
1 " .... ~-· --~. ~ .. ---·------
~'b~ 

,\b l 
J ·· \/'ooE/ET/20629-1 

Unlimited Release 
UC-63d Distribution 

A 20-kW Solar Photovoltaic Flat-Panel 
~ 

Power System for an Uninterruptible 
Power-System Load in El Paso, Texas 

Phase II - System Fabrication 
(October 1, 1979 to May 31, 1981) 

V. Vernon Risser 
New Mexico Solar Energy Institute 
New Mexico State University 

• • 
Printed December 1981 

... 

DOE/ ET/ 20629- - 1 

DE82 008619 

NOTICE 

-

United States 
Department of Energy 
Albuquerque Operations Office 

PORTI ONS OF THIS P.E!'(1~T .1\~E U .. lE.GIBLE. It 

has been reproduce.<:! 1r~>m Um !3~s~ avail~b le 
copy to permit the broadest poss1hle avail· 

Albuquerque , NM 87185 
1 

11eo¥-11e,r~ 6~j 
ability. 

UISTRIBUTION OF THIS DOCUMENT IS UNLIMITED 



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 responsibility 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. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Issued by Sandia National Laboratorie&, ov.,rttl..:d fur lh" Unit...d Slttt...H 
Department of Energy by Sandia Corporation. 
NOTICE: This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States Govern­
ment nor any agency thereof, nor any of their employees, nor any of their 
contractors, subcontractors, or their employees, makes any warranty, express 
or implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or pro­
cess disclosed, or represents that ita use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply ita endorsement, recommendation, or favoring 
by the United States Government, any agency thereof or any of their 
contractors or subcontractors. The views and opinions expressed herein do 
not necessarily state or reflect those of the United States Government, any 
agency thereof or any of their contractors or subcontractors. 

Printed in the United States of America 
Avrulable ttom 
National Technical Information Service 
U.S. Department of Commerce 
5285 Port Royal Road 
Springfield, VA 22161 

NTIS price codes 
Printed copy: $8.00 
Microfiche copy: A01 



NOTICE 

': 

A 20-KILOWATT SOLAR PHOTOVOLTAIC FLAT-PANEL 

POWER SYSTEM FOR AN UNINTERRUPTIBLE 

POWER SYSTEM LOAD IN EL PASO, TEXAS 

PHASE II--SYSTEM FABRICATION 

Final Report 

31 March 1981 

..-----------DISCLAIMER----------~ 

,This book was prepared as an account of work sponsored by an agency of the United States Government 
Neither the United Stat:s G?vernment nor any agency thereof, nor any of their employees, makes an~ 
warranty, express or ,mphed, or assumes any legal liability or responsibility for the accuracy 
completeness, o_r usefulness of any information, apparatus, product, or process disclosed 0; 
represent~ that •tS use would not infringe privately owned rights. Reference herein to any sp~ific 
commercial ~roduct, process. or service by trade name, trademark, manufacturer, or otherwise does 
not neces:sanly constitute or imply its endorsement, recommendation, or favoring by the United 
States ~overnmem or any agency thereof. The views and opinions of authors expressed herein do not ~ 
necessanlv state or reflect those of the United St~tes Government or anv agency thereof. 

PORTIONS OF THIS ~EPO~T P.RE illEGIBLE. It 
has been reorodttccHI1rcm the best available 
copy to peromi.t the broadest possible avail· 
ability. Uim!IBIJ'IION OF iHIS DDCUMERT IS UNUM~ 



TABLE OF CONTENTS 

List ~f Illustrations 

Acknowledgment 

List of Abbreviations 

1.0 INTRODUCTION 

2.0 SYSTEM PLANS 
2.1 Site Selection 
2.2 Photovoltaic Module Procurement 
2.3 Fabrication and Installation 
2.4 Integration and Test Plan 
2.5 Operation and Verification Plan 

3.0 SYSTEM CONSTRUCTION 
3.1 Site Preparation 
3.2 Panel Fabrication and Installation 
3.3 Electrical ~ow~~ Cabling Inst~llation 

.· . 3. 4 Instrumentati0£1 Sub~yst.em 
·~.5 Weather Station 
3.6 Visitor Center 
3.7 Protection System 

4.0 SYSTEM INTEGRATION AND TEST 
4.1 Initial System Checkout 
4.2 Module Performance Baseline 
4.3 Control Subsystem 
4.4 Training and Safety 

5.0 SYSTEM PERFORMANCE 
5.1 Data Collection 
5.2 Data Analysis 
5.3 Simulation Comparisons 

6.0 SUMMARY 

7. 0 REFERENCES 

APPENDIX A: SYSTEM DRAWINGS 
APPENDIX B: EL PASO TRAINING PROGRAM VISUAL AIDS 
APPENDIX C: MODULE SPECIFICATION AND HANDLING INFORMATION 

FROM SOLAR POWER CORPORATION 

ii 

Page 
iii 

iv 

v 

1 

6 
6 

12 
15 
15 
17 

18 
18 
20 

.. ~ 23 
26 
28 
29 
29 

30 
32 
34 
34 
39 

40 
42 
47 
48 

50 

52 

53 
61 

73 



LIST OF ILLUSTRATIONS 

FIGURES 

1 Project Management Structure 

2 Photovoltaic Array, Newman Power Station 

3 20-Kilowatt El Paso PV System Configuration 

4 Construction Schedule 

5 PV Array, Showing Gravel and Concrete Curbs 

6 Pressure-Treated Pine Panel Frames 

7 Galvanized Panel Connection Junction Box 

8 Specifications for the LM 334. 

9 DYMARC Line Voltage Transient Suppressor 

10 Daily Walk-Through Sheet 

11 ODAS and DC Switchboard in Visitor Center 

12. NMSEI System Simulation Versus Actual 

TABLES 

1 Cost Categories 

2 Weather Station Equipment List 

3 Module Replacement 

4 30 July Data/Solar Power Data (Normalized) 

5 El Paso PV System Equipment List 

6 . ODAS Parameters and Scan Rate 

7 Monthly Performance 

iii 

Page 

2 

3 

5 

19 

2.1 

22 

25 

27 

31 

41 

44 

49 

4 

28 

34 

35 

42 

43 

48 



ACKNOWLEDGMENT 

The Sandia National Laboratories technical advisors James McDowell 

and Ed Burgess were extremely helpful and contributed significantly to 

the success of this project. The guidance and counsel of Ethan Walker, 

project manager, and LaVerne Scott, contract administrator, of DOE 

Albuquerque is also gratefully acknowledged. 

iv 



NMSEI 

EPE 

BCS 

SNL 

SP 

GE 

NOCT 

voc 
ODAS 

rsc 
PCJB 

RSJB 

MIJB 

MADB 

UPS 

LIST OF ABBREVIATIONS 

New Mexico Solar Energy Institute 

El Paso Ele.r.tr.ic Company 

Boeing Computer Service 

Sandia National Laboratories 

Solar Power Corporation 

General Electric Company 

Nominal operating cell temperature °C 

Open circuit voltage 

·On-site data acquisition system 

Short circuit current 

Panel connection junction box 

Row summing junction box 

Main instrumentation junction box 

Main array disconnect box 

Uninterruptible power supply 

v 



A 20-KILOWATT SOLAR PHOTOVOLTAIC FLAT-PANEL POWER SYSTEM 
FOR AN UNINTERRUPTIBLE POWER SYSTEM LOAD 

IN EL PASO, TEXAS 

1.0 INTRODUCTION 

The New Mexico Solar Energy Institute (NMSEI), as prime contractor, 

and El Paso Electric (EPE), Ponsford Brothers Construction Company, 

Fouts Langford Gomez and Moore Architects, and Lanneau Golucke 

Consulting, as subcontractors, have designed and fabricated the 

20-kilowatt photovoltaic (PV) system at the Newman Power Station, El 

Paso, Texas (figure 1). The Phase II contract from the Department of 

Energy (DOE) was let 1 October 1979. Construction was started 1 June 

1980, and on 4 December 1980 the PV system was first connected to the 

Newman Power Station load. After extensive initial testing, the system 

was approved for automatic unattended operation on 27 January 1981. 

·The system consists of 64 parallel-connected panels, each panel 

containing nine series-connected modules. The panels face due south and 

are tilted at 26 degrees from horizontal. The tilt cannot be changed. 

The system is connected, through power monitoring equipment, to an 

existing de bus that supplies uninterruptible power to a computer that 

controls the power generation equipment at Newman Station. The bus 

operates at 134 volts, which, after adjustment for resistance losses, 

relates to a panel voltage o_f approximately 139 volts. The nine 

series-connected modules should operate at 15.2 volts, which is expected 

to be quite near the maximum power point. An analysis showed the cost 

of a peak power tracker could not be justified for this application. 

The 64 panels are placed in three rows of 20, 22, and 22 panels 

(figure 2 and Appendix A, drawing 1). Each row is electrically divided 
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Figure 1. Project Management Structure 
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Figure 2. Photovoltaic Array, Newman Power Station 



into two subarrays. Each of the six subarrays cau be electrically 

isolated and shorted if required. The PV currPnt from each subarray is 

summed and delivered through a manual disconnect to the visitor center, 

which contains the automatic power control equipment. 

This equipment senses array output and connects (disconnects) the 

array to the existing de bus as appropriate. The de load at Newman 

Station is large enough to utilize all PV power produced. The system 

configuration is given in figure 3. 

The construction schedule proposed in the Phase II proposal l1J 

shows a 12-month construction schedule. Although actual construction 

time was less than 12 months, delays in starting the contract work, 

delivery problems on selected power control units, and a higher than 

expected failure rate of PV modules caused a three-month schedule slip. 

However, the contractors were able to contain expenses and the original 

cost estimates were met. The system c.osts are given in table 1. 

TABLE 1. COST CATEGORIES 

CaLegory 

Engineering and Project Management 
Electrical Design 
Mechanical Design 
Civil Work Site 
Fabrication 
Collector Cost 
Collector Freight Cost 
Electrical System 
Data System 
Visitor System 
Safety and Security System 
Instrumentation and Testing 
Control System 

Total 

4 

( 
17.5 kw ) 

$/Watt nominal 

5.30 
0.06 
0.42 
0.86 
1.40 
9.15 
0.30 
3.50 
0.80 
0.85 
0.25 
2.40 
1. 75 

$27.53 
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The system performance has matched design predictions. Since 

operation began, the peak power was registered at i2.9 kilowatts, for an 

insolation of 1,222 kilowatts per square meter in the plane of array and 

a measured cell temperature of 22°C. For the first 80 days of operation 

the system produced an average of 95.1 kilowatt hours per day. The 

system efficiency for this period was 5.95 percent. 

2.0 SYSTEM PLANS 

Planning for the El Paso Photovoltaic Project started with the 

initial Phase I proposal activity and has continued throughout the 

project [2]. This planning incorporated the nontechnical issues as well 

as the system technical aspects. Many of these issues are discussed in 

this report. 

