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date:
15 March 2002


to:
J. R. Tillerson, MS-0752



David L. King


from:
D. L. King, MS-0752


subject:  Test Plan for Module-String Testing for 1.2-MW Roof-Integrated PowerLight System on Santa Rita County Jail, Dublin, CA

I have attached a summary test plan and logistical details associated with our effort to characterize the electrical performance of many separate module-strings in the large roof-integrated 1.2-MW PowerLight photovoltaic array recently installed on the roof of the Santa Rita Jail in Dublin, CA.  The array is composed of four different PV module technologies: BP Solar CdTe, BP Solar c-Si, and two sizes of AstroPower c-Si.  The array has four large sub-arrays each “grid-tied” through a large Trace Technologies inverter.  Interested parties in this effort include not only PowerLight Corporation but the module manufacturers as well.  Particular emphasis will be placed on module-strings in the BP Solar thin-film cadmium-telluride (CdTe) array that appears to have experienced significant performance degradation in only a few months of outdoor exposure.
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Aerial view of Santa Rita Jail, Dublin, CA.
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Field Test Procedure

Electrical Performance Characterization

Module-Strings in 1.2-MW PV Array

Santa Rita Jail, Dublin, CA
D. L. King – 3/15/02

Anticipated Test Period:  3/19/02 – 3/22/02

Contacts:

Designer/Integrator 



Coordination & Array Test


PowerLight Corporation


Sandia National Laboratories

Dan Shugar & Tyroan Hardy

David King, Michael Quintana, Bill Boyson

http://www.powerlight.com

phone: 505-844-8220
cell: 505-259-1479

2954 San Pablo



fax: 505-284-3239


Berkeley, CA  94710


email: dlking@sandia.gov
phone: 510-868-1224

fax: 510-540-0552

email: 
dshugar@powerlight.com

thardy@powerlight.com
Local Medical Facilities:  
(1) Amador Valley Medical Center, 925-828-9211





(2) Pleasanton Urgent Care Medical, 925-462-9300

Test Location: 

Santa Rita Jail

5325 Broder Blvd.

Dublin, CA  94568

(925) 551-6500

The photovoltaic system to be characterized is located on the roof of the Santa Rita Jail.  Geographic location is:



Latitude:  
37.716(


Longitude: 
121.888(


Altitude:
100 m 

Site Hazards:

Potential hazards on the site include the PV array (<600 Vdc) with total system power of about 1.2 MW at typical operating conditions.  Our array testing will be performed on individual module-strings at the sub-array level where the maximum short-circuit current is less than 10A and the module-string voltage is less than 600 Vdc.  Measurements will be performed at the sub-array junction (dc combiner) boxes located on the roof adjacent to each sub-array.  Quick-disconnect (Multi-Connector) wiring is used in all modules-strings, so the strings can be individually isolated from the array during I-V curve measurements.  In operation, the sub-arrays are each grid-tied through a large Trace Technology inverter; three inverters are 225 kVA and one is 300 kVA.  The Trace inverter will be disconnected and locked-out from the separate sub-array circuits during module-string performance tests.  Inmates are well confined.
Photovoltaic Arrays:

The nominal electrical performance values for the four separate module-string types in the Santa Rita photovoltaic array are given in Table 1.

Table 1: Nominal performance parameters for Santa Rita module-strings at 

Standard Reporting Conditions, 1000 W/m2, 25(C.

	
	Isc (A)
	Voc (V)
	Imp (A)
	Vmp (V)
	Pmp (W)

	14-BP980 CdTe
	3.0
	630
	2.5
	448
	1120

	12-BP2150 c-Si
	4.8
	515
	4.5
	400
	1800

	22-AP130 c-Si
	7.5
	460
	6.7
	427
	2860

	24-AP75 c-Si
	4.8
	550
	4.4
	408
	1800


Performance at 1000 W/m2, 50(C.

	
	Isc (A)
	Voc (V)
	Imp (A)
	Vmp (V)
	Pmp (W)

	14-BP980 CdTe
	3.0
	580
	2.5
	408
	1020

	12-BP2150 c-Si
	4.8
	463
	4.4
	357
	1570

	22-AP130 c-Si
	7.5
	499
	6.6
	370
	2440

	24-AP75 c-Si
	4.8
	455
	4.3
	360
	1555


The BP980 CdTe sub-array has a total of 245 module-strings.  Each module-string has 14 BP980 modules wired in series.  Module to module wiring has quick connect terminations.  Module-string wiring terminates in a total of 7 fused dc-combiner boxes located on the 4 separate, but connected, roofs containing the sub-array.  Nominal power for this sub-array at standard reporting conditions is 274 kW.

