;
e Array cleoning (f required);

e System testing (same tesl s performed atl installation); and
any PV system queslions and Lo determine the customer’s

estionnaire will be provided by PSREQC).

it to Lthe customer sile visit every six months to perform the following

o Interaction wilh the customer Lo answer
level of satisfaction with the service (a qu

Price quote for two maintenance visits:

2 x ($1.00/mile x miles + $40/hour x 2 hours) = §

Maintenance also includes supporting the PV service customer on an on-call basis. On-call support may
range from giving simple operaling instructions Lo the customer over the phone to a site visit for system
Lesting and repair as required. Plumas-Sierra will pay the PV partner $10 for every 15 minutes of phone
support time and $40/hour plus travel at $1.00/mile for on-site repair visits. The following response times
are required for on-call support:

« Phone response time: within 12 hours

e Site visit (il necessary): within 48 hours o

of nolificalion by PSREC
{ nolification by PSREC.

Dale:

PV Partner signature:
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lntroducing Plumas-Sierra’s Solar
Electric Service Without a Wire

Who says you need a utility
line to get electric service?

Plumas-Sierra Rural Electric Cooperative serves some of the
most picturesque country in California and Nevada. With good
reason, many families want Lo live as far away from
“civilization” as possible - but they still want convenience in

their lives and that takes electricity.

Until now, there have only been three ways to get electricity in the re-

mole parts of our gervice lerritory:

e Payuslo extend a power line lo your property for an average cost of
$20,000 per mile, asswming utility easements are available ($40,000
per mile for rugged lerrain).

e Purchase an engine generalor and fuel. (And perform regular oil
changes and tune-ups.)

« Turchase an alternative energy gyslem such as a golar electric
power syslem (ranging in price from $10,000 to $30,000 for a home
site; $2,000 to $10,000 for water pumping).

Now there Is a fourth option available - obtain
colar electeic service from Plumas-Sierrall

That's vight. Rather than using your precious capital Lo bring in elec-
tric service, you pay Plumas-Sierra a [lat monthly charge that includes
inslallation and all maintenance and replacement componenls as

needed.




1at ts a Solar Electric System?

Also known as pholovollaics syslems, solar electric systems convert
sunlight directly into electricity that can be used as is to run a pump,
for instance, or can be stored in batteries lo serve a wide variely of

household and ranching needs.

These syslems are built Lo last and perform reliably when they are
properly designed and installed. They also come in many sizes lo suit a

wide variely of electricily needs.

A photovoltaic system can power almost anything thal uses electricity,
but the cost does add up. The best place to start is to do a thorough
analysis of your electricity needs to ensure thal the appropriate sized
aystem is oblained for the job. Some typical uses are:

o Ilousehold power needs (slereos, T'Vs, computers, lights, cooking
and cleaning appliances).

e  Waler pumping for livestock, gmall irrigntion or household needs.

«  Ouldoor lighting for aren, securily and sign lights.

( ¢o0 what will it cost me?

1t all depends on the size and cost of the syslem installed. The exact fee
can be delermined after a syslem is gelected for your application and
quotes for installalion costs are oblained. The monthly fee is based on a
payment of 1.6% of the installed cost of the system plus the standard
Plumas-Sierra monthly customer gervice charge of $13.95. For in-
stance, a customer with a mid-sized PV system costing $10,000 in-
stalled would pay about $164 each month ($10,000 x .016 + $13.95).

at seems like a lot for a monthly bil!

Maybe so, but lel's compare that to the other oplions available:

Pay us {o extend a power line to your property.

A power line cosls you $20,000 Lo $40,000 per mile and the total
amounl must be paid up front before construction begins. 1f your home
ig located within public lands, a power Jine may not be possible at all
due Lo right-of-way restrictions. In addition to the construction costs,
residential cuslomers pay an average of $85 per month for electric

gervice.



/\

Gas

Purchase an engine generator and fuel.

Although the up [ront costs for a generalor may be less than for a PV
syslem, they are gtill expensive. A good quality, continuous duty pro-
pane generator coslg approximalely $4,500 for a 6.6 kilowatt mode] and

the fuel and mainlenance costs add up.

In fact, when equivalent gize PV/generalor hybrid systems and just
engine generalors are compared on a life cycle costing basis, the PV hy-
brid syslems come out aliead. This means energy from PV systems is
Jess expensive in the Jong run. In addition, with a PV system, noise
and exhaust from a generator can be minimized or eliminated.

Purchase a photovoltaic system yourself.

Since PV systems make a great alternalive to line extensions and gen-
erators why nol just buy one? - Because like line extensions, they are
expensive. If you have an extra $10,000 to $30,000 and don’t mind
gpending it, then purchasing a PV gyslem is an easy golution. But
many people either don't have the money or don’t want to invest it in
photovoltaics. They would rather have it in the bank collecting interest
and available for emergencies, or invest it in their home. They also
may not want the regponasibility of maintaining a PV system or finding

a knowledgeable and reputable PV dealer.

y why Is Plumas-Sierra doing this?

I we extend our electric grid lo non-profitable remote areas, we create
a number of problems for ourselves and our customers:

« Miles of expensive and difficult lo install lines due to terrain and
public land right-of-ways;

Miles of expensive and difficult to maintain lines that require sig-

nificant yearly upkeep;
Miles of unsightly lines that obstruct our magnificent views; and,

[ ]
e Rale increases to pay for uplkeep of unprofitable lines.

To ensure that our 'V customers receive the same level of service we
provide our other customers, we have developed stringent guidelines so
that the PV syslems we procure are of the highest quality for reliable
eleclrical service and minimum maintenance. And PV gystems are very
durable, cosling much less to maintain than miles of utility lines.




there anything else I should know?

Will Serve Ves! Obtaining conventional financing to build a home without electric
- utility service can be difficult. Most lenders require a utility “will serve”
TTTTITTIT letter for Lheir most altractive Joan terms. If you sign up for Plumas-

Sierra'’s solar eleclric service, we can provide a “will gerve” letter to you

""""""""" or your lender.

(, g0 how do I get the service | need?

1. Contact the Member Qervices Department at Plumas-Sierra, (916)
832-4261, and ask for a list of PV Program Partners.

9. Meel with the Program Partner of your choice to help you select the
Plumas-Sierra PV system that best meets your needs and budget. :
The Program Partner will collect information about your electricily
needs for system seleclion and Plumas-Sierra’s files.

3. If the selecled system and monthly payment are acceptable, sign a
Jetter of intent for the 'V gervice and write a deposit checl for $150

to the Program Pariner.
4. Sign a conlract for the PV service at the Plumas-Sierra office in Por-
tola within 90 days of signing the letter of intent.

5. DPlumas-Sierra staff will order the PV system and schedule the in-
stallation with you and the Program Partner.

6. Once the installation is complete, Plumas-Sierra stafl will inspect
the system. 1l all is in order, the Program Partner will be paid for
Lhe installation and you will receive monthly billings for your solar
eleclric service.

7. The Program Partner and Plumas-Sierra will be responsible for all
maintlenance and replacement parts, including a maintenance visit

every six months.

THIS INFORMATION BROUGHT TO YOU COURTESY OF:
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Plumas-Sierra PV Service Program Fact Sheet .

Plumas-Sierra Rural Electric Cooperalive's
(PSREC) solar electric or photovollaic (PV)
gervice program provides customers with the
option of using high quality residential or wa-
ter pumping PV systems for remote electric
Joads. Local PV service providers (called
PSREC PV Program Partners) assist PSREC
in implementing the PV program by providing
installation, maintenance and repair service
support. These Program Partners have met
rigorous requirements participate in PSREC's
PV program. This fact sheet describes the de-
tails of the PV service program.

Who is eligible for the PV service?

The PV service is available to home or land
owners in Plumas-Sierra’s service lerritory
who do not have easy access to line connected
power. To be eligible:

o A residential PV service customer must be
the owner of the property where the PV
gervice is to be locatled or the owner must
agree to sign the PV service contact.

o A water pumping PV service customer
must either be the owner of the property
where the service is to be located or the
customer must obtain utility access ease-
menlg from the owner.

« The PV service location must not have easy
access to a power line exlension; and

« The PV service location must be within
Plumas-Sierra’s service territory; in an
adjacent area that is not served by another
electric utility; or in an adjacent area
gerved by a utility which will grant PSREC
permission to provide PV service.

What kind of systems are offered?

Five sizes of residential power systems are
available with PV arrays ranging in size from
300 to 3700 watts. All residenlial systems
include PV modules, batteries, inverters and
all necessary electronics in a compact, easily

Cegs 2

installed package. These systems can accept
input from ¢ustomer-owned engine gs_aner'ato'ré
for auxiliary battéry charging, but generators

are not included as part of the gervice. i

. R

The available water pumping systems can de:
liver from 500 to 10,000 gallons of water per't
day at a depth of 25 to 300 feet of pumping "
head. Tl}(_é"p'u"mping gystenis include a PV ai

ray, 8 pump, & pump contiollér and a solar
tracker a8 required. Batteries are not in- ¥+
cluded with PV puniping systems to deliver
water on demand; therefore, customers must’

use large tanks or reservoirs to store water.

LR N (LN
: et e

What does the service include? - .i il

The monthly charge for the PV service in- ok
cludes use of the contracted PV system, 8ys- .
tem installation, periodic,m.a'i_ntenance, com-
ponent replacements as required and on-call
gervice and repair. Residential PV gervice inf
cludes a regular mairitenance visit every Bix
months (usually in the spring and fall to op- .
timize the PV array tilt.angle). The water,
pumping PV service includes a maintenance
visit once every twelve months as required,
These regular maintenance visits are sched-
uled by a PSREC Program Partner at the |

tomer's convenience. ..

’
! I _11:_':

mallunctions, 8 PSREC Program Partiiet i8

If there are any system operation questionsor.. " -
SEIRRE

required to respond to the c\isﬁ:bnié'f by phons

within twelve hours of notifiéation by PSREC

and to perform on-site repairs within 48 h6urs - -
if required. The customer. always contacts the

customer service dept. of PSREC for assis,

tance and PSREC dispatc’hes a Program Part- '

ner for service or repairs. ' CPR
How much will it cost? :
When a qustprher signs up for PSREC’s PV
gervice program, the customer is charged a.
monthly service fee equivalent to 1.5% of the

cus:
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PSREC Program Partner Application

pplicant Name: Date:

lompany Name:

wddress:

Jity: State: Zip:
elephone: Fax:

>V Program Partner application for: ___Residential PV service

____Water pumping PV sexrvice

___Both residential and water pumping

General Information

1. How many years has your company been in business?

9. How many years has your company been in the PV business?

3. Please list the names of employees or support personnel involved with PV system
installations who are licensed electricians.

Company:

Name

Address & Phone

Company:

Name

Address & Phone

Name Company:

Address & Phone

4. Please list your company’s insurance coverage below:
Type Amount Insurexr Phone Number

Comprehensive liability

Bodily injury

Workers compensation




To PV or Not To PV?

Addressing Management Questions

Fr—
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What is PV?

%
Sl rSN

Brief History of PV

m NEED HISTORY SLIDE W/ SATELLITE
GRAPHIC

Fe==%
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Introduction
The Questions

= What is PV?

m When is PV used?

m Why offer PV services?

m Why would consumers want utility PV services?

m What is the potential market?

m How much time is required to develop a PV
program?

