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1. Introduction

Light is a fundamental architectural element that not only shapes the visual perception of a space
but also significantly affects human health, mood, and physiological processes. Historically, lighting
design has focused on visual comfort and aesthetics, ignoring light's biological and emotional
impact on humans. Much research confirms that light strongly affects our internal biological clocks
(Figueiro, 2013; Lucas et al., 2014) or circadian rhythms, which affect sleep quality, productivity,
mood, and immune system function.

The author of this master’s thesis has been actively working in the lighting industry for the second
decade, where she has often seen commercial campaigns promoting terms like “full-spectrum
light” or "Tnuman-centered lighting” without any real scientific evidence to support those claims. The
widely used phrase “full spectrum” usually refers to light sources with better color rendering, but
the term itself is vague, not defined in scientific literature, and not standardized. This creates a
misleading view of how healthy or natural a product really is. It was precisely this conflict between
bold marketing promises and the lack of scientific proof or clarification that motivated this deeper
investigation.

During her academic studies and research, the author encountered valuable scientific material
that offered a structured understanding of the biological effects of light. Among the most useful
were books like Dr. Martin Moore-Ede's 7he Light Doctor and Dr. Shelley James's Ljght! Your
Essential Survival Guide. These books explain, in a clear and relatable way, the complex interplay
between light, health, and human physiology. Moore-Ede, a pioneer in circadian medicine,
emphasizes how poorly designed lighting disrupts sleep, mood, and overall health by interfering
with our biological rhythms. James's work offers practical guidance for integrating healthy lighting
into daily life, including tips on using daylight, choosing appropriate indoor lighting, and protecting
children and teens from light-related health risks. Her books stand out for their ability to translate
scientific knowledge into simple actions that can improve well-being, especially in family and
educational settings.

Additional insights came from academic literature, such as the studies of Mariana Figueiro, who
has extensively researched the relationship between light exposure and melatonin suppression,
especially in older adults and those with Alzheimer’s disease (Figueiro, 2013; Figueiro et al., 2023);
Mark Rea, who wrote foundational works on the Circadian Stimulus model and the integration of
light as both a visual and biological input (Figueiro, 2013; Figueiro et al., 2023); and Hillevi
Hemphald, who examined how lighting conditions affect well-being and work performance in office
environments (Hemphald, 2019). Also influential was the Ph.D. research of Kathrine Marie
Schledermann, who specifically analyzed how circadian lighting interventions in hospital settings
can improve sleep quality and alertness among healthcare workers (Schledermann et al., 2023).
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These were combined with guidelines from major institutions: a recent IALD White Paper (IALD,
2025), which promotes a human-focused lighting approach that takes into account how light
affects our health, emotions, and visual comfort; the International Standard CIE S 026/E:2018 (CIE,
2018), which explains how to measure the effect of light on our internal body clock; the WELL
Building Standard v2 (IWBI, 2020), which supports using light to improve sleep and well-being
through better daylight and circadian lighting; IEC (2014) and IEEE (2015) standards, which focus
on safety, flicker, and technical quality; and CEN standards like EN 12464-1 (CEN, 2021), which
describe how to create good lighting in work environments.

However, most of these standards are not mandatory, which leads to gaps in how they are applied
in real projects—a topic the author briefly addresses later in the thesis. Nevertheless, these
sources gave a wider industry perspective while also highlighting practical limitations and the lack
of usability for lighting designers.

Until now, lighting design has mainly focused on photopic or visual parameters such as illuminance
(lux), color temperature (Kelvin), color rendering (CRI, TM-30), and glare (UGR). These are important
for visual comfort and aesthetics, but they miss a key point: how our body responds to light.

Non-visual or melanopic aspects, which influence our sleep, hormone balance, focus, and mood,
are described using metrics including the following:

e (Circadian stimulus (CS)—the potential of light to suppress melatonin;

e Equivalent melanopic lux (EML)—the stimulation of melanopsin receptors;

e M-EDI—melanopic equivalent daylight illuminance;

e Flicker Index—the effect of light flicker on cognitive and emotional state.
These metrics are important to define what ‘healthy light' is. However, they are often too complex
and challenging to use in daily design processes.
In addition to theory, the author conducted a professional survey in the fall semester (LID9) with
34 participants from the industry—architects, lighting designers, engineers, and lighting product
manufacturers (see Fig. 7). The results show that most people are aware that lighting impacts
health and agree it is important. Still, many are unsure how to apply it in practice. Metrics like CS,
EML, M-EDI, SPD, and the Flicker Index are mostly unknown or not understood and are rarely used.
Many respondents did not know how or where to get the spectral or flicker data they needed or
found the information too complicated to use. This shows a bigger problem: no part of the
industry—manufacturers, lighting designers, architects, or clients—has a simple, shared, science-
based tool to understand and apply light for human biological needs.

So, the main research question of this thesis is:

How can complex scientific lighting metrics be turned into simple and practical tools
that support human biological health, emotional balance, and design quality in
architecture?
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A design experiment model is used to explore this research question. It is based on a problem-
based learning (PBL) structure and has five steps:

Transfer—from knowledge to defining the research question;
Translate—adapting science for use in design;
Transform—creating real design solutions;

Test—uvalidating those solutions;

s N =

Share—giving the method to other lighting designers.

The goal of this work is to create a structured, practical road map or algorithm to help lighting
designers and architects use science-based, holistic lighting ideas in their everyday work. This
would improve not only visual environments but also human health and overall life quality. The
author believes that lighting design can become a human-biology-centered discipline. Light is not
just a tool for function or beauty—it is a life force that supports our body, mind, and well-being.

To make these ideas usable in practice, this work focuses on a specific target group—lighting
designers. These professionals shape the visual environment every day, yet they are often left
without tools or training to include the biological aspects of lighting in their workflow. This thesis
aims to fill this gap by translating science into simple, accessible steps, allowing designers to apply
health-focused lighting without needing a degree in biology or neuroscience, or mathematics.

For example, the Circadian Stimulus (CS) metric, developed by Rea and Figueiro at the Lighting
Research Center, measures how likely a light source is to suppress melatonin production. CS
values of 0.3 or higher are linked with better sleep and focus when applied for one hour in the
morning (Figueiro, 2013). Another useful metric is Equivalent Melanopic Lux (EML), which adjusts
traditional lux values to show how strongly a light source stimulates melanopsin receptors in the
eye. Melanopic Equivalent Daylight llluminance (M-EDI), created through the CIE S 026/E:2018
standard (CIE, 2018), offers a globally consistent way to compare lighting setups to daylight
conditions, making it easier for designers to meet biological lighting recommendations. The WELL
Building Standard (IWBI, 2020) recommends a minimum of 250 lux M-EDI during the day at eye
level to support healthy rhythms.

These metrics are powerful but underused because they are not well-known or easy to apply with
traditional design software. Designers also face challenges accessing spectral data, which is
needed to calculate these values. Most product datasheets do not include spectral power
distribution (SPD) graphs, and even fewer include flicker data or irradiance values, which show how
strongly a light source affects different parts of the eye responsible for vision, sleep, and our
internal biological clock (see Fig. 1).
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Figure 1. Human biological clock
(lllustration by author)

Tools like luox (https://luox.app) and the CS Calculator (https://cscalc.light-health.org/) offer more
intuitive ways to work with these values by letting designers upload light spectra or choose lamp

types and immediately see how much these support sleep, alertness, or daytime activity. Still, a
basic understanding of lighting science is required to interpret the results correctly.

To address this, the HOLISTIC LIGHTING DESIGN through the Biological Lighting Protocol proposed
in this thesis (see Section 5) introduces a clear and practical three-step workflow, tailored
specifically for lighting designers. The three-step algorithm (Circadian strategy - Spectral targeting
- Light strategy and narrative) provides a clear path from human biological needs to practical
lighting design. The structured approach makes it possible to integrate biological needs into
lighting design without adding unnecessary complexity. The idea is not to replace creative design
thinking but to support it with tools that are clear, validated, and relevant to health. The author
believes that lighting can become a discipline that respects both the human experience and
biological science. Light can be more than just illumination—it can be a system that supports life
and wellness, helping people sleep better, focus longer, and feel more balanced.

As the IALD White Paper puts it (IALD, 2025), “This new paradigm of lighting is an opportunity to
expand the role of design, not limitit.” In this way, light becomes a life-supporting element, a bridge
between technology, science, and human need. By creating a framework that speaks the language
of designers, this thesis hopes to inspire new methods of working with light that are practical,
inclusive, and scientifically grounded.
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This shift in approach is not only necessary but timely. As global challenges like urbanization, aging
populations, and mental health concerns increase, designing spaces that support biological health
becomes more important. Good lighting is not just about meeting technical standards or making
a space look beautiful—it is about supporting human life in all its complexity. By learning to think
about light as a biological input, designers can contribute to improved sleep, reduced stress, and
better focus across different environments, from schools and hospitals to homes.

This thesis advocates for a stronger collaboration between design and science and suggests that
speaking a common language is the first step. The biological metrics mentioned in this work—CS,
EML, M-EDI—are both technical data points and tools to understand how our bodies react to the
lighting we live in every day. The transformation of these metrics into something simple and useful
is a technical task, but it is also a design challenge, and it is one worth taking on.

Lighting designers are uniquely placed to lead this change because they already work at the
intersection of function, aesthetics, and emotion. With the right support, tools, and knowledge,
lighting design can evolve into a holistic human-centered practice. In this new paradigm, light
becomes an object to design and a medium to support life. It is time for the lighting design
profession to embrace this expanded role. Only by acknowledging light's biological power can we
fully realize its potential in creating environments that are not only functional and beautiful but
also healthy and life-enhancing.

2. Theoretical framework and literature review

Contemporary understanding of the impact of lighting on humans is no longer limited to its
provision of visibility. Research in neuroscience, physiology, and light technology has shown that
light affects a variety of biological functions—sleep, hormone release, mood, attention span, and
the immune system. This chapter will examine the theoretical basis that supports the importance
of healthy lighting design, including both visual and non-visual aspects.

