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Human Centric Design - Re-Evaluating Solar
Control Low-E Coated & Laminated Glass

Benjamin Beer

Werner Sobek Dubai, U.A.E., benjamin.beer@wernersobek.com

Abstract

Besides the ongoing optimization of glass coatings for sustainable and green building designs, the
facade and glass industry must start focussing more on human needs leading to a more human centric
design of glass coatings and glass interlayers. Our modern solar control coatings feature highly
selective spectral transmittances to reduce solar heat gain through the glass and consequent reduction
of the building’s cooling loads. This spectral selectivity causes that the building’s occupants get a more
or less “filtered” light and solar spectrum transmitted through the glass. This transmitted spectrum is,
to a large extent, only a fraction of the natural solar spectrum that we would be exposed to outdoors
especially for modern triple silver and quad silver low-e solar control coatings referring to the long wave
infrared spectrum above 780 nm wavelength. There is currently only limited research how this affects
the human wellbeing, opposite to the blue range spectrum around 490 nm wavelength where recent
research unveiled the importance for the human circadian rhythm. Besides the traditional visible light
transmittance of glass, a new melanopic transmittance (transmission factor) of glass with focus on the
wavelength important for the human’s circadian rhythm is discussed. Another focus is given to the
glass transmittance in the UV (Ultraviolet) spectrum, specifically focussing on interlayers of laminated
glass, noting that recent research had shown that UV light could provide an important contribution to
human health and consequent wellbeing.
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Glass is a magical material and, in the view of the author, the most important building material. Only
glass, unlike any other building material, can provide to the building occupants the unique combination
of clear vision to the outside while providing protection to the elements (e.g. wind, weather and other
external climate conditions). Glass also provides full or partial reflectance, as shown in the below photo
(Fig. 1) of the glass facade of the Experimental House R128, a building designed by Werner Sobek
that is completely recyclable, produces no emissions and is self-sufficient in terms of heating energy
requirement. The photo nicely shows the combination of visual reflectance (exterior greenery) and
visual transmittance (interior furniture and person) of the glass.

1. Introduction

Fig. 1: Foto of the Experimental House R128 glass fagade with combination of visual
reflection (exterior greenery) and visual transmittance (interior furniture and person).

In general, light is an electromagnetic radiation where visible light is the spectral range (380 nm to 780
nm wavelength) perceived by the human eye. Other wavelengths include UV (ultraviolet) and infrared
(IR) range (refer to Fig. 3). When such a radiation, regardless if within the UV, visible or infrared
spectrum, hits a as glass panel, the radiation will be subjected to:

e Transmission (solar radiation passing through)
o Reflection (solar radiation bouncing off)
e Absorption (solar radiation being absorbed and converted to heat).

As energy cannot disappear, the sum of the above three figures is always 100%. Refer to Fig. 2
showing a principle illustration of the solar radiation reaching a building’s glass panel.
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Fig. 2: Function of solar control low-e glass. Fig. 3: The electromagnetic spectrum (visible portion highlighted).
lllustration by B. Beer. The bottom graph (visible spectrum) is wavelength in units of nanometres

(nm). Retrieved from Philip Ronan, CC BY-SA 3.0, https://commons.
wikimedia.org/w/index.php?curid=2521356
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2. Human Exposure to Light (Solar Spectrum), Impact on Wellbeing

2.1. Importance of Light for Human Wellbeing

Light, representing electromagnetic radiation at various wavelengths is a major component for the
health and wellbeing of human beings. Virtually all major civilizations recognized the importance of
light for the human wellbeing. Already in ancient times, the Assyrians, Babylonians and Egyptians have
practiced therapeutic sun-bathing. The Greek city of Heliopolis (meaning “City of the Sun”) was
renowned for its light rooms and healing temples. In modern times, the medical benefit of human
exposure to light was accidentally discovered in the 1950s by Sister J Ward of Rochford Hospital in
Essex, England (refer to Fig. 4 and Fig. 5). Sister Ward, an old school nurse, took a premature baby
outside into sunlight and when she returned to the unit, the baby was a pale yellow except for a small
bright yellow section which had been covered up by the baby’s sheet. This lead to the discovery that
babies exposed to light had reduced neonatal jaundice; a yellowish discoloration of the white part of
the eyes and skin in a newborn baby due to high bilirubin levels [1], [2]. Further medical research
discovered that, besides the natural sunlight (heliotherapy), artificial light (phototherapy) of a specific
frequency of blue light spectrum (peak at 460nm wavelength) is most efficient for jaundiced babies and
is now used in almost every hospital in the world (refer to Fig. 6). It is widely acknowledged as one of
the major 20t century advances in paediatrics.

NMlira

Phototherapy Lamp
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Fig. 4: Babies exposed to natural sunlight ~ Fig. 5: Sister J. Ward with baby at Fig. 6: Example of Phototherapy Lamp,
and fresh air. Retrieved from: Rochford Hospital, Essex, England. Ginevi. Retrieved from:
https://medizzy.com/feed/1573147  Retrieved from: https://www.nature. https://www.ginevri.com/products/

com/articles/jp201556
Over the decades, the following forms of light therapy were established:

o Heliotherapy (natural sun therapy)
o Phototherapy (artificial light therapy)
e Actinotherapy (treatment using ultraviolet and infrared light)

A lack of sunlight for extended durations, e.g. caused by reduced levels of natural light in fall and winter,
can cause various negative effect on the human wellbeing incl. depression and seasonal affective
disorder (SAD) due to a stop of a part of the brain called the hypothalamus working properly, affecting
the body’s [3], [4]:

e Production of melatonin: Melatonin is a hormone that makes humans feel sleepy; in people with
SAD, the body may produce it in higher than normal levels.

e Production of serotonin: Serotonin is a hormone that affects human’s mood, appetite and sleep; a
lack of sunlight may lead to lower serotonin levels, which is linked to feelings of depression.

e Body's internal clock (circadian rhythm): Human bodies use sunlight to time various important
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functions, such as when humans wake up, so lower light levels during the winter may disrupt
humans body clock and lead to negative symptoms.

The correlation between the exposure to natural sunlight and the percentage of humans affected by
depression and anxiety is well documented, the author uses the below figures (refer to Fig. 7 and Fig.
8) to highlight that U.S. states with high (above average) levels of sunlight exposure (e.g. California
and Texas, refer to Fig. 8) show significantly lower percentages of prescriptions for depression and
anxiety medications (refer to Fig. 7) compared to states with low (below average) levels of sunlight
exposure (e.g. Minnesota, lowa, New Hampshire and Maine).

Percentage of Total Prescriptions

o ™ ~ " 1on

Eclipse Path and Avg aily Sunlight For Aug 21, 79-2011
Source: NLDAS

These numbers are based on a representative sample of US prescription fills (not fils using GoodRx) and
comes from several sources including pharmacies and insurers, providing a representative sample of
nationwide US prescription drug volume.

Fig. 7: Proportion of anxiety and depression drugs among
overall prescriptions (2022),
light blue areas = 6%, dark blue areas = 9%.
Retrieved from www.goodrx.com/blog/depression-and-
anxiety-prescriptions-are-climbing-nationwide

Fig. 8: Average daily sunlight for 21st August (1979 to 2022),
red areas > 2000 kJ/m2 compared to US average
blue areas <2000 kJ/m2 compared to US average.
Retrieved from www.metricmaps.org/2017/03/30/eclipse-
and-average-daily-sunlight

2.2. Humans — Evolution to an Indoor Species, Effect on Light Exposure

Modern societies spend only a very small percentage of their time outdoors with full exposure to natural
sunlight and the complete solar spectrum. As per The National Human Activity Pattern Survey
(NHAPS) [5], the average U.S. person spends only 7% of their life outdoors while the total time spent
indoors is almost 87%, 6% of the time spent in vehicles (refer to Fig. 9 and Fig. 10). The time spent
indoors (87%) is composed of the time in a residence, in an office or factory, in a bar or restaurant, or
in some other indoor location.

NHAPS - Nation, Percentage Time Spent 100
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Fig. 9: Mean percentage of time spentin
different locations as per National Human
Activity Pattern Survey (NHAPS). From [5].

