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Management Summary
The photometric measurements of the reflections of the KIOTO HC PV panel show, that its reflected
luminance lies one order of magnitude below that of a standard PV panel.
Up to an angle of incidence of approximately 60°, its luminance lies below the threshold of Absolute Glare
(100,000 cd/m²).
At an incidence angle of 10°, the maximum luminance of the new PV panel glass lies significantly below the
threshold of the EASA Aerodrome Design Guideline.

Version Control
Version
Date Description
1.0
8.4.2022 original version

Disclaimer
All physical measurements are only an approximation of reality. Especially the values of luminance, depending
on the chosen point of measurement, are prone to show deviations. In order to reduce uncertainties in this
report, we used repeated measurements of luminance values to determine a realistic maximum value.
Different conditions (surface at the point of measurement, soiling, sun position, weather conditions,
measurement device with different measurement angle, angle deviations) will lead to deviations in
measurement results.
Copyright
This study is the intellectual property of Zehndorfer Engineering GmbH. Only the client (pg. 1) and its agents
and representatives are allowed to use it for the purpose cited in chapter 1. This study refers to a specific
location and a specific plant. All other use is prohibited.
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1 Situation
1.1 Mandate
The goal of this report are photometric measurements of the reflections of sunlight on the Kioto HC PV panel
under actual environmental conditions, as well as the measurement of the light scattering and the calculation
of angle-dependent reflection factors.
In order to allow the preclusion of glaring hazards in the building permitting process, the angle of incidence
under which particular values of luminance are not acceded shall be determined.

1.2 Reflections
The reflection angle is the angle between a ray of light falling on a surface and the perpendicular line to this
surface. With specular reflections this angle is the same as the exit angle of the reflections. Typically,
scattering light is produced at the structured surfaces of PV panels (the light beam is dispersed over a wide
angle).
Figure 1 Reflection Angle

1.3 Regulation of Solar Glare
Reflections of glass surfaces and solar power plants have attracted some attention from authorities recently,
due to a few glare incidents in Austria, Germany, the UK and the US. Based on stunning scenes (e.g. melted
cars), some of these incidences also found great resonance in the media. However, problematic cases, that
need to be corrected by dismantling or modifying the solar array, remain a rare exception. In Germany and
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Austria practical and well-established guidelines have been in place for a while, which allow the assessment
of glaring hazards (see Annex 1)1.
The strength of reflections typically is no criteria according to the guidelines (due to the fact that the
threshold of absolute glare will be exceeded in most cases). According to the guideline the threshold of a
non-negligible nuisance, is represented by a lengthy duration of glare. Glare with a duration of 30 minutes
per day or longer shall be considered a significant dazzle.

1.4 Method
The luminance of the reflected beam is to be measured. In order to calculate the reflectance factor, it is
divided by the luminance of the sun. The measurement is repeated under several angles of incident, in order
to allow the calculation of the angle-dependent reflectance factor.
A mobile support was built, which allows the change of elevation and azimuth angles (see Figure 2). The
actual angle of incidence was measured after each modification with a sun angle measuring device (see Figure
3).

Figure 2 Mobile Support

Figure 3 Sun-Anlge Measuring Device

The OVE R11-3 “Glaring by Photovoltaics (Blendung durch Photovoltaik)”, as well as the German LAI-2012
"Notes on measurement, assessment and mitigation of light emissions of the federal/state work group for
immission control (Hinweise zur Messung, Beurteilung und Minderung von Lichtimmissionen der Bund/LänderArbeitsgemeinschaft für Immissionsschutz)" are to be highlighted in this context.
1
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2 Objects under Test
The test objects are two different PV panels with the following description
•

“KPV ME NEC 325Wp Alpin Black“ with a standard glass (PV Panel 1) as reference

•

“KPV 365Wp Power-60 HC black“ with a new, low-reflection glass (PV Panel 2) as test object

Figure 4 Standard Kioto PV panel (Panel 1)

Figure 5 Kioto HC PV panel (Panel 2)
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3 Measurement and Assessment
3.1 Microscopic Images
Figure 6 Microskopic Image Panel 1

Figure 7 Microscopic Image Panel 2

Figure 6 and Figure 7 show the microscopic images of the two PV panel glasses. Behind the glass, the
(distorted) front contacts of the underlying cell become visible in white (as well as white reflections of light).
Apparently PV panel 2 shows a deeply structured surface with spheric dimples., while the surface of
PV Panel 1 shows only a light unevenness.
Zehndorfer Engineering GmbH
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3.2 Photometric Measurement
The maximum luminance (typically the centre of the beam) was measured under different angles of incidence
(see Annex 4). Measured values were multiplied with a correction factor for the area and for the filter used
in order to determine the actual luminance.
The values obtained this way were standardized (by a sun-luminance standard) and displayed in the reflected
angle-dependent luminance in Figure 8.
Figure 8 Measurement of Luminance