This section provides the scientific and conceptual foundation for understanding how light—both
natural and artificial—affects human health and well-being. As outlined in the Introduction, the
shift toward indoor living has significantly reduced our exposure to natural daylight, which
traditionally synchronized our biological rhythms. Today, we rely on electric light that often lacks
the intensity, spectrum, and timing needed to support our circadian system.

As Figueiro et al. (2013) explain, “light is the most powerful regulator of human circadian rhythms
and has profound impacts on alertness, sleep quality, mood, and overall health.” Their research,
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along with the melanopsin-focused work of Lucas et al. (2014), has shaped a new generation of
biologically-informed lighting metrics that extend beyond traditional photometric measures. These
findings support and validate the urgency of integrating light-health principles into everyday design
decisions.

This chapter is structured in three parts:

e Section 2.1 explores the physiological and biological mechanisms through which light
affects the human body, starting with the foundational role of natural light.

e Section 2.2 introduces and classifies the key visual and non-visual metrics used in human-
centric lighting design, such as circadian stimulus (CS), Melanopic Equivalent Daylight
llluminance (M-EDI), and spectral power distribution (SPD).

e Section 2.3 synthesizes the leading scientific and professional literature that supports these
metrics and their relevance to design practice.

Although the field of light and health is grounded by extensive research, its real-world application
remains limited. This is not due to a lack of evidence, research results, or information but to the
inaccessibility of complex data and terminology. Therefore, this chapter also reflects on the need
to bridge this gap, translating validated scientific metrics and advanced photobiological knowledge
into a visual, intuitive language that lighting designers and architects can confidently apply in daily
practice. While the body of scientific research on light and health is substantial, its complexity and
technical nature often create a barrier to practical application. This reflection is central to the thesis
and forms the basis for the proposed practical tool developed in Chapter 5.

2.1. Physiological and biological effects of light

Light is not merely a medium for seeing—it is a biological signal that informs the human body when
to wake, eat, heal, and sleep. As Martin Moore-Ede (2024) emphasizes, “light is a drug, and its
timing, intensity, spectrum, and duration are the dosage.”
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The optical window: Earth’s filter for life
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Figure 2. Optical window through the atmosphere
(llustration by author, based on data cited in Moore-Ede, 2024)

The electromagnetic spectrum spans from gamma rays to radio waves, but only a narrow band—
primarily visible light—passes through Earth’s atmosphere via the optical window. This natural filter
blocks harmful radiation like gamma and X-rays while simultaneously allowing the spectrum
essential for life to reach us (Moore-Ede, 2024; OpenStax, Rice University, modification of work by
STScl/JHU/NASA, see Fig. 2). This selectivity is vital not only for vision but also for countless biological
processes. The optical window defines the part of the spectrum that human biology evolved under,
shaping our cellular responses to light and dark cycles for eons. In this context, light refers to the
narrow spectrum of ultraviolet, visible, and infrared radiation that penetrates the Earth's
atmosphere through the so-called optical window, as mentioned previously. This range is what
allows biological systems to synchronize with light-based cues and evolve within a stable spectral
environment.
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Light reaching the Earth and the body: Visible and invisible influences
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Figure 3. Distribution of biologically active light reaching the body
(Mlustration by author)

As sunlight travels through the atmosphere, it delivers a specific spectral composition to Earth. As
shown in Figure 3, visible light (approx. 380-780 nm) makes up 39-45% of this incoming radiation,
but this is not the only biologically relevant part: infrared (IR, NIR) light accounts for 50-54%, while
ultraviolet (UV) light contributes 6-8%. All of these interact with our physiology beyond visual
perception. This means that more than half of the sunlight that reaches us is invisible, yet it
penetrates tissues, influences hormone production, and activates molecular pathways in skin,
brain, and mitochondria (Foster & Kreitzman, 2017). “The human body perceives and responds to
light not only through the eyes, but also at the cellular level” (Moore-Ede, 2024).
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Biological functions of light beyond vision
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Figure 4. Major biological effects of UV, visible, and IR light
(Mlustration by author)

Figure 4 reveals how different wavelengths of light stimulate specific biological systems. Just some
of them are enumerated below:

e Ultraviolet (UVA, UVB) triggers vitamin D synthesis, boosts serotonin and dopamine,
regulates melanin production, and contributes to fat metabolism and skin renewal (Lucas
et al, 2014).

e Visible light is crucial for circadian rhythm entrainment, daytime alertness, cognitive clarity,
immune response, and sleep-wake balance (CIE, 2018; Figueiro, 2013).

e Infrared and near-infrared (IR, NIR) light penetrates deeply into tissue, promoting
mitochondrial energy production, cell regeneration, melatonin release, and even pain relief
(Hamblin, 2017; Li et al., 2024).

Each spectral range is responsible for activating different layers of human health, ranging from
mood and metabolism to tissue healing and immune resilience. “Light doesn't just help us see—it
helps us thrive” (James, 2023).
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Connection to circadian rhythms
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Figure 5. Natural daylight and its changing spectral profile
(lllustration by author)

All of these biological effects operate in sync with an internal system: the circadian rhythm.
Governed by the brain’s suprachiasmatic nucleus (SCN), this 24-hour cycle regulates hormone
secretion, body temperature, digestion, and sleep timing. Its main cue? Light—especially natural
light.

As shown in Figure 5, sunlight varies in intensity and color temperature throughout the day.
Morning light (around 5000-6500 K) is rich in short-wavelength blue light, stimulating cortisol
production and alertness. Evening light is warmer (1700-3000 K), allowing melatonin to rise and
preparing the body for sleep (Cajochen et al., 2005).

This natural light rhythm is an evolutionary signal that aligns/calibrates internal biology with the
Earth’s rotation and a person’s location. Interfering with it through poorly timed artificial light can
lead to circadian disruption, which has been linked to insomnia, depression, metabolic disorders,
and immune dysregulation (Foster & Wulff, 2005).
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Melatonin and cortisol: Light as a hormonal switch

6am noon  6pm midnight 6am noon 6pm midnight 6 am

Figure 6. Cortisol and melatonin daily rhythms in response to light
(Mllustration by author, adapted from Cajochen et al. 2005)

The key hormonal messengers of circadian alignment are cortisol and melatonin. These follow an
opposing rhythm throughout the 24-hour cycle (see Fig. 6):

+ Cortisol increases in the early morning, helping us wake, focus, and act.

+ Melatonin increases after sunset, supporting rest, recovery, and sleep.

This rhythm is directly influenced by light exposure. As Moore-Ede (2024) states, “Light at the wrong
time acts like jet lag—it resets the body clock in the wrong direction.” Late evening exposure to
screens or cool white LEDs can delay melatonin onset, disturb sleep cycles, and weaken overall
biological resilience (Figueiro, 2013). Maintaining the natural flow of these hormones is not
optional—it is vital for human health.

In order to design lighting that supports these rhythms, we must understand not only light's
biological role but also the technical metrics used to define it. The next section introduces both
visual and non-visual light metrics, including CS, M-EDI, EML, SPD, and others, which provide a
language for quantifying light's biological impact in architectural contexts.

2.2. Aspects of light and classification of metrics

To move from awareness to actionable design, we must work with metrics that capture light's
complex influence on the human body. As described in Section 2.1, visual perception alone cannot
account for light's biological impacts. Traditional parameters such as illuminance (lux), correlated
color temperature (Kelvin), and color rendering index (CRI) relate to photopic vision and visual
comfort. These remain foundational in workplace lighting standards such as EN 12464-1 (CEN,
2021), yet they overlook non-visual processes crucial to human health and circadian stability.
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Emerging insights from photobiology have led to the development of biologically relevant light
metrics. These include circadian stimulus (CS), Melanopic Equivalent Daylight llluminance (M-EDI),
Equivalent Melanopic Lux (EML), and spectral power distribution (SPD), all of which quantify light's
non-visual influence, particularly in relation to melatonin suppression, hormonal regulation, and
alertness (Figueiro, 2013; Lucas et al.,, 2014; CIE, 2018).

While these terms are increasingly referenced in research and international guidelines, most
lighting designers still encounter difficulties in understanding or applying them. The core issue is
not scientific validity but accessibility—too often, these metrics remain abstract, mathematical, or
equipment-dependent. Based on insights from an exploratory survey conducted during the
author's MSc internship semester at Aalborg University in fall 2024 (see Appendix A), this
disconnect was evident among professionals working in progressive design environments like
Copenhagen. The following subsections provide a structured overview of the most widely used
visual and non-visual metrics in healthy lighting design. Each is presented with its function,
measurement method, and relevance to the human experience of space. This classification will
serve as the foundation for the practical algorithm proposed in Chapter 5, bridging scientific
knowledge with intuitive design thinking.

2.2.1. Visual metrics

Visual metrics describe how light is perceived by the human visual system, influencing comfort,
task visibility, spatial quality, and aesthetics. These are still foundational in architectural lighting
design, particularly in commercial and public settings.

Nr. | Metric Description Application Measurement

1 CCT CCT, measured in Kelvin (K), describes the Emotional and Spectrometer.
Correlated color appearance of a light source, ranging perceptual
Color from warm (~2700 K) to cool (~6500 K). It atmosphere in
Temperature affects mood and atmosphere but does not | homes, schools, or

reflect biological effects. healthcare spaces.

2 CRI CRI evaluates how accurately a light source Art & design Spectral analysis
Color renders object colors compared to a studios, using a spectrum
Rendering reference light = natural light. It ranges from | architecture, retail, | analyzer.

Index 0to 100; a CRI >80 is suitable for most medicine
environments.

3 TM-30-18 This color metric offers greater precision Complex lighting Spectrum analyzer

than CRI. It introduces Rf (fidelity) and Rg scenes, nuanced with TM-30
(gamut/saturation), evaluating color accuracy | color design. software.
and richness across 99 test colors.

4 UGR UGR quantifies glare in a space, rating it on a | Office task lighting, | Calculation based
Unified Glare scale from 10 (no glare) to 30 (intolerable). A | screens, shared on luminance,
Rating UGR below 19 is recommended in offices workspaces. background

and learning environments. luminance, and
viewing angles.
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5 Flicker Index Flicker - visual/neurological stability - is a Reading, recovery, <0.1% modulation
and rapid change in light intensity, often learning. Safety in depth
Modulation undetectable but physiologically disruptive. learning, recommended.
Depth Modulation depth and the Flicker Index healthcare, Flicker meters or

assess the severity of this phenomenon. neurodiverse high-speed
Values above 0.1 are potentially harmful. spaces. cameras.