The BP2150 crystalline silicon sub-array has a total of 144 module-strings.  Each module-string has 12 BP2150 modules wired in series.  Module to module wiring has quick connect terminations.  Module-string wiring terminates in a total of 3 fused dc-combiner boxes located on the 3 roofs containing the sub-array.  Nominal power for this sub-array at standard reporting conditions is 259 kW.

The AstroPower AP130 crystalline silicon sub-array has a total of 93 module-strings.  Each module string has 22 AP130 modules wired in series.  Module to module wiring has quick connect terminations.  Module-string wiring terminates in a total of 3 fused dc-combiner boxes located on 3 roofs containing the sub-array.  Nominal power for this sub-array at standard reporting conditions is 266 kW.

The AstroPower AP75 crystalline silicon sub-array has a total of 210 module-strings.  Each module string has 24 AP130 modules wired in series.  Module to module wiring has quick connect terminations.  Module-string wiring terminates in a total of 4 fused dc-combiner boxes located on 4 roofs containing the sub-array.  Nominal power for this sub-array at standard reporting conditions is 378 kW.
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Typical fused dc-combiner box for module-strings in each sub-array of Santa Rita system.

Test Procedure:

The general approach to be used for this very large photovoltaic array (692 module-strings) will be a sequenced sampling of separate module-strings.  Current-voltage (I-V) measurements made on module-strings under clear sky near an AM1.5 condition will provide a performance estimate for the ASTM Standard Reporting Condition (1000 W/m2, 25ºC, AM1.5).  Corrections for module temperature, solar spectrum, solar angle-of-incidence, and module soiling will be applied in determining performance at standard reporting conditions.  Weather permitting, the test objective is to record I-V measurements for at least 20 module-strings in each of the four sub-arrays during clear sky conditions between 10:00 a.m. and 2:00 p.m. PST.  Additional I-V measurements recorded during low irradiance and/or overcast conditions will be used to characterize the relationship between module-string voltage and solar irradiance.  The average characteristics of multiple module-strings, after outliers are discarded, will provide performance parameters representative of the sub-array associated with each inverter.  The performance parameters obtained from analysis of the measured I-V curves will make it possible to model the expected dc-energy production from the array, as well as the expected ac-energy production from the inverter.

Current-voltage (I-V) curves will be measured using two curve tracers (DayStar DS-100) with recent calibration.  Solar irradiance data associated with each I-V measurement will be measured with three separate devices; a LI-COR LI-200 pyranometer will be connected to each curve tracer and a portable data acquisition system (Campbell datalogger) will be continually recording solar irradiance in the plane-of-array using a Kipp & Zonen CM21 pyranometer.  In addition, PowerLight has a data acquisition system associated with the Santa Rita system recording weather and solar irradiance data.  Because of the physical layout of the Santa Rita Jail, this procedure will require moving the curve tracers from one sub-array dc-combiner box to the next for successive sets of measurements.  

The general steps in the procedure will be as follows:

1. At least one hour prior to I-V testing, set up solar resource instrumentation and attach thermocouples to PV module back surfaces using TEFZEL adhesive patches.  Verify WIZARD data acquisition system is recording all channels correctly.  Start WIZARD portable data acquisition system to continuously record solar irradiance instruments and array temperatures at 5-min intervals for the duration of the test period.

2. Verify that clocks in laptop computers and WIZARD all agree and are set to Pacific Standard Time (PST).

3. Isolate inverter from the sub-array being tested by opening and installing ‘lock out’ on dc-disconnects at inverter.  If the disconnects do not open both the positive and negative leads from the sub-array, then the negative leads will be lifted and capped.  Use high-voltage gloves as appropriate.

4. Verify anticipated voltages at terminal strips in the sub-array dc-combiner box.  Check voltage from positive to negative terminals, and from both the positive and negative terminals to ground.  Use Fluke, Class III, 1000V meter.  

5. Remove fuses in dc-combiner box for all module-strings to be tested and verify isolation from other module-strings and from inverter.

6. Measure Voc for each module-string using Fluke voltmeter, and record in field notebook along with time-of-day. 

7. Fabricate quick-connect (Multi-Connector) pigtails to facilitate connecting the DayStar curve trace to each module-string being tested.  Tape any exposed conductors.  Use high-voltage gloves when connecting and disconnecting quick-connects for each module-string.

8. Connect DayStar curve tracer to module-string positive and negative conductors and record I-V measurement using procedure consistent with the DayStar operating manual.  Annotate each I-V measurement in the laptop computer using an identifier consistent with PowerLight’s module-string naming scheme.

9. Return all sub-array wiring and fusing in dc-combiner box to the condition desired by PowerLight personnel.  Return wiring and dc-disconnects at Trace inverter to condition desired by PowerLight.  Remove lock-out locks from inverter.

10. Demobilize and clean up.  Remove thermocouples from PV array and disconnect Kipp & Zonen pyranometer and thermocouple wires from the WIZARD data acquisition system.