2.1 Site Selection· 

There were three major reasons for locating the system at the El. 

Paso Electric Company (EPE) Newman Station. First, since studies show 

that ,electricity consumption will increase compared to other forms of 

energy consumption, this demonstration project with a utility will help 

assess the problems associated with a photovoltaic/utility tie-in and 

will give a utility practical operating experience with a photovoltaic 

sy!ltem. 

Second, the application of direct current photovoltaic power finds 

applications throughout the business world·. Many businesses provide a 

de ·interface between their computers and the commerical power source to 

isolate the systems from any variations or "spikes" that may appear in 

the utility power system. This also allows a convenient backup power 
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supply (batteries) to interface with the computer so that no 

interruption in computer functioning will occur should commercial power 

fail. Since the majority of utilities and numerous other business 

enterprises now have uninterruptible power supplies (UPS), the potential 

for the application is widespread. Also, as the application is de to 

de, interfacing problems are minimized. This leads directly to the 

third reason, which is that generation stations normally have numerous 
.. 

de applications. The concept of generating ac electricity to be 

converted to de electricity for final use is inefficient, and the 

electrical losses are wasteful. Direct solar conversion raises 

efficiency of the generating stations, permitting a higher output of 

energy per unit of fuel, thus benefitting the consumer. Also, in the 

case of gas- or oil-fired generation, a savings is realized and the 

quantity of fuel required per unit of output is increased. 

Advantages of the Newman Station site are (1) it is located in an 

area that receives very high annual solar insolation, (2) the existing 

controlled access to the site minimizes security requirements for the 

photovoltaic equipment, (3) the required levels of skilled labor are 

available locally, and (4) the site is near the New Mexico Solar Energy 

Institute laboratory facilities at NMSU. 

Also considered during site selection planning was the 

environmental . impact of locating the PV system at Newman Station. 

Newman Station is located in an isolated area north of El Paso, Texas. 

Surrounding land·, owned by El Paso Water Utilities, is a pumping area, 

~i th. surbce use of land strictly controlled . 

The general.topography around the photovoltaic array site is gently 

sloping west to east. Four -existing power generating units are locate-d 
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100 feet to the north of the site. ¥arther north, about 1,000 feet from 

the array, there is a recreation and park area, open only to EPE 

employees. To the south, 200 feet from site, is the power station water 

retention pond. The cooling tower area is located 200 feet to the east; 

the area to the west of the site is not populated. There are no 

residential buildings within a two-mile radius of Newman Station. The 

environmental impact planning included the following conditions: 

Hydrological Conditions--Surface water runoff from the project site 

is directed through an existing ditch to the water retention pond. The 

pond's main supply of water is from cooling towers and power station 

water discharges. There is no known hydrological hazard, such as flood 

or storm runoff, to the project site. The existing water supply for 

Newman Station is well water purchased from the El Paso Water Utilities 

(EPWU). 

Geological and Archaeological Conditions--Since the site is 

essentially flat, noticeable erosion from wind and water runoff is not 

expected. There are no 

geological/landform features 

known mineral 

nearby. There 

resources or unique 

have been no · known 

archaeological findings in close proximity to the site. Seismic hazard 

is negligible. 

Plant and Animal Species--The site area supports minimal 

vegetation, principally grasses, on about 25 percent of the land area. 

There is no vegetation of high brush or forest fire potential in close 

proximity to the array. 

for wildlife species 

There are no known nesting or breeding sites 

near the site. There are no known unique 

vegetation and wildlife communities or rare or endangered species in the 

area. 
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Sonic Conditions--The project site is beside the generating units 

and cooling towers of the station. These facilities are high level 

noise sources: the noise level varies from 70 to 115 decibels. At the 

project site, a noise level of about 65 decibels is expected. 

Visual Conditions--The area within view of the project includes 

generating units, cooling towers, retention pond, and open land with 

some grasses. Areas outside of the station boundary include only open 

lands. 

Socioeconomic Conditions--The project site is away from major 

population centers of the city of El Paso; there is no human habitation 

in close proximity. Manpower needed during construction would have to 

come from the city of El Paso and nearby areas. 

The direct impact of the project on these conditions are as 

follows: 

Hydrologic--Water needs for the project are undetermined but will 

probably be less than 4,000 gallons per year for washing and rinsing of 

the photovoltaic array. Water needs are met, without difficulty, by the 

power plant's existing water system. 

Except for these wash waters and rain water runoff from the project 

area, there are no other surface water discharges. Any detergent used 

will be government approved and biodegradable; however, the predicted 

total amount of detergent used would be too small to cause any 

significant effect. The water runoff route from the array field follows 

the existing ditch to the water retention pond, as does the runoff from 

the site. 

Atmospheric--Air quality effect of the photovoltaic project is 

negligible. Moreover, even this negligible effect will be beneficial, 
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since the project energy output will displace burning of fossil fuel 

(natural gas) of about 540 Mcf/year. There are no orlors or other 

unpleasant smell from the panels. In addition, because of its low 

height, the array field does not disturb the existing air circulation 

pattern. A small amount of heat is discharged to the air due to array 

cooling; again the effect of this is negligible. 

Biotic--In order to keep the array field out of any shadows and to 

keep the array undersur±aces open tor natural air circulation, it was 

necessary to g:r.aveJ the project area. It also will be necessary to 

treat the ground at the array field occasionally with some antiweed 

chemical. The net effect of these actions, as far as biotic conditions 

are concerned, is that there will be a continued absence of vegetation 

in the area. As far as wildlife is concerned, no significant habitat 

loss is anticipated. 

Sonic--The project does not generate any appreciable sound. 

Furthermore, any sound generated will be below levels of that generated 

by the adjacent power plant. 

Visual--Photovoltaic arrays and related structures are not visually 

repulsive. The array is low in pro~ile with respect to the surrounding 

structures. The array field as a whole looks like a parallel series of 

slanted glass panes. It is aesthetically pleasing. Reflected light 

from the panels does not create any hazard. The lightning protection 

poles with the hanging wire between them will be no different, visually, 

from a regular utility pole with power wires. They do not have 

sign.ifi~<tnt. visual impact .. 

The safety and hazard impacts of the project are as follows: 
. I 
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Natural Hazards--The project should not be affected significantly 

by any of the natural hazards such as flood, landslides, earthquakes, 

etc. The photovol taic panels are anchored securely to the ground so 

there is very little likelihood they could be washed away by expected 

water runoffs. Poles of the lightning protection system are embedded 10 

feet underground and are secure. 

The site is located in an area where potential earthquakes of 

magnitudes of 4-5 on the Richter scale could occur. Damage from such 

quakes could involve breaking of windows, so, potentially, the tempered 

glass panels could break. This unlikely prospect should be further 

reduced by the cushioning effect of the bonding material; other 

components are expected to be unaffected. 

Since the project site is surfaced with gravel, whatever 

po~sibilities of landslide or land erosion that presently exist are 

reduced. 

Fire and Explosion Hazards--There are no known p-roject-inherent 

fire and explosion sources. Outside sources for such hazards c·ould be 

nearby generating units, direct lightning hit, or a plane crash. 

Adequate safety measures are practiced in the generating station, so 

there is little possibility of fire or explosion originating from there. 

Project·· design incorporates an adequate lightning protection system. 

Newman station is not on the flight path to the airport. Since, the 

project site will be surfaced with gravel and . s:i...nce antiweed . treat~ent 

will be used, the possibil-~ies of brush fire or fire· resulting from 

careless smoking in the area are remote. If there is· an accidental fire 

in the array field, however, there is the possibility of release of some 

amounts of toxic gasses. In addition, in the event of a fire, sharp 
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pieces of flying glass from collapsing panels could be haz;:~tdnus to 

personnel within and near the area. 

Electrical Hazards--The array field must be considered as a 

potential squrce of ~lectrical hazard because of its very nature as an 

electricity-generating device. However, since interpanel wiring is 

underground, panel modules have a protecting glass surface, and 

intrapanel wiring is under the panels, actual potential for electrical 

hazard to a visitor with a competent guide is negligible. In addition, 

since the segment that needs ma1ntenance may be isola~ed from Lhe resl 

of the array field, potenti~l electrical hazard to technical people is 

negligible. 

The project's socioeconomic impacts are discussed below. 

Land Use--Because of the small size of the project, it is not 

expected to have any impact on future land-use patterns. 

Employment--There will be no impact whatsoever on the employment 

situation since existing station personnel will be responsible for 

operation and maintenance. 

Taxes--EPE will pay additional property tax based on property value 

of the pro.i ect. 

Utility Rates--The project will have no effect on the existing EPE 

rate structure. 

Based upon the above assessment of the major environmental 

considerations, it was decided that there would be no . major 

environmental impacts resulting from the proposed project at· Newman 

Station at El Paso, Texas. 

2.2 Photovoltaic Module Procurement 

El Paso Electric Company was chosen to procure the· photoyoltaic 
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modules for two reasons: (1) at the end of the two-year operation 

period, the ownership of the array would be turned over to EPE, and (2) 

with the expected long life of the modules, a rapport needed to be 

developed between the manufacturer and ·the final owners of the array .. 

In the baseline proposal for Phase II, the module chosen for this 

project was manufactured by Photon Power, Inc. This system was optimal 

in the sense that the cadmium sulfide modules produced by Photon Power 

represent an emerging technology that has great potential for low cost 

and high volume production. In addition, Photon Power, the 

manufacturer, is located in El Paso, Texas, so that all aspects of the 

installation at El Paso Electric's Newman Station would be carried out 

by a local team. 

The disadvantage with the baseline system was that the cadmium 

sulfide modules were of low efficiency and the pilot plant was still in 

its experimental stages. 

An optional proposal was later submitted. It differed from the 

baseline proposal in only one major respect. Namely, the chemically 

sprayed, thin film cadmium sulfide/copper sulfide photovoltaic modules 

were replaced with silicon photovoltaic modules produced by Solar Power 

Corporation (SPC). 

This proposal had the advantage that the silicon modules had a much 

higher efficiency and were readily available from an established 

production plant. 

The differences in the design were minimal. Fortunately, the 

optimum operating voltage of the silicon module was almost the same as 

the cadmium sulfide modules, so that panels · comp?sed of nine 

series-connected modules could be .used. The panel dimensions changed, 
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of course, and the field area was considerably reduced. Design changes 

were made for the optional proposal without problem. 

SPC was chosen as the silicon module supplier. They were already 

involved with two other PRDA projects--the Lovington Project, where they 

supplied the modules, and the Beverly High School Project, where they 

were prime contractor. Their module had met all performance 

specifications and tests and was avvr·uvt::d by DOE for these .application3. 

There was· also a time cons Lraiul Lha L made the SPC module an attrncti vc 

choice. Had this time const.rai.nt not existed, EPE would have solicited 

competitive bids on the module. 