Y
Sl SN

Technology Basics

mPhotovoltaics or PV is an
energy conversion technology
that converts light energy
directly to electricity

WPV cells are made of thin
silicon wafers chemically
treated to form an electric field

=

a2
S\ PSN

Cost of PV Modules
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PV Modules Shipped

e
1975 1878 1981 1984 1987 1998 1993

MW

Dy
23R PSN

PV is Cost-Effective Today

o “Remote” loads with
small energy
requirements

m When line extensions
and other power
sources are impractical

® When available power
lines are high voltage

N
=3ia PSN

Typical Urban Applications

m Grid-independent
= Lighting (area, sign, elc.)
»Communications (e.g., RTU, DAS, etc.)
#Irrigation controls
wSectionalizing swilches

m Grid-connected
»DSM - peak clipping
= Residential/commercial - “green pricing”
»Electric vehicle re-charging
% Back-up power supplies (e.g. UPS)

="
Sl PSN
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When is PV Used?

iPSN

Typical Rural Applications

= Remote Residential ,’

m Water Pumping g

m Stand-alone Lighting

m Cathodic Protection I:
s Communications ;

N

Sl PSN

Why Offer Utility
PV Services?

=N
5l PSN




Utility Benefits

m Lower cost of service for remote loads

M Avoided line reconstruction costs

m More customer service options / energy solutions

m Increased customer base in a competitive market

® Local economic development

m Image as progressive, “green” utility

m PV is happening with or without utility
involvement (lost business opportunities)

Why Would Consumers Want
Utility PV Services?

AN O O D CSUTNRAN E 00 0 E 0 IU AOS O  E

=3
£l PSN Sl PSN

u
Lower Cost Than Line Extension g Guaranteed PV System Financing
]
1,000 E Utility “will serve letter” can enable remote land ovmers
to obtain lower cost, conventional [inancing
100 = Example:
Energy =
Requlrements u Homeowner PV Utility PV
(kWi/month) - Private lender Conventional Loan
] 20-30 % down 5-10% down
i loan rate: prime+4% loan rate: prime+2%
1
100 1,000 10000 100,000 = Economic Development:
Length of Line Extension l Opens up new markets for both utilities
(feet) I and real estate developers
. F—
£l SN a PSN
PV System Portability

Increased Reliability

m Systems can be designed to relocate easily

m Systems can be used for temporary applications
»Homes under construction

»“Short-term” service until lines extend close enough for
lIow cost hook-up

m Systems can be used for emergency power

If electric service is prone to disruptions, PV is
more reliable for critical applications such as
emergency warning sirens and security lighting.

2.

Sl psN

[
s |
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Improved Aesthetics

No overhead power lines to block
views or clutter facilities.

»

Additional Utility Value

® Multiple service options for consumer

m Utility integrity- stability

m Utility expettise - no need for customer to become
technology expert

Market Opportunities
Livestock Water Pumping

=4

m Target market: over 500,000 operating wells west
of Mississippi (National Cattleman’s Association)
m McKenzic Electric: avoided line reconstruction
» 900 grid-tied livestock wells @ 1,100 kWhiyr
» $27M reconstruction to 35+ year-old lines
* 500 wells require $6.8M reconstruction ($16.8k ea.)
m Northwest Rural PPD: new service opportunities
#* Over 1,000 windmills in service area
# Nearly 40 PV service customers since 1994
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Fewer Disruptions

m Less environmental impact (land not disturbed by
setting poles or burying cable)

m No heavy construction equipment required (line
trucks, trenchers, pole selters)

#m No need to string power lines across roads or
pathways

,

What is Potential Market?

Market Opportunities
Livestock Water Pumping

u Target customers

» Ranchers in western U.S.

» Federal land management agencies (USFS, BLM, etc.)
= Competition

» Subsidized line extensions

» Windmills

»* Engine generators
m Additional market factors

» Changing environmental regulations

» Changing range management practice
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Market Opportunities
Remote Residential

Market Opportunities

Remote Residential ‘?"

m Target market: 150,000 homes nationwide (UPVG
market research)
m Southern California Edison
» Nearly 6,000 existing off-grid homes in service area
(1994)
» Over 80% want Edison to provide PV services
* Value of service research indicated:
+ Off-grid PV system size in 500 W to 1 kW range
+ Grid-tied homeowners willing to pay *'green price™
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B Target customers
#» Rural “telecommuters”
» Remote new construction
#» Seasonal cabins
m Compelition
* Subsidized line extensions
» Engine generators
W Additional market factors
= Telecommunication technology allows rural lifestyle

=% % Land costs in undeveloped areas
PSN

PV Program Development
Requirements

How Much Time Required to
Develop PV Program?

m Compelitive products
m Operating plan
= Qualified Jocal contractors
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PV Program Development

PSN support minimizes
required time: m Competitive products
» PV Systems Calalog
* Special project support
m Operating plan
w PV Services Guidebook
» Marketing and technical support
m Qualified Jocal contractors
#* Contractor identification
#» Contractor training & certification

¥
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PV as a Business
Opportunity

Implementing Successiful
PV-Based Energy Services

PY Market Qverview
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Stand-alone Lighting

Cathodic Protection
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PV Market Qvendewy

Livestock Water Pumping

4 Grid-independent (new services)
* 250,000 operating wells
« Approximately 70% should be considered
opportunities (175,000)
*20% “lost” to generatorfwindmill acocptance
*10% “lost” to namow windmill casing
« At 10% total penetration in next 10 years,
potential PV value @ $36M - $88M gross
sales on 17,500 systems

Introduction

4 PV Market Overview

¢ Utilicy PV Services - Lessons Learned
¢ PSN’s PV Service Capabilitics

4 PSN Partnership Proposal

PV Market Qvendew

Livestock Water Pumping

4 Over 500,000 operating wells west of
Mississippi (scc map)
4 Number increasing annually

» Changing environmenta!l regulations
« Changing range management practice

4 Roughly 50/50 grid-connccted and
stand alone sites

PV Market Qverviow .
Conservation Reserve Program

¢ CRP managed by Natural Resources
Conscrvation Service
+ NRCS anticipates
* 239% CRP land retumed to grazing
* 10-year-old water sources will need
replacerment
4 Ruic of thumb: Z water sources per
section (640 acres) for grazing
¢ At 10% total penctration: 2,600+ PV
systems ($5.2M - $13M)
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Utity PV Services...

PSN Lessons Learned To Date

The Opportunity:
PSN/Utility Partnerships

PSN”

« Unique list of pre-qualified packaged “utility grade”
PV systems
*Mecct strict minimum standards
*All systems fully integrated and pre-assembled for
quickinstallation

« Benefits

* Easy comparisons of systems and supplicrs
#*Standard system specifications and 2 year wamantics
*Volume pricing-quantity discounts
*Competitive bidding process already completed

PSN’s PV Service Gapalillies

Operating Plan - Menu of Services

4 Installation & maintenance
« Contractor qualification standards developed
« Training seminars developed & successfully
implemented
« Contractor database under development {ses
ad)
¢ Technical understanding essential for
profitable service agreements (e.g., costs,
risks, atc.)

ESNCs PV Service Capabifies. .

PV Program Requirements

4 Competitive products

4 Operating plan
* Menu of services
s Organizationa! infrastructure
o Competitive execution

4 Strategic Alliances

WHAT CAN THE PSN OFFER?
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PSA's PV Service Gapatit
Operating Plan - Menu of Services

4 Financing
» Cooperative Finance Corporation account
*“Member-owned” bank of rural clectric
: cooperatives
MY e Une of Credit
*6.5% intcrest rate
*$200,000 presendy ($1M possible)
¢ Commercial Paper account
*5.5% interest rate
*Highest rating possible - Standard & Poor’s

] and Moody's
R *Collateral for line of credic
=== PSN
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Operating Plan - Menu of Services

Sales strategics

¢ Unbundled services!

*Take or leave it docsn’t workl

*No finance docsn't mean no serviecl

*Federal customers different than private customers!
e PV rate concepts developed
¢ Extended warranty concepts developed

*2-ycar systcm warranty unpreeedented

*Labor in remote places is the key

*Relationship w/ supplicrs allows “predictable” costs
» Technical understanding essential for profitable
_.warranties (e.g., costs, risks, stc.)
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i HGCL_EM-—.::_. elactric service without a wire

". ¢ Direct “retail” PV services offered to any
f utility by the PSN as franchised scrvice
,’ti < ¢ Utilicy docs not nced to build in-house
45:,' program, expend up-front resources

%7+ Both utility and PSN share in cost (for
marketing) and revenue (from sales/scrvice)

IDire ct. P\ —= electric sarvics without a wire

¢ Utilicy displays Direct PV banner 1-800 #
* PSN and utifity cost-share marketing

« PSN handles customer service inqueries for
utiliies

» technical sales support with customer

« Identify and hire installation and service contractor
« Implements sales/service contract for utility

{ ¢ Utility manages billing and distr. of revenuc
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PV Market Development

. The Players
o

. Ulimy tmde assoclation * Well sexvics techniclare
o Realtors/Developers
. roou *Market!
ng suppoct
* Leversge * Servkoe suppoct

Photovoltaic Services Network

SR
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Focus on “Customer” Link
Marketing Utility PV Services

m Federal Agencies
» Bureau of Land Management
# Department of Defense
# National Park Service
» National Resource Conservation Service
# US Forest Service
W State Agencies
m Nature Conservancy & other private
organizations

_aliiitte.
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-Forging the Links- « Powersuppliers
© Energy service providers
Marketing Utility PV Services Trom ! Dizedre
to Federal Agencles danefictures) Sty
R WA
* Comporent manufacturecs : ?d’g:‘umhﬂ
m&m Integrators o Parks, forests, ek
57 g
alie . pul
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PV Market Development = PV Market Development
Forging the Links i The Potential Links
l PV System
¢ Information exchange l Manchactarers
o Product Lists =
*Service support Loal Trad -
. Busanm =
« Qualifiation shndlrd! I
© Community meetings
* Fnancing options l
anlte o Utlity invol -
&R PSN R &R rsN

Federal PV Procurement

M GSA Schedules
* Schedules list PV components
% No available design, installation or maintenance
support
m Private Vendors
# Private company product catalogs
» Competitive bidding required
#* Service contracts or in-house expertise required
(learning curve expensive)




PSN Utilities - New Option

m Federal agencies encouraged to use utilities for all
PV system needs
m Utility “value-added” benefits
» Packaged PV systems through PSN
» Service support (l.e., long-term maintenance) replaces
required in-house expertise
» Financing or leasing (l.e., extend capital budget)
» Minimize procurement hassle (i.e., BOA)
» Utilities provide stability and quality
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“Make the Link” Opportunities
Natural Resources Conservation Service

m Livestock water pumping

m Summer 1995 - Colorado NRCS adopted PV pumping
program

® April 1996

# PSN Product List systems “pre-approved” in Colorado &
Nebraska for cost-sharing

% “Relail Price” version mailed to county conservationists
m Initial projects being developed in both states
w Barly 1997 - similar accomplishments in multi-state

region
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= Fedoral Purchasing
= (or assistanca)
o
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“Make the Link” Opportunities
PSN Policy

m Distribute Product List catalog (retail version) so
“customers” can easily identify solution
= Encourage customer to contact local utility or PSN for
utility-discounted prices
#* Assess local utility interest in PV
* Work with local utility to implement PV service
# Refer customer to “alternate” utility if local utility not
interested or capable
= PSN member utility finances, leases, and/or maintains
PV pumping system for customer

s
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“Make the Link” Opportunities
National Park Service
m Off-grid water pumping; AC power; lighting
m Over 450 existing PV system installations and more
than 600 planned applications
m Intends to purchase systems from utilities and will
request service and maintenance agreements for
systems > 2 kW in size
m “PSN’s standardized approach.....is advantageous at
NPS sites where familiarity with renewable poweris
low or non-existent.”
m PSN Product List (retail version) distributed to 150
ks in near future
PSN
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Photovoltaic Services Network