Fig. 10: Stacked plot showing the weighted percentage of National
Human Activity Pattern Survey (NHAPS) respondents in each of 10
different locations according to the time of day. From [5].
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This above data leads to the concerning fact that humans became an ‘Indoor Species’ and stresses
the severe importance to gain a better understanding of the quality of light that humans are exposed
to while being indoors. Using the above data from the National Human Activity Pattern Survey (87% of
time spent indoors, 6% in vehicles and 7% outdoors) and assuming the average of 7.1 hours per day
spend for sleep (as per [6]) are indoors where the light exposure is not applicable or not relevant, an
overview of the percentages of different light exposures is provided in the below illustration (refer to
Fig. 11). It can be seen that the light transmittance through glass panels (44% of time) and the artificial
lights (18% of time) plays a major role for human wellbeing and the below chapters provide a critical
review of the quality of the light referring to the benchmark of ‘natural daylight’ (that human evolution
followed) and the topics of:

e Spectral transmittance though glass panels
e Spectral emittance of artificial light sources

N /7 N /s
&
{4 7
K]
[ I | ~ 0 @ [ I ]
Exposure to full natural light Exposure fo light transmitted Exposure to light emitted from Exposure to light not
(solar spectrum) through glass panels artificial light sources applicable or not relevant
~7% of time ~44% of time ~18% of time ~26% of time

© lllustration by Benjamin Beer (2024)

Fig. 11: Overview of the average percentage of time that humans spend being subjected the different light sources
(time spend in vehicles (6%) is not shown). lllustration by B. Beer.

Light Sources, Spectral Emittance and Spectral Transmittance

3.1. Artificial Light Sources — Light Bulbs

As per Fig. 11, artificial light sources represent around 18% of the time referring to light exposure of
human beings. While these light sources were traditionally candles or incandescent light bulbs with a
wide spectral emittance covering the visible (380 nm to 780 nm wavelength), the invisible infrared (from
780 nm) spectrum and partially even the UV light (100 nm to approx. 400 nm wavelength), the modern
LED light bulbs have a very narrow emittance spectrum being limited to the visible spectrum only. This
reduction to purely the visible spectrum (and no other wavelengths) achieves a high energy efficiency,
consuming around 85% less energy than traditional incandescent light bulbs. The spectral emittance
of the above mentioned three light sources is illustrated in Fig. 12 below.
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Fig. 12: Overview of traditional and current artificial light sources with spectral emittance graphs. lllustration by B.
Beer.

3.2. Natural Light Sources — Transmittance Through Glass Panels

Similar to the artificial light sources where energy saving attempts lead to a reduction of the spectral
emittance limited to the visible spectrum from 380 nm to 780 nm wavelength, also the architectural
glass industry followed the global Green Building efforts by developing spectral selective solar control
(low-e) coatings that focus on the transmittance in the visible spectrum from 380 nm to 780 nm
wavelength. This is achieved by coatings featuring a higher reflectance and/or absorptance in the
infrared spectrum (above 780 nm wavelength) compared to the visible spectrum (380 nm to 780 nm
wavelength). Whilst the first types of solar control coatings developed in the 1960s had a relatively low
efficiency referring to the ratio of visible light transmittance (VLT) and the solar heat gain transmitted
through the glass, defined as shading coefficient (SC) or solar heat gain coefficient (SHGC), the later
double silver low-e coatings and especially the most current triple silver low-e coatings perform
significantly better. Fig. 13 provides the spectral emittance graph of the sun comparing the spectral
transmittance of traditional clear monolithic glass (no solar control or low-e performance) and early
solar control glass (tinted glass or single silver low-e coated glass). It can be seen that while the clear
glass has no solar control function in terms of having a solar selective reduction of the solar heat gain,
the single silver low-e coated glass provides an increased transmission in the visible range (380 nm to
780 nm) compared to the infrared range of the spectrum.
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Fig. 13: Overview of spectral emittance of the sun graph vs. spectral transmittance of clear glass, tinted glass /
single silver low-e coated solar control glass. lllustration by B. Beer.

The further evolvement of solar control low-e coated glass introduced additional silver layers to the
low-e coatings, namely the double and triple silver low-e solar control coatings. The performance was
further increased, in detail by maximizing of the transmittance in the visible range while minimizing the
transmittance in the non-visible infrared range of the spectrum. Refer to Fig. 11 for the overview of the
spectral transmittance of clear glass, tinted glass / single silver solar control low-e coated glass and
triple silver low-e coated solar control glass. Modern triple silver low-e solar control coatings as shown
in Fig. 14 achieve a selectivity (ratio of visible light transmittance (VLT) and the solar heat gain
coefficient (SHGC)) of over 2, being this efficient that the transmission in the infrared range is
completely blocked.
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Fig. 14: Overview of the spectral transmittance of clear glass, tinted glass / single silver solar control low-e coated
glass and triple silver low-e coated solar control glass. lllustration by B. Beer.
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Discussion, Human Exposure to Non-Visible Range of Solar Spectrum

The above mentioned extreme spectral selectivity of modern triple silver low-e solar control coated
glass leads to the conclusion that such glass provides only an extremely ‘filtered’ daylight, that shall
no longer be called as ‘natural’ daylight. Looking at modern energy efficient buildings, that are
mandated in most developed countries, equipped with triple-silver low-e coated solar control glazing
(daylight source) as well as LED light bulbs (artificial light source), there is a novel situation in history
of mankind that humans are completely blocked from any exposure to radiation above 780 nm
wavelength both for light transmitted through glazing and for light emitted by light bulbs - and this refers
to 87% of the total time of a typical human being in a developed country. Refer to Fig. 15 providing a
combination of the emittance graph of modern LED light bulbs (from Fig. 12) with the transmittance
graph of a modern triple silver low-e coated solar control glass (from Fig. 14).
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Fig. 15: Overview of the spectral emittance of modern LED light sources and the spectral transmittance of triple
silver low-e coated solar control glass. lllustration by B. Beer.

4.1. Human Wellbeing, Infrared Spectrum (> 780 nm wavelength)

Due to the longer wavelength, the red, near infrared and infrared spectrum is able to penetrate much
deeper into the human skin (body’s tissue) compared to e.g. the shorter wavelength UV spectrum. Fig.
16 shows the penetration depth of infrared (near-infrared (NIR) and mid-infrared (MIR)) radiation above
780 nm wavelength. Medical publications [7], [8] confirm that the infrared spectrum has numerous
biological and clinical effects and there are important topics that have recently been explored. Latest
research [9] suggests that near-infrared (NIR) light might have clinical benefits in the treatment of
Parkinson's disease, refer to Fig. 17.

wavelength(nm)
0 1000 2000 3000 4000 5000 6000 7000
Epidermis x

Epithelium

Dermis

—

W' Deep depth penetration 5 mm -10 mm

Deep depth (mm) 95% absorption

Subcutaneous

tissue

Penetration depth

Fig. 16: Mean percentage of time spent in different locations as per National Fig. 17: Patient with "light helmet" delivering
Human Activity Pattern Survey (NHAPS). From [7], [8]. pulses of near-infrared (NIR) light directly to
the substantia nigra, a brain region that
degenerates in Parkinson's disease. From [9].
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For the author, the phenomenon of people enjoying sunny days and doing sunbathing with full body
exposure to the solar spectrum (Fig. 18), even flying long distances to countries with high sun exposure
e.g. for holidays, confirms the positive effect (e.g. lifting moods, avoiding depression, boosting the
immune system) of full spectrum light exposure as already confirmed in Fig. 7 and Fig. 8 (above). Such
a sunbathing as shown in Fig. 18 would not have the same positive effect if exposed e.g. to LED lights
with a limited spectral emittance from 380 nm to 780 nm excluding the infrared range. The known
positive effects of the infrared spectral range lead to the so called redlight therapy (phototherapy or
actinotherapy), initially by the use of incandescent light bulbs with red coatings (refer to Fig. 19) and
nowadays by the use of novel NIR-LEDs having an adequate power and energy efficiency to provide
a daylight-like exposure within standard indoor lighting infrastructure, leading to an improvement of
several health and well-being related factors [10].