It was difficult for EPE to obtain an authorization to order the 

modules without a firm price quote, and SPC was reluctant to give a firm 

price quote without an order. Finally, through the insistence of NMSEI, 

a price quote was obtained. This price was only good for an order 

placed within 180 days of the quote date. This time period lapsed 

before EPE was given authorization to order the modules. When EPE did 

receive authorization, the price paid was $9.15 per peak watt@ 28°C, 15 

cents mor~ pe,r peak watt than the original quote. 

When purchasing expensive equipment, the standard .procedure for EPE 

is to write specifications and conduct a competitive bid process .. SPC 

felt there was no reason fo~. specifications to be written when 

purchasing an off-the-shelf item. EPE, however, coutinued with the 

specifications.,·.. complying with stanqard 

specifications included items such as 

utility procedure. The 

contractual relationships, 

warranties, indemnifications, cancellation, etc. SPC rejected ma~y 

sectiohs of the specification, insisted that they ·be 

refused to compromise on any of the potnts in question. 
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government direction, EPE changed the specifications according to SPC's 

requests. At this point, had this not been a DOE experimental project, 

EPE would probably have looked for another supplier. 

One major objection that EPE had was SPC's warranty [7]. · It seemed 

to EPE that a manufacturer should be willing to warrant a module, with 

an expected life of 20 years, for more than one year. However, even 

though EPE was willing to purchase additional years of warranty, SPC 
' 

would not extend the warranty. Under standard conditions a warranty 

such as this would not be sufficient from a utility viewpoint. 

2.3 Fabrication and Installation 

The system installation was accomplished for the most part 

according to the Assembly Installation and Checkout Plan [4]. The only 

major change was in module handling. When the modules arrived from the 

manufacturer, the handling instructions supplied by Solar Power 

Corporation (Appendix C) were carefully followed. Suction cup lifters 

were procured to lift the glass-faced modules and align them in the 

frames. However, using these devices .proved to be cumbersome, 

unreliable, and unnecessary. Taking advantage of the rubber-like gasket 

that had been placed around the module edge to· protect against 

transverse impact during shipping, workers could position the modules by 

hand with no damage in panel population. 

2.4 Integration and Test Plan 

- The . integration ···and. test plan emphasized two points--personnel 

safety. and pr¢~ention ··of damage to existing equipment. Following the 
. . . . . . . : . •' .. 

·test plan presented:below resulted in a successful integration of the PV 

power system into the. ·ups. 
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20-Kilowatt El Paso Electric PV Array 
Test Plan 

Before connection to the UPS bus, a thorough check of the PV 
system, including the array and associated control circuitry, will 
be conducted. This paper enumerates the tests that will be 
performed by NMSEI with assistance of the electrical contractor, 
Callaghan Electric of El ~aso, Texas. All test data will be logged 
and maintained on-site at the Visitor Center (VC). The following 

. tests will be conducted (refer to Site Plans, sheets 5 and 6) : 

Test #1. Open Circuit Voltage (V0C) 
At each of the 12 panel connection junction boxes (PCJB), 

measure and record v
0

C for each panel. The six manual shorting 
switches in the array field must be open. Before each PCJB check, 
th~ insolation(S) and ambi~nt temperature (TA) are to be recorded. 

Teet if2. Panel Short Circuit r.11rrPnt. (T
5

_) 
Sequentially close the six shortingvswitches and measure the 

ISC for each panel at the PCJB. Both S and TA are to be measured 
and logged before each set of PCJB measurements. The manual 
shorting switches are to be opened after the test is complete. 

Test #3. Protection Diode Check 
At each PCJB, disconnect the negative side of the diode and 

check forward and reverse biased resistance. Record. The six 
shorting switches must be open. 

Test /f4. 0. 1 Ohm Rcaiotor Check 
At each PCJB, measure but do not record each 0.1 ohm resistor. 

No action to be taken unless value exceeds 0.15 ohm. Then, replace 
resistor and record action. Shorting switches must be open. 

Test #5. Loaded Voltage Test 
At the main array junction box (MAJB), connect 1. 2 ohm 

25-kilowatt resistive load. The double breaker at the MAJB is 
positioned to short the array and open the VC side. The six manual 
shorting switches must be open and the switches at the in-line 
fuses must be closed to allow PV current to flow to the MAJB. At 
the MAJB, unshort the array and alJ ow array current to flow to the 
load. At each of the three row ·summing junction boxes (RSJB), 
measure and record the operating voltage. Measure and record S and 
TL\. 

Test #6. Operating Current 
With the same setup as Test 5, measure the operating current 

at each RSJB. Measure and record S and TA. 

NOTE: It will be ·necessary to perform both Test #5 and Test #6 in 
a series of steps due to heating of the resisitive load. 
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Test #7. Transients 
At the MAJB, use an oscilloscope and camera to record 

transients in the operating voltage when the resistive load is 
switches on/ off the array. At the RSJB, monitor and photograph 
current transients with the oscilloscope when the resistive load is 
switched on/off the array. Monitor and photograph transients 
present on the UPS bus at Point A. 

Test #8. Logitrol Sequence Check 
The Logi trol performs three major switching functions: ( 1) 

short/ unshort, (2) ground/unground, and (3) close/open contactors 
to the UPS bus. After installation of the de switchboard and 
Logi trol equipment in the VC, proper operation can be tested by 
attaching the resistive load at the outdoor control room circuit 
breaker box. Simultaneous tests can be performed at the array 
grounding point, at the VC (or short circuit current, and at the 
resistive load for contractor closure to determine the proper 
sequencing of the Logitrol. The timing for a complete switching 
sequence in both ordinary and emergency switching conditions will 
be recorded. 

Test #9. Instrumentation Wiring Checkout 
Verify correct and valid connections between the PCJB and the 

array instrumentation junction box (AIJB). Further verify correct 
connections between the AIJB and the main instrumentation junction 
box (MIJB) in the VC. 

Test #10. Remote Temperature Sensor Check 
Verify circuitry between the six array temperature sensors and 

the MIJB. Check and record the reading at the MIJB. 

Test #11. Weather Station Wiring Checks 
Verify corrections of w1r1ng between 

instruments and MIJB. Check and record 
pyranometers and reference cell. 

Test #12. ODAS Check 

all weather station 
voltage readings of 

Verify proper connections of all instrumentation to the ODAS 
rack. With resistive load connected to Control Room circuit 
breaker box, initiate ODAS software scan of all sensors. Command 
hard copy printout and check for appropriateness. 

Test #13. Panel I-V Curves 
Measure and record the I-V curve for each panel in the array, 

using X-Y plotter and reostat connected at the PCJB. Measure and 
record S and TA before each plot. 

2.5 Operation and Verification Plan 

A preliminary plan was prepared and submitted early in Phase II 

[5]. This vlan was updat.ed and used as a basis for the 30-day test that 

was conducted after system integration. Emphasis was placed on the 

17 



operation of the PV control system. This microprocessor-controlled unit 

has much versatility, and different sensing levels may be programmed 

into the unit. Selecting the proper setting for automatic turn on/off, 

arranging for immediate disconnect under emergency conditions, and 

providing overvoltage protection for both the array and the UPS were 

issues to be resolved. The basic plan also . called for testing the 

instrumen~ation system, protection system, and PV array. Each subsystem 

operation was to be verified before total system operation commenced. 

This method proved to be an efficient. and logical app:Loach and the 

30-day test was completed without. delay. 

3.0 SYSTEM CONSTRUCTION 

The El Paso PV system was fabricated and electrically connected by 

small business firms with no prior PV experience. The construction was 

complPt.P.ci without significant problems. Many areas were completed 

before schedule. The total time required was just over five months. A 

schedule showing major milestones is given in figure 4. 

3.1 Site Preparation 

Tilt! :;elected 3i'tC rcquinlll l.ittl.:- I"'PPFil"Flti.on; No fill worlr or 

grading was needed. The site had approximately a 1 t60't per 100 fuul 

drop from west to east and was very near level north . to south. The 

array was located south of an existing 12-foot drainage waterway. Since 

the Visitor Center building was located on the north side of thi~ ditch, 

the power and instrumenta.tion cabling cow.luits were incorporat·e·~ into 

the design of a pedestrian crosswalk across the ditch. · Initial plans 

called for this walkway to be procured and placed on site~ :Ho~ever:, 
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because of escalating costs for this item, L.he project contractor, 

Ponsford Brothers, constructed a form and poured a concrete walkway, 

including underneath conduit access ways, in place. 

Based on information obtained by taking soil samples, the concrete 

foundation curbs for the three rows of PV panels were designed and 

installed without major trenching required. The details of this work 

are given in Appendix A,.- drawing 3. The curbs were leveled north-south, 

but allowed to follow the gradual west-to-east slope. Tie-down bolts 

were placed in the concrete curbs during inst.allation. The curbs are 

designed to provide secure foundations for the panels to withst"and 45 

meters per second. winds .. 

All peripheral concrete work was accomplished at the same time as 

the panel foundation curbs. This included the pads for the weather 

station, the main array disconnect box, and support bases for the 

Visitor Center. 

The trenching for all cabling conduit installation was completed 

concurrently with the concrete work. After installation, gravel base 

was spread to reduce dust problems in the construction area (fj gun" 5) _ 

3.2 Panel Fabrication and Installation 

The panels are composed of nine series-connected modules in a 3 x 3 

matrix. .Panel dimensions are 10 feet 4~ inches x 4 feet 4~ inches, 

Appendix A, drawing 2. The panel structural material selected for this 

application is pressure-treated pine (figure 6). This material was 

selected for the following reasons: (1) it is readily available, (2) it 

is easily worked, (3) it is ideal for small business fabrication, (4) it 

has long life, (5) the wood itself is a renewable solar energy resource, 
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Figure b. Pressure-Treat2d Pine Pa n ,~ l Frames . Note ran.:! l tiQ-dovm cl amps on concrct~ curbs . 



and (6) the cost for this project was lower than could be realized using 

metal frames. It was also noted that in the dry desert climate of the 

Southwest similarly treated wood structures have lasted for years. 

The pressure-treated pine used for panel fabrication was delivered 

to the Ponsford Brothers warehouse immediately after treatment and had 

to be dried before fabrication could begin. The 2 x 4s were first 

sawed, then routed, then fabricated. 

Original plans called for complete fabrication of the panels, 

including the module installation, in the shop, with subsequent delivery 

to the Newman Station. However, the flexibility of the panels raised 

concern over the risk involved in transporting them; so the frames were 

made in the shop, transported to the site, and partially installed 

without the modules. Modules were installed in the frames in situ and 

the panels were then raised to the proper tilt angle and fixed in place. 

The modules are aligned into the recessed frame so that they are flush 

with the top of the panel frame. They are held in place by a 1~-inch-

wide ~-inch wooden batten held down by 12 wood screws. The total 

installation process was efficient and reliable--none of the 576 modules 

was damaged. 

