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Abstract

Nowadays, building design pays more attention to the quality of building users’ lives as 90% of
people's daily activities are spent indoor. Designing appropriate indoor lighting for the biological clock is a
way to promote good health for users. The indoor lighting consists of natural and artificial light which has
an impact on the energy consumption of the building including air conditioning and lighting energy
consumption. This research aims to study circadian lighting design variables referring to “Circadian Lighting”
title in WELL Building Standard v.2 by analyzing the overall energy consumption of the building and
proposing guidelines of the suitable lighting design for the biological clock which can be useful in terms of
decision making for architects. The research utilizes the office building model that has different shapes,
proportions of the opening, type of glass, and interior lighting luminaire layouts in order to calculate Spatial
Daylight Autonomy (sDA), Vertical Illuminance (Ev), Equivalent Melanopic Lux (EML) and simulates the
building’s overall energy consumption by computer programs i.e., DesignBuilder and Dialux Evo.

The study of lighting for biological clocks is still in its early stages. From the literature review, the
impact on the building's overall energy consumption from the air conditioning and lighting system has rarely
been studied. When designing buildings to meet the Circadian Lighting criteria, according to the study, it
was found that the building's overall energy consumption is not correlated with EML as the EML in
accordance with WELL building standard is calculated mainly based on the vertical illuminance of artificial
light without the consideration of natural light. However, the overall energy consumption of the building
has to be considered with both artificial lighting energy consumption and air conditioning energy
consumption which is affected by heat entering the building from natural light. The buildings that achieve
the circadian lighting standard or meet the minimum criteria of EML, compared with the prototype building,
have both cases that the overall energy consumption of the building increases by 0.49%-0.88% and cases
where the overall energy consumption decreases by 3.53-4.55%. In addition, the utilization of artificial
lighting to achieve the right amount of light for circadian lighting in the office building increases lighting
energy consumption by 1.2 times, compared with the prototype building. Accordingly, if the EML from
natural light can be combined with that from artificial light, it is likely that less electric lighting power is
needed in order to meet the Circadian Lighting of WELL standard.

Keywords: daylighting, artificial lighting, circadian lighting, energy use, office building
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EML = Melanopic Ratio x Ev
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(1]

Light Source Melanopic Ratio | CCT (K) Light Source Melanopic Ratio
CCT (K)
2950 Fluorescent 0.43 4000 LED 0.76
2700 LED 0.45 6500 Fluorescent 1.00
2800 Incandescent 0.54 6500 Daylight 1.02
4000 Fluorescent 0.58 7500 Fluorescent 1.11

ﬁm: The WELL building standard version 2 IﬂEJ IWBI, 2022.

(https://v2.wellcertified.com/en/wellv2/overview IWBI, 2022).
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