6 sDA, DA Daylight Autonomy (DA) and Spatial Daylight | Facade design, Simulation tools
(Spatial) Autonomy (sDA) assess the sufficiency and daylight harvesting | (e.g., DIVA for Rhino,
Daylight distribution of daylight in a space over time. | strategies. ClimateStudio).
Autonomy

Table 1. Key visual metrics used in holistic lighting design
Source: Agapted from international stanaards and design guidelines (IALD, 2025)

2.2.2. Non-visual metrics

These metrics quantify the biological effects of light beyond vision, such as circadian rhythm

regulation, hormonal balance, and cellular activation.

Nr. | Metric Description Application Measurement

1 CS CS—melatonin suppression— Morning work, CS 2 0.3, vertical light,
Circadian measures the extent to which a light | focused activity— cool spectrum
Stimulus source suppresses melatonin. office lighting, elderly | recommended.

Avalue of 0.3 is considered the care, shift work Requires spectral data,
threshold for circadian stimulation in | environments, and vertical illuminance, and
the morning. residential spaces. directionality.

2 EML EML—WELL guideline compliance— | WELL-certified Based on lux x
Equivalent calculates the portion of light that spaces, biological melanopic ratio (CIE
Melanopic Lux | effectively stimulates melanopsin alignment—offices, S026). Spectrometer +

receptors, based on a weighted schools, institutions. calculation software.
coefficient (Lucas et al., 2014) that

recommends >250 EML during

daytime hours.

3 M-EDI M-EDI—circadian synchronization— | Sustained attention, M-EDI > 250 Ix, 5000-
Melanopic expresses the biological potency of a | daytime function. 6000 K recommended.
Equivalent light source by comparingitto a Certification, design High-resolution spectral
Daylight daylight reference (D65). It uses the compliance, biological | photometers.
Huminance melanopic daylight efficacy ratio benchmarking.

(DER) as a multiplier.

4 SPD SPD—spectrum quality—illustrates All activities. Use full-spectrum LEDs,
Spectral Power | the power of a light source across Basis for all spectral avoid spikes.
Distribution wavelengths and is a foundational calculations (EML, M- | Spectrometer.

dataset for calculating all non-visual EDI, CS).
metrics. Peaks near 460-480 nm
indicate circadian potency.

5 Wavelength Nanometers (nm) define the light Biological tuning of Included in spectral
(Nanometers) spectrum’s composition. The blue artificial light. measurement.

range (460-480 nm) is critical for
circadian regulation due to its
interaction with melanopsin.

6 IR/NIR Though not part of current Morning exposure, No standardized
standards, IR (700-1400 nm) and NIR | recovery, deep method; research-grade
(750-950 nm) wavelengths may Sensors.
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relaxation. Emerging
therapeutic lighting.

Infrared and
Near-Infrared
Radiation

support mitochondrial activity, tissue
recovery, and melatonin release.

700-950 nm exposure;
avoid overuse at night.

Table 2. Key non-visual metrics used in holistic lighting design
Source: Summarized from CIE, WELL v2, and design literature (IALD, 2025)

The systematization of key visual and non-visual metrics presented in Tables 1 and 2 demonstrates
the growing complexity and depth of lighting design in the context of human physiology. While
visual metrics such as CCT, CRI, and UGR remain essential for aesthetic and perceptual quality,
non-visual indicators like M-EDI, CS, and SPD reflect light's biological efficacy, particularly in relation
to circadian rhythm, hormonal balance, and neurocognitive functioning (Lucas et al., 2014).
However, as is also indicated by survey findings (Appendix A), designers often lack the tools,
language, or time to integrate these into practice, especially when they remain abstract or
equipment-dependent. The core challenge, therefore, lies not in the absence of information and
knowledge but in its accessibility. This confirms the central aim of this thesis: to transform validated
lighting science into an actionable, designer-friendly framework.

To understand which academic voices and professional sources have shaped the current
understanding of light's impact on human well-being, the next section reviews key literature
critically examined and applied by the author throughout this thesis.

2.3. Literature review and key sources

This thesis is grounded in a carefully selected set of sources identified primarily through LinkedIn
expert insights, targeted academic indexing via SCOPUS, and conversations with professionals
within the lighting design field. Each source was chosen for its relevance, scientific depth, and
practical value in advancing human-centric lighting design.

Author(s) Title Contribution Summary

Martin Moore-Ede

The Light Doctor(2024)

Pioneered practical circadian lighting applications; shows the
impact of poor lighting on health.

Shelley James

Light! Your Essential
Survival Guide (2023)

Translates complex lighting science into accessible, intuitive
formats for wide audiences.

Mariana Figueiro
and Mark Rea

Various studies from the
Lighting Research Center

Developed the circadian stimulus (CS) model and led
biological light effect research.

Robert Lucas et al.

“Measuring and using light
in the melanopsin age”
(2014)

Introduced the non-visual metrics M-EDI and EML based on
the melanopsin sensitivity curve.

CIE S 026/E:2018 Standard Defined formal non-visual light metrics used globally.

WELL Building WELL v2 Standard Applied circadian metrics in architectural practice through

Institute design thresholds.

|EEE Standard 1789-2015 Linked temporal light modulation to flicker-related
neurophysiological risks.

IALD / WELL DA and sDA daylight Support visual comfort and daylight-integrated design

metrics

strategies.

Page | 16




IALD White Paper (2025) Proposed integrative lighting with emotional, physiological,
and perceptual dimensions.

IALD / Others Emerging IR/NIR research Explored the potential biological roles of IR/NIR in cell repair
and health.

Table 3. Key references that reflect the scientific depth of and practical relevance for a holistic lighting design

Table 3 outlines the 10 key references that have had the greatest influence on the development
of this thesis. These sources represent foundational contributions to circadian lighting research,
metric-based evaluations, regulatory frameworks, and integrative design thinking. The complete
list of 24 references used throughout the thesis can be found in the Bibliography section (see page
47).

Each source was selected for its relevance, methodological rigor, and contribution to the
development or practical interpretation of human-centric lighting approaches.

One of the most influential figures in the popularization of circadian lighting is Martin Moore-Ede,
whose book 7he Light Doctor (2024) presents accessible case studies of how disrupted lighting
environments can lead to chronic illness, fatigue, and sleep disorders. His clear focus on practical
application and his role as an early advocate of circadian design make his work foundational for
the present thesis.

Shelley James further bridges the gap between science and practice. Through her book Ljght/ Your
Essential Survival Guide (2023), James provides evidence-based yet visual and intuitive material
tailored for end customers—parents, children, educators, and design professionals. Her mission
to “translate complex science into accessible explanation” aligns with this thesis's goal of improving
metric literacy among practitioners.

The metric-driven foundation of this thesis builds on the work of Mariana Figueiro and Mark Rea
from the Rensselaer Polytechnic Institute’s Lighting Research Center. Their development of the
circadian stimulus (CS) model and numerous studies on light's biological effects across populations
(Rea et al.,, 2005; Figueiro, 2013) offer a rigorous scientific framework for measuring the circadian
impact of light.

Robert Lucas et al. (2014) contributed significantly to non-visual light metrics by introducing the
measurements of Melanopic Equivalent Daylight llluminance (M-EDI) and Equivalent Melanopic Lux
(EML), which provide the formal definitions of non-visual metrics and link them to the melanopsin
sensitivity curve.

Among standard-setting bodies, the International Commission on lllumination (CIE) and the WELL
Building Standard v2 are central to this thesis. CIE S 026/E:2018 (CIE, 2018) serves as the
authoritative definition of non-visual metrics, while WELL v2 applies these metrics in practice by
establishing design thresholds for different times of day and space functions.
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The neurophysiological risks of flicker in lighting are recognized in industry standards, which link
temporal light modulation to adverse effects such as migraines and visual discomfort, particularly
among sensitive individuals (IEEE, 2015). This highlights the need for more stringent quality
controls in both visual and non-visual lighting design.

Today, daylight metrics such as Daylight Autonomy (DA) and Spatial Daylight Autonomy (sDA) are
promoted in leading design frameworks, including the WELL Building Standard v2 and the IALD'’s
guidelines. These metrics support daylight-responsive strategies that enhance visual comfort and
reduce reliance on electric lighting (IALD, 2025; IWBI, 2020).

Broadening the biological perspective, the IALD White Paper (2025) highlights the importance of
emotional, physiological, and perceptual dimensions in integrative lighting. This conceptual
approach aligns with the holistic framework proposed later in this thesis. Emerging discussions on
infrared (IR) and near-infrared (NIR) lighting suggest that these longer wavelengths may play a role
in biological processes such as cellular repair and mitochondrial stimulation. Although this spectral
range is still under scientific development and not yet standardized, it is being considered in
advanced design discourse as a potential component in future health-promoting lighting
environments (IALD, 2025).

This literature review confirms that the field of healthy lighting is well-supported by rigorous
science, applied frameworks, and emerging design philosophies. However, it also reveals a
recurring gap between complex academic research and practical implementation. Many of the
sources emphasize the need for accessible communication and design tools, echoing the central
aim of this thesis.

The next chapter will therefore explore the barriers that currently limit the adoption of human-
centric lighting in practice. These include gaps in understanding and knowledge, technological
constraints, systemic inertia within the construction industry, and challenges related to end-user
perception and regulation.
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3. Implementation barriers and problem
analysis

While the scientific foundation for circadian and biologically effective lighting is well-established, its
integration into everyday design practice remains inconsistent. This chapter outlines five core
barriers that hinder the implementation of science-based lighting solutions:
1. limited knowledge and comprehension among designers,
technological constraints,
structural inertia within the lighting industry,
insufficient support from regulations and standards, and
low user awareness of the physiological effects of light.

s W

limited structural low user
knowledge /' technological inertia insufficient awareness of

among i in lighting[ support from | physiological
designers constraints industry standards  /effects of light

Each of these barriers is explored through the lens of current literature, design guidelines, and the
industry survey conducted by the author during her MSc internship semester at Aalborg University
in fall 2024 and the author's own professional practice, revealing a systematic gap between what
science confirms and what design practice enables. This analysis sets the stage for the clear and
applicable framework developed and proposed later in the thesis.

