Effects of solar control systems on human daylight-driven health potentials
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Extended abstract. Individuals spend over 90% of their time indoors and have limited
exposure to the outdoors. This shortage of outdoor stimulation has heightened the significance
of designing buildings that enhance indoor health. The occupants’ health is affected by the
spectrum and intensity of light that penetrates the solar control systems. Hence, the effect of
combined solar control systems and fagade, i.e., complex fenestration systems (CFS), on
human health needs to be thoroughly understood. Yet, most tools used to design and control
solar shading systems do not take spectral effects into consideration. In this study, we
developed a tool to compute spectral lighting on CFS using Bidirectional Scattering
Distribution Function (BSDF) together with multi-phase and N-step simulation techniques with
Radiance as the rendering engine. The novel developed routine predicts the spectral distribution
of solar control systems, allowing for the assessment of their effect on well-being and health.

Background. CFSs are one of the major pathways between energy reduction and non-energy
benefits that affect building occupants in various ways. The appropriate use of CFS can
enhance building performance by allowing solar gains when heating is needed and blocking

part of the gains to avoid overheating (Bueno et al., 2015), enhancing visual discomfort, and



satisfaction (Dubois, 2003). The spectral selectiveness of CFSs affects the potential of the CFS
to provide an appropriate spectral distribution that addresses the non-image forming (NIF)
effects of light. NIF effects refer to the physiological responses to light that are primarily
triggered by the blue part of the visible spectrum and are closely related to human health
(Lockley, 2009). In simulation, the CFS spectral properties can be included as weighted red,
green, and blue (RGB) channels. Considering the geometrical complexity of such systems and
the computational effort they require, the photometric characteristics of CFS are usually
addressed by BSDFs, which are mathematical functions that describe how surfaces scatter
light. RGB-weighted BSDFs, hence, can be used to derive the melanopic equivalent daylight
illuminance (M-EDI) (Brown ID et al., 2022) of CFSs.

Aims. The aim was to develop a simulation tool to determine and compare the NIF effects of
CFS through simulation, incorporating methods for faster calculation.

Methods. In this study, we introduced a tool that allows for predicting the spectral distribution
of CFSs, prioritizing fast calculation in Python programming language. The developed tool is
based on the N-step method, where the resulting rendered light is divided into nine channels
representing the visible spectrum (Ruppertsberg & Bloj, 2008). The principle of the N-Step
algorithm is related to hyperspectral imaging, where one rendered condition is taken for each
waveband, resulting in N images for a scene. Together these N images carry the spectral
information for each pixel, allowing the creation of RGB-weighted BSDFs. The simulation
study was done for four representative days using CIE D65 standard illuminant, a grid of
viewpoints, and four view directions. The selected systems included 17 CFSs with seven
shadings and 2-layer Low E glazing, six slat colors where applicable, and ten 3-layered glazing
configurations. The comparisons were made based on the mean biased error in relation to 2-

and 3-layer Low E. Moreover, “spatial melanopic lux” (sML) was suggested as a new metric



that was calculated over a horizontal grid allowing for further comparisons to other grid-based
metrics.

Results. Independent of view direction, there was a similar trend in the calculated M-EDI: An
external expanded metal had the least bias to the base conditions followed by an advanced
glazing system, MicroShade. The placement of the slatted shadings or their colour did not
affect the results; however, the type of slats affected the M-EDI levels. In contrast, the
horizontal sSML comparisons showed a relatively higher performance of the external blinds and
yielded smaller deviations across all CFSs. The comparison between glazing types captured
the higher NIF effects of larger spectral transmittance within the blue spectrum.

Conclusions. A new python-based simulation tool for spectrally weighted BSDFs where
several parameters can be addressed was developed. A simulation study was conducted to
evaluate the tool and provided a preliminary comparison of 17 CFSs. The spectral
transmittance in the blue part of the spectrum was shown to affect the resulting M-EDI,
indicating that the tool was able to capture the spectral sensitivity of the systems. Moreover,
different characteristics of CFSs influenced the results. The results show that the horizontal
grid does not capture the view-direction dependencies of horizontal grids hence can not
thoroughly capture the M_EDI potential of all CFSs. However, it can be used for comparison
to other grid-based metrics.
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Figure 1 The figure gives an overview of how the BSDF is generated in relation to the N-
step method.
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