Utility PV Services
-Program Development-

iPSN

PV Services Guidebook
Key Questlons

m To PV or not to PV?

m What are the key decisions?

m How is a PV tadff developed?

m How are locnl contractors qualified?
m How is the program marketed?

m [low are PV systems procured?
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PV Services Guidebook
To PV or Not to PV?

m Market assessment - identify customer base
* Key target markets
* Markel sensilivities
» Geographic / demographic
m Business plan development
% Key decislons
= Identify resources
= Financial plan
 Operaling / implementation plan

o
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PV Services Guidebook

W Standardized “business plan” approach with specific

utility examples (i.e., “franchised” program)

® Facilitate “fast start-up” of successful utility PV

scrvice programs

m Handbook developed for board members, managets,

and employecs of co-ops, PPDs, and municipalities

PV Services Guidebook

To PV or Not to PV?

m Utility education: decision-makers, board,
management, etc.
% Technology bastcs - what is PV
% Cost-effective applications - when should it be used
m Mission: goals & objectives
% Lower cost of service - least cost/ least Jost
» Increased customer service options - new customers
* Local economic development
» Public relations - progressive (“green”) image
Market assessment

PSN

PV Services Guidebook
What are Key Decislons?

Financial plan:  w Initial program budget
# Research activities
# Commercial phase
m Five/ ten year cost and income
* Project loss period
* Projected rate of return
» Perlodic assessment
® Program sustainability
# Dreak-even period
* Project long-term profitabilily
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PV Services Guidebook
What are Key Declslons?
Qperalingplan:  m Service options
# Financing
w Service & maintenance
» Sales

m Organizational structure -
contmcted vs. in-house
L * Sales / marketing - customer
screening
» Installation / maintenance
» Purchasing
% Bllling / sccounting
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PV Services Guidebook
What are Key Decislons?

Opemline plan: = Program assessment

» Customer tracking / salisfaction

» System performance / hardware
assessment

# Financlal tracking / cost of
service

m Program expansion

#» Technology Improvements

w Lower costs

» Program modification

ﬁ[’SN

PV Services Guidebook

How Qualify Local Contractors?

m sce Plumas-Sierra “PV Partner Guidelines”
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PV Services Guidebook
What are Key Declslons?

OQpemting plan: m PV rate development
m Contrector identification
m Marketing & educational
materials
m Implementation schedule

PV Services Guidebook
How Develop I'V Tarlf?

m PUC requirements
= Other ulility exmnples
m Tariff development
® PV system hardware lifetimes
w» Annual O&M costs
» Other annual ownling costs
» Construction allowance
» TIER requirements
# Rate of return

PV Services Guidebook

How Procure PV Systems?

m Product List catalog for standard systems
* Easy comparisons of systems and suppliers

* Standard system specifications and warranties (2-yr.
system warranlies)

* All system [ully Integrated and pre-assembled for quick
instajlation

» Volume pricing-quantity discounts
w Compelitive bidding process slready completed

er| | ] |4




PV Services Guidebook
How Market PV Program?

PV Services Guidebook
How Procure PV Systems?

® Strategic alliances
# Other utilitics
w End user groups (NRCS, developers, Nature
Conservancy, elc.)
» Contractors / vendors
m Markeling “tools” (¢.g., PV electricity brochure)
® Customer outreach / advertising

= Technology demonstralions

ﬁPSN

® Contact PSN for non-standard systems
w Lond assessment / system feasibillty
w System design/ specification
% Compelitive bid evaluation
» Purchasing agreement
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NEOS Corporation

Corporate Headquarters

3569 Mt. Diablo Boulevard, Suite 200
Lafayette, California 94549
510/284-3780, Fax: 510/284-3147

COMMERCIALIZATION OF PV-POWERED PUMPING SYSTEMS
FOR USE IN UTILITY PV SERVICE PROGRAMS

PART 2 - Golden Photon System Installation Summaries

Final Report

Prepared by:
NEOS Corporation

165 South Union Boulevard, Suite 260
Lakewood, Colorado 80228

Prepared for:

U.S. Department of Energy
Golden Field Office
1617 Cole Blvd.
Golden, Colorado 80401

Contract No. DE-FC36-95G0O10065
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The information contained in this part summarizes each of the Golden Photon water pumping
projects. As expected, each project had unique attributes relative to site selection, system
procurement, system installation, and system monitoring including some project steps that were
not implemented. In an effort to standardize the reporting of these projects, a report format
was created that includes standard data tables as applicable. If a table was omitted or a dash
was inserted into the table, the information was not applicable (or not available) for that utility
report.

PROJECT INSTALLATION SUMMARIES

The first project task involved identifying utilities interested in project participation. This was
accomplished by first sending project opportunity notices to all NRECA/RER members, as the
National Rural Electric Cooperative Association (NRECA) co-sponsored the project
installations. The following table shows the utilities that participated in the project.

Participant Name

Headquarters Location

Northwest Rural PPD (TS) Hay Springs, NE
Arizona Electric Power Coop. Benson, AZ
Johnson County Electric Coop. Assn. Cleburne, TX
K.C. Electric Association (TS) Hugo, CO
Wells Rural Electric Company Wells, NV
Wheatbelt Public Power District (TS) Sidney, NE
KEM Electric Cooperative Linton, ND
Mor-Gran-Sou Electric Cooperative Flasher, ND
American Samoa Power Authority Pago Pago Am. Samoa, AS
Southwestern Public Service Amarillo, TX
Nebraska Public Power District Columbus, NE
Morgan County REA (TS) Fort Morgan, CO
Powder River Energy Sundance, WY
Riverton Valley Electric Assn. (TS) Riverton, WY
Niobrara Electric Association (TS) Lusk, WY
WestPlains Energy Pueblo, CO
Wisconsin Public Service Green Bay, WI

As is evident, all of the participating utilities were located in eight western and midwestern
states except for one which was located in the South Pacific.

Final Report
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NORTHWEST RURAL_ PUBLIC POWER DISTRICT

Northwest Rural PPD (NRPPD) installed the first system in the NRECA/RER AC Pumping
Project on November 29, 1994 NRPPD has an active PV pumping service program with more
than twenty PV systems leased to customers. NRPPD is interested in adding AC pumping to
their current line of pumping options.

Site Selection

The site that NRPPD selected for its installation was located on the Troester ranch near
Marsland, Nebraska. The well was being used for livestock watering and was previously
powered by a generator and a windmill combined by installing an AC pump below the windmill
cylinder As shown in Error! Reference source not found., the rancher requested 4285 gallons
per day.

NRPPD Site Specifications

Water Demand (gal/day) End-Use torage (gal)

4000 /summer cattle 4,700 gallons

Description: well

Static Level (ft) Drawdown (it) |Discharge Head (ft) Total Head (ft) Max. Rate (gal/
120 20 0 140 9
System Selection

orks Power Supply pump power supply
Pump Coulds 10EJ07 3/4HP, 1 Ph, 230 VAC existing

s

The system purchased included a 960 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump and all downhole
equipment was already in place at the site. The water output from the purchased system was
estimated to be 1800 gallons per day at 140 feet of head with six sun hours per day.

System Installation

The pumping system was installed on the Troester ranch on November 29, 1994.
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The system consisted of five MS-10 structures each holding ten CT-4 modules. The structures
were arranged in two rows with the north row containing three structures and the south row
containing two structure. Fencing was to be provided at a later time by the customer to keep
the cattle away from the array. A connector was installed near the well head between the
pump and the existing motor controller to allow the pump to be easily plugged into either the
portable generator power source or the solar power source. The system installation took
approximately four hours to complete.

(See attached photo.)

NRPPD PV-Powered Pumping System

NRPPD System Acceptance Test Results
[T5H

12:00 noon  [1015 W/m 343 volts 5amps 845 Watts 140 feet

Monthly Test Reports

Shown in the table below is a summary of the monthly test reports.

NRPPD System Monthly Test Results

12:00 noo;
1/31/95 [11:50 am |800 345V 22A 431 V 59A 8.6 GPM

3/1/95 |11:25am (500 320V 1.7A 426 V. |34 A 5.5 GPM

3/30/95 [1:36pm [700 - - 418 V 35A -

4714795 [10:30 am |960 35V |[18A = 19A 6.0 GPM

676/95 [300pm [945 311V |32A 435 53 75GPM |50 modules replaced
Customer Log

The customer was generally satisfied with the system performance. This site was not a primary
water source and the system was not monitored for several months. However when the system
was needed adequate water was provided.
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System Maintenance and Modifications

The system performed near expectations on installation, however performance degraded
significantly over the first four months of operation. This was blamed on a bad batch of
modules which Golden Photon replaced on June 6, 1995. The system delivered the designed
water output for the rest of the summer pumping season. The customer did supplement the
water output for two weeks with the windmill because the customers needs exceeded the solar
pumping systems capacity.

The system was changed from MS-10s to M5-12s during the spring of 1996.. The customer has
sense put in a new pipeline system around the ranch and will no longer need to use this water
source.

ARIZONA ELECTRIC POWER COOPERATIVE

Arizona Electric Power Cooperative (AEPCO) is a generation and transmission cooperative in
Arizona with six member distribution cooperatives spread throughout the state. The AEPCO
service area receives some of the highest solar insolation levels available in the United States
and is thus ideally situated for PV applications. Mr. Gary Jurkin, Demand-Side Programs
Manager with AEPCO was project manager for the project. Mr. Paul Brick assisted with the
monitoring activities.

it lecti

The site that AEPCO selected for its installation was located on the Davis ranch in Sulphur
Springs Valley Electric Coop’s (a member cooperative) service territory approximately 10 miles
south of Tombstone, Arizona. The well site is situated in a valley of a high desert region. The
well was being used for both livestock watering and for residential water and was powered by
a generator system which powered the entire ranch as well as a neighboring ranch.

AEPCO Site Specifications

ater Demand (gal/ d@‘y TEnd-Use ge (g

4285 /summer cattle/residential 26,000/1,500

et WV

Description: well
Static Level (ft) Drawdown (ft) |Discharge Head (tt) Total Head (tt) Max. Rate (gal/
41 1 15 55 10

System_Selection
AEPCO System Specifications
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orks Power Supply pump power supply
thp s - AeroMotor A+8-33 1/3HP, 1 Ph; 230 VAC existing

The system purchased included a 480 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump and all downhole
equipment was already in place at the site. The water output from the purchased system was
estimated to produce 1430 gallons per day at 60 feet of head with six sun hours per day.

