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Next Generation Websites

" First for Test & Measurement retail websites. Q4 2013
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Rooftop solar that’s

as cheap as the grid:

¥ \Em

NOW

NEAR TERM LATER
1-3 years 4+ years
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PV Market 20,000 ft.

* PV installations growing at >30% CAGR

 Two distinct markets —

— Commercial — Large with $ to test up to 100 MW

— Residential — Fast and Cheap. Testing Is only
beginning in general

* N.E. Hybrid models— Tax benefits
 Farms are largely in the SW (CA, AZ, NV)
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Measurements for Solar PV

 Drivers for PV Measurements

— O&M needs

« Acceptance Testing — Making sure the system is delivering to specification —
There are no manufacturing final tests in most companies. Too expensive

* Periodic Checks on Safety and performance often part of service agreement.
* Troubleshooting

— Differentiation — Many Installers and O&M companies are wanting to show
guality and value by testing their work.

« Solar PV Measurement overview:

— Insulation and Conductivity — Safety and Basic Performance
— IV Curves — Performance, troubleshooting and ensuring panels are in Spec.
— Efficiency from sun to DC power to AC power
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Solar PV Measurements

SO1ARINON Three-phase
SELAR|

J Single-phase
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Are Solar Measurements Different?

¢ Some measurements are the same as traditional
electrical measurements.

— DC Power, AC Power, Continuity

» Different
— IV Curves, | short circuit, V open circuit
* Mixed
— Insulation resistance has challenges on Panels, strings
and fields.

« Example is doing the standard Insulation testing (Megger)

Solar PV Measurements 8



Solar Measurement Overview

OPC and STC
* Terms

— Standard Test Conditions (STC)
« 1000 W/mm, 25 degrees C, Atmospheric density of 1.5

— Operating Conditions (OPC)
* Physical Test Results

* Need — Determine if panel or string is meeting the

specifications.

— Translate OPC measurements to equivalent STC to evaluate.
— Requires to understand the Irradiance at the time of test.
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Installation Testing

« Standard for Grid Connected systems outlines 4

tests.

— These are pretty good for making sure the field is

running and Is safe.
* Isc, Voc, Insulation of active cables and Continuity of Grounding
cables.
« Standard does not call out checking Isc and Voc to STC.

« Many professionals are using Reference cells in combination with
Testing to determine
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Why can't a megger Work?

* Quick answer is that the PV Panel or string presents a
great deal of noise into the system.

— While you place a megger onto the PV conductor it is presenting you with up
to 1000V DV right back at you, and it varies with sun etc.

— This creates an uncertain measurements environment and will guarantee a
bad reading on Insulation.

« What the answer?

— Specialized tools Short out the + and — sides of the panels then
measure Insulation. It is not recommended that you try this
method by yourself in shorting the lines.

— HT Method of Field tests the entire filed by measuring at the
combiner box in one test!
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Installation and Troubleshooting

|-V Curves are the Core Measurements to ensure the Panel is
performing to specifications.

 Key Measurements

— | Short Circuit — Current when output is shorted Today up to ~ 10

— V Open Circuit — Voltage output with no Load

— MPP (Max Power Point)= Impp * Vmpp

— | Max Power Point (MPP) — Current at the high power point.

— Vmpp Voltage @ MPP Maximum Power
« Other issues: el ol

— Curve should be smooth as shown. :

— lis fairly linear to the suns output
— Voltage is fairly stable to the sun
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