4
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Tamas, CC BY-SA 3.0, https://commons. CC BY-SA 3.0, https://commons.wikimedia.org/wiki/
wikimedia.org/w/index.php?curid=51197378 File:Rotlichtlampe_(fcm).jpg

From the current research reviewed by the author, it becomes obvious that the exposure to infrared
radiation has positive effects on the human wellbeing. Consequently, the complete lack of any
exposure to infrared radiation as caused by modern buildings featuring highly selective (e.g. triple silver
low-e solar control) coated glass and LED light bulbs, especially when noting that this applies to the
vast majority of modern human’s time (87%, refer to Fig. 9 and Fig. 11), is likely to lead to negative
effects on the human wellbeing. While further research and studies are required to quantify this
negative effect in more detail, this paper intends to start a discussion among the building designers
and the glass industry to re-think the current focus on the further increase of the spectral selectivity of
low-e coated glass, leading to a more and more ‘filtered’ and ‘unnatural’ spectral exposure (complete
lack of infrared radiation) of human beings while staying indoors. This re-thinking also exposes a
certain conflict between the current focus on the Green Building Design (focussing on the reduction of
cooling loads and consequent use of highly solar selective low-e coatings) and a new focus on Human
Centric Design where the exposure to a healthy ‘natural’ full spectrum solar exposure might be found
being more important or even essential - similar to the human right to have exposure to ‘natural’ healthy
air.

=

Fig. 18: Couple enjoying sunbath. From: Fortepan / Urban Fig. 19: Patient under red light therapy. From: Frank C. Mdiller,
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@© lllustration by Benjamin Beer (2024)
Fig. 20: Overview of indoors human exposure to the visible and infrared spectrum, shown for three different time periods
relating to natural light sources (transmittance through glass by clear glass, tinted/silver low-e coated and triple silver low-e
coated ) and artificial light sources (emittance from fire/candle, incandescent bulb and LED bulb). lllustration by B. Beer.

4.2. Human Wellbeing, Blue Light Spectrum (490 nm wavelength)

The blue spectrum at 490 nm wavelength has a major importance for the human circadian rhythm, in
2017 the Nobel Prize in physiology or medicine was awarded to Jeffrey C. Hall, Michael Rosbash and
Michael W. Young for their elucidation of the molecular mechanisms controlling the human circadian
rhythm. 490 nm light stimulates the melatonin suppression (refer to Fig. 21), which is important for the
human day & night rhythm (circadian rhythm), refer to [12], [13], [14]. In simple terms, the relation is as
follows:

o High melatonin (sleep hormone) & low cortisol level = sleep / night.
e High cortisol level (stress & wake hormone) & low melatonin level = active / day.

The melatonin and cortisol levels vary as per time of the days (refer to Fig. 22), noting that human
exposure to the 490 nm wavelength blue light is:

¢ Favourable in the morning to suppress the melatonin production in the pineal gland.
e Unfavourable in the evening and night as melatonin production would be triggered in the pineal
gland.
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Fig. 22: The normal synchronous relationships between sleep
and daytime activity and cortisol, melatonin and body
temperature. From [14].

inhibited/activated. From [12].

Referring to architectural glass, it is therefore of major importance for our human health that any glass
installed in our buildings has a high transmittance in the 490 nm wavelength blue light spectrum. A
failure to do so by blocking this 490 nm spectrum (refer to ‘Glass A’ in Fig. 23), similar to the blocking
of the > 780 nm wavelength done by modern triple silver low-e solar control coating, would lead to
severe negative consequences referring to the biological day-night rhythm of the building occupants.
Therefore, ideally the transmittance in the 490 nm spectrum would be 100% (refer to ‘Glass C’ in Fig.
23). Noting that the 490 nm wavelength is within the visible range (380 nm to 780 nm), all of our current
low-e solar control coatings have a certain transmittance in this spectrum (refer to ‘Glass B’ in Fig. 23)
and a goal for the further development of low-e coatings would be the increase of transmittance in this
spectral range (480 nm to 500 mm wavelength).

Glass C:

\:I/
/l\

Glass B:

\:I/
/l\

it

Disadvantageous for human health
(circadian rhythm)

Glass A:
NP
_/OI\,
<D

> AT

Harmful for human health
(circadian rhythm)

WYY

Advantageous for human health
(circadian rhythm)

Fig. 23: lllustration showing three glass options (A, B and C) referring to the transmittance at 490 nm
wavelength. The impact on the human wellbeing is stated below the pictograms. Illustration by B. Beer.

Referring to the assessment of low-e coated glass specifically for the performance in the transmittance
in the 490 nm wavelength blue light spectrum (affecting the human circadian rhythm and melatonin
suppression), the traditional factor of Visible Light Transmittance (VLT) would be inaccurate to define
this specific performance, and the new factor of Melanopic Light Transmittance (MLT, or tme) was
established. The German draft DIN standard DIN/TS 5031-100:2021-11 “Optical radiation physics and
illuminating engineering - Part 100: Melanopic effects of ocular light on human beings - Quantities,
symbols and action spectra” is the first standard to propose the new Melanopic Transmission Factor
MLT (zmel), Which shall be used in addition to the traditional Visible Light Transmission factor (VLT, or
Tvis), as per EN 410 “Glass in building - Determination of luminous and solar characteristics of glazing”.

As no glass analysis software is currently providing calculations for the new Melanopic Transmission
Factor MLT (zmel), the author created a novel calculation tool in accordance with the draft DIN/TS 5031-
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100. Using this tool, four different glass configurations were calculated comparing the traditional Visible
Light Transmittance (VLT, or tvis) against the new Melanopic Light Transmittance (MLT, or Tmei), refer
to Fig. 28 to Fig. 30. The outcome of these calculations is as follows:

¢ In three of the four cases, the Melanopic Light Transmittance (MLT, or Tme)) was higher than the
Visible Light Transmission (VLT, or tvis).

e The difference between the Melanopic Light Transmittance (MLT, or tme)) and the Visible Light
Transmission (VLT, or tvis) was up to 12.9%.

e In one case, the Melanopic Light Transmittance (MLT, or tme)) Was lower than the Visible Light
Transmission (VLT, or vis).

e The average difference between the Melanopic Light Transmittance (MLT, or tmer) and the Visible
Light Transmission (VLT, or zvis) was 4.2%.

The above bullet points highlight the significance of the use of the new Melanopic Light Transmittance
(MLT, or mme)) and re-confirm previous studies (e.g. [15]) where different glass samples (clear glass
and body tinted coloured samples, refer to Fig. 24 and Fig. 25) were field measured using a
spectrophotometer and a maximum difference in the Melanopic (‘circadian’) and the Visible (‘photopic’)
transmittance of 12% was measured (refer to Fig. 24) - a value very close to the above mentioned
12.9% derived by the author using the new calculation tool in accordance with the draft DIN/TS 5031-

100.
Absolute Absolute
Sample of tinted transmittance levelfg ample off reflectance level
glazing Photopic | Circadian | surface [ Photopic | Circadian
ty [-] el Ty [-] 7 [-]
Planibel Bronze 4 mm 0.62 0.57  |Internal
079 | 079 |white 087 0.9
0.57 0.69
Clear glass 4 mm 090 | 0.90 0.13 | 0.07

Fig. 24: Absolute transmittance of selected tinted glazing using
spectrophotometer measurements, outputs of experiment without shading
obstacle. From: Circadian Characteristics of Special Glazing [15], Figure 4.
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Wavelength[nm] Wavelength[nm]
— Planibel Bronze —— Planibel Green — Planibel Bronze —— Planibel Green
— Antelio Blue Clear glass — Antelio Blue Clear glass

Fig. 25: SPD (spectral power distribution) levels recorded using
spectrophotometer measurements in two different locations of the model rooms.
From: Circadian Characteristics of Special Glazing [15], Figure 6.

Ideally, the Melanopic Light Transmittance (MLT, or tmel) factor shall be part of all glass datasheets -
similar to the Visible Light Transmittance (VLT, or tvis). Referring to a detailed assessment of human
wellbeing referring to melanopic light, it shall be noted that the Melanopic Light Transmittance (MLT,
or tmel) Of glass panels is only one of the factors determining the melanopic light intensity inside a room,
which is also described as the Equivalent Melanopic Lux (EML, where lux is the unit of illuminance, or
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luminous flux per square meter area). Besides the Melanopic Light Transmittance factor of the glass,
also the external lux levels, the size of the window opening (glass area) and even the colours of the
interior surfaces of the room determine the Melanopic Lux level. Referring to the later, studies have
been carried e.g. by [16] showing that the most beneficial indoor wall or ceiling colour, referring to

Human Circadian System, is a white or (although with significantly lower reflectance) a light blue (refer
to Fig. 26).