System Installation

The pumping system was installed on the Davis ranch on December 13, 1994 as part of the
installation workshop which was attended by approximately 15 people. Four utilities were
represented including: Arizona Electric Power Cooperative, Graham County Electric, Tri Co
Electric, and Sulfur Springs Valley Electric Cooperative. As shown in Error! Reference source
not found., the PV array was mounted near the well which is just below the windmill tower.
The smaller elevated tank is the storage for the residential water system while the larger tank on
the ground is the storage for the livestock watering system.

The system consisted of three MS-10 structures each holding ten CT-4 modules. The structures
were arranged in two rows with the north row containing two structures and the south row
containing one structure. Fencing was to be provided at a later time by the customer to keep the
cattle away from the array. A connector was installed near the well head between the pump
and the existing motor controller to allow the pump to be easily plugged into either the existing
generator power source or the solar power source. The system installation took approximately
three hours to complete. A datalogger was installed on this system for the first two months of

operation.
(See attached photo.)

AEPCQO’s PV-Powered Pumping System

Acceptance Test

AEPCO System Acceptance Test Results

pm .6 amps 593 Watts
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The array provided well over the 480 Watt nominal system rating and a flow rate which would
well exceed the estimated daily output.

Monthly Test Reports
A total of 16 test reports were provided by AEPCO between December of 1994 and June of

1996. Shown below is a summary of the monthly test reports.

AEPCO System Monthly Test Results

13/13/94[{T40pm (950 |

12/19/94[10:45am |980 350 V 16 A 414V |- 9.8 GPM

2/277/95 |11:30 am [1109 321V 07A 342V |35A 5.7 GPM

3710795 [11:00 am |[950 298 V 0.9 334V |31A -- UNDERSPEED error

3/24/95 All modules were changed by G
Photon

4/6/95 [120pm |1000 345 V 11A 410 V 31A good flow small crack in 1 module

5/4/95 [11:55am [975 350 V 1.2 A 405V |35A good flow

6/16/95 {1:.00pm |variable |- - 396 V 15A - cloudy

8/24/95 [11:45am (875 - - 371V 3.6 A - replaced module; well water lev
dropped significantly

10/9/95 [11:45am {1000 310V 1.0A 364V |35A low flow

11/17/95(12:10 pm |800 - -- 366V [30A -- dry well

12/28/95|1:45pm (800 - -- 49V |30A good flow  |system moved (39" head); MS-1Z
existing 1.0HP pump

1/25/96 [10:10am |760 344 V 15A 41V |31A good flow

2/19/95 [1:05pm [|750 - -- 423V |30A good flow

3/1/96 |230pm {600 - -- 397V |20A --

6/8/96 [10:00am |500 - - 397V [25A - changed pump to 1/3 HP
(but did not reset memory)

6/10/96 111:30 am |650 318 v 1.0 406V |[3TA good flow reset controller memory

6/14796 |11:45am {150 - -- 379 v 08 A -- cloudy

Customer_Log B

The customer log was not used for this utility.
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System_Maintenance and Modifications

The system performed well above expectations on installation, however performance degraded
significantly over the first three months of operation. This was blamed on a bad batch of
modules which Golden Photon promptly replaced. The system operated fine for the next
several months until the well went dry. A new well site was found near by with a total
pumping head of 39 feet. Golden Photon was in the process of upgrading all systems from MS-
10s to MS-12s and coordinated this change with the system installation at the new site. This
was done on December 28, 1995. The existing 1.0 HP pump was used for six months until June
8, 1996 when a 1/3 HP pump was installed.

JOHNSON COUNTY ELECTRIC COOPERATIVE

Johnson County Electric Coop. installed the third system in the NRECA/RER AC Pumping
Project. This system is Johnson County’s first experience with PV pumping. They hoped to
gain some experience on PV AC pumping and pass the lessons learned on to their customers.

Site Selection

The site that Johnson County selected for its installation was located on the Z Bar ranch near
Granbury, Texas. The well was being used for livestock watering and was previously powered
by a generator. As shown in Table, the rancher requested 2400 gallons per day in the summer.
This is the only site in the NRECA/RER project that had system with a total head greater than
200 feet.

Johnson County Site Specifications

End-Us . Storage (gal)

2400/summer cattle 4,000 gallons

WATER:SOUIRC

Dcscrtptro71 well o
Static Level (ft) Drawdown (ft) |Discharge Head (ft) Total Head (ft) Max. Rate (gal;
22 0 0 222 10

System Selection

Johnson County System Specifications

BDaseriph
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Pump Grundfos 1050712 3/4HP, 1 Ph, 230VAC existing

The system purchased included a 1200 Watt array of Golden Photon CT4 modules, an SPC-
2000 pump controller, and all above ground hardware and wiring. The pump and all downhole
equipment was already in place at the site.

The water output from the purchased system was estimated to produce 1400 gallons per day at
222 feet of head with six sun hours per day.

System Installation

The pumping system was installed on the Z Bar ranch on March 8, 1995. The system consisted
of eight MS-10 structures each holding ten CT-4 modules. The structures were arranged in two
rows with each row containing four structures. Fencing was to be provided at a later time by
the customer to keep the cattle away from the array. A connector was installed near the well
head between the pump and the existing motor controller to allow the pump to be easily
plugged into either the portable generator power source or the solar power source. The system
installation took approximately four hours to complete.

When the system was turned on for the first time, one module started arcing between the edge
of the glass and the module frame. This string was then removed from the circuit and the
acceptance test was completed with seven of the eight strings being active.

(See attached photo.)

Johnson County PV-Powered Pumping System

Acceptance Test

Johnson County System Acceptance Test Results

150 pm

Monthly Test Reports

Johnson County System Monthly Test Results
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8795 J150pm [980 350 V 33A 430V 80 A 75 CPM Installation; 7 active strings

3/23/95 [10:00am [-- 345V 23A 405V 1525A 3.6GPM 8 strings; new controller chip
4/10/95 7 - ’ - » - - 302V 34 A - overcast
4/20/95 [11:30 am |- - -- 402V |70A -- underspeed error
4/26/95 |- - - - 405 V 74 A - underspeed/overload errors
5/18/95 AV reset controller memory
6/2/95 |- -- - - - - 3.5 GPM customer reports low output
8/10/95 |11:00 am |750 313V [19A 360V [69A 0
10/17/95( - - - -- - - 5.0 GPM new pump - 5510-22;

MS-12 upgrade
5/7/96 |- 975 349V |22A 424V [86A 3.9 GPM
Customer Log

The customer was not satisfied with the system as it was not meeting his needs during the first
pumping season. Golden Photon wanted to change the pump to a 3 phase unit but the
customer would not be able to use his generator then and did not trust the PV system enough to
be without a backup means of pumping water. The pump was changed to a 1 HP single phase
unit with higher head capabilities the second pumping season and the customer is now satisfied
with the system.

System Maintenance and Modifications

Two modules were defective on installation and were replaced two weeks after installation.
One module had a small crack in the glass and one module had a ground fault condition. The
system went into an underspeed and overspeed error condition repeatedly and unexpectedly
shortly after system commissioning. This problem continued as long as the original single phase
pump was installed which included the entire first pumping season. The MS-10s were
upgraded to MS-12s, and the pump was changed to a larger pump with higher head capability
in the fall of 1995. This seemed to alleviate the nuisance faults that had been occurring

regularly.
KC ELECTRIC ASSOCIATION

Site Selection

The site that KC selected for its installation was located on the Rhodes ranch near Burlington,
Colorado. The well was being used for livestock watering and was previously powered by a
windmill. As shown in the table, the rancher requested 2100 gallons per day in the spring, 2860
GPD in the summer, and 1700 GPD in the fall.

KC Site Specifications
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Water Demand (gal/day)

End-Use Storage (gal)

2106/ spring;2860/ summer;1700 falktattle 13,600 gallons

Static Level (ft) Drawdown (ft) |Discharge Head (ft) Total Head (ft) Max. Rate (gal/
147 4 2 153 12

System Selection
KC System Specifications

Golden Photon att AC pump power supply

Pump Red Jacket 75CNSl—CNSlZIf\E‘/4HP, 1 Ph, 230 VAC existing

The system purchased included a 960 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump and all downhole
equipment was previously installed by the customer.

The water output from the purchased system was estimated to produce 2200 gallons per day at
150 feet of head with six sun hours per day.

System Installation

The pumping system was installed on the Rhodes ranch on March 28, 1995. The system
consisted of six MS-10 structures each holding ten CT-4 modules. The structures were arranged
in two rows. Fencing was to be provided at a later time by the customer to keep the cattle
away from the array. The system installation took approximately four hours to complete. The
weather was very cloudy during the installation so no acceptance testing was done during the
installation. The acceptance test was completed on May 4, 1995 on a return visit to the site.

(See attached photo.)

KC PV-Powered Pumping System
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Acceptance Test

KC System Acceptance Test Results

120 feet

onthly T Repor

03 pm
5/4/95 |- 1010 - - 406V |70A
5/5/95 }12:30 900 333V [24A - - 5.7 GPM changed low freq. cutout to 331
6/12/95 |9:45am |- 380V |24A 377V {44 A -
6/13/95 [12:55 pm {1000 327V |24A - - 5.4 GPM new controller chip
6/20/95 [1:00pm [900 321V [24A 379V |- 5.0 GPM
7/11/95 }12:00 noon825 - - - - 4.5 GPM
7/25/95 [12:30 pm 1004 287 V. |33A - -- 8.7 GPM 12 new modules; 3 Ph motor
7/25/95 |- 970 - - 393V |63A --
8/22/95 |- 850 - - - - 8.0 GPM
6/18/96 |- - - - - - - report of large spots on modules
6/19/96 [1:50pm 1947 295V [34A 424V |64 A 8.6 GPM 8 degraded modules replaced

Customer Log

The system was not producing enough water for the customer as long a the original single phase
pump was installed. Once the three phase pump was installed the customer was very happy
with the performance. The customer was concerned about hail breaking the modules regularly
since large hail is common in this area.

System Maintenance and Modifications

This system had several site visits by KC Electric, NEOS, and Golden Photon personnel within
the first four months of operation trying to get the system to operate properly. When the
system would pump, the output would be as expected however the controller would shut down
with faults regularly, which severely reduced the daily water output of the system. On July 25,
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1995 the pump motor was changed to a three phase configuration. The controller then operated
flawlessly and produced more water than would have been provided with the single phase
motor. -

A hail storm broke 7 of the 60 modules in mid-July of 1995. The weather service reported 1 inch
hail in the area and 1 1/4” hail in a near by town. The modules were replaced by Golden

Photon under warranty however they stated this type of damage should normally be covered by
the customers insurance as was done with Morgan County Electric (see Morgan County Electric

below).

Several modules developed one to three inch discolored spots on the cells. These modules along
with several other weak modules were replaced on June 19, 1996, bringing the system output
back up to its rated output.

WELLS RURAL ELECTRIC COMPANY

Site Selection

The site that Wells Rural Electric selected for its installation was located on the Tabor Creek
Cattle Co. near Deeth, Nevada. The well was being used for livestock watering and was

previously powered by a generator.

