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Utilization of PV module
microclimates to establish pathways
to accelerated weathering protocols

Presented by:

Nancy Phillips, 3M Company and Kurt
Scott, Atlas Material Testing Technology
(Reporting on work being done by
weathering group)

Northern Temperate
(e.g Sanary, Fr)

Spectral Irradiance at 340 nm
(W/m2/nm)
= Data from:
* Handbook of Material
Weathering, 3 Ed., 2003
= Atlas Data
* Value depends on
* Latitude
= Humidity/cloud cover/pollution
* Lauder, New Zealand:
091

= Time of year
* AZ, winter solstice &
037

* AZ, summer solstice
0.70
* Elevation

= Boulder, €O, USA;
September: 3 0.90

Typical Max: (at 340 nm) = 0.7 W/m2/nm

Phoenix Ambient Temperatures

Phoenix T(amb) over 1 year.
Daily, and cumulative Tmax Plan
= Analysis:

= Define ambient conditions

Tombdn (6 Gect)

P * Model module temperatures
N = Where available, compare to
= odule data

H = Translation to T during

B stinine Accelerated Weathering:

* Philosophy: run at or near
y maximum conditions all the

ime
= Consider concept of “Typical
Max T

+ 85%leT
+ For Phoenix: Typical Max
T(amb) = 40°C
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Motivation:

“Outdoor testing is a must, but it takes
too long to be of much use as a decisioi
maker. We clearly can not wait 25 yeai
even a significant fraction of 25 years t
introduce a new product. Therefore we
must develop and utilize accelerated te
to qualify these new products.”

John Wohlgemuth

Tropical\Subtropical

(e.g. Mia. FL)

Total Irradiance data and analysis —

Accelerated Weathering Goals

= Capture the degradation reactions doing the bulk of
the damage in the microclimate

= Ignore degradation reactions not occurring in the
microclimate

= Compress the test duration to get results comparable
to real life.

= All of the above are material specific: what to do to
for a test that is aiming to be not material specific?

Ground Cover Reflection - Albedo

Considerations:

Representative Climates - PV & service Environment

WO of Koppen Gerger chmate ciamsifcason

Module Mounting

Considerations:
* Representative Climates:

Hot
Arid

(e.g. Phx, AZ)

Climate Data Analysis

4 A

Miami, Phoenix & Sanary - Time to

On-rack
Utiity Size

On-roof
Residential, Commercial

|

BIPV

Temperature Data

* Goal:

data (all based on TS = 290-3000nm)
= "Roof mounting” defined as = 5 degree, soutt * DuPont: 12% (1S data) => ¥TUV “10%
= _ Fraunhofer: %TUVvares between
-5t for 23 (southoriented POA)and
~20% (vertcal mounting) of the horizontal UV
iradiaion.

Temperature Setting Options
(Rack Mounted)

facing
= %TUVdata: Rack and Roof data from AWSG
10 year average 1999-2008

Plausible “max Tmod”
= NRELmodel, w Tamb (max)
<
= Actual Tmod (max)
Eid
- Average” Tmod (max)
<

= “Typical Max” Tmod (85V%)

= Goal:
= Atemperature that will -0

 Accelerates actual degradation
mechanisms

* Limit mechanisms that do not
"

Specimens — what to test?

1. Film or simple coupon? 2. Mock-up = Mini module?

Depends on question being asked —
- opt 1. Materials Screening — A better than B? - suitable for IEC 62788*?

- opt 2. Will there be attachment issues over time? — a must for IEC 61730-2** & 61215
- opt 2. Will safety be maintained in PV stack ? —a must for IEC 61730 & 61215***

* MEASUEMENT

TESTING

TERRESTRIAL PHOTOVOITAIC TYPE APPROVAL
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Estimating Module Temperatures:
BPT, and Calculated from “Typical Max T(amb)”

= Rack Mounted:
A, Modeled T(amb) =
“Typical Max”
B 85" %ile BPT.
® Roof Mounted:
= Model with Typical Max

= Will be collecting real data Rock Model, Tm=Tamb ¢ e[-3473.0.0534W5)

= Key question:
= What's the “right” or “best
Temperature setting?

Roof Model: Tm=0.05{Irrac) + 064 Tomb+15.82

Future work — Consensus & Validation
* Addressing Open questions

* Developing Interim standards e.g.
“Qualification plus”

* Refinement and Validation

Vit gumes

— Establish a target temperature to represent the
microclimates
- Average T
* MaxT
- “Typical Max T”

- Effective T (materials specific)

Humidity Data

Goal:
microclimate

a target idity to repi each

* Options
* Maximum %RH
* %RH at Maximum T
* RH (wa)
* Moisture content

Residential, Commercial

Irradiance Data
Goal: establish references for:
— Irradiance set points
— Dosage levels by climate/application
Reviewed Maximum for pre-selected Geographies

Phoenix Module — Modeled and measured

Temperature of Buildiing Applied
Photovoltaic BAPV Modules: Air Gap
Effects (Tamizhmania et al)
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Whattemperature o feed the mode?

Relative Humidity:
Some typical days

ire Content to understand

microclimate humidity

Toma

T RH | /M3 | RH(est)

30 40 122

40 20 103

70 1 55

90 1u 26

Miami

T RH | /M3 | RH(est)

2 95 165

35 45 179

70 17 86

90 17 41