100 V(1) - photopic curve

%0 ==s(mel) - melanopic curve

~—light brown flooring

—reference surface

Spectral reflectance [%)]
FeS
(=3
I%
b - i
-
(<R
S
=
g
=3
=3
=
<]

: s N =i allnz
i L e - light blue wallpaper

380 420 460 500 540 580 620 660 700 740

Wavelength [nm)]

Fig. 26: Comparison of the relative spectral photopic and circadian reflectance for
all surfaces. The absolute values of photopic and circadian reflectance for all
surfaces: light grey (0.56; 0.49), reference (0.85; 0.84), light blue (0.45; 0.54),

yellow (0.65; 0.23) and light brown (0.56; 0.36).
From: Circadian Characteristics of Special Glazing [15], Figure 3.

Discussing the indoor Melanopic Lux and the colours of the interior surfaces of a room, the ideal
combination would be the use of a glass with high Melanopic Transmittance in combination with
favourable interior colours (e.g. a white or light blue) referring to the Melanopic Reflectance (refer to
scenario A in Fig. 27). However, a poor wall colour (e.g. grey) leading to low Melanopic Lux levels
(refer to scenario B in Fig. 27) could be counterbalanced or overcome by larger window openings (refer
to scenario C in Fig. 27) leading to higher indoor Melanopic Lux levels.

Scenario A: Scenario B: Scenario C:

S o, . "
& High " ¢ Low “’. »
3 Melanopic ] Melanopics
B . Lux 3 . lux &
‘M

Wall/ceiling colours with high Wall/ceiling colours with low Wall/ceiling colours with low
reflectance in the melanopic range reflectance in the melanopic range reflectance in the melanopic range

Fig. 27: Comparison of three scenarios referring to the colour of the interior wall/ceiling surfaces and the size of the
window opening, showing the related level of indoor Melanopic Lux. lllustration by B. Beer.
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E Calculations O Meeting/Conversation Notes O Visit Notes O Internal Memo Page: 1
Project : GPD Example Calcs Project No:  WS-GPD
Calculation for / Subject: Melanopic transmission of glass as per DIN/TS 5031-100:2020-05 [1] File No./Ref: -
Prepared by: bb Date: 30/03/2025 Checked by: bb Date: 30/03/2025
Ref. |Details

Melanopic Transmission Calculation for Human Centric ("Circadian-Friendly™) Glass Evaluation

Note|Research on the human retina brought the discovery of the new photoreceptor called ipRGC (intrinsically photosensitive retinal
ganglion cells), first quantitive evaluations in 2001 [2,3]. This photoreceptor has moved spectral sensitivity curve in comparison with
luminous sensitivity curve VA and has no contribution in visual perception, but is responsible of controlling melatonin secretion in our
body. Photoreceptors ipRGC in the retina are neurally linked by RHT (retino-hypothalamic tract) to small pair organ SCN
(suprachiasmatic nucleus) located in the hypothalamus. Melatonin is actually known as photoperiodic hormone with declared
connections in sleeping quality, immunity, body regeneration, aging slowdown and others [4-6]. Melatonin is naturally secreted by
pineal gland during dark and suppressed during light exposure of eyes. Experiments lead by [7,8] showed the most effective
suppression occurs during exposure to blue light with wavelength around 490 nm, which is desired during daytime.

The draft German DIN/TS 5031-100:2020-05 [1] is one of the first standards that defines the melanopic curve smel (based on [9])
as circadian equivalent for spectral luminous efficiency curve V(A). The s, curve can be applied for definition of circadian
transmission as a circadian equivalent for photopic transmission of glass, leading to the new "Melanopic Transmission” that shall be
used in addition to the traditional "Visible Transmission" to evaluate glass.

Calculation:
Input| D, = D65 (stand.) Choose illuminant (relative spectral distribution), use Dgg (standard) for EN 410 [10] compliance.
Note| t(r) = Note - Insert spectral transmittance of the glasses into the table on page 2.

Input| V(2)= CIE1931 Choose photopic luminosity function, use CIE 1931 for EN 410 [10] compliance. "

Input Supplier 1 (Silver 20) Name of Glass 1 c ZZES D, () V() AL
is,D65 =
Output| .= 18.59 [%] - Visible Light Transmission of Glass 1 (EN 410:2011) LS yIsomm p. V(L) oA
Output = 19.97 [%)] - Melanopic Transmission of Glass 1 (DIN/TS 5031-100:2020-05 780
putf e vl P ( ) _ X250 7im D) ™) Simer B
Input Supplier 1 (SNX 51/23) Name of Glass 2 Tmel, D65 = y780nm ¢ ay
380 nm ~3 Ymel

Output] 1= 50.93 [%)] - Visible Light Transmission of Glass 2 (EN 410:2011)

Output] 1, = 50.64 [%)] - Melanopic Transmission of Glass 2 (DIN/TS 5031-100:2020-05)
Input{Supplier 1 (HP60 on 12mm Green) Name of Glass 3

OQutput] 1, = 45.54 [%] - Visible Light Transmission of Glass 3 (EN 410:2011)

OQutput| 1, = 48.44 [%)] - Melanopic Transmission of Glass 3 (DIN/TS 5031-100:2020-05)
Input| Supplier 2 (Planibel Dark Blue) Name of Glass 4

Output] T, = 32.33 [%] - Visible Light Transmission of Glass 4 (EN 410:2011)

OQutput| 1,= 45.18 [%)] - Melanopic Transmission of Glass 4 (DIN/TS 5031-100:2020-05)

Output
——V/()\) CIE 1931
1.0
0.9
(A} (DE5) Rel.
0.8
©
207 smel (A) DIN/TS
g 5031
g 0.6
c Supplier 1 (Silver
© 0.5
= 20)
~
o 04 ’
= Supplier 1 (SNX
< g 51/23)
0.2 Supplier 1 (HP6O
on 12mm Green)
0.1
Supplier 2
0.0 (Planibel Dark
300 350 400 450 500 550 600 650 700 750 800 Blue)

Wavelength [nm]