The luminance values of the Deflect Panel (Panel 2) are one order of magnitude below those of the standard
panel (Panel 1)
The important threshold of 100,000 cd/m² is acceded at an incidence angle greater than 60°.
The shading caused by the testing person and the measurement device make a measurement of angles of
less than 10° impossible. Similarly, the reflection of 90° is not measurable, because at such an angle reflection
and sun would merge into the same point, so that only half of the sun disc would be visible.

3.3 Reflectivity
The partial reflection factor of the Panel 2 (HC Panel) lies between 0.001% and 0.164%, depending on the
incidence angle. This factor is several orders of magnitude lower than for specular surfaces, due to the fact
that here the reflecting light is scatter into a larger space solid angle (and the luminance camera only
measures a subtended angle of 1°). The apparently extremely small reflectivity in comparison to flat standard
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glass (approximately 14%), is to be multiplied with the significantly larger reflecting surface in this case, in
order to obtain a comparison for the glaring impact.
Angle
10
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30
40
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60
70
80

partial reflection factor
PV panel 1
PV panel 2
0,012%
0,001%
0,008%
0,001%
0,013%
0,001%
0,027%
0,002%
0,027%
0,002%
0,093%
0,005%
0,386%
0,018%
1,522%
0,164%

3.4 Beam Scattering
The pictures of the reflections can be found in Annex 3. The beam scattering of the PV Panel 2 (HC Panel) is
significantly larger than for the standard panel.
There is no generally accepted definition for the determination of the size of the beam bundle. The luminance
is approximately distributed with a Normal Distribution. The size (subtended angle) of the beam bundle had
been determined from the photographs (yet the camera automatically adapts the aperture and the exposure
time and therefore does not allow the determination of absolute values). Still, the photograph correctly
displays important visual information for the relation of luminance values of reflection to background.
It becomes clear, that the beam bundle of the Deflect Panel, especially with perpendicular angle of incidence
is very large. For very flat angles of incidence the beam bundle of standard and HC Panel barely deviate in
size.
The measurement of the beam bundle varies depending of the incident angle
Panel 1: +/- 1° to 8°, Panel 2: +/- 2° to 15°

3.5 Assessment
PV Panel 2 (HC Panel) will produce significantly less and significantly weaker glare than a standard panel.
Guideline OVE R11-3 states that “Physiological Glare (Absolute Glare) occurs depending on eye adaptation
and pre-damage at approximately 104 cd/m2. This value is very low. Other literature (e.g. the German
guideline) this threshold is positioned at 105 cd/m2. If this threshold is not acceded, there is no absolute glare.
For the HC Panel this is the case for incident angles up to 60° 2.

2

Even though already lower values can cause psychological glare (i.e. an unpleasant feeling for the observer),
it remains unclear in which doses (area and duration) these small values of luminance would be rated an
unreasonable nuisance by the average human.
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In case of reflections
a) with an incident angle of larger than 60°,
b) which are present at a critical immission point for durations longer than 30 minutes per day or
30 hours per year,
they have to be rated “significant glare” in the sense of the OVE R11-3 and the LAI-2012.
If any of these conditions is not present, it can be inferred that no significant glare is to be expected.

At an incidence angle of 10°, the maximum luminance of the new PV panel glass (11.000cd/m²) lies
significantly below the threshold of the EASA Aerodrome Design Guideline (20.000cd/m²).

Date: 8.4.2022
Expert:

________________________
Jakob Zehndorfer
Zehndorfer Engineering GmbH
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ANNEX 1 GUIDELINES, REGULATION AND LAWS