3.1. Limited knowledge and comprehension

Although the physiological and psychological effects of lighting are well-documented (Figueiro,
2013; Figueiro et al.,, 2023; Lucas et al,, 2014; Rea et al., 2005), they remain insufficiently translated
into professional design practice. In many cases, these topics are seen as specialist knowledge
rather than an integrated component of standard design workflows (IWBI, 2020; James, 2023).

To evaluate current comprehension levels, the author conducted a targeted industry survey in fall

2024 (Appendix A), comprising architects, lighting designers, project managers, and senior
stakeholders (see Fig. 7).
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Respondent (n = 34) profile by profession

Architects
13%

Lighting Designers

Figure 7. Survey results show a diverse sample (n = 34) across key roles in lighting-related industries.
(Source: Author’s exploratory survey, fall 2024, conducted during her MSc internship semester at Aalborg University)

Although 52% of respondents (see Fig. 7) stated they were “very familiar” with lighting's impact on
health and 66% strongly agreed with its influence on circadian rhythms, their implementation did

not reflect this awareness.

Perceived awareness and influence of lighting on circadian health

Strongly agree

Somewhat agree

9% ' Not familiar

Awareness Influence

15%

Figure 8. Over half of the respondents confirmed strong awareness of the impact of light on circadian health.
(Source: Author’s exploratory survey, fall 2024, conducted during her MSc internship semester at Aalborg University)

In fact, 56% admitted to “rarely” applying circadian lighting principles in real-world projects.
Furthermore (see Fig. 9), 26% explicitly identified “limited evidence-based knowledge” as a key
barrier to adoption. This indicates a critical gap between conceptual awareness and practical
comprehension—a finding consistent with other international assessments (IALD, 2025).
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Main barriers to implementing healthy lighting in design practice

Limited
evidence-based
knowledge
Limited access
to specialists
designers

Client demands Cost Project time
or preferences limitations constraints

Figure 9. While cost (40%) was the top concern, 26% cited limited knowledge as a key obstacle.
(Source: Author’s exploratory survey, fall 2024, conducted during her MSc internship semester at Aalborg University)

This knowledge barrier is further reinforced by the author's own experience. Throughout the
Aalborg University MSc Lighting Design program and in professional contexts, there was a
repeated need to interpret, translate, and re-adapt complex metrics like CS, M-EDI, and SPD into
designer-friendly formats. The issue is not the absence of scientific information—it is the lack of
intuitive, visual, and accessible tools that allow designers to apply these principles without
advanced technical (biological, neuroscience, or mathematical) expertise.

As the author's survey also highlighted, professionals strongly favor education-based interventions
such as workshops or seminars over hiring in-house specialists, which will hopefully change in the
future. For now, however, this implies that while the market is open to learning, the method of
delivery must be adapted to practitioners’ cognitive realities and time constraints.

These problems are explored through the literature review and grounded in the author's own
design practice, research experience, and survey insights. As such, this thesis proposes the
development of simplified, scenario-based application frameworks that match design intuition with
biological function—an approach aligned with both academic evidence and practical needs.

3.2. Technological constraints

While the importance of biologically effective lighting is gaining recognition, its implementation
remains limited due to a lack of practical technological access. Advanced metrics such as Circadian
Stimulus (CS), Melanopic Equivalent Daylight Illuminance (M-EDI), or Spectral Power Distribution
(SPD) require tools like spectroradiometers and flicker meters (as stated in Table 2)—devices that
are both expensive and technically demanding (IALD, 2025; WLL, 2020).
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Based on the author’s professional experience, the majority of lighting design projects rely only on
basic parameters like CCT and CRI, as manufacturers typically do not provide full SPD graphs or
flicker information. This lack of transparency limits one's ability to evaluate the biological potential
of light sources in real-life contexts. In practice, even well-informed designers are forced to default
to simplified, photometric values due to missing or overly complex spectral data.

As James (2023) has also emphasized, access to information is not enough without clear tools for
interpretation and application. Thus, even when designers are aware of non-visual metrics, they
rarely apply them due to the absence of intuitive, design-oriented instruments. This thesis
responds to this gap by advocating for scenario-based, visually accessible tools that allow
designers to estimate circadian impact based on familiar parameters like CCT, lux, and time of day
without needing laboratory-grade measurements.

3.3. Structural inertia within the lighting industry

Beyond individual knowledge or technology, system-level inertia within the lighting industry
remains a major obstacle. The market is still dominated by performance indicators such as lumen
output, efficacy (Im/W), and energy labels—criteria that rarely reflect biological effectiveness.
Manufacturers often prioritize compliance with visual standards (CEN, 2021) and cost optimization
over transparency in non-visual metrics like melanopic efficacy or flicker.

Terms like “full spectrum” or "human-centric lighting” are widely used in marketing yet rarely backed
by published spectral data or validated biological outcomes. In the author's professional
experience, it is common to find luminaires marketed as having wellness or circadian benefits
without any reference to CS, M-EDI, or SPD values. This gap between promise and evidence leaves
lighting designers with limited ability to evaluate product claims.

The IALD White Paper (2025) explicitly calls for greater alignment between product development
and scientific findings, noting that without standardized biological criteria, the industry risks
stagnation in outdated photometric thinking. This inertia not only misguides clients but also limits
innovation in health-supportive lighting. Therefore, structural change is essential. Lighting
designers, specifiers, and educators must advocate for verified biological metrics in product
documentation and push the industry toward transparency and evidence-based development.

3.4. Insufficient support from regulations and standards

Most lighting standards—Ilike EN 12464-1 (CEN, 2021)—only focus on what we can see: lux levels,

glare, and uniformity. However, they ignore how light affects our body clocks, hormones, and sleep.
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There are good resources (e.g., CIE, 2018; IWBI, 2020) that define biological metrics such as M-EDI
and EML, but these are just recommendations rather than legal rules (IALD, 2025; IWBI, 2020).
From the designer’s perspective, this creates confusion. Since designers are not required to use
circadian metrics, many skip them. Manufacturers also do not have to provide spectral or flicker
data, so designers do not always have the necessary information. If the goal is to improve human
well-being with light, we need standards that support that. At present, it is left up to individual
professionals to care enough to go beyond what is required.

3.5. Low user awareness of the physiological effects of lights

Most users—whether clients, architects, or end-users—choose lighting based on looks, energy
efficiency, or price. Very few are aware that light can affect sleep, mood, or focus. Even among
professionals, circadian lighting is often treated as “nice to have,” not essential. Only 26% of
respondents to the author’s survey admitted to having limited awareness of the biological effects
of light (see Fig. 9). This highlights a deeper issue: without public understanding, there is little
demand for healthier lighting. And without demand, the industry has no incentive to change.
Raising awareness does not require making everyone a scientist. Nevertheless, it does mean
showing—clearly and visually—how light impacts the body. This is why the tools proposed in this
thesis focus on storytelling, scenarios, and intuitive visuals that speak to both users and designers.

4. Solution approach and methodology

As identified in the previous chapters, current lighting practices often fail to translate validated
scientific knowledge into real-world design strategies. This thesis addresses that gap by applying
design methodology, grounded in problem-based learning (PBL) and inspired by the Architectural
Experiment Framework developed at Aalborg University (Hansen & Mullins, 2014). Rather than
relying on empirical, laboratory-based experiments, this approach follows a structured, scenario-
driven process that enables complex biological and non-visual lighting knowledge to be
transformed into actionable, context-sensitive solutions for lighting designers. The aim is to bridge
the gap between scientific complexity and practical design implementation through an intuitive
and reflective framework.

The five-step model—Transfer, Translate, Transform, Test, and Share—represents an
interdisciplinary methodology that incorporates insights from natural sciences, social sciences, and
the humanities. These dimensions inform the creation of a holistic lighting design logic grounded
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in scientifically validated metrics such as circadian stimulus (CS), Melanopic Equivalent Daylight
llluminance (M-EDI), and spectral power distribution (SPD).

This chapter outlines the process of implementation of each methodological step, illustrating how
cross-disciplinary insights are synthesized into a design process that respects both human biology
and spatial experience. As emphasized in the IALD White Paper (2025), “a new paradigm of lighting
requires integrating emotional, physiological, and perceptual dimensions.” In the following
sections, each of the five steps is analyzed in detail, forming a roadmap from theoretical
understanding to design practice—a transformation of knowledge into meaningful design action.

4.1. Methodological structure

This method fits how real design projects work. In lighting practice, the time, tools, or resources
for full-scale laboratory testing are often limited. Still, it is necessary to make informed design
decisions. For this reason, the thesis adopts a five-step design model, adapted from the
Architectural Experiment Model developed at Aalborg University. This model integrates design
practice with interdisciplinary research (Hansen & Mullins, 2014; see Fig. 10).

The process mode/
Design l l l Research
Design vision IRQ (imagine if..)
Step 1 (ide generation, defining = g E
potentials and problems) 8 o, 3
c o >
8 @ )
7 9, =
Design intentions o s a RQ and three hypotheses
Step 2 Within three criteria 3 o = Three significant criteria from different
Analysis, explorative experiments, field m > scientific fields
analysis, theories, mood boards =3
Design proposal Research Design
Develop the concept design and design Define research set up
Step 3 proposal through sketching, mock ups,
models, sc rendering, It
prototyping
Design evaluation Test
Step 4 Reflect on how the design meet Experimental design
the design intentions and criteria Define methods within each criteria and
scientific field to test the hypothesis
Design solution Conclusion
Step 5 Design through research, the Research through design, the answers to
design referring to the design the hypothesis and RQ

vision and design intentions

1 3.1

New knowledge

Figure 10. The Architectural Experiment Model—an interdisciplinary framework
integrating research and design through five iterative steps
(Hansen & Mullins, 2014)
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Each step combines input from different fields: natural sciences help define biological needs (e.g.,
adequate M-EDI in the morning), social sciences identify implementation barriers, and humanities
shape experiential and visual communication.