Wells Rural Electric Site Specifications

”Water Demand (gal/day) End-Use Storage (gal)

6000/ fall cattle 10,000 gallons

Description: well
Static Level (ft) Draw down (ft) |Discharge Head (ft) Total Head (ft) Max. Rate (gal/
9 9 10 29 10

Wells Rural Electric System Specifications

Deseripth

480 Watt AC pump power supply $4,625
Pump Goulds 10EJ05412 1/2HP, 1 Ph, 230VAC existing

The system purchased included a 480 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump and all downhole
equipment was previously installed by the customer.
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The water output from the purchased system was estimated to produce 2500 gallons per day at
29 feet of head with six sun hours per day.

System Installation

The pumping system was installed on the Tabor Creek Cattle Company ranch on April 5, 1995.
The system consisted of three MS-10 structures each holding ten CT-4 modules. The structures
were arranged in one row. Cattle were not expected to be in this pasture so no fencing was
installed.

(See attached photo.)

Wells Rural Electric PV-Powered Pumping System

Acceptance Test

Wells Rural Electric System Acceptance Test Results

1:12 pm 932 W/m? 341 volts Bamps 4 atts 13 feet 5 GPM

Monthly Test Reports

Wells Rural Electric System Monthly Test Results

/
4/5/95 [112pm |585 - -- 413V |19A --
4/27/95 [235pm |- 350V 14 A 413V |22A
7/20/95 |~ -- - -- 372V 33A - 2 broken modules due to cows
9/7/95 {300pm |-- - -- 363V [32A
9/20/95 |- 850 298 V 1.1A 360V [33A 3.9 GPM GPI replaced broken modules;

flow restricter installed

Customer Log

The customer has not used the system on a regular basis and no customer reports were received.
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System Maintenance and Modifications

Cattle were inadvertently let into the pasture with the array. The structures were turned about
90 degrees, one module was broken, and the AC conduit was damaged. The broken module
was replaced and the system was returned to service.

The system was upgraded from MS-10s to MS-12s, but no data is available after the upgrade.

WHEAT BELT PUBLIC POWER DISTRICT

Site Selection

The site that Wheat Belt selected for its installation was located on the Lease Cattle Co. near
Bridgeport, Nebraska. The well was being used for livestock watering and was previously
powered by a windmill.

Wheat Belt Site Specifications

ater Demand (gal/day) End-Use orage (ga

5000/summer-fall cattle 12,000 gallons

escription: well

Static Level (ft) Draw down (ft) |Discharge Head (ft) Total Head (ft) Max. Rate (gal/

25 0 0 25 15

System_Selection

Wheat Belt System Specifications

Water Works Dower Supply |Colden Photon §25-2 1480 Watt AC pump power supply  [$4,625

Pump Grundfos 1650505 1/2HP, 1 ’h, 230 VAC -

The system purchased included a 480 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump and all down hole
equipment supplied by the customer.

The water output from the purchased system was estimated to produce 5000 gallons per day at
25 feet of head with six sun hours per day.
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System Installation

The pumping system was installed on the Lease Cattle Company ranch on April 7, 1995. The
system consisted of four MS-10 structures each holding ten CT-4 modules. The structures were
arranged in two rows of two structures each. Fencing was provided by the customer to keep

cattle away from the array.

Installation was delayed when it was discovered that the customer had inadvertently installed
a 2-wire motor instead of the required 3 wire motor. Utility personnel made a run to the near
by town of Scottsbluff and picked up the required pump. After installing this new pump, the
system was fully operational.

This exercise proved the local availability and benefits of using standard AC pumps. Ron Pate
of Sandia National Labs, attended the installation. The benefits of the AC pumping concept
where the utilities provide the power and the customers provide and maintain all down hole
equipment were made very evident to Sandia at this installation.

(See attached photo.)

Wheat Belt PV-Powered Pumping System

Acceptance Test

Wheat Belt System Acceptance Test Results

Monthly Test Report
Wheat Belt System Monthly Test Results

477795 |245pm 820 337V [16A |- - 7.1 GPM

477795 |Z45pm {982 - - 40V [44A -

6/6/95 [100pm |875 330V |17A 398V |- 7.9 GPM

7/10/95 [1:i5pm |900 303V |[17A 370V |40 A 5.6 GPM

878795 |- 425 325V |- 339V [09A 0 cloudy

9/5/95 |12:00 nooh950 295V |- 363V |42A - OVERLOAD error
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9713795 J200pm {900 299V 14 A 362V [36A 5.5 GPM OVERLOAD error

9/22/95 112:00 nooh940 295 V 1.8A 368 V 39A 6.8 GPM OVERLOAD error; not workinj

11/2/95 ’ - upgrade the 4 MS-10s to MS-12:

11/15/95(12:30 pm |750 351V 1.7A 452V 37A 13 GPM

5/14/96 |12:00 noon900 314V 1.6 A 414 V 45 A 10 GPM
6/5/96 re-instalied: 6) MS-12s, 280°, 31

6/5/96 [12:0 noon|875 335 V 30A 508 V 66 A 4.0 GPM
6/10/96 [12:30 pm [925 328V 28A 476 V 64 A 4.0 GPM
7/11796 |200pm {800 315V 25A 494V |61A 3.0GPM
8/1/96 [1:.00pm [900 324V 27A 468 V 6.7 A 3.5 GPM

Customer Log

The first customer was happy with the system for the first several months of operation. The
cattle were then removed from that pasture and the system was not needed for several months,
however the customer log indicated the system was not working properly on three occasions.
Cattle were to be put back on the pasture for three weeks in October 1995, but the system could
not be fixed in time. The system was not needed any more at this site.

The second customer, who received the system June 5. 1996, has had the system operating for
two months with no problems and is very satisfied with the system.

System Maintenance and Modifications

When the system showed signs of problems in September 1995, Golden Photon visited the site
but was not able to fix the system before the cattle were removed in October, 1995. The system
was then upgraded on November 2, 1995 from four MS-10s to four MS-12s.

The system was re-installed with an additional two MS5-12 structures on June 5, 1996. The
expanded system was installed on a 280 foot well and a three phase pump motor was used.

KEM ELECTRIC COOPERATIVE

Site Selection
The site that KEM Electric selected for its installation was located on the Haibeck ranch near
Steele, North Dakota. The well is new and is in a pasture with another water source.

KEM Site Specifications

ater Demand (gal/day) End-Use torage (gal)

1000/summer cattle 3,500 gallons
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Description:  well

Static Level (ft) Draw down (ft) [Discharge Head (ft) Total Head (ft) Max. Rate (gal/
38 7 3 48 10

System Selection
KEM System Specifications

Water Works Power Supply {Golden Photon S50-2 att AC pump power supply
Pump Grundfos 1650505 1/2HP, 1 Ph, 230 VAC -

The system purchased included a 480 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump and all down hole
equipment was supplied by the customer.

The water output from the purchased system was estimated to produce 3000 gallons per day at
50 feet of head with six sun hours per day.

System Installation

The pumping system was installed on the Haibeck ranch on April 26, 1995. As shown in Error!
Reference source not found., the PV array was installed in the pasture next to the well.

The system consisted of three MS-10 structures each holding ten CT-4 modules. The structures
were arranged in one row. Fencing was to be provided at a later time by the customer to keep
the cattle away from the array. The system installation took approximately three hours to
complete.

(See attached photo.)

KEM PV-Powered Pumping System

Acceptance Test

KEM System Acceptance Test Results
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2:05 pm

400 W/m*

300 volts

0.9 amps

45 feet

35GPM

Monthly Test Report

KEM System Monthly Test Results

4/26/95 |1:40pm |1200 (166 GPM  |cloud enhancedsun
4/26/95 [205pm [400 300V [09A - - 3.5 GPM
5/8/95 |- - - - - - -- system not working
5/22/95 |-- - - -- - - -- motor failed, open start winding
new pump: 10 GPM with restric
5/23/95 |12:30 pm |[-- 320V [07A 425V |- 8 GPM
6/27/95 {11:45am |-- 30V |- 370V |-~ 6 GPM
7/31/95 |[12:30 pm (635 29 V - 1V |- 5 GPM
9/4/95 ([245pm 950 316 V. |- 378V |23A 5.5 GPM
10/10/95]-- -- - - - - -- upgrade to MS-12;
failed controller
8/6/96 |- - - - -- - - GPI replaced controller
Customer Log

The customer was very happy with the system for the four months that it was operational.

System Maintenance and Modifications

The system failed one week after installation. The failure was initially blamed on the controller
and a new controller was sent to KEM. It was then determined that the failure was in the pump
motor and not the controller. The new controller was left in and the original controller was sent
back to GPI. The motor had an open lead on the start winding and was replaced under
warranty from Franklin Electric.

The system was upgraded from three MS-10s to three MS-12s in the fall of 1995. During this
modification the controller failed. Golden Photon went to the site on August 6, 1996 to get the
system operational again.
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MOR-GRAN-SOU ELECTRIC COOPERATIVE

Site Selection }

The site that Mor-Gran-Sou selected for its installation was located on the Dahners ranch near
Carson, North Dakota. The well was being used for livestock watering and was previously
powered by a windmill. The rancher requested 1440 gallons per day in the spring, summer, and
fall.

Mor-Gran-Sou Site Specifications

Water Demand (gal/day) End-Use Storage (gal)

1440/spring-fall cattle 1,600 gallons

Description:  well

Static Level (ft) Draw down (ft) |Discharge Head (ft) Total Head (ft) Max. Rate (gal/
25 0 0 25 6
1 lecti

Mor-Gran-Sou System Specifications

orks Power Supply |G C pump power supply 154,625
ump Grundlos 1050509 1/2H0P, 1 ’h, 230 VAC existing

The system purchased included a 480 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump and all down hole
equipment supplied by the customer.

The waler output from the purchased system was estimated to produce 2700 gallons per day at
25 feet of head with six sun hours per day.

System Installation

The pumping system was installed on the Dahners ranch on April 27, 1995. The system
consisted of three MS-10 structures each holding ten CT-4 modules. The structures were
arranged in one row. Fencing was to be provided at a later time by the customer to keep the
cattle away from the array. The windmill was left in place as a backup power source. The
system installation took approximately three hours to complete.
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(See attached photo.)

Mor-Gran-Sou PV-Powered Pumping System

Acceptance Test
Mor-Gran-Sou System Acceptance Test Results

m— e T ¥ 2 3 eI : T‘)t&z wad E}

[12:00 noon  [1000 W/m? 340 volts  [23amps 782 Watts 27 feet 12.0 GPM

Monthly Test Reports

Mor-Gran-Sou System Monthly Test Results

4727795 [12:00 noofi100 340 V 23A 430 33A
5/31/95 [230pm [1000 330 V -- 402 V 25A
6/14/95 13:00pm |[-- 324V - [25A 398 V 26 A

7/11/95 [1:30pm {1000 319V 09 A 382V 30A

Customer Log

The customer was very happy with the system. The system has worked flawlessly and has
provided all the water needed at this site.

System Maintenance and Modifications

The only maintenance or modification done to this system was to upgrade from the MS-10s to
the MS-12s.

AMERICAN SAMOA POWER AUTHORITY

Site Selecti
The site that American Samoa Power Authority (ASPA) selected for its installation was located

on the small island of Aunuu. Aunuu is an island just over 1 mile off the coast of the main
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island, Tutuila, with just over 1 square mile of land area. The water supply for the island
consists of a cistern with a water collection system, an elevated storage tank, a pump system to
move water from the cistern to the storage tank, and the associated pipe lines between the
tanks and to distribute the water. The cistern is only 400 yards from the coast and the air
contains a salty mist most of the time making for a very corrosive environment.