Fig. 28: Calculation tool for the Melanopic Light Transmittance (MLT, or zme), page 1. lllustration by B. Beer.
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Project : GPD Example Calcs Project No:  WS-GPD
Calculation for/Subject: Melanopic transmission of glass as per DIN/TS 5031-100:2020-05 [1] File No./Ref: -
Prepared by: bb Date: 30/03/2025 Checked by: bb Date: 30/03/2025
i Db D (D%.‘)] Mo Wam. fum. flum, S V0) J\L’;gg | Name () Name <() Name <() Name (3)
[m]  (A)Y (DB5)" ReL? c¥ pso® Dpss? D7SY 5%'; 1931% Vos? Glass 1 Input Glass 2 Input Glass3 Input Glass 4 Input
380 9.80E+00 5.00E+01 4.24E-01 3.30E+01 2.45E+01 3.26E+01 6.6TE+01 9.18E-04 3.90E-05 2.00E-04 1.84E-01 2.01E-01 1.73E-01 3.92E-01
385  1.00E+01 5.23E+01 4 44E-01 3.99E+01 2.72E+01 353E+01 6,83E+01 1.67E-03 6.40E-05 3.96E-04 2.00E-01 2.30E-01 2.15E-01 478E-01
390 1.21E+01 548E+01 4.64E-01 4.74E+01 2.99E+01 3.81E+01 7.00E+01 3.09E-03 1.20E-04 8.00E-04 2.08E-01 2.66E-01 2.86E-01 5.65E-01
395 1.34E+01 B.87E+01 5.83E-01 5.52E+01 3.96E+01 4.95E+01 8.59E+01 5.8BE-03 217E-04 1.55E-03 214E-01 3.02E-01 3.46E-01 6.17E-01
400 1.47E+01 B8.2BE+01 7.02E-01 6.33E+01 4.93E+01 6.08E+01 1.02E+02 1.14E-02 3 96E-04 2 80E-03 216E-01 3.33E-01 3.B0E-01 6.69E-01
405  1.51E+01 B.71E+01 7.39E-01 7.1BE+01 5.28E+01 64B8E+01 1.07E+02 2 28E-02 6.40E-04 4.66E-03 215E-01 3.62E-01 3.93E-01 6.75E-01
410 1.77E+01 9.15E+01 7.77E-01 8.08E+01 5.65E+01 6.86E+01 1.12E+02 4.62E-02 1.21E-03 7.40E-03 2.14E-01 3.85E-01 3.91E-01 6.60E-01
415 1.93E+01 9.25E+01 7.85E-01 8.95E+01 5.83E+01 7.01E+01 1.12E+02 7.95E-02 2 18E-03 1.18E-02 212E-01 4.05E-01 3.88E-01 6.61E-01
420 2.10E+01 9.34E+01 7.93E-01 9.81E+01 6.00E+01 7.16E+01 1.13E+02 1.37E-01 4.00E-03 1.75E-02 211E-01 4.22E-01 3.8BE-01 6.53E-01
425 2.28E+01 9.01E+01 7.64E-01 1.08E+02 5.80E+01 6.97E+01 1.08E+02 1.87E-01 7.30E-03 2.27E-02 2.09E-01 4.36E-01 3.91E-01 6.70E-01
430 247E+01 B.6TE+01 7.36E-01 1.12ZE+02 5.78E+01 6.79E+01 1.03E+02 2.54E-01 1.16E-02 2 73E-Q2 2,08E-01 4.48E-01 3.92E-01 6.87E-01
435 2.86E+01 9.5BE+01 B.13E-01 1.18E+02 €63E+01 7.68E+01 1.12E+02 3.21E-01 1.68E-02 3.26E-02 2.07E-01 4.56E-01 3.92E-01 6.78E-01
440 2.8TE+01 1.05E+02 B.90E-01 1.22E+02 7.48E+01 8.56E+01 1.21E+02 4 02E-01 2.30E-02 3 79E-02 2.06E-01 4.63E-01 3.94E-01 6.50E-01
445 3.00E+01 1.11E+02 9.42E-01 1.23E+02 8.10E+01 9.18E+01 1.27E+02 4.74E-01 2.98E-02 4.24E-02 2.05E-01 4.70E-01 4.06E-01 6.19E-01
450 3.31E+01 1.17E+02 9.93E-01 1.24E+02 872E+01 9.80E+01 1.33E+02 5.54E-01 3.80E-02 4 68E-02 2,05E-01 4.77E-01 4.24E-01 5.91E-01
455 3.54E+01 1.17E+02 9.97E-01 1.24E+02 8.89E+01 9.92E+01 1.33E+02 6.30E-01 4 80E-02 521E-02 2.05E-01 4 B4E-01 4 44E-01 5.56E-01
460 3.78E+01 1.1BE+02 1.00E+00 1.23E+02 9.06E+01 1.00E+02 1.32E+02 7.08E-01 6.00E-02 6 00E-02 2.05E-01 4.90E-01 4.60E-01 5.28E-01
465  4.03E+01 1.18E+02 9.87E-01 1.23E+02 9.10E+01 1.00E+02 1.30E+02 7.85E-01 7.39E-02 7.20E-02 2.04E-01 4.95E-01 4.72E-01 5.07E-01
470 4.29E+01 1.15E+02 9.75E-01 1.24E+02 9.14E+01 9.99E+01 1.27E+02 8.60E-01 9.10E-02 9.10E-02 2.04E-01 5.00E-01 4.82E-01 5.15E-01
475 4.55E+01 1.15E+02 9.79E-01 1.24E+02 9.32E+01 1.01E+02 1.27E+02 9.1BE-01 1.13E-01 1.13E-01 2.03E-01 5.04E-01 4.90E-01 5.39E-01
480 4.82E+01 1.18E+02 9.84E-01 1.24E+02 9.51E+01 1.03E+02 1.27E+02 9.66E-01 1.39E-01 1.39E-01 2.02E-01 5.08E-01 4.96E-01 5.38E-01
485 5.10E+01 1.12E+02 9.54E-01 1.23E+02 9.35E+01 1.00E+02 1.22E+02 9.91E-01 1.69E-01 1.70E-01 2.01E-01 5.12E-01 5.00E-01 4.91E-01
430 5.30E+01 1.09E+02 9.24E-01 1.21E+02 9.20E+01 981E+01 1.18E+02 1.00E+00 2.0BE-01 2.0BE-O1 2.00E-01 5.15E-01 5.05E-01 4.22E-01
495 5.68E+01 1.08E+02 9.26E-01 1.17TE+02 8.38E+01 9.94E+01 1.17E+02 992E-01 2.59E-01 2 58E-01 1.98E-01 5.18E-01 5.09E-01 3.69E-01
500  5.90E+01 1.08E+02 9.28E-01 1.12E+02 6.57E+01 1.01E+02 1.17E+02 9.66E-01 3.23E-01 3.23E-01 1.98E-01 5.22E-01 5.13E-01 3.60E-01
505 8.29E+01 1.08E+02 9.22E-01 1.07E+02 9.62E+01 1.01E+02 1.15E+02 9.22E-01 4.07E-01 4.05E-01 1.98E-01 5.25e-01 5.15E-01 3.59E-01
510 6.681E+01 1.0BE+02 9.15E-01 1.02E+02 9.66E+01 1.01E+02 1.14E+02 8.63E-01 5.03E-01 5.03E-01 1.97E-01 5.27E-01 517E-01 3.52E-01
515 B.93E+01 1.0BE+02 9.02E-01 9.88E+01 9.69E+01 1.00E+02 1.11E+02 7.85E-01 6.0BE-01 6.08E-01 1.96E-01 5.29E-01 5.18E-01 3.36E-01
520 7.25E+01 1.05E+02 B.BOE-01 9.68E+01 9.71E+01 1.00E+02 1.08E+02 7.00E-01 7.10E-01 7.10E-01 1.95E-01 5.29E-01 SA7TE-01 3.16E-01
525  7.58E+01 1.06E+02 9.02E-01 9.68E+01 9.96E+01 1.02E+02 1.10E+02 6.09E-01 7.93E-01 7.95E-01 1.94E-01 5.29E-01 5.14E-01 3.06E-01
530 7.91E+01 1.0BE+02 9.14E-01 9.80E+01 1.02E+02 1.04E+02 1.10E+02 5.19E-01 8.62E-01 8.62E-01 1.93E-01 5.29E-01 511E-01 3.07E-01
535 8.25E+01 1.08E+02 9.00E-01 9.99E+01 1.01E+02 1.03E+02 1.08E+02 4.33E-01 9.15E-01 9.15E-01 1.92E-01 5.28E-01 5.07E-01 3.22E-01
540 B.59E+01 1.04E+02 B.B6E-01 1.02E+02 1.01E+02 1.02E+02 1.06E+02 3.52E-01 9.54E-01 9.54E-01 1.90E-01 5.26E-01 5.02E-01 3.50E-01
545  8.94E+01 1.04E+02 B8.85E-01 1.04E+02 1.02E+02 1.03E+02 1.06E+02 2.79E-01 9.80E-01 9.80E-01 1.89E-01 5.25E-01 T 4.96E-01 3T76E-01
550 9.29E+01 1.04E+02 8.83E-01 1.05E+02 1.02E+02 1.03E+02 1.05E+02 2.16E-01 9.95E-01 9 95E-01 1.88E-01 5.22E-01 8 4.89E-01 ‘G.T 3.90E-01
555 9.84E+01 1.02E+02 B.66E-01 1.08E+02 1.01E+02 1.01E+02 1.02E+02 1.62E-01 1.00E+00 1.00E+00 1.87E-01 5.20E-01 6 4.82E-01 El_::I 3.87E-01
560 1.00E+02 1.00E+02 B 49E-01 1.05E+02 1.00E+02 1.00E+02 1.00E+02 1 19E-01 995E-01 9 95E-01 8 1.86E-01 5.18E-01 E 4. TAE-01 e 373E-01
565  1.04E+02 9.82E+01 B8.33E-01 1.04E+02 9.89E+01 9.86E+01 9.78E+01 8.43E-02 9.79E-01 9.79E-01 (E 1.85E-01 5.15E-01 £ 4.86E-01 © 3.56E-01