11. Backup all data collected from WIZARD and from DayStar curve tracers by copying data files to floppy disks.

12. Analyze and document test results for PowerLight, BP Solar, AstroPower, and Sandia.

Additional Tests:

1.  The FLIR infrared (IR) (model PRISM DS) imaging system will be used to characterize temperature gradients in the arrays during typical operating conditions.  The IR imaging system is also useful in detecting c-Si modules that are inadvertently short-circuited.  Simultaneous wind speed, wind direction, and module back-surface temperature information should be available from either the portable Sandia DAS or the Santa Rita system DAS.  During system operation, it may also be useful to quickly inspect the dc-combiner boxes for resistive (hot) wiring terminations or fuses.

2.  In order to assist PowerLight during the installation and checkout process of the Santa Rita system, additional I-V measurements may be performed on combined module-strings and/or on individual modules.

Sandia Equipment List
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· Daystar DS-100 Portable IV Curve Tracer (s/n 2082896), with power cable, measurement cable, communication cable, and BNC-Banana plug adapter

· Daystar DS-100 Portable IV Curve Tracer (s/n 2011494), S#770892

· FLIR Prism-DS IR Camera (3.6-5.0 micron detector, s/n 760059), S#786370, with 12.5 mm lens, 25 mm lens in hard case, power adapter and cables, 2-10Mbyte image cards and manual

· LICOR Portable Spectro-radiometer LI1800/22 (s/n PRS180), S#613555, 2 spare fuses

· KEITHLEY 197A Multi-meter (s/n 525622) and power cable

· SWTDI Data Acquisition System (s/n SWTDI-CSM-1), RS232 interface and cables

· FLUKE 87 True RMS handheld Multi-meter (s/n 66550094) and probes

· FLUKE 87 True RMS handheld Multi-meter (s/n 66920026) and probes

-
Yokogawa Model 300-20 AC/DC Clamp-on-Tester (s/n 9402301), case and manual

-
Yokogawa Model 300-20 AC/DC Clamp-on-Tester (s/n 9402301), case and manual

· GARMIN GPS 38 (s/n 6351159)

· KESTRAL 2000 handheld Thermo-Anemometer (s/n 2000-275472)

· LINEAR LABORITORIES handheld Quick Temp Non-Contact Thermometer (no s/n), case and manual

· Weather Affects handheld Altimeter/Barometer (no s/n), case and manual

· FIELD WORKS Lap-top Computer, Model FW5233PX (s/n 13999386), power adapter and cord, external mouse and manuals, in computer case

· Kodak DC4800 Digital Camera, spare battery, and fast charger, all in case

· IBM 720C ThinkPad Lap Top Computer, (s/n 97-noAB2), S#769767, power adapter and cable, external mouse and manuals

· KIPP & ZONEN CM21 Pyranometer (s/n 990630) with cable

· LICOR Pyranomter, Model LI-200SA (s/n PY26231) with milli-volt Adapter 2220 (s/n SNL-001)

· LICOR Pyranomter, Model LI-200SA (s/n PY27733) with milli-volt Adapter 2220 (s/n SNL-06), in small plastic case with 1 small allen wrench

· LICOR Pyranomter, Model LI-200SA (s/n PY27734) with milli-volt Adapter 2220 (s/n SNL-07) with BNC-Banana plug adapter

· 2 sets of High Voltage Gloves (includes cotton insert gloves, rubber insulated gloves and external leather gloves)

· 2 safety glasses

· Bag of 9 type T Thermocouples with Tefzel tape squares

· Bag of spare batteries (1 –9V, 4-AA), spare fuses (1-1/4amp, 2-.063amp, 3-2amp, 4-1amp, fast acting 250V type; 4-1amp small and 4-1amp regular slow blow fuses) and 7 back up type T Thermocouples with Tefzel tape squares

· Bag of assorted Wire Ties and Tefzel tape squares

· Box with Tools (long nose pliers, fuse puller, small standard screwdriver, roll of green electrical tape), 4 locks with keys and lock-out tag-out cards, metal alignment tool for LICOR Spectro-radiometer; and 1 permanent marker

· 2 HOODMAN portable computer sun shades

· Test Lead kit in case (assortment of connectors for Fluke multi-meters)

· 2 Extension cords (100’ orange and 50’ yellow)

· Power strip (4 connector plug type) 

· Bag of primary measurement cables (6-100’ brown Thermocouple cables, 1 short brown Thermocouple cable, 2-25’ red/blue thermocouple cables, 50’ PSP cable and 20’ LICOR cable

· Bag of spare cables (3 extensions, 2 PSP cables, and 1 DVM plug in cable)

· Luggage Carrier

· 3 Clear Plastic Trash Bags

· ¼ of a Roll of Packing Tape

· Box of 6 3½” floppy disks

All Equipment is packaged in 6 Hard Cases and 1 Card Board Box.

