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Introduction Glare definitions
The glare effect of PV-systems is an increasingly discussed topic: Glare is a visual disturbance caused by excessive light.
* Relevant reflection data of PV-modules is often not provided. Absolute glare occurs when the eye's ability to adapt is overstrained.
Valuable guidelines for glare assessment are missing. Absolute glare occurs at very high luminance values:
This work presents different measurement approaches to quantify and 10,000 - 160,000 cd/m?.
describe the glare effect. Absolute glare can result in a direct risk to the eyes.
It provides a guideline for reproducible evaluation of glare from PV- Direct glare comes from a primary light source.
modules, PV front materials and other materials. Reflected glare comes from a reflective surface.
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Determination of reflection characteristics

* Fresnel laws of reflection: * Measuring device: * Measurement under real sun light conditions
reflections increase with incidence angle Gonioreflectometer or imaging sphere  Equipment:
* Specular reflections: * Artificial light source 1) Rotating sample holder and solar protractor
incidence angle = reflection angle  Determination of angular dependent reflectance 2) Luminance camera and ND filter
* Diffuse reflections: scattered light (BRDF) 3) Luxmeter with an aperture for direct sunlight
e Spectral eye sensitivity * Conversion of radiometric units to * Normalization to maximum sun light
photometric units e Correction for specular reflections*

e Correction for specular reflections*
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One may have to account for reflection — ]
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1|—Float glass 4, sandblasted / etched — Qhot(ﬁin ﬁout) [cd/mz] For diffuse reﬂecting surfaces
maxima at non-specular angles. ]
o o source angle ['] olid angle of the measuring device
Limit for absolute glare: 100 000 cd/m?2. e ttheen
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_ Luminance Measurement | CO n CI u SiO n a n d d iscu SSiO n Outdoor luminance measurement

Required:
— apadt g i Standard for glare evaluation of surfaces.

LumCam, tempered glass
GON360, tempered glass

LumCam, foat gass 1, AR coating Consistent rules for tolerable glare effects. = p, - For diffuse reflecting surfaces

—GON360, float glass 1, AR coating
LumCam, foil 1, textured, glass free

GON360, foil 1, textured, glass free P ro pOSEd .

] LumCam, foil 2, textured, glass free
] |—GON360, foil 2, textured, glass free

LumCam, float glass 2, bionic prototype Defi n ition Of the a bSOIUte gla re Iim it: LR = pp . LS—M . fS For specular reflecting surfaces*

| 100 000 cd/m?.
... Reflection factor ... solid angle of the sun
Le ga | framework for the g lare effect of all fa ca de and . ... Reflected luminance ... luminance of the reflector in maximum sunlight

... Incident luminance v ... maximal solar luminance (1.600.000.000cd/m?)

source angle [°] 1 1 _ ... measured illuminance of the direct sunlight ... solid angle of the measurement device
ro Of S U rfa Ce S In C | U d In g PV m O d U I e S * ... correction factor for specular reflecting probes
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