570 1.07E+02 9.83E+01 8.18E-01 1.02E+02 9.77E+01 9.72E+D1 9.56E+01 5.87E-02 9.52E-01 9.52E-01 D 184E-01 5.13E-01 N 457801 E 3.37E-01
575 1.11E+02 9.61E+01 B.15E-01 1.00E+02 9.83E+01 9.75E+01 9.49E+01 4.00E-02 9.15E-01 9.16E-01 E 1.82E-01 511E-01 c 4.46E-01 8 3ATE-01
580 1.14E+02 8.58E+01 B.13E-01 9.78E+01 9.88E+01 9.77E+01 9.42E+01 2 69E-02 8.70E-01 870E-01 : 1.81E-01 5.09E-01 g 4.35E-01 E 2.99E-01
585  1.1BE+02 9.22E+01 7.83E-01 9.54E+01 9.62E+01 9.46E+01 9.08E+01 1.79E-02 8.16E-01 8.16E-01 a_.) 1.79E-01 5.06E-01 E 4.24E-01 o 2.81E-01
590 1.22E+02 B.87E+01 7.53E-01 9.32E+01 9.35E+01 9.14E+01 8.70E+01 1.18E-02 7.57E-01 7.57E-01 i 1.78E-01 R 5.05E-01 I 4.12E-01 ; 2.66E-01
595 1.25E+02 B.83E+01 7.58E-01 8.12E+01 9.56E+01 9.26E+01 8.71E+01 7.73E-03 6.95E-01 6.95E-01 a 1.77E-01 & 5.03E-01 : 4.00E-01 v 2.51E-01
600 1.20E+02 9.00E+01 7.64E-01 8.97E+01 G.77E+01 9.44E+01 872E+01 507E-03 6.31E-01 6.31E-01 (B 1.76E-01 S 5.00E-01 . 3.B7E-01 2 2.38E-01
605 1.33e+02 B.98E+01 7.62E-01 8.88E+01 G9.85E+01 9.48E+01 8.67E+01 3.32E-03 5.67E-01 567E-01 1.74E-01 @« 4.97E-01 % 3.73E-01 % 2.27E-01
610 1.36E+02 8.96E+01 7.61E-01 8.84E+01 9.93E+01 9.51E+01 861E+01 2.18E-03 503E-01 5.03E-01 1.73E-01 4.93E-01 % 3.80E-01 g:) 2.16E-01
615 1.40E+02 B.86E+01 7 52E-01 8.82E+01 9.92E+01 S4TE+01 848E+01 1 43E-03 4 41E-01 4 42E-01 1.71E-01 4 B7E-01 ) 3.47E-01 2.06E-01
620 1.44E+02 B.77E+01 7.44E-01 B.81E+01 9.90E+01 9.42E+01 836E+01 9.47E-04 3.81E-01 3.81E-01 1.70E-01 4.79E-01 3.33E-01 1.96E-01
625 147E+02 8.55E+01 7.26E-01 8.81E+01 9.74E+01 9.23E+D1 8.12E+01 6.28E-04 3.21E-01 3.21E-01 1.68E-01 4.70E-01 3.19E-01 1.87E-01
630 1.51E+02 8.33E+01 7.07E-01 B.80E+01 9.57E+01 9.04E+01 7.87E+01 4.1BE-04 2 65E-01 2 65E-01 167E-01 4.58E-01 3.06E-01 1.82E-01
635  1.54E+02 B8.35E+01 7.09E-01 B.78E+01 9.73E+01 9.14E+01 7.86E+01 2 80E-04 2.17E-01 2.17E-01 1.66E-01 4.44E-01 2.92E-01 1.78E-01
640  1.58E+02 8.37E+01 7.10E-01 8.78E+01 9.89E+01 9.23E+01 7.84E+01 1.88E-04 1.75E-01 1.75E-01 1.64E-01 4.26E-01 2.80E-01 1.75E-01
645 1.62E+02 B.19E+01 6.95E-01 8.80E+01 9.73E+01 9.08E+01 7.B6E+01 1.27E-04 1.3BE-01 1.38E-01 1.63E-01 4.07E-01 2.88E-01 1.73E-01
650 1.65E+02 0E+01 8.79E-01 8.82E+01 9.57E+01 8.86E+01 7.48E+01 8.66E-05 1.07E-01 1.07E-01 161E-01 3.85E-01 2.56E-01 1.71E-01
655  1.60E+02 B8.01E+01 6.B0E-01 8.82E+01 0.60E+01 8.96E+01 746E+01 592E-05 8.16E-02 8 17E-02 1.60E-01 3.61E-01 2.43E-01 1.66E-01
660  1.72E+02 8.02E+01 6.81E-01 8.79E+01 G.82E+01 9.03E+01 7.43E+01 4.07E-06 6.10E-02 6.10E-02 1.59E-01 3.35E-01 2.32E-01 181E-01
665 1.75E+02 8.12E+01 6.90E-01 8.72E+01 1.01E+02 9.21E+01 7.49E+01 2.81E-05 4 46E-02 4 43E-02 1.57E-01 3.09E-01 2.20E-01 1.55E-01
670 1.79E+02 8.23E+01 6.98E-01 B.63E+01 1.03E+02 9.40E+01 7.54E+01 1.96E-05 3.20E-02 3.20E-02 1.56E-01 2.B3E-01 2.0BE-01 1.49E-01
675  1.82E+02 B.03E+01 6.81E-01 B.53E+01 1.01E+02 9.20E+01 7.35E+01 1.36E-05 2.32E-02 2.35E-02 1.55E-01 2.58E-01 1.97E-01 142E-01
680  1.85E+02 7.83E+01 6.64E-01 8.40E+01 9.91E+01 9.00E+01 7.16E+01 9.58E-06 1.70E-02 1.70E-02 1.53E-01 2.33E-01 1.86E-01 1.38E-01
685 1.89E+02 7.40E+01 6.28E-01 B.22E+01 9.33E+01 8.48E+01 6.77E+01 6.75E-06 1.19E-02 1.19E-02 1.52E-01 210E-01 1.76E-01 1.36E-01
680 1.82E+02 6.897E+01 5.92E-01 B.02E+01 B.74E+01 7.97E+01 6.38E+01 4.79E-06 821E-03 8.21E-03 1.51E-01 1.88E-01 1.85E-01 1.34E-01
695  1.956+02 7.07E+01 6.00E-01 7.82E+01 8.95E+01 8.13E+01 6.45E+01 3.41E-06 5.72E-03 5.77E-03 1.49E-01 1.68E-01 1.56E-01 1.33E-01
700 1.98E+02 7.18E+01 6.08E-01 7.63E+01 9.16E+01 8.28E+01 6.51E+01 2.44E-06 4.10E-03 4.10E-03 1.48E-01 1.50E-01 1.46E-01 1.32E-01
705 2.01E+02 7.30E+01 6.19E-01 7.44E+01 ©.22E+01 8.38E+01 6.66E+01 1.75E-06 2.93E-03 293E-03 1.46E-01 1.34E-01 1.37E-01 1.26E-01
710 2.04E+02 7.43E+01 6.31E-01 7.24E+01 9.28E+01 848E+01 6.81E+01 1 27E-06 2.09E-03 2.09E-03 1.45E-01 1.18E-01 1.29E-01 1.25E-01
715 2.07E+02 B.80E+01 5.77E-01 7.04E+01 B4GE+01 7.75E+01 6.23E+01 9.18E-07 1.48E-03 1.48E-03 1.44E-01 1.06E-01 1.20E-01 1.26E-01
720 2.10E+02 6.18E+01 5.23E-01 €.83E+01 7.69E+01 7.02E+01 5.64E+01 6.69E-07 1.05E-03 1.05E-03 1.42E-01 9.38E-02 1.13E-01 1.27E-01
725 2.13E+02 6.5TE+01 5.5B8E-01 6.63E+01 8.17E+01 7.48E+01 6.03E+01 4 90E-07 7.40E-04 7 40E-04 1.41E-01 B.42E-02 1.05E-01 1.34E-01
730 2.16E+02 6.99E+01 5.93E-01 6.44E+01 BB5E+01 7.93E+01 6.42E+01 360E-07 520E-04 5.20E-04 1.40E-01 7.47E-02 9.82E-02 1.50E-01
735 2.19E+02 7.25E+01 6.15E-01 6.28E+01 8.95E+01 8.21E+01 6.6TE+D1 2.65E-07 3.61E-04 3 61E-04 1.38E-01 6.71E-02 9.18E-02 1.70E-01
740 2.22E402 7.51E+01 B.37E-01 6.15E+01 9.26E+01 8.50E+01 6.92E+01 1.97E-07 249E-04 2 49E-04 1.37E-01 5.95E-02 8.57E-02 1.96E-01
745  2.34E+02 B.93E+01 5.89E-01 6.02E+01 B.54E+01 7.84E+01 6.39E+01 1.46E-07 1.72E-04 1.72E-04 1.38E-01 5.37E-02 7.99E.02 224E-01
750 2.2TE+02 6.38E+01 5.40E-01 5.92E+01 7.82E+01 7.19E+01 5.86E+01 1.09E-07 1.20E-04 1 20E-04 1.34E-01 4.79E-02 7.46E-02 2.56E-01
755 2.30E+02 5.50E+01 4 67E-01 5.85E+01 680E+01 623E+01 506E+01 8 20E-08 8 50E-05 8 46E-05 1.33E-01 4.35E-02 6.96E-02 2.88E-01
760  2.32E+02 4.64E+01 3.94E-01 5.81E+01 577E+01 528E+01 4.26E+01 6.17E-08 6.00E-05 6.00E-05 1.32E-01 3.89E-02 8.50E-02 3.15E-01
765 2.35e+02 5.66E+01 4.81E-01 S5.80E+01 7.03E+01 6.44E+01 5.20E+01 4.66E-08 4.20E-05 4 24E-05 1.30E-01 3.53E-02 6.07E-02 3.33E-01
770 2.37E+02 6.6BE+01 5.67E-01 5.82E+01 8.29E+01 7.59E+01 6.14E+01 3.53E-08 3.00E-05 3.00E-05 1.29E-01 317E-02 5.87E-02 34ME-0
775  2.39E+02 6.51E+01 553E-01 5.85E+01 8.06E+01 7.38E+01 588E+01 2.69E-08 2 10E-05 2 12E-05 1.28E-01 2.B9E-02 5.30E-02 3A4E-01
780  242E+02 6.34E+01 5.38E-01 5.91E+01 7.83E+01 7.18E+01 5.83E+01 2.05E-08 1.50E-05 1.50E-05 1.27E-01 2.61E-02 4.96E-02 JHE-01