Hypotheses are used in each phase not for statistical testing but to support reasoning through
design logic, scenario analysis, and reference to validated standards. This structure reflects the
author’s position as a lighting practitioner working to translate research into effective tools for
design.

4.2. Process and approach

This section demonstrates how the five-step methodology was applied in the current project. Each
step helped bridge scientific knowledge and lighting design through problem-based learning,
scenario development, and interdisciplinary reflection.

4.2.1. Transfer—Understanding biological/circadian needs and setting
design goals
The literature review identified human circadian lighting needs. Key targets—for instance, >250 M-
EDI Ix during the day and <10 Ix in the evening—were ascertained. Based on these findings, the
author defined the design goal: to develop a simple, visual guide that would be usable even without
deep expertise in CS or spectral data.

4.2.2. Translate—Defining the real-world barriers
The findings from Chapter 3 and a lighting industry survey were used to identify key barriers: overly
technical language, a lack of accessible tools, and complex metrics. These were restructured into
functional design requirements, such as simplifying metric use, avoiding formulas, and offering
visual cues and examples.

4.2.3. Transform—Creating the design solution
The author developed a science-to-design roadmap, a visual and logical tool illustrating how
biological lighting metrics (CS, M-EDI, SPD, flicker) can be translated into practical design steps.
Examples include comparisons between CRI'and TM-30 or high M-EDI morning light versus low-CS
evening lighting.

4.2.4. Test—Validating the approach
Due to the project’s scope, no new lighting installation was tested. Instead, the proposed design
method was evaluated against existing studies (e.g., Schledermann et al., 2023; Figueiro, 2013) and
standards such as WELL v2. Validation criteria focused on usability and clarity from a practitioner’s
perspective.
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4.2.5. Share—Turning it into a tool
The outcome was an infographic-style guide presenting simple application rules using CS, M-EDI,
SPD, and flicker data. For example: “Morning - 5000 K with high M-EDI and low flicker; Evening -
2700 K with CS < 0.1." The guide is designed for use by architects, lighting designers, and
manufacturers.

5. Solution: The Holistic Lighting Design
Framework

The previous chapters have revealed a clear gap between scientific understanding of light's
biological effects and its practical use in design. While technical aspects—such as lux levels, UGR,
or CRI—are essential for visual comfort, they often ignore how light affects physiological functions
like sleep, alertness, or hormonal balance (Figueiro, 2013; Moore-Ede, 2024). This disconnect
creates difficulties for lighting designers who wish to apply non-visual principles but lack intuitive,
structured guidance.

Chapter 4 introduced a five-phase methodology (Transfer-Translate-Transform-Test-Share) to
bridge this gap. As part of the “Transform” phase, this chapter presents the core result: a
structured, three-step system that enables biologically informed lighting decisions to be made
without expertise in neuroscience, biology, or mathematics. This system is referred to as the
HOLISTIC LIGHTING DESIGN through the Biological Lighting Protocol.

“Most indoor lighting is biologically irrelevant—it serves visibility, not vitality.” (Moore-£de, 2024)

Unlike conventional lighting design that begins with standards and ends with compliance, the
framework presented here begins with the human body—its biological timing, needs, and
behavior—and builds the design strategy outward (see Fig. 11)
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Conventional lighting design vs. biologically active lighting

CONVENTIONAL HOLISTIC LIGHTING DESIGN
LIGHTING DESIGN :

through

STANDARDS
LUX targets
CRI
UGR
IMPLEMENTATION

COMPLIANCE

Focus on s
standards (basic visi?ility needs) Focus on biological well-being
& energy savings & holistic approach

Figure 11. Conventional lighting design vs. biologically active lighting
(Source: Author’s illustration)

This framework simplifies complexity by organizing the decision-making process into three steps:
Circadian Strategy — Spectral Targeting — Light Strategy & Narrative. Each step is easy to
understand and directly linked to user well-being.

The following sub-sections explain the purpose, structure, and application of this system in
practice. Each section answers a core design question.

5.1. From science to practice

Most lighting environments today use fixed, neutral lighting—often around 3000-4000 K—that
does not change during the day. While this may meet visibility needs, it fails to support biological
functions such as circadian entrainment, hormonal balance, and cognitive modulation. Figueiro
(2013) demonstrated that people exposed to high circadian stimulus light in the morning
experienced better sleep quality and alertness throughout the day. Despite this evidence, lighting
practices remain largely unchanged.

Moore-Ede (2024) notes that such misalignment has direct consequences: “Lighting is still
synchronized to visibility, not biology,” leading to fatigue, poor sleep, and reduced productivity,

particularly in shift work and learning environments. Furthermore, Schledermann et al. (2023)
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confirmed that hospital workers exposed to spectrally adapted lighting reported improved mood
and focus. These findings show that standard visual metrics are not enough; light must be

understood as a biological input.

Author’s scenario: Open-plan office (08:00-17:00)—Focused work in the morning, collaboration in

the afternoon.

Conventional Design

Biologically Supported Design (based on the author's model)

e Light level: 300-500 lux, static
3000-4000 K

e Distribution: Uniform ceiling light

e Spectral profile: Low melanopic
content

» Biological effect: No circadian
support

Outcome: Poor alertness, delayed
melatonin onset, reduced sleep
quality

Step 1: Circadian Strategy:

Morning: activate (alertness)

Afternoon: stabilize
Step 2: Spectral Targeting:

Morning: 6500 K vertical light, CS = 0.3

Afternoon: 2700 K indirect light, lower intensity
Step 3: Light Strategy & Narrative:

Morning: bright vertical lighting on face

Afternoon: warm ambient tones with softer zoning
Outcome: Improved mood, earlier melatonin onset, better
daytime performance

"People in offices with high circadian stimulus lighting in the morning had earlier melatonin onset,

longer sleep duration, and reported feeling more alert during the aay.” (Figueiro, 2013)

Comparison between conventional and circadian-supported lighting

Figure 12. Comparison between conventional and circadlian-supported lighting
(Source: Author’s illustration, Al-generated photo)

Page | 28




5.2. How does the three-step logic work?

The Biological Lighting Protocol introduces a clear design logic through three questions, each
forming a phase in the design strategy:

1. Circadian strategy

EVENING

MORNING

2. Spectral targeting

480

Key target zone
M-EDI 2250 Ix
CS203
400 700

l %/\%

Design Focus: Biological timing and rhythm

Key Question: What does the body need at a specified time of day?
Driver Element: Time of day (morning activation, afternoon stability,
evening calming, night protection)

— Biological needs first, light as support. This step identifies the
desired effect (e.g., alertness, relaxation, melatonin onset) based on
the time of use and the user's mental and physical activity.

Design Focus: Spectrum and intensity control

Key Question: What light characteristics support this biological goal?
Driver Element: Wavelength, CCT (Kelvin), M-EDI, CS, SPD

— Science-based parameters mapped to each biological state (see
Table 2)

3. Light strategy and narrative

INTENSITY DIRECTION  DISTRIBUTION

HIGH NEIDUM Low
INTENSITY INTENSITY INTENSITY

ki ot

FOCuUs
WORK

READING

INDIRECT SOFT
DISTRIBUTION

VERTICAL
DISTRIBUTION

TASK ORIENTED

Design Focus: Activity-based application

Key Question: What is the user doing, and how should the light
behave?

Driver Element: Functional configuration (e.g., task-focused, relaxing,
transitional)

— Lighting becomes storytelling—each space tells a different story
through light. Light is layered (ambient, vertical, accented), zoned,
and controlled to reinforce the biological effect and align with the
room’s functional and emotional purpose.

“Design starts with the body—not the lux meter.” (James, 2023)

This design model links time, function, spectrum, and space, allowing the designer to move from
user needs to applied solutions using scientifically grounded, yet practical steps.

Page | 29



In addition to the three-step Biological Light protocol, the full lighting framework includes four basic
lighting strategies, all aligned directly to the circadian clock, and three specialized additions,
forming a set of seven circadian-responsive configurations.

i W g - . Z,z
Morning a Evening ¢ Night om
activation ) comfort /| protection

_lrcadian
correction for
shift workers

"Autism spectrum
harmonization

* Infant rythm
stabilization

These cover different times of day, life stages, and sensitivity profiles, from morning activation to
autistic user harmonization. A full table of profiles and metrics is provided in Appendix B.

Biological Light Protocol—three-step strategy

CIRCADIAN
PHOTOBIOMODULATION
PATHWAYS

Melatonin supression
circadian clock reset

Melanopic light
photoreactive

.

human eye

Mitochondrial
stimulation

o D
Morning activation Afternoon Modulation
En €,

@)

Figure 13. Biological Light Protocol—three-step strategy
(Source: Author’s illustration)
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5.3. How can this model be used in practice?

The three-step method can be used throughout the design process:

e Inearly concept development to define biological goals;

e During technical planning to choose CCT, SPD, and CS thresholds;

e When structuring lighting layers and control logic, based on the narrative; and
e In client communication to explain why light changes over time and space.

It is flexible enough to be applied in offices, hospitals, schools, and homes. It also aligns with the
latest design thinking reflected in the IALD White Paper (2025), which states: “Human-centred
spectral design is not a luxury—it is a requirement for future-proof environments.”

Furthermore, this model directly supports what Schledermann et al. (2023) call “emotional and
physiological alignment” and validates Moore-Ede’s central claim (2024) that “lighting can and must
move beyond visibility.”

The foundation laid here sets the stage for the next chapter, where the model is validated through
expert insights, user testing, and empirical results.

6. Design validation—in-depth research analysis

Following the methodological structure outlined in Chapter 4, this chapter represents the “Test”
phase in this research project’s five-step process (Transfer-Translate-Transform-Test-Share).
After translating biological lighting science into an intuitive, practical design system (as detailed in
Chapter 5), the next logical step was to evaluate the validity and reliability of the proposed
framework. This validation is positioned not as a separate literature review but as an evidence-
based examination of how the model aligns with internationally recognized scientific findings.

Accordingly, the aim is not to re-test existing knowledge but to confirm the scientific foundation
and design relevance of a newly developed solution that simplifies complex biological parameters
into a usable structure for design practice. The validation does not attempt to replicate what
already exists. Rather, it confirms the newly created strategy's scientific soundness and design
usefulness.