Annex 1.1 International Guidelines
UK, Planning Practice Guidance, 2016 UK National Planning Policy Framework
The deployment of large-scale solar farms can have a negative impact on the rural environment, particularly
in undulating landscapes. However, the visual impact of a well-planned and well-screened solar farm can be
properly addressed within the landscape if planned sensitively.
The proposal’s visual impact, the effect on landscape of glint and glare and on neighbouring uses and aircraft
safety
UK, The Air Navigation Order 2016 [Lit 18]
Lights liable to endanger 224 (1) A person must not exhibit in the United Kingdom any light which— (a)by
reason of its glare is liable to endanger aircraft taking off from or landing at an aerodrome; or (b)by reason
of its liability to be mistaken for an aeronautical ground light is liable to endanger aircraft
Lights which dazzle or distract 225. A person must not in the United Kingdom direct or shine any light at any
aircraft in flight so as to dazzle or distract the pilot of the aircraft.
USA, 2017 FAA Procedures for Handling Airspace Matters
Glare is the obscuration of an object in a person’s field of vision due to a bright light source located near
the same line−of sight (e.g., as experienced with oncoming headlights). The Critical Flight Zone (CFZ) is the
airspace within a 10 NM radius of the airport reference point, up to and including 10,000 feet AGL. The
effective irradiance of a visible laser beam is restricted to a level that should not cause transient visual
effects (e.g., glare, flashblindness, or afterimage).
USA, 2013 FAA Interim Policy
The solar energy system shall meet the following standards: No potential for glint or glare in the existing or
planned Airport Traffic Control Tower (ATCT) cab, and 2. No potential for glare or ‘‘low potential for afterimage’’ (shown in green in Figure 1) along the final approach path for any existing landing threshold or future
landing thresholds (including any planned interim phases of the landing thresholds) as shown on the current
FAA-approved Airport Layout Plan (ALP). The final approach path is defined as two (2) miles from fifty (50)
feet above the landing threshold using a standard three (3) degree glidepath. Ocular impact must be analyzed
over the entire calendar year in one (1) minute intervals from when the sun rises above the horizon until the
sun sets below the horizon. Ocular impact must be evaluated in accordance with the Solar Glare Hazard
Analysis Plot.
European Aviation Safety Agency 2017 - Certification Specifications and Guidance Material for
Aerodromes Design (CS-ADR-DSN)
CHAPTER M — VISUAL AIDS FOR NAVIGATION (LIGHTS)
(h) Assessment on dazzle in the aerodrome vicinity:
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(1) Human vision is a complex mechanism using both eye and brain. Even though this mechanism is quite handled
for eye, there is still a lack of knowledge on the interpretation of it by the brain. Thus, vision varies from one
human being to another.
(2) The field of view is defined by the area perceived by eyes. The perception of details is based on the luminance
ratio between elements of the scene, taking into account spatial distribution. Luminance and contrast are key
elements of vision mechanism.
(3) Four sectors can be identified in the field of view (FOV): (i) sensation field, corresponding to the absolute
boundaries of FOV; it opens up to approximately 90° on each side of the eye direction; (ii) visibility field, which
is narrower and enables the perception of an object; it opens up to 60°; (iii) conspicuity field, which enables
the recognition, it opens up to 30°; (iv) working conspicuity field, which is further tightly centred on the eye
direction (1 to 2°); it enables the identification and is the working area of the vision. It is reminded that the
retina is composed in its centre by cone cells (that see colours and details) and at the periphery by rod cells
(that perceive movements and change of state).

(i) A safety assessment is conducted in order to identify situations where the risk of dazzling becomes
unacceptable. Thus, it is noted that dazzle represents such a risk in the following situations:
(1) during approach, especially after the aircraft has descended below the decision height: the pilot should not
lose any visual cue;
(2) at touchdown the pilot should not be surprised by a flash;
(3) during rolling (landing or take-off), the pilot should be able to perceive his environment and detect any
deviation from the centre line: the pilot should not lose any visual cue.
(4) Thus: (i) prejudicial dazzle due to veiling luminance should not occur during approach (slightly before the
decision height) and rolling; and (ii) surprise effect should not occur at touchdown.

(j) Regarding air traffic controllers, it has been considered that dazzle induced by veiling effect should not
reduce the visual perception of aircraft operations on, and close to the runway.
(k) The elements here above can be applied to solar panels. The following assumptions can be made:
(1) solar panels are inclined so as to efficiently capture the sunlight, conducting to a range of cross section surfaces;
(2) the maximum acceptable luminance value has been fixed to 20 000 cd/m²; and
(3) the surfaces varied from 100 m² to several hectares.

(l) It is assumed that the aircraft maintains precisely its trajectory whereas in reality the approach is
conducted into a conical envelop around the expected trajectory.