Fig. 29: Calculation tool for the Melanopic Light Transmittance (MLT, or zme), page 1. lllustration by B. Beer.
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Figure (above): The normal synchronous relationships between
sleep and daytime activity and cortisol, melatonin and body
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Figure (right): The master circadian clock in the human brain [15].

thyrokd
homone

contisol

Comments:

1) The CIE 1924 photopic V(M) luminosity function [11] which is included in the CIE 1931 color-matching functions as the y(A)
function, has long been acknowledged to underestimate the contribution of the blue end of the spectrum to perceived luminance.
There have been numerous attempts to improve the standard function, to make it more representative of human vision. Judd in
1951, improved by Vos in 1978 [12] resulted in a function known as CIE VM(A). More recently in 2005, Sharpe, Stockman, Jagla &
Jagle [13] developed a function consistent with the Stockman & Sharpe cone fundamentals.

2) Melanopic curve smel (based on [9]), normalized to factor 1 at 490 nm peak - wavelength considered to be most effective for
melatonin suppression (human circadian rythm).

3) Data from CIE Publication No. 15 (2004) [14], Table T.4., CIE 1931 standard colorimetric observer.

4) Data from CIE Publication No. 15 (2004) [14], Table T.1. Relative spectral power distributions of CIE illuminants.
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This Design Spreadsheet was created in 2021 by Benjamin Beer. Please adress all queries related to the design method and
equations used in this spreadsheet to: "benjamin.beer@wernersobek.com”.

Fig. 30: Calculation tool for the Melanopic Light Transmittance (MLT, or zme)), page 1. lllustration by B. Beer.
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4.3. Human Wellbeing, UV Spectrum (100 nm to 400 nm wavelength)

Approx. 4 percent of the sun’s total radiation is in the UV spectrum, it can be subdivided as follows:

e 100 nm to 280 nm: UV-C (short wave UV, ionizing radiation, absorbed by ozone layer, not relevant)
e 280 nmto 315 nm: UV-B (medium-wave UV or black light, mostly absorbed by ozone layer)
e 315 nm to 400 nm: UV-A (long-wave UV or black light, not absorbed by ozone layer)

Over the past decades, UV light was assessed having predominantly negative effects (e.g. colour
fading of objects, eye damage, skin sunburn, skin premature aging and skin cancer) and the ‘filtering’
of UV radiation by glass panels (e.g. by the use of laminated glass lites with PVB interlayers) was
deemed as having a positive effect. However more recent studies have highlighted the positive effect
of the UV range, e.g. that the UV-A spectrum “effectively reduces bacteria and viruses including
coronavirus” (SARS-CoV) [17] and that the UV-C spectrum is “highly effective in inactivating SARS-
CoV-2 replication” [18]. More broadly, a further publication [19] “Beneficial effects of UV radiation other
than via vitamin D production”) summarized the positive effects stating:

“Most of the positive effects of solar radiation are mediated via ultraviolet-B (UVB) induced production
of vitamin D in skin. However, several other pathways may exist for the action of ultraviolet (UV)
radiation on humans as focused on in this review. One is induction of cosmetic tanning (immediate pig-
ment darkening, persistent pigment darkening and delayed tanning). UVB-induced, delayed tanning
(increases melanin in skin after several days), acts as a sunscreen. Several human skin diseases, like
psoriasis, vitiligo, atopic dermatitis and localized scleroderma, can be treated with solar radiation
(heliotherapy) or artificial UV radiation (phototherapy). UV exposure can suppress the clinical
symptoms of multiple sclerosis independently of vitamin D synthesis. Furthermore, UV generates nitric
oxide (NO), which may reduce blood pressure and generally improve cardiovascular health. UVA-
induced NO may also have antimicrobial effects and further- more, act as a neurotransmitter. Finally,
UV exposure may improve mood through the release of endorphins.” From [19].

Our modern glass fagcades often use laminated glass (usually as the inner or outer lite of insulating
glass) to enhance safety in case of breakage, often mandated by building codes (e.g. in the case of
overhead glazing) or as a good practice for vertical glazing in larger buildings. As mentioned above,
the typical interlayer used for laminated glass is PVB (polyvinyl butyral). For applications with increased
requirements for post-breakage safety, the more modern SGP (ionoplast) or SentryGlas® is used. For
all these interlayers, the standard products almost completely block (~99%) the transmission of the UV
spectrum. Fig. 31 shows the impact on the spectral transmittance for a triple-silver low-e coated glass,
showing the previously described effect of “filtered” light completely lacking any UV or infrared range.
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@ lllustration by Benjamin Beer [2024)

Fig. 31: Overview of the spectral transmittance of triple silver low-e coated glass without (top) and without
(bottom) PVB laminated lite (blocking UV transmission). lllustration by B. Beer.
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While the above-mentioned effect of complete blocking of the UV spectrum due to laminated glass was
usually considered as irrelevant or even beneficial referring to human wellbeing, this blocking of the
UV range (100 nm to 400 nm) was found to be disadvantages for plants in greenhouses and horticulture
in general. Therefore, the PVB industry developed special UV transmitting interlayers, e.g. Trosifol®
Natural UV or SentryGlas® Natural UV. Refer to Fig. 32 providing a comparison of the spectral
transmittance curves of clear glass and different laminated glass samples incl. samples with UV
transmitting interlayers.