The solar powered pump will run in parallel with two other utility line (generator) powered
pumps. This site will serve as a demonstration of the systems capabilities to determine if the
system could then be moved to Swains Island, which is a very remote island with access only
twice per year, to serve the same community water supply function.

Samoa Site Specifications

........

Wa er Demand (g l/ y) Storage (gal)

part of 35.000 GPD community water supply 65,000 gallons

Description:  well
Static Level (ft) Draw down (ft) [Discharge Head (ft) Total Head (ft) Max. Rate (gal,
3 0 130 140 25

ustens Selocti

Samoa System Specifications

Water Works Power Supply [Golden Photon pump power supply

Pump Grundfos 1650505 1/2HP, 1 ’h, 230 VAC --

The system purchased included a 480 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump and all piping
equipment was provided and installed by ASPA.

The water output from the purchased system was estimated to produce approximately 1,000
gallons per day at 150 feet of head with six sun hours per day.

System Installation

The pumping system was installed on Aunuu on May 11, 1995. The system consisted of three
MS-10 structures each holding ten CT-4 modules. The structures were arranged in one row.
Fencing was not needed at this site. The system inslallation took less than three hours to
complete once all equipment was on site, however it took until 1:00pm to get the equipment on

Final Report 23 Part 2 - Installation Summaries



site because of the difficult logistics of transporting the system to the site. Transporting the
system started with trucking the system to a dock, loading it onto a boat with a large boom
truck; and driving the boat to Aunuu. Once at the dock at Aunuu it was determined that the
water was too rough to dock, so the system was unpacked in the boat and the pieces were
handed across a human chain and into the back of a pickup truck. The truck then made two
trips to the installation site to unload the system. Considering the required logistics, all went
well. The acceptance test was completed the following day ( May 4, 1995) during a return visit
to the site.

(See attached photo.)

American Samoa PV-Powered Pumping System

Acceptance Test

Samoa System Acceptance Test Results

11:50 am 840 W/m* 330 volts 1.3 amps

Montlily Test Reports

Samoa System Monthly Test Results

11:50 am

Limited test reports due to vandalism (see below).

Customer Log

Customer logs were not used for this site since the utility was the customer.
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System Maintenance and Modifications

This system was vandalized shortly after installation. Several modules were broken from hits
with rocks. The modules were never replaced as it was feared they would be broken again and
the system has not been used since.

A report was given on the visible corrosion as of July 1996, just over one year of being in a very
corrosive environment. The only component which is failing is the controller enclosure. It is
estimated it would only last one more year before being rusted completely through. The junction
boxes, wire nuts, and uni-strut are not showing any significant signs of corrosion.

SOUTHWESTERN PUBLIC SERVICE COMPANY

Site Selection

The site that Southwestern Public Service (SPS) selected for its installation was a USDA
Agricultural Research Service test facility near Bushland, Texas. SPS wanted to gain experience
and collect data on the system before offering it to their customers.

SPS Site Specifications

Water Demand (gal/day) End-Use torage (gal)

0 test facility 0 gallons

Description: sump

Static Level (ft) Draw down (ft) |Discharge Head (ft) Total Head (ft) Max. Rate (gal,
NA 0 NA 150 (adjustable) NA
Syst Se

SPS System Specifications

Golden Photon 1 720 Watt AC pump power supply | $7,600

Water Works Power Supply
Pump Grundfos 1050712 3/4HP, 1 Ph, 230 VAC existing

The system purchased included a 720 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump and all test equipment
was supplied by the USDA.

The water output from the purchased system was estimated to produce 1400 gallons per day at
150 feet of head with six sun hours per day.
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System_Installation

The pumping system was installed on the USAD test facility on June 13, 1995. The system
consisted of five MS-10 structures each holding ten CT-4 modules. The structures were
arranged in a single row. No fencing was needed for this installation. The system installation

took approximately four hours to complete.
(See attached photo.)

SPS PV-Powered Pumping System

Acceptance Test

SPS System Acceptance Test Results

2:05 pm 1020 W/m 340 volts 2.5amps

CT13/95 o5 pm. [1020  [340 ) - “TROGPM 150"

6/13/95 |- 990 336 'V 24A 401V 6.0 A - 1507
7/14/95 |200pm (1283 320 V 21A 383V 56 A 9.9 GPM 1507

8/9/95 [11:00am 1108 303V 19A - - 6.2 GPM 139’; reduced system output

9728795 [2:200pm [1061 306 V 16 A 31V 51A 3.4 GPM 139°

10/25/95[2:30pm  |970 305V 19A 342 V 48 A 1.9 GPM 127°

11/717795(12:00 noon900 322 V 20A 428 V 47 A 6.0 GI’'M upgrade MS-10s to MS-12s
11/730/95[12:00 nooti1060 - -- - - 6.5 GPM

12/8/95 |300pm ]794 - -- -- - 53 GPM

12/11/95[1:00 pm 993 358 V 1.7A 412 V 43 A 5.3 GPM 139’; degradation concerns
12/11/95(2:30 pm  |859 - - - - 58 GPM

1/3/96 [320pm |800 - -- - -- 55 GPM

1/11/96 [12:50 pm 1219 329 V 22A 417 V 53 A 7.4 GPM 139’
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2/7/96 |[130pm [1233 349 V 1.8A 408 V 46 A 9.3 GP’M 46’
2/28/96 [130pm [1100 320V 12A 405 V 43 A 55 GPM 139/

3/21/96 [10:13am (881 - -- - - 3.0 GPM 139’; see below
3/25/96 (11:30 am |888 - -- - - 3.2GPM 139’, see below
4/2/96 |[230pm |975 - - - - 3.1 GPM 139’, see below

4/9/96 [1:30pm 1024 317 V 19A 398 V 58A 59 GPM 139’; found 1 string not connecte

4/19/96 |- - - - - - - replace a bad module

4/30/96 [2:30pm |1080 317 V 22A 401 V 56 A 6.8 GPM
6/6/96 |1:00pm (924 317 V 18A 401 V SO0A 5.3 GPM
7/17/96 [11:05am [741 302V 1.7A 388 V 46 A 3.5 GPM

Customer Log

Customer reports were filled out by the USDA and are included in the monthly test results.

yst Maintenance and Modificati

The system performance was fine at the acceptance test however the performance degraded
over the first five months of operation. The system was upgraded from five M5-10 structures to
five MS-12 structures on November 17, 1995 which brought the system performance back up
near that measured during the acceptance test. While the Voc continued to decline some, the
system output appears to have stabilized.

NEBRASKA PUBLIC POWER DISTRICT

Site Selection
The site that Nebraska PPD selected for its installation was located on the Liss ranch near
Duncan, Nebraska.

Nebraska PPD Site Specifications

Water Demand (gal/day) End-Use torage (ga -) -
600/summer cattle 1,500 gatlons

WATER :SOURC
Descripfion: well
Static Level (ft) Draw down (it) |Discharge Head (ft) Total Head (1t) Max. Rate (gal;
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System Selection

Nebraska PPD System Specifications

Water Golden Photon 2 pump power supply

Pump Grundfos 1050306 1/3HP, 1 Ph, 230 VAC --

orks Power Supply

The system purchased included a 480 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump and all down hole
equipment was supplied by the customer.

The water output from the purchased system was estimated to produce 3000 gallons per day at
25 feet of head with six sun hours per day.

1 Installation

The pumping system was installed on the Liss ranch on June 21, 1995. As shown in Error!
Reference source not found., the PV array was installed inside a cattle loading chute. The
intended use is for summer time only, any other seasonal use would require moving some fence
structure which would cause shading of the array. The installation went well in general,
however, the well used had a very poor recovery rate and could not keep up with the system
pumping grate. In addition, the well was full of sand and causing the system to pump very
sandy water. Due to this situation, no pump tests could be performed. The following
acceptance test form only indicates an unloaded test.

The system consisted of three MS-10 structures each holding ten CT-4 modules. The structures
were arranged in two rows. The system installation took approximately four hours to complete.

(See attached photo.)

Nebraska PPD PV-Powered Pumping System

1:45 pm 991 W/m’ - - -
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Monthly Test Reports

Nebraska PPD System Monthly Test Results

6/21/95 11:45pm 991 401V 36A

Customer Log

The customer was very happy with the system. The system has worked flawlessly and has
provided all the water needed at this site.

System Maintenance and Modifications

The system quit working the week after the installation and the problem was traced to a broken
wire at the splice near the motor. This was fixed by the pump installer. The system was
upgraded from the MS-10s to the MS-12s which was completed on March 7, 1996.

MORGAN COUNTY RURAL_ELECTRIC ASSOCIATION

Site Selection

The site that Morgan County selected for its installation was located on the Huey ranch near
Brush, Colorado. The well was being used for livestock watering and was previously powered
by a windmill. As shown in Error! Reference source not found., the rancher requested 1220

gallons per day in the spring, summer, and fall.

Morgan County Site Specifications

‘Water Demand (gal/day) End-Use Siorage (gal)
1200/spring-fall cattle 2,390 gallons

Static Level (ft) Draw down (ft) [Discharge Head (ft) Total Head (ft) Max. Rate (gal,
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System Selection

Morgan County System Specifications

Pump Grundfos 1050509 1/2HP, 1 Ph, 230 VAC --

The system purchased included a 480 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump and all down hole
equipment supplied by the customer.

The water output from the purchased system was estimated to produce 2200 gallons per day at
53 feet of head with six sun hours per day (the original well data indicated a total head of 53

feet).

System Installation

The pumping system was installed on the Huey ranch on July 12, 1995. The system consisted of
three MS-10 structures each holding ten CT-4 modules. The structures were arranged in two
rows. Fencing was to be provided at a later time by the customer to keep the cattle away from
the array. The system installation took approximately three hours to complete.

(See attached photo.)

Morgan County PV-Powered Pumping System

Acceptance Test

Morgan County System Acceptance Test Results

Total:Hea

05 pm 996 W/m’ 265 volts 2.4amps 639 Watts 63 feet 10.7 GPM

Monthly Test Reports

Morgan County System Monthly Test Results
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3/7/96 upgrade from MS-10s to MS-12¢

8/--/96 10 GPM

Customer Log

The customer was very happy with the system. The system has worked flawlessly and has
provided all the water needed at this site.

System Maintenance and Modifications

The system quit working the week after the installation and the problem was traced to a broken
wire at the splice near the motor. This was fixed by the pump installer. The system was
upgraded from the MS-10s to the MS-12s which was completed on March 7, 1996.

POWDER RIVER ENERGY

Site Selection

The site that Powder River Energy selected for its installation was located in the Black Hill
National Forest north east of Sundance, Wyoming. The Forest Service leases grazing permits in
the area and had been using a spring as a water source. However to keep the cattle out of the
riparian area and to better utilize some ridge line pastures well above the spring, water was
pumped from the spring to supply water to several stock tanks over one mile from the spring.