The three-phase model developed in this thesis—Circadian Strategy Kk Spectral Targeting — Light
Strategy & Narrative—represents a novel synthesis of scientific metrics, biological understanding,

and design logic. To the author’'s knowledge, no existing source has previously translated the full
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complexity of non-visual light metrics into a designer-friendly decision protocol (known here as the
Biological Lighting Protocol) that can be applied across project stages and user profiles. This is not
a theoretical concept or illustrative diagram; it is a functional tool, developed for real-world
application and professional relevance.

As an architectural lighting designer working in the field for the second decade, the author has
experienced firsthand the disconnect between scientific knowledge and practical application. Each
aspect of the proposed system has been shaped through research and lived engagement with
design processes, client needs, and spatial transformation. The framework’s structure reflects an
intuitive backbone developed through years of working with light as both material and medium.

While individual biological metrics have been researched and validated elsewhere, their strategic
combination and procedural clarity—tailored specifically for architectural lighting designers—
represent a new and original contribution to design methodology and practice. This system is
offered not as a speculative theory but as a professionally grounded response to the growing need
for integrative, biologically aligned lighting design.

The chapter is structured around five validation touchpoints, each corresponding to a major
author or institution whose research aligns with the respective components of the model:

6.1. Figueiro & Rea - Circadian stimulus and biological timing

6.2. Moore-Ede - Biological mismatch, fatigue, and health risks

6.3. Schledermann - Hospital case study and emotional outcomes

6.4. Shelley James - Light literacy and societal outreach

6.5. IALD White Paper - Industry confirmation of paradigm shift
This structure allows each design phase to be supported by evidence-based findings, confirming
that the model is not only methodologically sound but also ready to be implemented and iterated
within the real-world design process.

“Lighting desjgn must evolve beyond visibility and engage with biology, cognition, and society.”
(Schledermann et al, 2023)

6.1. Mariana Figueiro and Mark Rea—pioneers of circadian metrics

Validating the first two phases of the proposed framework—Circadian Strategy and Spectral
Targeting—rests upon the foundational work of Mariana Figueiro and Mark Rea. Their research,
developed over two decades, introduced the concept of circadian stimulus (CS) as a measurable
and actionable lighting design metric. CS quantifies the effectiveness of light in stimulating the
human circadian system, offering a precise biological parameter that can be used in practice (Rea
et al., 2005).
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"People in offices with high circadian stimulus lighting in the morning had earlier melatonin onset,
longer sleep duration, and reported feeling more alert during the aay.” (Figueiro et al, 2023)

In a recent study, Figueiro et al. (2023) demonstrated that morning exposure to vertical lighting at
6500 K and CS > 0.3 significantly improved physiological and psychological outcomes: melatonin
onset occurred earlier, daytime alertness increased, and sleep quality improved. These effects
validate the key role of time-specific biological alignment in lighting design in the Circadian Strategy
phase of this thesis.

Moreover, the study highlights the importance of vertical light exposure at eye level rather than
ceiling-based illumination alone. This finding directly supports the thesis's second design phase,
Spectral Targeting, which operationalizes biological intentions through spectral parameters such
as SPD, M-EDI, CCT, and CS thresholds. Their work bridges the gap between photobiology and
design, showing that spectral tuning must align with temporal need.

The same study compared two design approaches: a conventional setting (4000 K ceiling-mounted
lights, 300 lux, low CS) and a biologically optimized setting (6500 K vertical lighting, CS > 0.3 in the
morning and 2700 K ambient in the afternoon). These findings directly informed the comparative
example presented in Chapter 5, supporting the model’s structure and its narrative alignment with
user needs over time.

By translating research thresholds into usable design inputs, Figueiro and Rea provide the scientific
foundation for practical circadian design. The framework developed in this thesis builds upon this
foundation, organizing it into a coherent procedural tool that can be adapted across project types
and user profiles. As such, their research does not just support but significantly strengthens the
validity of the newly proposed strategy's first two phases.

6.2. Martin Moore-Ede—"“The Light Doctor”

This part of the validation focuses on the third step of the developed strategy: Light Strategy &
Narrative. Having defined the biological need (Step 1) and selected the right spectrum (Step 2), the
final phase of the model asks: How should this light be applied in space? Martin Moore-Ede’s work
is especially relevant here. As a long-time expert in circadian biology and founder of the Circadian
Light Research Center, his research shows how light affects not only health but also performance,
fatigue, and decision-making in daily life.

“Most workplace lighting is still synchronized to visibility, not biology. The result is fatigue, poor
Sleep, and costly performance errors.” (Moore-Ede, 2024)
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Following decades of work in both medical and industrial environments, Moore-Ede describes a
condition he calls “circadian mismatch"—a situation where people work in visually adequate
lighting but still experience cognitive and physical fatigue due to biological misalignment. In his
view, this mismatch leads to reduced productivity and long-term health problems, especially in
shift-based or high-stress environments. His core recommendation is clear: lighting should be
designed to follow the body's natural daily rhythm. That means providing biologically strong light
in the morning to support activation, and shifting to warm, low-intensity lighting in the evening to
help the body prepare for rest. This is not just a matter of spectrum—it also includes direction,
layering, and behavioural context.

These ideas directly support the third phase of the strategy presented in this thesis. In this phase,
light is not just measured—it is composed. It becomes a narrative element, telling a story that
connects time, activity, and emotional tone. As Moore-Ede emphasizes, biological lighting should
not be static or uniform. It should respond to human needs throughout the day and across
different spaces. In practical terms, this means using vertical lighting in the morning to stimulate
the circadian system and soft, ambient tones in the evening to promote relaxation. These design
principles are already widely accepted in chronobiological research but are rarely translated into
usable strategies for everyday design.

The Biological Lighting Protocol developed here translates Moore-Ede’s biological logic into a
practical tool for designers. It connects spectrum, time, and space in a structured way that can be
applied to real-world projects. While Moore-Ede's findings provide the scientific argument, this
thesis organizes them into a clear and actionable design method. To the author's knowledge, this
is the first time Moore-Ede’s recommendations have been integrated into a comprehensive spatial
design strategy with a clear process that allows designers to apply his principles without requiring
a medical background.

6.3. Kathrine Marie Schledermann—the well-being of hospital
workers

This part of the validation addresses how biologically aligned lighting affects well-being and
performance in real-world settings. It supports the entire three-phase model by analyzing
empirical results from healthcare environments, where lighting is directly linked to cognitive
function, emotional stability, and physical resilience.

Kathrine Marie Schledermann'’s research (2023) offers one of the clearest case studies available.
Her Ph.D. project investigated how spectrally tuned lighting, installed in a Danish hospital
department, influenced the mood, alertness, and well-being of medical personnel. Unlike many
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lab-based studies, Schledermann’s data were collected over extended periods and reflected
complex real-life usage, including 24-hour shifts and exposure to variable conditions.

“Participants reported fewer headaches, higher concentration, and improved emotional state
auring and after their shifts.” (Schledermann et al, 2023)

All three steps of the model developed in this thesis can be directly validated by Schledermann’s
research:

e Step 1: Circadian Strategy was addressed through time-specific light planning. Morning
shifts began with cooler, higher-CCT lighting (>5000 K) for alertness, while evening and night
shifts transitioned to warmer spectrums (2700 K or lower) to reduce overstimulation.

e Step 2: Spectral Targeting was implemented through tunable white lighting systems with
carefully selected CS values and melanopic ratios, aligned with staff routines and patient
needs.

e Step 3: Light Strategy & Narrative emerged through the emotional feedback provided by

"o

staff. Many described the light as “soothing,” “energizing,” or “protective”—terms that

confirm the narrative power of light when aligned with biological function.

Importantly, Schledermann noted that while medical staff initially questioned the logic behind
spectrum variation, they later reported a clear connection between lighting, emotional tone, and
spatial memory, supporting the notion that lighting is not only functional but also
psychophysiologically interactive. From a design perspective, this insight confirms the practical
value of the HOLISTIC LIGHTING DESIGN through the Biological Lighting Protocol. It shows that
designers must think in terms of visual comfort or task efficiency as well as emotional regulation
and biological timing—factors traditionally overlooked in architectural practice.

As an architectural lighting designer, the author recognizes that this hospital case validates the
entire model not in abstraction but in action. It affirms the hypothesis that biologically aligned,
time-responsive lighting enhances both well-being and design quality. Schledermann’s work
provides rare and robust confirmation that such principles, when clearly structured, are usable in
the complexity of everyday professional environments. This thesis takes a step further by offering
both data and a toolkit to apply those data across use cases. In this sense, Schledermann’s hospital
case functions as a proof-of-concept for the strategy proposed in this master’s thesis.

6.4. Shelley James—Ilight literacy and societal outreach

The final step of validating the Biological Lighting Protocol involves addressing public
understanding and professional literacy. Without a bridge between science and real-world design
practice, even the best strategies remain underused. This is where Shelley James's work becomes
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crucial. As both a designer and science communicator, James has dedicated her efforts to making
light literacy accessible. Through publications like Ljght! Your Essential Survival Guide and
community campaigns such as “Walk There Sunshine,” she translates complex scientific concepts
into clear, engaging narratives for broad audiences, including end customers, educators, families,
and design professionals.

"People don't need more data. They need meaning. They need to know what light does, when,
and why it matters.” (James, 2023)

This aligns directly with the mission of this thesis: to make biological light metrics understandable
and usable for lighting designers. Where Figueiro, Schledermann, and Moore-Ede validate the
effectiveness of circadian lighting, James validates its communicability—a critical step for
widespread adoption.

In practical terms, James's work reflects the “Share” phase of the five-part methodology introduced
in Chapter 4. The final output of a design strategy is not just an illuminated space but an informed
user, whether that user is a lighting designer, client, architect, student or end customer. The
Biological light protocol through three-step model created in this thesis answer this challenge by
offering an intuitive tool that embeds knowledge within design itself.

James often emphasizes that biological lighting is not a luxury but a daily necessity, especially for
vulnerable populations. She also addresses themes discussed in this thesis: people's health,
mental well-being, and the need for personalized light strategies, which are all part of the
expanded strategy model in Section 5.2. Her public campaigns mirror the goal of this research: to
reshape lighting from a technical service into a human-centered, biologically aligned, health-
oriented design language.