3.3 Electrical Power Cabling Installation 

The system power cabling was installed according to plan, Appendix 

A, drawings 4, 5, and 6. The design criterion was to minimize the power 

loss due to res1stance heat1ng. This required routing the heavy 

current-carrying conductors the sh9rtest possible distance and sizing 

the conductors as large as economically practical. The system, as 

installed, has -a voltage drop wire loss of 2.5 volts at 150 amperes. 
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The power loss is 35 7 watts, or less than 1. 8 percent, for these 

conditions. 

All cabling is enclosed in conduit from the array to the Visitor 

Center. Starting at row three, the southernmost row, the power is 

collected from the two subarrays and united at the row summing junction 

box (RSJB). For this operation, 116 TW-3/4"C cable is used. This power 

is routed to the RSJB at row two, where it is combined with the power 

from the row two subarrays. This run uses 11350 HCH TW-2"C cab] e. Til is 

power is subsequently carried to the row three RSJB, where it is again 

combined with row three power. The total array power is then conducted, 

using 11350 HCM cable, through the main arrary disconnected box to the 

Visitor Center. 

All junction boxes and switch boxes are galvanized (figure 7). 

This may not be necessary for the dry Southwest climate, and some 

savings could be realized by eliminating this contract requirement. All 

the boxes are also oversized. This allows convenient testing on the 

subsystem level, but would not be necessary on future systems. 

The main array disconnect box was originally designed to house two 

circuit breakers with a kirk key interlock. The breakers were to 

open/close the array to the Visitor Center power circuit and to short 

and ground the array at the disconnect box. The interlock was to 

prevent the array from being shorted, grounded, and connected 

simultaneously. This function was redundant since the same control 

exists in the de switchboard in the Visitor Center, and each subarray 

may be isolated and shorted (but not grounded) at the subarray level. 

Because of the redundancy, the shorting and grounding capability were 

removed, leaving only a manually operated circuit breaker in the main 

array disconnect box. 
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The physical connection to the existing UPS is made and controlled 

at the de switchboard in the Visitor Center. From the Visitor Center 

the power is routed through another PV system disconnect switch at the 

#4 control room of Newman Station. 

3.4 Instrumentation Subsystem 

To monitor the performance of the PV system and weather conditions, 

an extensive instrumentation network was designed and installed [ 6 J. 

All wiring was installed in conduit. The instr11mentation cabl1ng used 

was individually shielded #22 Lwisted pairs. The cable shield was 

collected and grounded at one point only--the power ground available at 

the de switchbox in the Visitor Center. 

To provide string current information, a 0.1-ohm, 2-watt resistor 

was placed in each panel output circuit. These resistors are located in 

the panel collection junction box (PCJB). This requires 64 pairs of 

cable to be distributed throughout the array. To accomplish this, each 

row has an instrumentat1on summing box with direcL accel>l> to the main 

instrumentation box in the Visitor Center. In addition to this 

circuitry, provision for six cell temperature monitors were located in 

the array-- Lwo per L·ow. Au integrated circuit temperature sensor--the 

LM 334--was sPl P.c:ted over other techniques because of low cost and 

compatibility with ODAS hardware signals available. The specifications 

of the LM 334 are given in figure 8. The devices were all calibrated to 

a 45°C set point at NMSEI before installation. 

The weather station cabling was a straightforward installa lion 

except that the amount of control cabling required for the Sun Tracker 

was not specified when the initial conduiL was laid. When the 
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~National 
~Semiconductor 
LM134/LM234/LM334 3-Terminal 
Adjustable Current Sources 

AUGUST 1977 

General Description 
The LM134/LM234/LM334 are 3-terminal adjustable 
current sources featuring 10.000:1 range in operating 
current, excellent current regulation and a wide dvnamic 
voltage range of 1 V to 40V. Current is established with 
one ex tern a I resistor and no other parts are required. 
Initial current accuracy is ~3%. The LM 134/LM234/ 
LM334 are true floating current sources with no separate 
power supply connections. In addition. reverse applied 
voltages of uo to 20V will draw onlv a few microamperes 
of current, allowing the devices to act as both a rectifier 
and current source in AC applications. 

The sense voltage used to establish operating current in 
the LM 134 is 64 mY at 25"C and is directly propor­
tional to absolute temperature (°K). The simplest one 
external resistor connection, then, generates a current 
with "'+0.33%/"C temperature dependence. Zero drift 
operation can be obtained by adding one extra resistor 
and a diode. 

Applications for the new current sources include bias 
networks, surge protection, low power reference, ramp 
generation LED driver, and temperature sensing The 

Typical Applications 
Basic 2-Terminal Current Source 

•V1N 

Terminating Remote Sensor for Voltage Output 

tV IN 

rvour: 

l 

OsniiRtl 
10 mVi K fOR 
Rsn" no:: 
Rl: 10k!! 

LM 134-3/LM234-3 and LM 134-6/LM234-6 are specified 
as true temperature sensors with guaranteed initial 
accuracy of :!.3"C and ±6"C. respectively. These devices 
are ideal in remote sense applications because series 
resistance in long wire runs does not affect accuracy. 

'In addition, only 2 wires are required. 

The LM 134 is guaranteed over a temperature range of 
-55°C to +125°C, the LM234 from -25"C to ~100°C 
and the LM334 from o'·c to +70"C. These devices are 
available in T0-46 hermetic and T0-92 plastic packages. 

Features 
• Operates from 1V to 40V 

• 0.02%/V current regulation 

• Programmable from 1 11A to 10 mA 

• True 2·terminal operation 

• Available as fully specified temperature sensor 

• .=3% initial accuracy 

Zero Temperature Coefficient Current Source 

Rl 0 

.. 10 RsET 

-VaN 

..,Select ratio of R1 to RsET to obtain zero drift. 1+:::: 2 ISET 

Ground Referred Fahrenheit Thermometer .. 
56k 

•select R3 = VREF/583 ~A. VREF may be any stable positive \'Oitage 2::. 2V 
Trim R3 to calibrat~ 

CD 1977 Nattonal Semiconductor Corp. IM·B20M87/Printed in U.S.A. 

Figure 8. Specifications for the LM 334 
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additional cabling requirement was known, the extra wires were routed to 

the weather station via an oversized conduit from the Visitor CPnt~r to 

the main array disconnect box. A short length of conduit was installed 

from the main array disconnect box to the weather station. 

3.5 Weather Station 

The weather station instruments were supplied by DOE through a 

"loan" from Sandia National Laboratories (SNL). A list of f'C:JHipmPnt. is 

given in tahle 2. 

TABLE 2. WEATHER STATION EQUIPMENT LIST 

Quantity Property Number 

1 B948232 

1 20629-003 

1 20629-004 

1 20629-005 

1 B948203 

1 B948235 

1 2069-006 

1 20629-007 

1 D94G214 

1 B948023 

1 B948022 

1 B948037 

Description 

Aspirated shield, P/N 100325-2, 
S/N 338 

Dew point sensor, P/N 100743 

Bobbin, P/N 100743-1 

Temperature sensor, P/N 100093 

Wind speed and direction, P/N 
100108, S/N 1057 

Heated precipitation gauge, P/N 
100508-2 

WM-111 Cup assembly, P/N 100160, 
S/N 149 

Vane assembly, P/N 100107 

BarurneLric pressure gauge, S/N 
15013 

Pyranometer, P/N 100PSP, S/N 
18533F3 

Pyranometer, P/N 100PSP, S/N 
18530F3 

Pyrheliometer, P/N 100N1P, S/N 
18644E6 

------------------------·--------···--------
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The weather station equipment, instrumentation, cabling, and power 

were installed by the contract9rs. All units are operational except the 

sun tracker. This instrument, under development by SNL, has not been 

used because of hardware problems and a lack of control software. 

3.6 Visitor Center 

Plans for the Visitor Center called for a small prefabricated 

building to house the de switchboard and· controller, the ODAS, and to 

provide a display area for system information. Because the original 

Visitor Center supplier raised his price 50 percent before the order was 

placed, an alternative supplier, Sun Country Homes, Las Cruces, was 

located and the Visitor Center was purchased, installed, and electrified 

for about $15,000. The 240-square-foot building is equipped with two 

window-mounted heat pumps to provide a stable temperature environment. 

No problems were encountered with the Visitor Center and, to date, 

the simple inexpensive building has proven adequate for all purposes. 

Located north of the PV array, the Visitor Center can be seen in 

figure 2. 

3.7 Protection System 

The PV system, as installed, has incorporated redundant system 

protection schemes. At the panel level, a blocking diode is installed 

in each panel lead. These diodes, located in the RSJB, prevent current 

flow into the se~ies string of modules. Each two subarrays (each row) 

is equipped with a 750-volt de G.E. 18L4NH surge capacitor. These were 

installed to provide a ground path for any high frequency transients. 

At the de switchboard ·in the. Visitor Center,· two G.E. 300A blocking 
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diodes are incorporated into the UPS connection scheme to prevent any 

current flow from the UPS toward ·the array. These diodes cause a 

voltage drop of 2 volts at 150 amperes, but were mandatory to protect 

the array from the near unlimited current capacity of the UPS. 

The lightning protection provided has several facets. First, all 

cabling is buried in conduit and this decreases the potential effects of 

a lightning strike dramatically. In addition, a grounded overhead cable 

has been installed approximately 5 feet north of the northernmost row of 

the array. This cable is suspended from two 30-foot wooden poles and is 

designed to provide lightning protection for the three rows of the 

array. In case of a nearby lightning strike inducing voltage and 

current on the array cabling, a transient suppressor has been installed, 

figure 9. This device is specified to become active at 250 volts and to 

provide a ground path for up to 1. 2 Joules of induced energy. The 

rc3pon3c time is purported to be < 10 microsecond~. 

Finally, an operational procedure has been defined so that during 
. . 

severe electrical storms in close proxi~ity to the PV array, the system 

will be disconnected from the UPS and shorted and grounded. The 

redundancy of the protective devices should provide adequate protection 

to the ~V system. 