Annex 1.2 Guidelines Germany
German Federal Immission Control Law (Bundes-Immissionsschutzgesetz (2016) [Lit 23]
§ 5 (1) Installations subject to approval are to be built and operated, so that - guaranteeing a high level of
protection for the whole environment - 1. detrimental impact on the environment and other dangers,
extensive disadvantages and considerable nuisances for the general public and the neighbourhood are not
induced; …
§ 22 (1) Installations not needing an approval, are to be built and operated, so that 1. detrimental impacts
on the environment, which are avoidable according to the state of the art, are prevented. …

Zehndorfer Engineering GmbH
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German Civil Code Law - Bürgerliches Gesetzbuch (2015) § 906 [Lit 24]
(1) The owner of an estate, cannot prohibit the conveying of gases, fumes, smells, smoke, soot, heat, noise,
vibration and similar impacts emitted from another estate, as the impact does not or only insignificantly
impair the use of an estate. An insignificant impairment is on hand in general, if the standards or limits
established in laws or provisions of the impact determined according to these provisions are not acceded.
The same is valid for values in administrative provisions passed under the $ 48 Federal Immission Control
Law which reflect the state of the art.
(2) The same is valid, if a substantial disturbance is induced by the usual use of the other estate which
cannot be avoided with provisions that are economically reasonable for the users. If the owner hereafter
has to tolerate an impact, he is entitled to demand a reasonable compensation in money, if the impact
impairs the usual use or the economic yield of his estate beyond reasonable measures.
German „Hinweise zur Messung, Beurteilung und Minderung von Lichtimmissionen“ of the Bund/LänderArbeitsgemeinschaft für Immissionsschutz (LAI-2012), 13.09.2012
3. Relevant Points of Immission and situations
Relevant Points of Immission are a) spaces worth protecting, which are used as living quarters, sleeping
quarters, including sleeping rooms at lodging, hospitals and sanatoriums, class-rooms in schools, universities
and similar institutions, office spaces, doctors’ offices, workshops, seminar rooms and similar workrooms.
surfaces adjacent to buildings (e.g. terraces and balconies) are treated as rooms worth protecting during
daytime from 6:00 to 22:00. b) Empty spaces at a height of 2 m above ground at the most affected edge of
the areas, on which according to building legislation, buildings with spaces worth protecting are allowed.
For the appraisal of Immissions (Times of Glare) idealized assumptions are used
•

The sun is to be regarded as a point-source emitter

•

The reflector is a perfect mirror (no scattering)

•

The sun is emitting light from dawn to dusk (no exception for bad weather)

For the times of immission, only those times shall be considered, during which the line of vision towards the
sun and towards the PV panel differs with a minimum of 10°.

A considerable disturbance in the sense of the Bundes-immissionsschutz-gesetz (Federal immissionsprotection regulation) caused by the maximum possible astronomical glare duration, considering all
surrounding PV installations, can be present, when it lasts at least 30 minutes per day or 30 hours per
year.
Federal Roads Law (Bundesfernstraßengesetz 2007)
§ 9 Buildings and facilities at federal roads – (2) In all other respects, building permits or permits required
under other regulations shall require the approval of the state road construction authority if 1. facilities
along the federal motorways at a distance of up to 100 metres and along the federal roads, except the
parts intended for the development of the adjoining plots of land of up to 40 metres, measured from the
outer edge of the paved roadway, are to be erected, substantially altered or used for other purposes
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(3) The consent according to paragraph 2 may be refused or given subject to conditions and obligations
only in so far as this is necessary for reasons of safety or ease of traffic, development plans or road design.
Air Traffic Law §12 Construction of Facilities (Luftverkehrsgesetz (LuftVG) 2007
(3) In the wider vicinity of an airport, the approval of the aeronautical authorities shall be required if the
structures are to exceed the following limitation:
1. outside of the approach sectors a) within a 4 kilometre radius around the airport reference point, a height
of 25 metres (height relative to the airport reference point); b) within 4 kilometres to 6 kilometres radius
around the airport reference point, the connecting line rising from a height of 45 metres to a height of 100
metres (heights relative to the airport reference point);
2. inside the approach sectors a) from the end of the safety areas to a circumference around the runway
reference point of 10 kilometre radius for main take-off and landing areas and of 8.5 kilometres for
secondary take-off and landing areas, (b) within a radius of 10 kilometres to 15 kilometres around the
runway reference point, for main take-off and landing areas, the height of 100 metres (height relative to
the runway reference point of the relevant take-off and landing areas).
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ANNEX 2 DATASHEET

Annex 2.1 Standard Panel (PV panel 1)
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Annex 2.2 HC panel (PV panel 2)
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ANNEX 3 PICTURES OF THE BEAM SCATTERING
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ANNEX 4 MEASUREMENT REPORT
Due to the fact that the values of luminance depend on the point of measurement, in each case 3 points
(around the point of maximum luminance) were measured and their values averaged.
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ANNEX 5 CALCULATIONS
The following formulas were used to calculate the luminance values from the measurement results.

You can find background notes, legal regulations and assessment examples regarding Solar Glare at
www.zehndorfer.at
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