Thus, while her work does not provide raw scientific data, it validates this thesis by proving that
visual storytelling, relatable metaphors, and systemic translation are not just helpful but essential.
The design language proposed in this master's project builds directly on her vision, providing a
designer-driven yet scientifically grounded protocol for real-world practice. To the author's
knowledge, this thesis is the first to integrate James's educational insights into a comprehensive,
project-ready design framework grounded in both biological science and applied architectural
logic.

6.5. IALD White Paper—an industry signal for a paradigm shift

The final piece of validation comes not from a scientific study but from an institutional response:
the IALD White Paper (2025). This industry-level document marks a critical inflection point, stating
that biologically effective lighting is no longer a theoretical curiosity but an operational priority.
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The White Paper calls for “a measurable, transparent, and human-centred approach to spectral
design,” acknowledging that visual standards alone are insufficient for future-ready environments.
It urges a shift from photometric compliance to chronobiological integrity, affirming that metrics
such as CS and M-EDI must become standard tools, not niche exceptions. This directly supports
the framework established in this thesis.

“Spectral quality is no longer optional—it is architectural. Every space is an organism that
responds to light.” (IALD, 2025)

This shift aligns precisely with the goals of the three-step model developed in this work. Where
current practice relies on lighting codes and lux levels, this thesis proposes an applied biological
protocol linking human need, spectral configuration, and narrative strategy in a single, intuitive
design tool. Moreover, the IALD statement reflects the “Share” stage of the five-phase methodology
from Chapter 4, encouraging practitioners to disseminate and adopt strategies that bridge science
and application.

This is not just about better tools but cultural readiness for a new standard of care in lighting
design. This thesis anticipates and fulfills this industry movement. This thesis's core material is the
first structured protocol that responds to the IALD's call by integrating scientific metrics, user
context, and narrative logic into a single designer-driven process. It stands as an independent
contribution—not a summary of existing work, but a pioneering response to the industry’s future
direction.

7. Future directions

This thesis began with a challenge: how to translate advanced scientific knowledge about light's
non-visual effects into a practical, usable system for everyday design. The result—the Biological
Lighting Protocol, built around a three-step strategy—demonstrates that this translation is not only
possible but necessary. The work presented here is a first step toward making biologically aligned
lighting an integrated part of professional spatial design.

7.1. The significance of the work

This thesis offers more than a model; it proposes a strategic shift in how lighting is conceptualized.
By linking biological need, scientific metrics, and spatial intention, the framework allows designers
to work with light as a living system, not merely as illumination. What distinguishes this work from
previous research is not only the protocol’s structure but also the author's position: written from
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within the profession, with hands-on experience in architectural lighting. Every decision made
throughout this project has been informed by a deep understanding of both the potential and the
limitations that designers face in real-world projects. To the author's knowledge, this is the first
design-driven protocol to organize circadian science into a step-by-step decision tool, usable by
practitioners without requiring access to advanced measurement tools or scientific software and
expertise in biology, neuroscience, or mathematics.

“What this thesis contributes is not simply a system but a new way of thinking—one where design
begins with biology, and light follows life.” (Author’s reflection)

7.2. Challenges not yet resolved

Although the proposed strategy responds to many of the practical and knowledge-based
challenges identified in Chapter 3, there are still important challenges that remain unresolved.

First, the tools required to measure and work with biological lighting parameters like SPD, M-EDI,
or flicker are still expensive and not widely available. Many designers rely on standard photometric
data, which does not include information about spectral quality or non-visual effects. Without
better access to this data, it remains difficult to fully implement circadian lighting in everyday
projects.

Second, there is no unified or intuitive educational framework for circadian lighting. Most design
education programs do not include biological lighting as a structured topic, and professionals often
struggle to find reliable training materials that explain metrics like circadian stimulus in a practical
way.

Third, the diversity of users is still not adequately reflected in current lighting standards. Sensitive
groups such as infants, elderly individuals, shift workers, or neurodivergent users have specific
biological needs, but there is little formal guidance on how to address them in a design process.
While this thesis has introduced seven user-aligned strategies, these still need broader industry
recognition and validation.

Finally, the systems that govern building design, such as regulations, procurement policies, and
project budgeting, often do not support or prioritize biologically driven lighting. Lighting designers
are rarely asked to consider health-based spectral design, and clients may not see its immediate
value without institutional reinforcement.

These barriers show that creating a good tool is not enough. For a strategy to be widely adopted,
the surrounding ecosystem also needs to evolve, including the tools, the training, the codes, and
the culture of lighting design.
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7.3 Next steps for development

To move from theoretical validation to applied practice, the following development tracks are
proposed:

e Pilot testing with lighting designers and architects to assess how well the protocol
integrates into design workflows.

e Qualitative surveys and interviews to collect real-world feedback from professionals about
needs, obstacles, and terminology.

e C(Cross-disciplinary dialogue, especially with chronobiologists, educators, and health
professionals.

e Open-source design tools—visual, interactive, and printable guides based on the protocol
(e.g., Biological Light Protocol templates, time-based strategy matrices).

e Educational modules for both students and practitioners, integrating protocol logic into
curricula and training,.

These directions align with the final phase of the methodology outlined in Chapter 4. Knowledge
only becomes transformative when it is accessible, shared, and adapted by a community of
practice.

“This thesis /s not the end of a research process. It is the beginning of a conversation between
science and design, between metrics and meaning, between data and lite.” (Author’s reflection)

8. Conclusion

This chapter consolidates the core findings of the thesis, addressing the research questions,
acknowledging the model's limitations, and positioning the work within the broader professional
and scientific landscape. More than a summary, it is a reflection on the meaning and potential of
the proposed Biological Lighting Protocol—a practical tool rooted in design practice and validated
through scientific alignment.

8.1. Relevance of the solution to the research questions
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The central question of this research was: How can complex scientific lighting metrics be turned
into simple and practical tools that support human biological health, emotional balance, and
design quality in architecture?

The answer comes in the form of the three-step strategy—a design logic that moves from biological
need (Circadian Strategy) through scientific metrics (Spectral Targeting) to spatial implementation
(Light Strategy & Narrative).

This system is not hypothetical but based on empirical evidence (Figueiro et al.,, 2023; Moore-Ede,
2024; Schledermann et al.,, 2023), yet tailored to the workflow of real-life lighting designers. It
answers the industry's need for clarity, simplicity, and relevance while simultaneously preserving
scientific rigor and health-oriented intent.

8.2. Limitations

Although the Biological Lighting Protocol developed in this thesis is firmly grounded in validated
scientific research and aligned with empirical case studies, it must be acknowledged that the model
remains, at this stage, a tested conceptual system that has not yet been implemented in a full-
scale field environment. The validation process, described in Chapter 6, confirms its
methodological soundness and practical relevance. However, some limitations remain.

The primary limitations are technical and systemic, not scientific. As identified in Chapter 3, many
lighting designers lack access to advanced tools such as spectroradiometers or flicker meters
needed to calculate biological metrics like circadian stimulus (CS), Melanopic Equivalent Daylight
llluminance (M-EDI), and spectral power distribution (SPD). These barriers persist due to cost,
limited manufacturer transparency, and insufficient standardization of biologically relevant data.

Furthermore, infrared and near-infrared radiation (IR/NIR)—although increasingly recognized for
their regenerative and hormonal impacts—remain under-researched and are not yet included in
official lighting guidelines. While this thesis has highlighted their potential, their integration into
design practice requires further scientific and technical clarification.

In terms of user feedback, the framework has been validated against existing studies (Figueiro et
al., 2023; Schledermann et al,, 2023) and strengthened by the author’s long-term professional
practice. However, quantitative evaluation by lighting designers remains an open task. A logical
next step would be to conduct a targeted practitioner survey focused on the usability and clarity
of the HOLISTIC LIGHTING DESIGN through the Biological Lighting Protocol. This would help assess
its cognitive effectiveness, applicability across project stages, and perceived value from the
practitioner’s point of view.
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Finally, this thesis has not extensively addressed issues of architectural integration, financial
feasibility, or the policy conditions required for wider adoption. These areas, while critical, are
outside the current research scope and represent valuable directions for future interdisciplinary
collaboration.

Despite these limitations, the protocol's strategic structure, professional logic, and scientific validity
remain intact. The author's industry experience ensured that every decision in the framework
responds to real design workflows and real human needs. This prototype is not a speculative
theory but a practical response to the unresolved need for designer-friendly tools that respect
both scientific evidence and creative freedom.

8.3. Comparison with existing standards and the possibility of
expanding them

The Biological Lighting Protocol complements, but also challenges, the current norm-based
systems (EN 12464-1, WELL v2). Existing regulations focus primarily on visibility, energy use, and
static light values.

This thesis argues that a dynamic, biologically aligned, and human-oriented lighting approach is
both achievable and important. The IALD White Paper (2025) affirms this shift, calling for metrics
like CS and M-EDI to become industry standard.

By organizing these metrics into a designer-friendly narrative, the proposed model offers a new
foundation for future standards. It supports a shift from lighting as compliance to lighting as care.

“This thesis is not just a research project—it is a road map / Biological Lighting Protocol to
reimagine lighting as a life-supporting system.” (Author’s reflection)
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Appendix A: Survey questions used in author’s

exploratory research

This appendix includes the full set of questions used in a survey conducted by the author during
her MSc internship semester at Aalborg University in fall 2024. The survey's aim was to explore
current levels of awareness, terminology use, and practical application of human-centric lighting
concepts and metrics among architectural and lighting professionals in Copenhagen and the wider
area. The LinkedIn survey focused on qualitative insights into how professionals perceive, interpret,
or disregard biological lighting principles, such as circadian regulation, spectral sensitivity, and the

non-visual effects of light.

Rather than aiming for statistical generalization, the intention was to collect exploratory feedback
on real-life barriers that limit the adoption of science-based metrics in daily design work. The
insights gained directly informed the reflections in Section 2.2, contributed to the barrier
identification in Chapter 3, and laid the groundwork for the development of the simplified design

tool presented in Chapter 5.