Powder River Energy Site Specifications

Water Demand (gal/day) End-Use Storage (gal)
3000/summer cattie 12,000 gallons

spring
Static Level (ft) Draw down (ft) [Discharge Head (ft) Total Head (ft) Max. Rate (gal,

3 0 120 125 NA
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System Selection

Powder River Energy System Specifications

Water Works Power Supply |Golden Photon E1255-4

960 Watt AC pump power supply  {$7,600
Pump Grundfos 1050712 3/4HP, 1h, 230 VAC -

The system purchased included a 960 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump (single phase), tanks,
and all piping was supplied by the Forest Service.

The water output from the purchased system was estimated to produce 3000 gallons per day at
125 feet of head with six sun hours per day.

System Installation

The pumping system was installed in the Black Hill National Forest on August 8, 1995. A
6,000 gallon storage tank was installed below the spring to act as a buffer for the slow (four
gallon per minute) spring. As shown in Error! Reference source not found., the PV array was
installed on a pad which had been graded for the installation located about 100 feet from the
spring storage tank.

The system consisted of five MS-10 structures each holding ten CT-4 modules. The structures
were arranged in two rows, two structures in the south row and three structures in the north
row. A standard Forest Service type fence was installed during installation around the array.

The customer, being skeptical of the performance of solar pumping, requested a single phase
pump motor so they could use a generator for back up power if needed. However, there was
some concern about the operation of large single phase motors on the Golden Photon controller
based on the experience at KC Electric and Johnson County Electric so Golden Photon provided
a three phase motor to use for the system installation. The customer now has confidence in the
system, having received all the water they need, and will probably not install the single phase
motor. The system installation took approximately four hours to complete.

(See attached photo.)

Powder River Energy PV-Powered Pumping System

Acceptance Test

Powder River Energy System Acceptance Test Results
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338 volts 1,160 Watts

Monthly Test Reports

Powder River Energy System Monthly Test Results

Customer Log

The customer was very happy with the system. The system has worked flawlessly and has
provided all the water needed at this site.

1 ainten nd_Modificati

The only maintenance or modification done to this system was to upgrade from the MS-10s to
the MS-12s.

RIVERTON VALLEY ELECTRIC ASSOCIATION

Site Selecti
The site that Riverton Valley Electric selected for its installation was located on the Hudson
Grazing Association near Hudson, Wyoming. An artesian well which was previously used to

water livestock had slowed to 0.3 GPM and no longer meet the livestock watering needs.
Installing a pump in this well would make it usable again.

Riverton Valley Site Specifications

Water Demand (gal/day) End-Use Storage (gal)

1600/summer cattle 1,000 gallons

S}Jl’”l;g'
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Static Level (ft)

Draw down (ft)

Discharge Head (ft)

Total Head (ft) ax. Rate (gal,

0

70

0

70 7

System Selection

Riverton Valley System Specifications

E255-2 480 Watt AC pump power supply | $4,625
1/2HP, 1 Ph, 230 VAC

Water Works Dower Supply [Golden Photon

Pump Jacuzzi 10505

The system purchased included a 480 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump, tanks, and all piping
was supplied by the customer.

The water output from the purchased system was estimated to produce 2500 gallons per day at
30 feet of head with six sun hours per day.

System Installation

The pumping system was installed on the Hudson Grazing Association on May 19, 1995 as
part of a two day PV pumping workshop. The workshop was attended by 16 people including
local ranchers, Riverton Valley Electric personnel, and Hot Springs REA personnel. As shown
in Error! Reference source not found., the PV array was installed on a flat area next to the
well. The customer later fenced the array to protect it from cattle. The system consisted of
three MS-10 structures each holding ten CT-4 modules. The structures were arranged in one
row. The system installation took approximately two hours to complete.

(See attached photo.)

Riverton Valley PV-Powered Pumping System

Acceptance Test
Riverton Valley System Acceptance Test Results

11:50 am 900 W/m* 326 volts .6 amps 580 Watts 70 feet 10.7 GPM
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Monthly Test Reports

Riverton Valley System Monthly Test Results

6/5/95 [215pm |925 344 V 1.4 A 393 V 32A 8.8 GPM 1 cracked module
6/6/95 [2:08pm [1000 332V 1.6 A 403 V 33A 9.7 GPM

6/15/95 |10:00am |575 356V 1.1A 403 V 23 A 8.3 GPM replaced cracked module
3/20/96 GPI upgrade to MS5-12s

Custoner Log

No customer reports received from this site.

Syst Maintenance and Modification

A cracked module was noticed two weeks after installation and was replaced two weeks later.
The crack was blamed on a manufacturing defect (scratch on the edge of the top glass). The
only other maintenance or modification done to this system was to upgrade from the MS-10s to
the MS-12s which was completed on 3/20/96.

NIOBRARA ELECTRIC ASSOCIATION

Site Selection

Niobrara installed the system initially on a irrigation well near their main office for testing. The
well was currently being used with power from the utility line. The system was later moved to
a customers well where it was used for livestock watering.

Niobrara Site Specifications

orage (ga

Water Demand iga|7aayi

- irrigation/cattle

na-vse

0 gallons

escription: we

Static Level (ft) Draw down (ft) [Discharge Head (ft) Total Head (ft) Max. Rate (gal,

35 5 0 40 +4
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System Selection

Niobrara System Specifications

ML

480 Watt AC pump '}.aovs"er supply $4,625
3/4HP, 1 Ph, 230 VAC existing

Red Jacket

The system purchased included a 480 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump and all down hole
equipment was already installed by the customer.

System Installation

The pumping system was installed near Niobrara’s office on September 14, 1995. As shown in
Niobrara PV-Powered Pumping System, the PV array was installed on the lawn in front of
Niobrara’s office. The well was about 150 feet from the array. The system consisted of three
MS-10 structures each holding ten CT-4 modules. The structures were arranged in one row.
Fencing was not needed at this location.

A connector was installed so the pump could be plugged into the existing line powered
controller or it could be plugged into the PV controller. The system installation took
approximately two hours to complete.

(See attached photo.)

Niobrara PV-Powered Pumping System

Acceptance Test

Niobrara System Acceptance Test Results

330 volts

Monthly Test Reports
Niobrara System Monthly Test Results
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9/14/95 |10:15am [700 317V 1.8 A 432 V 26 A 8.3 GPM

9/22/95 |130pm 975 failed pump coupling

12/11/95{2:00pm |650 - - . 383V {26A - new pump; cloudy
12/14/95(9:30am 700 305V J21A 407V [21A 7.2 GPM
12/19/95{1:45pm |700 287V [1.4A 421V [25A --

Customer Log

The system worked fine while at the utility office and the new customer is happy with the
system.

System Maintenance and Modifications

Shortly after installation the pump coupling stripped out. This was replaced and no other
maintenance was done at the Niobrara office site. The system was later moved to a livestock
watering site and upgraded from MS-10s to MS-12s. The existing pump was used initially but
as expected with that pump the system only delivered 700 gallons per day. A new pump was
installed which was better matched to the PV pumping system and then the customers needs
were then being meet.

On July16 a severe hail storm broke 23 of the 36 modules in the system. Hail was reported to
be greater than 2" with softball size hail in the area. Golden Photon replaced all the broken

modules.

WESTPLAINS ENERGY

WestPlains Energy is an investor-owned utility that serves the southeastern region of Colorado.
Their primary customer loads are comprised of residential consumers in Pueblo, Colorado;
however, they also serve thousands of agricultural customers in eastern Colorado and Kansas.
In addition, WestPlains serves portions of Fort Carson Army Base, and Fort Carson has an
active wildlife management program. This project was focused on wildlife watering .

Site Selection

WestPlains Site Specifications

Water Demand (gal/day) End-Use orage (gal)

700/spring-fall wildlife (deer, elk, etc.) 1,000

Description: spring
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Static Level (ft) Draw down (ft) |Discharge Head (ft) Total Head (ft) Max. Rate (gal,
100 0 8 108 NA

System Selection

WestPlains System Specifications

orks Power Supply [Golden Photon 480 Watt AC pump power supply | $4,625
Pump - - 1/2HP, 3 Ph, 230 VAC customer

The system purchased included a 480 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump, tanks, and all piping
was supplied by Fort Carson.

The water output from the purchased system was estimated to produce 2,000 gallons per day
at 108 feet of head with six sun hours per day.

System Installation

The pumping system was installed on the Fort Carson base on June 26, 1995. The system
consisted of three MS-10 structures each holding ten CT-4 modules. The system installation
took approximately four hours to complete.

(See attached photo.)

WestPlains PV-Powered Pumping System

Acceptance Test

Not available.

Monthly Test Reports

Not available.

Customer Log

Not available.

System Maintenance and Modifications

Not available.
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WISCONSIN PUBLIC SERVICE COMPANY

Wisconsin Public Service Company (WPSC) is an investor-owned utility that serves the
riortheastern region of Wisconsin. Their primary customer loads are comprised of paper mills
and the industries that support the mills. However, they also have 10,000 agricultural
customers, a third of which are dairy farmers. The terrain in their region of the state consists of
gently rolling hills that are forested in the north and covered by farms and wooded areas in the

south.

Mr. Jeff DeLaune, Research and Development Consultant at WPSC was project manager for the
PV demonstration project, and he was located at WPSC’s home office in Green Bay, WI.

Site Selection

The site that WPSC selected for its installation was located on the Vickery ranch near Suamico,
Wisconson. Water is being pumped from a river and into a stock tank. Initially a submersible
pump was going to be installed in the river, however regulations pertaining to river boating
traffic would not allow this type of installation. A surface pump would have to be used for
this application. While the Golden Photon system may operate a surface pump, this
configuration had not been tested in 1995 and Golden Photon would not support the
installation at that time. In early 1996, Golden Photon did offer a three phase surface pump
option which would meet the needs of this site at which time the project proceeded.

WPSC Site Specifications

ater Demand (gal/day) Storage (gal)

700/spring-fall cattle -

Description: spring

Static Level (ft) Draw down (ft}) [Discharge Head (ft) Total Head (ft) Max. Rate (gal/

7 0 8 15 NA

System Selection

WPSC System Specifications

orks Power Supply |Golden I’hoton pump power supply  [$4,625

Pump -- - 1/2HP, 3 Ph, 230 VAC customer
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The system purchased included a 480 Watt array of Golden Photon CT4 modules, an SPC-2000
pump controller, and all above ground hardware and wiring. The pump, tanks, and all piping
was supplied by the customer.

The water output from the purchased system was estimated to produce 4200 gallons per day at
15 feet of head with six sun hours per day.

System Installation

The pumping system was installed on the Vidkery ranch on May 23, 1995. The system
consisted of three MS-10 structures each holding ten CT-4 modules. The system installation
took approximately four hours to complete.

(See attached photo.)

WPSC PV-Powered Pumping System

Acceptance Test

Not available.

Monthly Test Reports

Not available.

Customer Log
Not available.

System Maintenance and Modifications

Not available.

Conclusions

The following conclusions were drawn based on the results from these utility system
installations during the project’s nearly two years of monitoring:

* Every Golden Photon system installed required unanticipated service during the monitoring
period, and most installations required such service more than once.

« The unanticipated outages were due to both PV problems and controller problems. The PV
problems included manufacturing inconsistencies (e.g., module failures due to desiccant
problems, cosmetic blemishes that necessitated module replacements, etc.) and significant
damage due to hail storms. As the modules presumably pass the PVUSA hail test, the
unprecedented hail damage experienced during this project leads to the conclusion that the
PVUSA hail test is not adequate (i.e., especially for module using non-tempered glass
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superstrates). The controller problems included high-head nuisance faults (that lead to
switching single-phase systems to three-phase systems) and various other software
malfunctions that lead to inconsistent operation.