4.0 SYSTEM INTEGRATION AND TEST 

System integration and checkout were conducted according to the 

Assembly, Installation,. and Checkout Plan [4], the Operation and 

Ver'ification Plan .[5], and the Instrumentation Plan [6] developed during 

Phase II. 
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The 
TM 

LINE VOLTAGE TRANSIENT SUPPRESSORS 

• • Bi-Directional 

r,# ·' • '• • Parallel Operation 

• Less Then 5 nanosecond 

• Response Time 

• Duty Cycle of .05% 

• Polar and Bi-Polar 

• Fused with Pilot Light Indicator 
( .. ,,. • Operates from 50Hz to 415Hz 

• Operating Temperature from 
-35° C to 75° C 

Typical Applications Requiring CLIPPER Protection : 

• Computer Systems • Communications Systems • Mobile Broadcast Equipment 
• Process Control • Video and Audio Equipment • Computerized POS Systems 
• Instrumentation • Medical Monitoring Equipment • Electrical Motors 

TRANSIENT VOLTAGE 
SURGE SUPPRESSOR 
UL FILE No. E70373(M) 

678F 

® 
LISTED 

MEETS UL 1449 FOR SURGE SUPPRESSORS 

MEe IS Ieee GUilJeLINe 1-UH SUHlie VOL I AGeS 

**FULL ONE-YEAR WARRANTY** 
OYMARC lndustnes Inc warrants these products mcludmg but not llmtted to those prod · 

ucts manufactured to speclftca!lons supp11ed to them lor a pertOd of one (1) year from the 

date o f deltvery to the purchaser to be free from defects m both workmanShip and matenats 

Any defect appeanng more than one year from the date of delivery to purchaser shall be 

deemed to be due to ord1nary utll1zatton of the product OYMARC assumes no nsk or 11abil1ty 

for reSlJits o f the use of these products purchased from them . 1ncludmg but w1thout lrmrtmg 

the gencral1ty of the loregotng ( 11 The use rn cornb1natron w1th any etectnca! or e!ectronrc 

componen ts cr rcu rts. systems. assembltes o r any other matenal or substances 12) un · 

surlabrlrty of any product lor use rn ary crrcurt or assembly Purchaser"s rrghts under thrs 

warranty shall consrst solely of requmng DYMARC lndustrres to reparr. or rn DYMAAC In · 

dustnes sole drscret10n replace free of charge F 0 8 factory Baltrmore Maryland any 

defect•ve rtems recerved at sard factory wrthm sarr. ye-:>.r and delerm•ned by DYMAAC to be 

defectrve The grvrng of or failure to qrve etny advret' or r~"~rommE>ndatrons by DYMAAC sh.:t!l 

rot constrtute any warranty by or rmpose any hahd rtv upon DYMARC The foregorng cons tr · 

lutes the sole and exclusrve remedy o t thP fltl t th::t !'f't and thf' f'"OCCiusrve lrabrlrty of DYMARC 
lndlJStrres . and rs rn lreu of r~ny a nd all o thf't wrurr~l'"'ltPS '''"-P'f'S",..d rmplred o r statut ory as to 

merchantabllrty fttness for pur pose so1r1 dPScrtrt•on l ' tnr1uctrvpnf'~S qualr ty or any o thPr 

matter In no even t shall DYMARC lndu51rtf'S hf' lr;th1P tot ~J"l"C't;"tl or consequen tral damages 

or for delay rn performance of thrs wauanty 

PATENT NOS. 247 .030-247 .031 OTHERS PENDING 

0 y_ ~u~~~~ IS"" RUTHERFORD ROAD. BALTIMORE. MARYLAND ,,0,. 301 ! 298-3130. 800/638-9098 

Figure 9. DYMARC Line Voltage Transient Suppressor 

31 



Original plans called for complete fabrication of the panels, 

including the module installation, in the shop, with subsequent delivery 

to the Newman Station. However, the flexibility of the panels raised 

concern over the risk involved in transporting them; so the frames were 

made in the shop, transported to the site, and partially installed 

without the modules. Modules were installed in the frames in situ and 

the panels were then raised to the proper tilt angle and fixed in place. 

This process was efficient and reliable--none of the 576 modules was 

damaged. 

During this process the panels were covered with black plastic. 

This was done to allow electrical interconnection of the panels with no 

voltage or current being generated. However, it soon became apparent 

that the labor required to keep the black plastic on the panels was more 

than could be justified. The plastic was removed and the electrician 

wired the system from the Visitor Center outward--making all connections 

up to and including the module .iunction box while the modules themsPlvPs 

were still disconnected. The last step was connecting the nine modules 

in series at the module junction box. This could be done with exposure 

to only the module voltage (V0C) of approximately 20 volts. The 

electrical contractor, Callaghan Electric of El Paso, expressed 

confidence in this method and found no safety concerns in implementing 

the wiring. 

4.1 Initial System Checkout 

The checkout sequence focused on three items: array wiring 

verification, instrumentation wiring verification, and array 

interconnect with the uninterruptible power supply (UPS). 
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Array wiring verification demonstrated that module interconnect 

wiring within panels was correct, and that panels were correctly tied in 

correct routing of wiring from distributed field sensors to the main 

instrumentation junction box (MIJB) in the Visitor Center. The 

interconnect to the UPS is necessarily the last step and was not 

attempted until successful completion of the previous two tests. These 

tests were carried out according to the informal test plan given in 

Section 2.4. 

Following this test plan resulted in a successful, safe system 

checkout. Data recorded during each step are now· part of the project 

log. 

Conducting Test #1 (V0C), it became apparent that a large number of 

panels exhibited below normal open circuit voltage. Further testing at 

the module level found a number of modules with either zero output or a 

v0C one-half the nominal value. These problems seemed to be more 

numerous at cold temperatures. 

A number of failed modules were returned to Solar Power Corporation 

for repair or replacement. Although information concerning the problem 

Anrl ~hP prnpns~rl sol.ution was not forthcoming in a timely manner, there 

was no alternative but to continue replacing the modules that displayed 

the problem and returning them for repair. Fortunately, a larger than 

recommended number of spares (28) had been purchased for this project, 

so the full complement of the array was maintained at all times. 

The module failure history is given in table 3. 
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TABLE 3. MODULE REPLACEMENT 

October 80 9 
November 80 6 
December 80 4 
January 81 11 

System Start-up 
February 81 
March 81 
April 81 

4.2 Module Performance Baseline 

3 
4 
1 

During J·une 1980, the 602 modules were delivered and each was 

visually inspected for obvious defects or breakage due to shipping. 

Thirty of the mooules were randomly selected for further electrical 

testing, which included automated I-V plotting in natural sunlight. 

Solar insolation was measured and· a thermal instrumented module, 

adjacent to the test modules, was monitored for nominal operating cell 

temperature (NOCT). The I-V c1u·v,.,s wPrP normalized to 1, 000 \~ott:J per 

square meter and 46°C NOCT, and the data were compared with that 

supplied by the module manufacturer. The module performance obtained by 

NMSEI was consistently lower than data exhibited by Solar Power 

Corporation, but the difference was small ( ~6 perc:P.nt.) ;mel rn;:~y not be 

statistically significant. None of the 30 modules was found to be 

in.npe1·ative. A e:umm.'lr.y of results is gi-..reu in Lal.Jle 4. 

4.3 Control Subsystem 

The PV system controller selected for this project is ~he General 

Electric Company's LogHrol· 550. This micropro~e~sor-based controller 
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TABLE 4. 30 JULY DATA/SOLAR POWER DATA (NORMALIZED) 

Serial sp;'• SEI-l•;'; SP SEI SP SEI 

13~xx voc voc % 1sc 1sc % Pop Pop % 

004 19.4 19.0 2 2.26 2.39 5 30.9 29.1 6 

015 18.9 18.8 <1 2.22 2.34 5 28.7 29.2 1.7 

070 19.5 18.8 3.7 2.21 2.33 5.4 29.5 27.4 7.6 

084 19.4 18.6 3 2.22 2.36 6 30.2 26.0 16 

086 19.4 19.12 1.5 2.32 2.44 5 31.0 29.2 6 

109 19.6 18.9 4 2.23 2.43 9 30.3 27.9 8.6 

138 20.1 19.8 1.5 2.23 2.34 4 31.6 30.4 4 

147 19.5 19.1 2 2.35 2.46 4 30.5 28.3 7.7 

15 7 19.6 19.3 1.5 2.26 2.41 6.6 30.2 29.1 3.8 

212 19.5 19.4 2.15 2.29 6.5 29.6 28.0 5.7 

226 19.6 19.3 1.6 2.33 2.4 2.8 31.0 29.1 6.5 

304 19.8 19.1 3.6 2.25 2.36 4.6 31.8 30.4 4.6 

331 19.7 19.4 1.5 2.29 2.35 2.5 30.5 29.3 4 

398 19.7 19.3 2 2.26 2.40 5.8 30.3 29.8 1.7 

375 19.7 19.2 2.6 2.27 2.37 L1. 4 31.7 30.6 3.6 

607 19.2 19.0 2.21 2.47 11.7 29.0 28.0 3.6 

674 19.4 18.9 2.6 2.19 2.26 3.1 28.4 26.9 5.6 

683 19.7 19.7 2.12 2.19 3 30.4 30.1 1 

687 19.1 18.4 3.8 2.12 2.18 2.7 27.0 23.4 15 

697 19.2 18.2 5.5 2.17 2.28 5 27.4 23.5 16.6 

707 18.9 18.3 3.3 2.18 2.27 4 27.0 24.0 12.5• 

* SP - Solar Power Corporation 
** SEI -New Mexico Solar Energy.Institute 
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TABLE 4. -Continued 

Serial sp;•, SEI;b': SP SEI SP SEI 
# voc voc % rsc rsc % Pop Pop % 

753 19.1 18.7 2 2.14 2.23 4 . 28.0 25.7 8.9 

773 19.6 19.4 1 2.24 2.32 3.4 31.6 30.4 3.9 

794 19.4 18.9 2.6 2.24 2.31 3 30.2 28.5 5.9 

840 19.0 18.7 1.6 2.24 2.38 6 27.9 26.4 5.7 

Rt..R 1~.1 18./1 5.9 2.16 2.30 6.5 29.1 2G.4 10 

855 19.8 19.5 1.5 2.29 2.31 1 31.7 30.6 3.6 

866 19.4 19.2 1 2.22 2.35 5.8 30.1 28.'4 5.9 

926 19.9 19.3 3.6 2.23 2.40 7.6 32.0 30.2 5.9 

960 19.7 19.0 3.7 2.21 2.35 6.3 31.2 29.1 7.2 

1.1 2.32 4.99 6.63 

a 1.47 2.16 3.98 

* SP - Solar Power Corporation 
** SEI - New Mexico Solar Energy TnstitutP 

36 



has a wide range of capability and can be programmed to control up to 69 

relays and/or latching relays. Logic networks may be programmed to 

perform complex switching functions based on the state of monitored 

sensors. 

Seventeen separate circuits have been programmed to perform the 

various control functions desired. Four separate contactors in the de 

switchboard are controlled. These perform shorting, grounding, and 

connection of + and - array lines to the existing UPS. The contactors 

are controlled according to the sensed array current--in both 

operational and short circuit conditions--and the UPS bus voltage when 

the array is connected. In normal operation the following procedure is 

used. 

Before Dawn 

After Sunup 

After Sunup 

After Sunup 

Array is shorted, grounded, and ~isconnected. Short 

circuit current ISC is monitored. 

When ISC reaches 8 amperes, a 60-second timer is 

initiated. The timer is reset each time ISC falls 

below 8 amperes. 

When ISC >8A for 60 consecutive seconds, the + and -

wires are connected to the UPS bus.and an 0.8-second 

timer is initiated. 

After 0.8. s·econds, the array is ungrounded and 

unshorted. (During this · brief period current flow 

: hom --··th.e bus to . the array is prevented by the 

blo.ck:lrii diodes;· The reason for this sequence is to 
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Clouds 

Near Sundown 

prevent. the v0C of the array from being momentarily 

impressed on the UPS bus.) 