SURVEY

Thank you for participating in our survey, developed as part of a Master of Science thesis in Lighting Design
at Aalborg University. This survey aims to understand architects' awareness and application of balanced,
integrative human-centric lighting in architectural design. | appreciate your time and expertise as it is
crucial for this academic research. The survey should take approximately 5-7 minutes to complete.

1. What is the size of your company?
Company size matters to tailor insights on how resources and project scale influence the
awareness and implementation of lighting solutions.
A. Large (100+ employees)
B. Medium (50-100 employees)
C. Small (less than 50 employees)
2. What is your company’s primary focus? (Choose all that apply)
A. Residential Projects (indoor / outdoor)
B. Commercial Projects (indoor / outdoor)
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C. Public Sector Projects (indoor / outdoor)
D. Mixed-use Developments (indoor / outdoor)
E. Other (please specify)

3. What is your role within the company?

A. Architect
Project Manager
Engineer
Interior Designer
Lighting Designer
Sustainability/Environmental Consultant
Industrial Designer
Senior Leadership (e.g., CEO, Managing Director)

I Other (please specify)
Optional: Please name the company you are currently working for: (Note. 7his information helps us
better understand your context, but feel free to skip this question if you prefer to remain
anonymous.)
Are your company's projects primarily local, or do you have an international scope? If international,
please specify which countries or regions your projects cover.

A.  Primarily local

B. International (please specify countries or regions)
How familiar is your company with the impact of lighting on human well-being, including its effects
on circadian rhythms, sleep, mood, and overall health?

A. Very familiar

B. Somewhat familiar

C. Not very familiar

D. Not familiar at all
Do you believe there is a strong connection between lighting design, circadian rhythms, and the
health and well-being of building occupants? (Your personal understanding or feeling about this
connection is what matter here rather than knowledge of scientific evidence.)

A. Strongly agree

B. Somewhat agree

C. Neutral

D. Somewhat disagree

E. Strongly disagree
How important is it to your company to incorporate lighting solutions that positively impact
occupant well-being, including circadian lighting? (Circadian /jghting aljgns with the body's natural
rhythms, supporting health by mimicking natural light patterns)

A.  Veryimportant
Somewhat important
Neutral
Not important

E. Not relevant to our projects
Does your company currently employ or regularly collaborate with lighting specialists/designers
(in-house or outsourced)?

A. Yes, in-house

B. Yes, outsourced consultants

T ommon W
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10.

11.

12.

13.

14.

15.

C. No, but we plan to

D. No, and we don't currently plan to
How often does your company integrate lighting design with a focus on human well-being,
including circadian lighting, in its projects? (Circadian lighting aljgns with the body's natural
rhythms, supporting health by mimicking natural light patterns)

A.  Always

B. Often

C. Sometimes
D. Rarely

E. Never

What are the main barriers to integrating human-centric and circadian lighting solutions in your
projects? (Circadian lighting aligns with the body's natural rhythms, supporting health by mimicking
natural light patterns)
A. Limited awareness or evidence-based knowledge
Cost limitations
Client demands or preferences
Limited access to specialists/designers
Project time constraints
F.  Other (please specify)
In your opinion, what would be the best solution to increase awareness and application of lighting
that impacts human well-being and circadian rhythms in your projects? (Rank from 1 being the
most preferred to 4 being the least preferred)
Drag and drop to rank options
A. Hiring an in-house lighting specialist/designer
B. Engaging an outsourced lighting consultant on a project basis
C. Attending educational seminars or workshops on human-centric and circadian lighting
D. Receiving custom lighting solution proposals from lighting experts
Would your company benefit more from educational workshops or seminars on the latest
research and innovations in human-centric and circadian lighting than from hiring an in-house
specialist?
A. Yes, educational workshops/seminars would be more beneficial
B. No, an in-house specialist would be more beneficial
C. Both would be equally beneficial
D. Unsure
If your company were to attend educational seminars or workshops, which topics would be of
most interest?
A. Human-centric lighting and its effects on health
Circadian lighting and its impact on sleep and well-being
Sustainable lighting solutions for energy efficiency
The latest research on the impact of lighting on occupant well-being
Practical applications of integrative lighting design in architecture
F. Other (please specify)
Do you see a growing need for human-centric, circadian, and sustainable lighting solutions in
future projects?
A. Yes, significantly
B. Yes, somewhat

moO o
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C. No, the need will remain the same
D. No, there will be less need
16. How likely is your company to hire or collaborate with a lighting specialist/designer in the future?

A. Very likely

B. Somewnhat likely
C. Neutral

D. Unlikely

E. Notnecessary
17. What type of support would help your company adopt more human-centric, circadian, and
sustainable lighting practices?
A. Access to specialized lighting designers
Educational workshops/seminars
Training for in-house teams
Increased client demand for such solutions
Government regulations or incentives
Specialized solution proposals from experts
G. Other (please specify)
18. What are your thoughts on the current role of lighting design in architectural projects? (Open-
ended)
19. Do you believe there is sufficient awareness in your industry regarding the health, circadian, and
environmental benefits of integrative lighting solutions? (Open-ended)

mmonw
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Appendix B.

Full list of circadian lighting

strategies by profile and biological target

Beyond the core three-phase logic, the full lighting framework includes four basic strategies and

three specialized additions, forming a set of seven circadian-responsive configurations. These

cover different times of day, life stages, and sensitivity profiles, from morning activation to autistic

user harmonization.

1. FOUR MAIN BASIC STRATEGIES
These strategies were already defined and apply to most users:

Strategy name

Function

Morning activation
Strategy

Provides strong circadian stimulation in the morning. Increases
cortisol, decreases melatonin.

Afternoon modulation
strategy

Maintains energy but begins to soften the light intensity to prepare
for the evening.

Evening comfort strategy

Reduces blue and increases red/IR spectrum, stimulates melatonin
release.

Night protection strategy

Provides minimal visible light and dominant IR radiation, protecting

sleep biology.

2. THREE ADDITIONAL STRATEGIES
These arose because some profiles require a specialized approach that is incompatible with the

four main basic strategies described above:

Strategy name

Function

Infant circadian
stabilization strategy

Very soft, minimal blue light, mostly warm spectrums and IR,
provides rhythm programming.

Circadian adjustment
strategy for shift workers

Strong differentiation between day and nighttime: morning or
shift stimulation, full protection at night.

Autistic and
neurodivergent spectrum
harmonization strategy

Low flicker, low blue impact, green/mid spectrum stability,
avoids excessive CNS stimulation.
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summary:

Type of strategies

Names

Basic four strategies

Morning activation, Afternoon modulation, Evening comfort,

Night protection

Three new strategies

Infant rhythm stabilization, Circadian correction for shift

workers, Autism spectrum harmonization

SUMMARY: Full human profile algorithm with spectral priority

The 17 person profiles detailed below cover the four classic and the three new specialized

strategies.
No User profile Lux CCT(K) (&) EMF Spectral M/P 2%/20% Biological effect narrative
(Circadian (Equivalent priority Ratio threshold
Stimulus) Melanopic test
Lux)
1 Adult office 300-500 | 5000-6000 0.3-0.4 300-400 Blue 0.6-0.7 | >20% Activation, focus during
worker dominates the day, relaxation in the
(~480 nm) evening
2 Student (12- | 400-600 | 5000-6000 0.3-04 350-450 Blue 0.6-0.7 | >20% Concentration, evening
18 years old) dominates relaxation
(~480 nm)
3 Infant (0-2 50-150 2700-3000 <0.1 <100 Amber/red 0.2-03 | <2% Safe environment and
years) (~600-650 rhythm stabilization
nm)
4 Elderly 200-400 | 4000-5000 0.2-0.3 250-350 Green- 0.4-0.5 | around Energy maintenance and
person yellow 20% well-being
(~500-580
nm)
5 Shift worker | 250-350 | 5000-6000 0.3-04 300-400 Blue during | 0.6-0.7 | >20% Circadian adjustment
(daytime), the day, during shifts
<0.1 amber/red
(nighttime) at night
6 Patient in 200-400 | 4000-5000 0.2-0.3 250-350 Green- 0.4-0.5 | around Recovery and peaceful
hospital yellow, IR 20% rest
(~750-950
nm)
7 Athlete 400-700 | 5000-6500 0.4-0.5 450-600 Blue and 0.7-0.8 | >20% Performance
NIR improvement
(~480+850
nm)
8 Creative 300-500 | 3500-4500 0.2-0.3 300-400 Red and 0.4-0.5 | around Stimulation of creativity
professional orange 20%
(~600 nm)
9 Lighting 300-500 | Fulldynamic | Fulltuning | Full tuning | Full Dyna Dynamic | Flexibility of design
designer spectrum mic strategies
tuning
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10 | Autistic/ 200-350 | 3500-4500 0.2-0.3 250-350 Green (~530 | 0.4-0.5 | around Desensitization
neurodiverg nm) with 20% harmonization
ent minimal
blue
11 | Digital 300-400 | 4000-5000 0.2-0.3 300-400 Balanced 0.5-0.6 | around Eye and CNS relief
worker blue-green 20%
(~480-530
nm)
12 | Remote 300-450 | 4000-5000 0.2-0.3 300-400 Balanced 0.5-0.6 | around Balanced workday
worker blue-green 20%
(~480-530
nm)
13 | Kitchen 500-700 | 5000-6000 0.4-0.5 500-650 Blue (~480 0.7-0.8 | >20% High alertness during
worker nm) work
14 | City 400-600 | 5000-6000 0.4-0.5 450-600 Cool white 0.7-0.8 | >20% Alertness in the morning,
transport with relaxation at night
manager reduced
blue
15 | Senior 200-350 | 4000-5000 0.2-0.3 250-350 Green- 0.4-0.5 | around Maintaining vitality
yellow 20%
(~500-580
nm)
16 | Shift worker | 250-350 | 5000-6000 0.3-0.4 300-400 Blue during 0.6-0.7 | >20% Circadian stabilization
(repeatedly) the day,
amber/red
at night
17 | Autistic 200-350 | 3500-4500 0.2-0.3 250-350 Green with 0.4-0.5 | around A harmonious
(repeatedly) low flicker 20% environment with minimal

irritation
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