Transmission [%] Glass,2mm(79mil) @ SentryGlas® Natural UV, @ Trosifol® Natural UV,

1.52 mm (60 mil) 0.76 mm (30 mil)
Trosifol® Clear, @ SentryGlas® Clear, @ Trosifol® UV Extra Protect,
0.76 mm (30 mil) 0.89mm (35 mil) 0.76 mm (30 mil)
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Fig. 32: Spectral transmittance curves of clear glass and different laminated
glass samples incl. samples with UV transmitting interlayers. From [18].

Laminated glass with UV transmitting interlayers is usually used for glass roofs or glass skylights in
zoos, where publications like [20] clarify that “many terrestrial and aquatic organisms need the
ultraviolet spectrum of sunlight invisible to the human eye. Honeybees and bumblebees can see within
the UV range and thus find their way to the centre of flowers whose parts appear indistinguishable to
humans. Very short-wave UV light kills pathogens. This phenomenon is exploited in zoos, for instance,
where quarantine wards are equipped with UV light. Birds need UV light for orientation”.

Unfortunately, the use of such UV transmitting interlayers for our normal residential or office buildings
with laminated glass is not (yet) common. Fig. 33 provides an illustrative comparison of three types of
glass panels referring to the transmittance in the UV range:

¢ Clear glass without PVB laminated lite
e Triple-silver low-e glass without PVB laminated lite
o Triple-silver low-e glass with PVB laminated lite

T=85% T=12%-30% T=0%
u | X ] v | M uv [
] ] [ ] [ ] [ ] [ )
Transmittance through clear glass Transmittance through low-e glass Transmittance through low-e glass
without PVB laminated lite, or laminated  without PVB laminated lite, or laminated with PVB laminated lite
with UV transmitting interlayer with UV transmitting interlayer
Transmittance T 10nm < UV < 380nm Transmittance T 10nm < UV < 380nm Transmittance T 10nm < UV < 380nm

Fig. 33: Three types of glass panels (clear glass without PVB laminated lite, triple-silver low-e glass without PVB laminated
lite, triple-silver low-e glass with PVB laminated lite) referring to the UV light transmittance. lllustration by B. Beer.
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For the typical vertical glazing, the intensity of the transmitted solar radiation is relatively low compared
to e.g. overhead glazing used in skylights. When also considering that the UV spectrum represents
only approx. 4 percent of the sun’s total radiation and the typical low-e coatings already reduce the UV
transmittance (refer to Fig. 33), it could be safely assumed that a harmful over-exposure of UV light
(causing e.g. eye damage, skin sunburn, skin premature aging and skin cancer) is unlikely for building
with a sensible window to wall ratio. It is therefore unclear why the use of laminated glass with a UV
blocking interlayer could be justified, other than product availability or cost savings. On the contrary,
with the current status of research and knowledge (refer to [18], [19] and [20]), it must be clear that the
moderate exposure to UV light is beneficial for the human health and wellbeing (especially when noting
that modern humans spend 87% of their time indoors, refer to [5] and Fig. 9) and that the use of UV
transmitting interlayers shall become the standard for all residential or office buildings where laminated
glass in used. For locations with lower overall solar radiation levels (irradiation), as cities in the Nordics,
this is even more important compared to cities with already high irradiation (like Dubai) where the global
and diffuse horizontal irradiation is around twice the amount compared e.g. to Helsinki (refer to Table
1).

Table 1: Solar radiation levels (irradiation) of different cities, from https://globalsolaratlas.info.

Location _ D.ire.ct normal _ GIqba] horizontal _ Diffgsg horizontal
irradiation [kKWh/m?] irradiation [kKWh/m?] irradiation [KWh/m?]
Helsinki 1084.0 977.7 461.9
Rome 1691.8 1603.2 619.5
Dubai 1892.9 2160.1 878.9

5. Summary & Outlook

As detailed in this paper, light plays as major role for human wellbeing and the sociological trend of
modern societies to spent a vast majority (87%) of their time indoor, leads to the urgent need to re-
evaluate the current use of low-e coated and laminated glass referring to their spectral transmittance
of the three wavelengths currently known to affect human wellbeing (infrared range over 780 nm
wavelength, melanopic range at 490 nm wavelength and the UV range below 400 nm wavelength).

Referring to the infrared range, especially the highly solar selective modern triple silver low-e coatings
became so efficient in selectively maximizing the transmittance in the visible spectrum (380 nm to 780
nm wavelength) that the infrared spectrum becomes completely blocked, leading to an unnatural
“filtered” light. When such a highly solar selective low-e coated glass is combined with a laminated
safety glass using a typical PVB interlayer (as common for many modern buildings), also the UV range
becomes completely blocked and the spectrum transmitted through the glass becomes so ‘filtered’ that
only a fraction of the sun’s natural spectrum reaches the humans inside the building. It is obvious that
such a transmitted light is far away from any sort of ‘natural daylight’ that is often used when referring
to daylight transmitted through glass. This issue is worsened by the use of modern artificial light
sources where the typical LEDs have a highly selective emittance limited to the visible spectrum (380
nm to 780 nm wavelength), leading to the unique situation in history that humans have no exposure to
the non-visible infrared and UV spectrum for the vast majority of their life, noting that 87% of the time
is spent indoors. The long-term effect of this unique situation is not entirely known, however the
research currently already available leads to the question if architects and facade designers shall re-
consider the use of such highly solar selective low-e coatings - at least for locations with lower solar
radiation levels (irradiation) typical e.g. in Nordic countries. This potential move away from highly solar
selective low-e coatings unveils a certain conflict between the current push for Green Building Design
(low cooling loads thanks to modern highly solar selective low-e coatings reducing the building’s solar
heat gain) and the Human Centric Design (provide humans a wider and more natural ‘unfiltered’ solar
spectrum exposure also indoors).
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Referring to the UV spectrum, there is less of a conflict between the Green Building Design and the
Human Centric Design as the transmittance of glass in the UV spectrum does not significantly increase
the building’s energy performance (cooling loads). Therefore, the use of UV transmitting interlayers
shall be promoted for all residential or office vertical glazing where laminated glass is used, noting that
moderate exposure to UV light is proven to be beneficial for the human health and wellbeing [19], [20].

The lack of indoor exposure to relevant spectral ranges (e.g. UV range, blue light melanopic range,
infrared range) as detailed in this paper, might be counterbalanced by an adapted personal behaviour
with prolonged outdoor light exposure and special light sources (e.g. high emittance in the melanopic
range around 490 nm wavelength), increasing the physiologically relevant light exposure as detailed
in [22]. The referred publication proposes a framework with four steps (understand, identify, design
and deliver), refer to Fig. 34.

UNDERSTAND IDENTIFY DESIGN DELIVER
Individual _— Individual _— Behaviour change _— Effective, simple, tailored &
light behaviours & profiles target behaviour & barriers interventions accessible interventions
Examples of Novel methods, including

behaviour change principles adaptive and just-in-time methods

Circadian health education Reminders & notifications
Light hygiene, entrainment, ...

B Mobile apps

Identify target behaviour

: Chatbots
\ e.g. “more natural sunlight”
Bright light Reduce light g Websites
before bedtime W H
Wi sur momoratr
Shift {e0 gankng Reduce video e.g. “lunch outside every day"
at night Shift ing at night ; : 2
work Work, aomngathnig Behaviour & light exposure logging
No curtains i %
ABELETE Change habits Other contextual factors
“when at work, have lunch on

terrace”

Fig. 34: A framework for identifying and delivering precision behavioural health. The framework consists of four pillars
including (A) understanding individual light behaviours and profiles (examples are for yellow and blue profiles of Fig. 2) to
then (B) identify individual target behaviours and barriers that hinder optimal light exposure for circadian health. After
these two individual steps, (C) individual behaviour change techniques embedded within tailored interventions need to be
designed and (D) delivered in effective, simple, and accessible ways. These could also integrate external information
sources such as whether data or wearable logging to give feedback on the fly to the user. From: [22], Figure 4.

However, noting human behaviour and that not all people affected by the described issue (under-
exposure to the relevant spectral ranges) would be willing or able to carry out behaviour change
interventions (e.g. by circadian health education, exercising “light hygiene”, light exposure logging), the
primary focus for the building’s designer and the glass industry shall be on the careful re-evaluation of
the use of highly solar selective low-e coated glass and laminated glass with typical (UV blocking)
interlayers.
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