The array, once connected, will remain connected 

during all hut extreme cloudiness. The monitored 

array current must fall below 8 amperes (~1 kilowatt 

output power) for 60 consecutive seconds before the 

array would be disconnected. 

When the array current falls below 8 amperes ·for 60 

seconds, the morning procedure is reversed. The 

array will be shorted, grounded, and, 0. 8 seconds 

later, disconnected. 

In addition to normal sequencing, provision for emergency shutdown 

has hPPD made. A puch button and a wa1uiug lighL have be~n installed in 

the main El Paso Electric control room at Newman Station, anrl ."l m"nual 

push bulton reset switch is available· on the ck switchboard in the 

Visitor Center. Under emergency conditions (severe electrical storms, 

ground fault on the UPS bus, etc.) the EPE operators can disconnect the 

PV array. ·The response is as follows: 

EmergPncy 

Post Emergency 

Push button in m;tin conlrol room immediately 

activates + and - contactors and disconnects 

array from bus. Array remains open-circuited 

and ungrounded. 

To reactivate array, the reset button in the 

Visitor Center must be switched. When reset, a 
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60-second timer is activated; when the 60 

seconds are up, the array is shorted and 

grounded. The 1sc is then sensed and if it is 

greater than 8 amperes for 60 consecutive 

seconds, the connect sequence is initiated. 

When the array is connected to the UPS, the bus voltage is 

monitored continually. Should this voltage exceed 140 volts for 10 

seconds, the PV an·ay will be disconnected via the emergency shutdown 

routine. This provides a warning alarm to EPE and investigation of 

possible UPS problems is initiated. 

The versatile control system used for the EPE system has allowed 

experimentation with the connection sequences. However, once these 

sequences are proven, a much simpler and less expensive system would be 

sufficient. This is an area where experience gained can result in large 

savings on future systems, since the logitrol cost is $1.75 per week. 

4.4 Training and Safety 

An important part of initial system operation and testing was the 

training program for El Paso Electric operators and maintenance 

personnel [7]. This training was conducted both by formal sessions and 

by demonstration of techniques _on the job. 

The training p~ogram covered the·following items: 

1: Basic PV operation 

2. Site specific operation 

3~ El Paso PV system layout 

4.· . Safety oper~~ing·v~ltAe~~ and power 
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5. Switches 

6. Emergency conditions and reactions 

7. Troubleshooting techniques 

8. Module handling techniques 

9. Weather station operation 

10. Visitor Center and PV controller 

11. Daily walk-through checks 

As a result of feedback from the training sessions, the 

walk-through sheet (figure 10) was enhancP.n ann rPfinPil. Alc;n, the 

emergency procedures WP.rP. simpl i fi Pil and a. manual reEet \vaG provided 

external to the de switchboard. This reset provides a convenient method 

of sequencing the PV array back on-line after an emergency shutdown. 

A copy of the visual aids used for the training program is given in 

Appendix B. 

5:0 SYSTEM PERFORMANCE 

The system output power was first applied to the UPS on 4 December 

1980. After extensive testing, automatic operation of the system was 

initiated 27 January 1981. Except for periodic testing and one nine-day 

period when the UPS was down for maintenance, the system has operated 

unattended since. Initial data analysis indicates system performance is 

equal or greater than design predictions. The average daily energy 

proJuced is 95.1 kilowatt hours based on the first 80 days of operation. 

Based on five consecutive days in March, the system efficiency was 

calculated to be 5.95 percent. The peak output power of 22.9 kilowatts 

was recorded on 9 February 1981, with a plane of array pyranometer 

reading 1, 222 watts per -square meter and a cell temperature of 22°C. 

More system performance data is discussed in Section 5.2. 
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528A 

Row 
A 

Row 
B 

Row 
c 

EL PASO 20KW PHOTOVOL TAlC PROJECT 
DAILY OPERATOR'S LOG 

DATE ______________ _ TIME ____ _ NAME __________________________________ __ 

Current 

DC SWITCHBOARD & CONTROLLER 
Voltage 

1. Record Readings 

Energy Power 
2. Do not reset kwh meter 

DATA ACQUISITION SYSTEM 

Interface AC Power 
0 

0 8 A 1. ·Record visitor center temp. ------------------------

ON 

Voltmeter 

AC Power 

Scanner 

AC Power 

Scanner 

AC Power 

2. Place check mark next to appropriate letter if lights are on. 

c 
3. Check alarm conditions on harddcopy, if any, report to supervisor. 

4. Staple all odas hard copies to this sheet. 

Comments: ---------------------------------------
D 

E 

OUTSIDE 

Switch box handles should be 
as shown below unless tagged. 

1. Check weather station for debris ______ _ 

ON ON 2. Clean pyranometer -----------'--------

BTIITEFB=D 3. All terminal boxes closed ______________ _ 

4. Check temp sensors, 6ea. ___________ _ 
to verify attachment O~f ON ON OFF 

ITCJB ·-· EFCJB Ro 
. ·SASS 

- .. -
OFF OFF 

EIDEFEFEm 
OFF OFF 

Figure 10. Daily Walk-Through Sheet 
41 

5. Record visitor's center kwh meter reading __ 

6. List below any abnormal array conditions: 

REPORT ANY ABNORMAL CONDITIONS TO YOUR SUPERVISOR 



5.1 Data Collection 

To provide a broad data base for future system performance 

evaluation and analysis, a project was initiated as outlined in the 

Operation and Verification Plan [5]. The first portion of this plan was 

to verify the manufacturer's reported module performance~ The results 

of this testing were given in Section 4.2. In this section the data 

·collection techniques are discussed. 

The instrumentation system for the photovoltaic pro.i ect is 

extensive and independent of the PV system. The instrumentation syst.em 

consists of sensur:s, wiring ann ronnPrtors., monitoring equipment, and 

the computer, which controls the data acquisition rate. Much of this 

equipment was provided by DOE via a loan from Sandia National 

Laboratories. The major components of the on-site data acquisition 

system (ODAS) are listed in table 5. 

Quantity 
1 

1 

2 

1 

1 

1 

.1 

1 

1 

TABLE S. EL PASO PV SYSTEM EQUIPMENT LIST 

ProEerty Number 
B947331 

B947329 

B947330 
B91t9253 

20629-12 

D9:i1:i38 

20629-12 

B949542 

20629-002 

206929-012 
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· Description 
Computer, HP9845S 

Multimeter, HP3455A 

Data Scanners HP3495A 

System documentation 

Modem 

Clock cable assembly 

Power supply control, 
HP5g5901A, S/N 
1940A02977 

Weather station 
interface panel 

70" equipment rack 
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The ODAS computer (figure 11) controls the sensor scan rate and 

records the value of 84 sensors on magnetic tape. The parameters and 

scan rate are given in table 6. These recorded values are maintained on 

the magnetic tape and are accessible via telephone data transfer. 

Currently the data are being collected and archived by Boeing Computer 

Services and by NMSEI. After data transfer, the files may be reused, 

thus precluding the necessity for tape changes. At the El Paso 

TABLE 6. ODAS PARAMETERS AND SCAN RATE 

Parameters Sample Interval 

64 Panel String Currents 30 minutes 

6 Cell Temperatures 1 minute 

1 System Mode Detection 1 minute 

1 Array Power 1 minute 

1 Array Voltage 1 minute 

1 Array Current 1 minute 

1 Wind Speed Peak 1 minute 

1 Wind Direction 1 minute 

1 Barometric Pressure 1 minute 

1 Ambient Temperature 1 minute 

1 Dew Point 1 minute 

1 Rain Fall 1 minute 

1 Plane of Array Insolation 1 minute 

1 Horizontal Insolation 1 minute 

1 Direct Normal Insolation 1 minute 

1 Reference Cell Insolation 1 minute 
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Figure ll. OOAS and CC Switc hboard in Visitor Center 



system, approximately six days of system performance data can be stored 

in a single tape. 

Some problems have been experienced with data transfer routines. 

BCS personnel have been rectifying the problems as they appear. The 

biggest concern has been the_implementation of software at BCS that will 

automatically change the data file prefix after that file data has been 

. 
transferred. Changing the prefix allows the file to be "written over" 

with new data. If the file prefix is not changed, the data tape will 

fill up, and after six days of data has been recorded, the ODAS will 

stall because all data files are full. When this occurs, the only 

recourse is to go to the site, copy or replace the data tape, and 

restart the ODAS. Data is lost until this can be done. Several days of 

data were lost during early system operation because of this fault. 

5.1.1 Initial System Test Data 

As part of the Phase II contract, the system was operated in the 

"normal" mode for 30 days. The El Paso system was actually evaluated 

for more than four months before the Phase III contract was in place. 

System data were collected and evaluated. This data consisted of 

performance information collected by the ODAS, stored on magnetic tape, 

and transferred via telephone modem to NMSEI for analysis. It also 

consisted of fault location testing and maintenance data that was kept 

in the project log. 

Hecause ot the high rate of modul~ failures experienced before the 

system entered this operational phase, the testing activity was 

maintained at a high level. After system start-up, further problems 

with modules we_re detected, with nine additional modules requiring 
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replacement. These modules were all operating at one-half the operating 

voltage (~7.6 volts). With nine modules in series in each panel and 

with an array operating voltage of about 139 volts, each module should 

carry a voltage of 15.2 volts. With the array operating, this module 

voltage was read and recorded on numerous occasions. For any given 

panel the variation in module voltage was often greater than ± 1 volt, 

i.e., 14-16 volts. However, some modules measured as low as 12 volts. 

This caused the other modules in the panel to be operating at greater 

than 16 volts, well beyo'nd the maximum power point. 

These modules, operating at ~12 volts, were nul replaced at the 

time but were noted and monitored closely. Some of them did drop to 7.5 

volts under varying solar (temperature) conditions, but at this time it 

is too early to draw definitive conclusions about this problem. When 

the operating voltage of the module dropped to one-half value, the 

module was replaced. However, when the module was tested by itself, it 

tested good. The short circuit current grade of these modules was 

checked, and in seven of the nine hilures the failed module was the 

same grade as other modules in the panel. In two of the cases, the 

"failed" module was of lower short circuit current grade than the 

remaining panel modules. 

There are several open questions that must be answered. 

1 . H~vP these mo~ules really failed or would they perform 
satisfactorily in lower performance panel strings? 

2. Will it ·be. necessary to categorize spares by short circuit 
current grade? 

3. Does a measure~ent of 12 volts indicate an incipient failure? 

These· issues will be studied throughout the Phase HI effort . 
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5.2 Data Analysis 

Analysis of system performance data, as received from the ODAS, has 

been initiated at NMSEI. This activity consists of calculating array 

"figures of merit" (such as energy produced, efficiency, wiring losses, 

etc.), of developing and utilizing a fault insolation program, and of 

comparing actual results to those predicted by simulation routines. The 

result of the comparisons will be given in the next section. 