¢ Only 17 of the 25 Golden Photon systems that were originally proposed for instailation
were actually installed. The uncertainty caused by system failures was the reason for
limiting the installations to 17.

* Despite the technical problems, Golden Photon’s quality customer service (i.e., prompt
response to problems) kept most utilities and their consumers happy. Additionally, Golden
Photon’s “packaged system” approach, quality documentation, and attempt to bring a
needed product to the market was appreciated by these same customers.

* The benefits of using “off-the-shelf” AC pumps were confirmed. These benefits included: 1)
no pump failures occurred during the project; 2) significant interest and support was shown
from local well service companies; 3) existing pumps were used in a majority of installations
(saving the rancher the cost of purchasing a “PV pump”); and 4) the option for generator
back-up (providing both “insurance” and the opportunity to downsize the PV system and
associated cost).

* Golden Photon’s system cost was as much as 20% higher on a $/gallon basis than
comparable PV pumping systems on the market (according to the PSN’s PV Systems
catalog).

» All total, Golden Photon eliminated one barrier to widespread commercialization (i.e.,
replacing “specialty” pumps with AC pumps) but introduced their own barriers with
insufficient PV and controller reliability as well as higher system cost.

» As of December 1996, Golden Photon has suspended commercial manufacturing of their PV
modules, though project participants have been assured that existing system installations
will be supported.

* Finally, PV-powered AC pumping continues to be a significant market (and
commercialization) opportunity, if a reliable PV power supply can be combined with an AC
pump at a competitive price.
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CusLomer Name
Address
State & Zip Code
Telephone Number
g T WA RAE INEORMATTONG e
Wa(er End Use' (Please circle one) 1. Livestock watering - Number of head
Type of livestock:
2. Domestic household use - Number of people
3. Other - Please specify:
Average Daily Water Requirement: Summer: Gallons/Day
Fall: Gallons/Day
Winter: Gallons/Day
Spring: Gallons/Day
Water Storage: (Please circle one) 1. Above ground tank - Size: Gallons
2. Pressure tank - Size: Pressure: psi
3. Other Size:
B WALER :SOURCEANFORMATION sl il s & .
Watcr Source' (Please circle one) 1. Drilled Well - Well casing diameter: inches
Depth of well: feet
Max pumping rate for well: GPM
Date of most recent well test
2. Stream or pond
3. Other - Please specify:
Is this water source presently being used? YES NO
If yes, how is it being pumped?
If AC pump is used, what is make, model, hp,
voltage, rated gpm, # of stages & wires
Static Water Level: (Distance {from ground
surface to water when not pumping) Feet
Drawdown Level: (Distance water level drops
when pumping at normal rates) Feet. While pumping at GPM
Discharge Head: (Vertical distance water
is pumped uphill to tank or distribution) Feet
Pressure head: (Tank pressure in psi x 2.31) Fect
Friction head: (see description in guide book) Feet
Total Pumping Head: (sum above distances) Feet
Water Quality: Very Good ___ Good ___ Fair____ Poor__ Very Poor____
Water Contains: Silt ___ Sand___ Rust___
Does the site have unrestricted solar access? YES_ ~ NO___




Installation Preparation Check List

Call #1 (4-5 weeks hefore installation)

____Directions to utility or workshop

____Hotel recommendations

____Distances & times Utility to site __ miles ____ min.
Airport to utility miles min.
Site to airport miles min.

Rental car recommendation for site access

____Utility notified of audio/visual equipment requirements

___ Type of structure anchoring

___Preparation items discussed:
___Pump to be purchased & installed in advance by rancher
____Site preparation (grading)
____System to be delivered before workshop to site & away from array area.
___Technician at workshop & site to do wiring on utility/customer side.

____Materials to purchase for generator interconnect & pump to array wiring
Wire: 12 gauge, 3 wire w/gr; UV resistant & buriable or w/conduit;
Plug: (1) NEMA config. L14-20p; Connectors: (2) NEMA config. L14-20c
(For 3 phase L15-20p & L15-20¢)

___Shovel (trench), ground rod driver & sledge or jack hammer for installation.

___Does utility have clamp-on DC current meter with resolution to read .1 amp
(20A scale)? If not, need to order 10 amp, 100 mv current shunt from R&R
Instrumentation; 303-364-8325; PN 871-92UUMTGB

Call #2 (after delivery of svstem)
___ System received at utility
____Site graded and prepared
____Pump purchased and installed in advance by customer
____Generator interface hardware purchased
___Materials for wiring pump to array purchased

____Number of attendees for workshop verified

____System delivered to installation site

Call #3 (on Monday before workshon)

___Verify weather is acceptable




Installation Trip Check List

Tools, meters and equipment

Paperwork __ well sounder

___ Trip itinerary ____compass

- Map of region ____inclinometer
___Installation preparation checklist __ multi-meter

___Utility contact name, address and phone ____current meter
___Presentation overheads ____pyranometer

____Agendas and presentation handouts ___hand tools

__Acceptance test form ____socket set with 3/8” extension
___Utility monthly test forms ____wire brush

___ Customer log book b0 foot tape measure
____Well site data form ____current shunt
____GPIorder form ____DAS (not always installed)

____Sun chart for location’s latitude
__ _Pump curves

____Insolation data for site

Miscellaneous
____Calculator

___ Packing tape
____Sunscreen & sunglasses
__ Camera

___Film

___WD-40

P S
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System Acceptance Test

‘General Information

_««6y Dame: System test date:
Justomer name: System installation date:
Justomer phone: Pumping site location:

Site latitude & longitude:

Pest tech. name

Site magnetic declination:

[est tech. phone:
PV Array Information
VIodule make & model:
Vodule peak power: Nominal array peak power:
Module Vmp: Nominal array Voc:
Module Imp: Nominal array Isc:
Module Voc: Type of array mount:
Module Isc: Number of array mounts:
Series/parallel configuration: Method of mount anchoring:
Array tilt & orientation: Distance from array to pump: ft.
PV Array Test
Weather: (Check all that apply): ___ Brightsun ___Raining or snowing
2 ____Hazysun ____Snowon ground
T Cloudy ____Temp. below freezing
) Overcast ___Windy
Module temperature (back) (°F):

/

TojAmbient air temperature (°F):

Vol String 1 | String 2 | String 3

String 4 | String 5 String 6 | String 7 String 8

——
CurpPOA Irr. (w/m2):

Vorm String Vmp:

0w rString Imp:

Ne oyNorm. power*:

Ne X
~8 of Array Voc:

Array Vmp:

U he; Array Isc:
\

Array Imp:

ige t. POA Irr. (w/m?):
e ————

Total normalized power™:

'nt tO

POA Irr. (w/m?2):

\'\
lizgg* Normalized power = V= 1% 1000/POA
e (G

Nen please identify string String#

Jocations.

String#

North |

[T

String# String# String#

String# String#

String#




Water Pumping System Acceptance Test (cont.)

Pump/motor Information

Pump make & model:

Motor make & model:

Jontroller make, model & serial #:

Number of pump stages: Rated gallons per minute:
Motor voltage: Number of phases:

Motor size (Watts or hp): Motor current rating (amps):

Pumping System Tests (15 to 30 minute intervals)

Total head at installation (before pumping):

Time of test:

Time of test:

Plane of array irradiance (w/m?):

Plane of array irradiance (w/m?):

Total head at time of test (feet)*:

Total head at time of test (feet)*:

Voltage to load: Voltage to load:
Current to load: Current to load:
Normalized power**: Normalized power™**:
Flow rate (GPM): Flow rate (GPM):
Time of test: Time of test:

Plane of array irradiance (w/m?):

Plane of array irradiance (w/m?):

Total head at time of test (feet)*:

Total head at time of test (feet)*:

Voltage to load: Voltage to load:
Current to load: Current to load:
Normalized power**: Normalized power**:
Flow rate (GPM): Flow rate (GPM):
Comments ¢

" Total head = static water level + drawdown + discharge head.
#* Normalized power = V x I x 1000/POA



PV Pumping System - Customer Log Book

(Please fill out a log entry whenever you are on site
- and mail in pages at least once a month)

Date: Time:

Weather: (Check all that apply):
__ Brightsun " __ Raining or snowing
___Hazysun ___ Snowon ground
____Cloudy ____ Temp. below freezing
____Overcast ___Windy

How full is the water tank? (circle one)
Full 8/4 12 1/4 Empty

Is PV system presently pumping water?
__No

Is PV system pumping enough water for
your needs? ___No __Yes

What livestock is being watered?
Number: Type:

___Yes ---> Rate: GPM

Does system seem to be working

properly? ___No __Yes

Comments:

Date: Time:

Weather: (Check all that apply):
___Brightsun ___Rainingor snowing
____Hazysun ___Snow on ground
___ Cloudy ____ Temp. below freezing
___ Overcast ____Windy

How full is the water tank? (circle one)
Full 34 172 1/4 Empty

Is PV system presently Iiumping water?
__No ___Yes ---> Rate: GPM

Is PV system pumping enough water for

your needs? __No __Yes
What livestock is being watered?
Number: Type:

Does system seem to be working
properly? __No ___Yes

Comments:

Date: Time:

Weather: (Check all that apply):
___Brightsun ___Raining or snowing
___Hazysun ___ Snowon ground
__ Cloudy ___ Temp. below freezing
___Overcast ____ Windy

How full is the water tank? (circle one)
Full 3/4 1/2 1/4 Empty

Is PV system presently pumping water?
__No ___Yes -->Rate: GPM

Is PV system pumping enough water for

your needs? ___No ___Yes
What livestock is being watered?
Number: Type:

Does system seem to be working

properly? __No —_Yes
Comments:
Date: Time:

Weather: (Check all that apply):

___Brightsun ___ Rainingor snowing
____Hazysun ___Snow on ground
____Cloudy ____Temp. below freezing
____Overcast ___ Windy

How full is the water tank? (circle one)
Full 3/4 1/2 1/4 Empty

Is PV system presently pumping water?

__No ___Yes -—-> Rate: GPM
Is PV system pumping enough water for
your needs? ___No __Yes
What livestock is being watered?
Number: Type:

Does system seem to be working
properly? ___No ___Yes

Comments:




WELLS RURAL ELECTRIC COMPANY
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KEM ELECTRIC COOPERATIVE

MOR-GRAN-SOU ELECTRIC COOPERATIVE
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NORTHWEST RURAL PUBLIC POWER DISTRICT
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ARIZONA ELECTRIC POWER COOPERATIVE




JOHNSON COUNTY ELECTRIC COOPERATIVE

KC ELECTRIC ASSOCIATION




POWDER RIVER ENERGY

RIVERTON VALLEY ELECTRIC ASSOCIATION




NIOBRARA ELECTRIC ASSOCIATION

WESTPLAINS ENERGY




AMERICAN SAMOA POWER AUTHORITY

SOUTHWESTERN PUBLIC SERVICE COMPANY
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NEBRASKA PUBLIC POWER DISTRICT

MORGAN COUNTY RURAL ELECTRIC ASSOCIATION
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