The energy produced by the El Paso system is measured with an 

odometer-type instrument at the Visitor Center. It is not recorded by 

the ODAS but is read and recorded each day on the daily walk-through 

sheet. This figure may be checked by i~tegra,ting the system output 

power, which is measured by the ODAS. every minute, averaged, and 

recorded every 10 minutes, over time. Several days of data have been 

cross checked in this manner and no significant difference has been 

found. The meter in the Visitor Center will be utilized as the sole 

energy indicator in the future. Monthly performance criteria for the 

first two months of system operation are summarized .in table 7. 

5.2.1 Fault Isolation Techniques 

Since the PV system is .located 40 miles from NMSEI, it is desired 

to be able to perform some fault loc;ation without physically visiting 

the site. For this purpose NMSEI is perfecting a fault isolation 

routine that is based on statistical testing of the string currents 

measured on each o± the 64 panels. ln1t1al results look encouraging. 

Panels that are not performing as expected have been isolated and marked 

for further testing. A. problem has been .found and corrected each time. 

The open question is· the precision to which this procedure can be 

refined. Analysis will continue throughout Phase III. 
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TABLE 7. MONTHLY PERFORMANCE•'• 

Peak Power (kw) 
Date 
Plane of Array Insolation W/m2 

Measured Cell Temperature °C 

Energy Produced (kwh) 
Best Day/Date 

Average Turn-on Time 

Average Turn-off Time 

Weather 
Peak Wind Speed Date m/s 
Highest Ambient Temp/Date °C 
Lowest Daytime Ambient Temp/Date °C 

*Based on preliminary data 

5.3 Simulation Comparisons 

February 

22.9 
9 Feb 
1222 
22 

111/5 Feb 

0720 

1715 

12/7 Feb 
28/26 Feb 
-2/11 Feb 

March 

19.5 
7 Mar 
1097 
19.5 

128/18 Mar 

0706 

1730 

24/3 Mar 
22/17 Mar 
2/8 Mar 

NMSEI has developed a simulation program based on a sample of 

manufacturer·-supplied module data sheets and on the module data obtained 

by the testing described in Section 4.2. This program provides a finely 

tuned match to the actual data obtained clnring the first 90 days of 

system operation. Figure 12 is an example of one such day. from this 

base line, long-term degradation of system performance will be 

detectable. In addition to the system-specific program, SOLCEL 

simulations will also be used to evaluate system performance. SOLCEL 

was used during the design phase and has provided the basis for system 

performance estimation. The actual performance data is now being used 

as input to the SOLCEL to compare simulated performance with actual. 
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The simulation programs will be used periodically throughout Phase 

III to try to determine the magnitude of long-term degradation. The 

source of any such degradation will be determined and, if possible, 

rectified. 

6.0 SUMMARY 

The successful completion of the Phase II portion of the El Paso PV 

project demonstrates the practicality of flat-plate PV system technology 

for current power generation. 

The system, designed by NMSEI with assistance from an architectural 

firm and an electrical consultant, was fabricated, integrated, and 

tested by small business firms with no prior PV experience. The actual 

construction time was less than forecasted. 

The only significant problem encountered during the integration and 

testing of the system was an intermittent electrical connection in the 

module terminal box. The module manufacturer, Solar Power Corporation, 

traced this to a manufacturing prot:'edure t.<~nl t. and has indicated t.ha L a 

repair of all modules will be undertaken at their expense. 

The data collection and analysis is ongoing and will continue 

throughout Phase III. The only instrument not functioning at this time 

is the sun-tracking pyrheliometer. Data is being Lrausferred to Boeing 

Computer Services and NMSEI via telephone on a regular basis. Analysis 

indicates the system is operating at or above expectations. Fault 

isolation routines are being generated at NMSEI and will. be refined 

during Phase III. 

An important part of a prototype. project .is the le·arning 

experience. ·While ·most Phase. II acti vi tie~( Qroceded, according to plan, 
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some changes wete made to expedite certain 'tasks. The. ease with which 

changes were incorporated into the tonstruction pla~s ii a salute to the 

project contractors. They, in fact, proposed several changes which 

resulted in significant savings of dollars and time. 

A list of suggestions is given below. No classification of 

importance of the items in the list has been made. Some of the 

suggestions apply only to similar construction in similiar climates but 

many have general implication~. 

0 It must be recognized by photovoltaic manufacturers that utilities 
must be dealt with differently from a conventional free enterprise 
business. Because utilities are under such stringent federal and 
state regulations,· the cost justification of a project becomes 

-extremely important. 

0 The input of the utility th~ough specifications is a major .concern. 
Photovoltaic modules should be ordered just as any other power 
plant equipment is ordered since it might effect the integrity of 
the entire plant. 

0 Because of the long expected life of the modules, the manufacturer 
should be willing to provide a warranty that is appropriate for 
this expected life. ·~ 

0 Utility personnel must undergo an attitude . change. For ·~ 
photovoltaics to be· feasible, utility personri~l ·must be willing to 
become more deeply involved with the pro.iect. 

0 The wooden fiames that wer~ used in the p~oject are excellent from 
- the viewpoint of cost and av'ailability ,' and although wood proved to 

be a good material for this project, it may not be suitable for 
larger projects because of the extensive labor requirements, 

°For the ease of connection and to facilitate maintenance, a 
weathertight plug-in, quick-connect type of module connection 
should be used. 

0 Experience has shown many contractors in the Southwest, and in 
particular the El Paso area, that it is not necessary that junction 
boxes be galvanized. 

0 The size and complexity of the electrical switchgear can be 
significantly reduced. 

0 The versatility of the control system is excellent for a prototype 
system, but significant savings can be realized by applying simple 
yet adequate controls. 
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NMSEI, EPE, Ponsford Brothers, Foutz Langford Gomez and Moore 

Architects, and Golucke Consulting all contributed to the successful 

completion of Phase II of this project. Utilization of alternate energy 

sources are important to the goal of an energy independent United 

States. 
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APPENDIX B 

EL PASO TRAINING PROGRAM 
VISUAL AIDS 
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EL PASO PV SYSTEM 

1 DIRECT CONVERSION OF SOLAR ENERGY TO DC ELECTRICITY. 

1 UP TO 17- KW OUTPUT DEPENDING ON SOLAR INSOLATION .. 

1 MAXIMUM DC VOLTAGE II~ ARRAY. FIELD IS "'--'190 VOLTS. 

1 f'lAXIMUM DC CURRENT IN ARRAY FIELD IS __.._, 160 AMPS. 

1 ARRAY FLOATS - NO MANUAL GROUNDING OF POWER LINES. 
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1 POINT "A" 
2 OD,i1.S 
3 DC SWITCH BOX 
4 MAIN TERMINAL BOX 
5 MAIN ARRAY DISCONNECT . 
6 CONTROL RACK 
7 PCJB 
8 . IJB 

[ 22 

171 
22 PANELS 

.. 22 PANELS c~~ 
f/: 

G4 
[]] 

20 "PANELS 

. ) .. , 

[WEATHER · 
~TAT ION 

BRIDGE 

L 

CONTROL 
R0011 

4 e DJ 1 vc 

w MAiN ARRAY DisCONNECT 

L6 I 
JJ] f7l 

. ~:=-on. Ll -o;---. -1 
111 m w 

-~[ill 
23 1 

Ct 
[1] rnw .. Ill 

[8] 451 

ROH 1 

F:0\-1 2 

~:Q\.\1 3 



SAFETY .. 

. . . 

• PV ARRAY IS ELECTRICAl GENERATOR~ ' .... 

. . 

1 OPENING ON-OFF/FUSE SWITtH·RtMdVES ~UBARRA~ FROM LOAD BUT 
. ·,· 

1 SHORTING SWITCH ZEROS VOLTAGE IN SUBARRAY BUT ~IGH CUR~ENT 
FLOWS I 

AT VC 
. . t . . 

.. 
·' 

1 IN DC SWITCHBOARD ARRAY IS CONNECTED TO BUS. 

1 . TO ISOLATE DC SWITCHBOARD BOTH MAIN ARRAY BREAKER AND' CONTROL 
ROOM DISCONNECT f~UST BE THROWN .. _, . . . ~ . ' 

1 AUTOMATIC SWITCHING OCCURS. 
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TO CHECK PANEL VOLTAGES 

1 OPEN SPECIFIC SUBARRAY SWITCH SHORTING SWITCH OP~N. 

1 _AT PCJB TEST EACH PANEL OPEN CIRCUIT VOLTAGE <V0cl. 
. .. 

1 SHOULD READ BETWEEN 165V - 190V DEPENDING ON WEATHER AND 
INSOLATION. 

1 IF A ~1EASURE~1ENT IS 8 - 20V BELOW AVERAGE IT INDICATES BAD 
PANEL. 

1 AT THE MODULE SERIES JB CMSJBj CHECK EACH MODULE OPEN CIRCUIT 
VOLTAGE. - -- . 

' . SHOU.LD FIND AT LEAST ONE WITH V0 c_ 8. - 20 VOLTS BELOW. AVERAGE. 

1 TRACE WIRING AND RECORD MODULE SERIAL NUMBER. 

1 REPLACE MODULE. 
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Q) 
. -....! . 

ON/OFF 
ON 

FUSE 
SHORT ' 

OFF l) 

ON RSJB 

ROW SUMMING 

OFF 

~ u:C-:Jro 
SURGE CAPACITORS 

.:. 

ON 
SHORT 

OFF 



... 

.,. 

I 

·~ ) 
a i;---\ll.l"-
.~ 

I 
J 

I 
" 1.....-J'ifV'-­

.• L.-..AJ\1'--
GL.-tv'-

PCJB 

.1 
RSJB ON-

SHORT 
OFF 

ON TO VC 



HANDL Ii'~G MODULES 

1 HANDLE AS YOU WOULD AN 18" x 42" PIECE OF GLASS - IT IS. 

1 HOLD f·10DULE BY THE EDGE ONLY. 

1 DO NOT PUT PRESSURE ON MODULE SURFACE. 

1 STORE MODULES ON EDGE. 

1 DO NOT LEANJ SIT OR CLIMB ON PANEL~. 

69 

. · .. ' 



WEATHER STATION 

t 115V AC PRESENT 

• ALL SENSOR OUTPUTS - LOW VOLTAGE 

II 
I 
i ; 
I ! 

l
i I 

.. I REFERENCE RAIN 

~r 0 
I 

I i @!PLANE OF ~\ I 0 ITHE ARRAY 0 ) L __ . -~ PYRANOMETE 

L 

HORIZONTAL 
PYRANOivlETER 

l 
I 

I 
'l 

PYRHELIOMETER I 
SUN TRACKER I 

I 
~ 
I 

l 

WIND 
DIRECTION 
AND SPEED 

BAROMETRIC 
PRESSURE 

' ' 

DATA & POWER 
JUNCTION BOX 

e CLEANING - PYRANOMETERS AND PYRHELIOMETER 
DAILY WITH NON-ABRASIVE CLEANER CWINDEX TYPE) 

70 
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CONTACTS 

TECHNICAL PROBLEMS - NMSEI 505-646-1846 

Vernon Risser 

Steve Durand 

Peter Munding 

505-646-4245 
Home 505-522-2624 

505-646-4107 

505-646-4219 
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APPENDIX C 

MODULE SPECIFICIATION AND HANDLING INFORMATION 
FROM SOLAR POWER CORPORATION 
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CO~rPOND!TS SUSCEPTIBLE TO DA.I·!:\GE IN HAl'.'DLI~·i"G 

Because the module is unframed,' there is no obvious means to har.dle 
the structure safely, and those elements which are susceptible to damage 
are much more exposed to the possibility of sustaining such damage unless 
special care is taken. Those components particularly susceptible to sue~ 
da;nage are the glass· superstrate, the sil-icon Y.'afers (solar cells), and 
the terminal box and cable.' 

A. Glass Superstrate 

The glass superstrate is the basic structural ele~ent of the ~odule; 
but,in the unframed state it is simply a pane of glass, subject to the 
saille susceptibility to damage in handling as any other bare pa~e of glass. 
It can be broke~ by an impact at any point. HoweveE, this pane of glass 
has been tempered, so it should be able to sustain a light impact on its 
front surface, (It has ·been tested to Y.~thstand 1 1/2 inch hailstones at 
their terminal velociLy.) It is extremely sensitive to an impact on it~ 
edge, though. To minimize the chance of damage from· ecige impact, ·the 
ruober gasket which covers the edge should always be kept in place. 

Because the glass is tempered, an irn?act at any point which results 
in a fracture completely destroys the entire pane of ~lass. bnce a frac­
ture is initiated, it propagates throughout the entire sheet of glass, 
resul tin~ in a mass cf tiny glass splinters held toge the·.c only by the 
silicone ruLLer layer bonded to its back surface. Because its structural 
integrity is completely lost, the entire module has been destroyed. Care 
must be exercised in disposing of such a destroyed module because the small 
glass fragments are very sharp and can result in so~e nasty cuts on the 
hands. The use of heavy protective gloves is recommended·. 

B. Silicon Wafers 

Silicon is a very hard, brittle material. The very thin silicon 
wafer solar cells are therefore quite fragile and easily broken. However, 
they are protected from the front by the glass sheet, and an impact on the 
front which does not break the glass will not break the cells. This is 
not true of impacts on the:back surface. A sufficiently strong impact on 
the back, plastic-covered surface can cause a cell to crack, even though 
no visible da!!l2ge to the packaging mate;:::'..:-,ls •nay be detected. The shock 
of the impact can be transmitted through the soft silicone rubber encapsu­
.lant and resclt in a cracked cell. An excessive concentration of pressure 
behind a cell can also cause it to crack. Sufficient pressure to crack a 
cell can come about by "pinching" the module front-to-rear between the 
fingers and thumb. Therefore the temptation to lift a module in this way 
must be resisted. 

Degradation of module performance due to a ·cracked cell may.not occur 
immediately if the electrode metallization remains intact. However, once 
a cell is cracked, the probability that the-metallization will ultimately 
fail is greatly increased because the relative motion bet~een the twO parts 
of the· cell during thermal excursions. inay ultimately fatigue the metal. 

7'i 
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The "life" of such a cracked cell COLHlOt be predicted, but in some cases 
rn3y be on the order of years. 

C. Terminal Box and Cable 

The terminal box is held in place solely by the silicone rubber potting 
compound. It was not design~d as. a struc~ural element, so e~cessive stress 
on the box can lead to failure of its bond to the module. With an unframed 
module the temptation to use the terminal box or output cable as a handle 
for lifting the module may be hard to resist. Nevertheless, since this 
action can damage the module, this temptation must be resisted . 

. UNPACKING 

Modules are no.rmally shipped 10 ·to a carton having outsi~e Jirnehsions 
approximately 18 x 2l.x 46 inches. Any ohvin11s rl~~age to car;ons as received 

· sliuuld im:nediatel.y be brought .to the attention of the deliver~r and noted fo: 
possible clains for ~hipping damage to modules· inside. Each carton will 
have its own identific.ation nuh!ber, and as far as pr2.c.tical, each carton • .. ·ill 
contain module.s fror:1 the same output current classification. A letter code 
,stamped on the beck of each module ne.:J.r the termiP..al box indicates the current 
clas~ification as follows:. 

LETTER CODE SHORT CIRCUIT CUR..l\ENT RANG2 

l. 90 1. 99 A 

2.00 2.09 A 

2.10 2.19 A 

·2.20 2.29 A 

2.30 2.39 A 

Th~ 10 modules in each carton .:1re divided into 5 gr6ups of 2. ·Each 
group of 2 is wrapped in a single cardboard sleeve. The glass fronts of 
the 2. nodules face .each other, cushior,ed from each other by th~: rubber 
perimeter gaskets. The back surfaces which face out are theref6reprotec­
ted by the cardbo.:1rd sleeve. Each ten!linal box protrudes t.hrough .a slot 
in the sleeve, and the output cables are taped to ~he outside surface~ of 
the sleeve. within each cartqn; the 5 groups· of sleeved modules are ... 
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separated from each ether by foam spacers, These foam spacers also keep 
all parts of any module at least one inch away from all inside •..Jalls of 
the ca~ton. Therefore, cartons can be opened safely as loog·as tools do 
not penetrate more than one inch into the carton. When the carton has 
been opened, each sleeved group of 2 moduies can the!1 be rewoved as a 
unit. A separate envelope containing the current - voltage output data 
for each of the 10 modules is also included in the c~rton. 

Each cardboard sleeve enclosing a group .of 2 modules is a wraparound 
tvoe having a seam near th~ center of pne of the broad faces. The seam 
is held together by tape which must be cut or peeled away in order to 
un~~ap the sleeve and remove the modules, If the tape is to be cut, care 
must be taken to insure that the knife does not penetrate too deeolv and 
slash the back surface of the module. Use a special cutting tool whose· 
blade does not extend more than l/16 .inch beyond the hilt. The sleeves 
must be unwrapped to remove the modules. Do not try to slide modules 
out of the sleeves. 

~~A~~ING: After the sleeve has been removed, the unframed modules are 
susceptible to the types of damage discussed in Section III. Refer 
to Section V for proper handling procedures. 

I-IANDLING 

The unframed module is particularly susceptible to dam::!ge in.handlfng 
as described in Section III. The best way to avoid chance of dam::!ge is to 
avoid .handling the module. This means that procedures which minimize the 
imo~ni of handlin~ required should be thought out and set up. Ideally, 
a single handling step which transfers the modules d~rectly from the ship­
ping carton to the finished frame might be possible. If temporary inter­
wediate storage is necessary, the number of times a module is transferred 
into and out of storage should be reduced to an absolute minimum, 

When unframed modules must be handled, obeying the following rules wiJ 
greatly reduce the chance of damage, 

1. Pick up and carry mJdules only by their edges 

<but do not pinch front to back - especially 
.. 

critical in cell area), 

2. Alternatively~ pick up and carry modules by ~eons 

of vacuum cup lifters on the front gloss surface, 
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3. Do not, under any circumstances~ lift mcdules 

by theiT tern!inul box or output cable. 

4, While carrying the module, be careful to ovoid 

all obstacles which might accidentlY knock 

against the module. 

5. If the module must be set down temporarily durinq 

transport... let it leon against some object such 

·Li'lut onlY the rubber perimeter gos!,et <or the 

tern1inol box) rests against tl1e object, Never 

allow contact between any foreign obJect and the 

bock surface of the module. Keep all other 

traffic away from the area, 

6. When installed in frames, use cable ties to secure 

I. STOK.AGE 

the cable frorn flOC·Ping in tlie wine, (NOTE: Su:r:e 

plastic cable ties will deteriorate in outdoor 

service.) 

To store unframed modules for any extended period of time, a protective 
covering should be used to guard them agains:: accidental imp.:;cts. The back 
surface is especially vulnerable. The cardboard sleeves used in shipping 
can be reused for this purpose. Protected modules should be stacked upright 
(standing on end), but may be allowed to lean against each ether .. Do not 
lay mociules flat and Stack the!:H on top Of each Other. 
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For very ter:1porary storage where it is not expedient to provide 
protective covering, modules may be s·tacked unprotected. Again, modules 
should stand upright (standing on end).· The first module should lean 
against some sturdy object (e.g., a wall) such that only the rubber 
perimeter gasket (or the tet~ninal box)·makes contact. Subsequent modules 
may lean against each other such that contact is made only· between terminal 
box and glass. Be gentle in stacking modul~s this way. Since the stack 
o£ unprotected modules is vulnerable to impact damage, traffic in the 
storage area should be restricted. 

I:. CLEANING 

III. 

Once the modules are mounted in frames and arrayed, only the top glass 
surface is susceptible to soiling which can result in degradation of elec­
trical output. Because the surface is glass, natural cleaning from ncrnal 
rainfall is rel~tively efficient. This natural cleaning is enhanced by 
inc:reasing the tilt angle of the ar:::-ay. Experience indicates that some 
equilibrium level of seiling will be reached and maintained, the level 
depending on the amounts of particulate pollution in the at~osphere 
relative to the ar::.ount of precipitation. In most subur"ban and rural areas 
this equilibrium level corresponds to less than 10% degradation of elec­
trical out?ut, but in some urban areas the level may be much greater, in 
scoe cases exceeding 30% degradation. 

To wash the glass surfaces, use any means normally used to clean glass. 
They can be hosed do;y-u ·,.;oith water and scr'-lbbed with a mild detergent, Any. 
other commercially available glass cleaning solution is also acce?table, 
For scrubbing, a soft cloth or sponge is recohlmended. For safety, the 
section of the array being washed should be short circuited, 

There should be no reason to clean the underside of arrayed modules. 
If some unforeseen reason arises, use only a soft damp cloth or sponge and 
wipe gently. Again, make sure that section of the array is short circuited. 

SAFETY OF PER.SONNEL 

Three or more modules connected in series can result in lethal voltages 
at the terrni_nals. Therefore, great care must be exercised when wiring modules 
into a high voltage system. The voltage is present even on dark, overcast 
(L-,ys. IcL: .. -,lly, inrlividual morlnles should be pl\.lgged into connectors after 
all interconnect wiring is completed and sealed. Alternatively, some sches~ 
m~y be devised to ins\.lre that ~odules ar2 sho~t circuited while the inter­
connections are being made, and· then provide.· for a safe means to remove 
the short circuits. 

It is advisable that all personnel handling modules wear safety 
glasses for protection in the. event of bre·akage. 
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The safety aspects of broken module disposal was discussed in 
Section III A. The main concern is to avoid cuts from the sharp 
fragmen~s of broken glass. Protective gloves should be worn when 
handling the shattered-glass module. 
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