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Abstract: The term ‘biodynamic’ lighting is proposed as a term to capture the true aspiration of ‘life-
centric’ lighting: good human and non-human outcomes for all life-sustaining behaviours on earth
driven by good design for phototropism, phototaxis, photoperiodism and circadian entrainment.
While future studies are necessary to consolidate this aspiration, it is clear that lighting has
immediate potential to better support planetary health. As many aspects of animal, human and
plant behaviour and survival are being perturbed by widespread exposure to artificial light at night
(ALAN), lighting professionals are in the middle, attempting to make design decisions that directly
affect these life forms. This paper empowers readers with fundamental understandings of how light
information is used by these life forms in a way crucial for development, growth and survival. The
paper then provides a process for life-centric lighting design by drawing inspiration from an
existing process for human-centric lighting design which can dovetail with decision-making
processes that are within the workflow of lighting professionals. Holistic consideration of life-
centric lighting design should look beyond altruism and romanticism by firmly rooting itself into
pragmatism about long-term considerations for planetary health. Key references are consolidated
and synthesized with goals of supporting knowledge translation into pragmatic lighting strategies
in a manner useful for lighting professionals. While the scientific community remains sceptical
about the term ‘biodynamic’ — which is argued to be developed through mysticism instead of
scientific methodology — this paper counter argues that with appropriate use, the term has the
potential to comprehensively capture this aspiration.
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1.0. Introduction

Artificial light at night (ALAN), and light emitting diodes (LEDs) in particular, are amongst the
numerous anthropogenic pressures that are affecting earth’s myriad life forms, of which humans are
only a small part [1-7]. While earth has been home to all its different life forms for billions of years,
humans emerged as a life form only about 200,000 years ago — a relatively short span in the geologic
time scale [8,9]. Humans rely on these life forms for their own survival by consuming all kinds of life
forms, which are part of larger interconnected ecosystems [10,11]. Majority of current research on
LEDs has been directed with an egocentric view of investigating the impacts on human health, while
impacts on other life forms have been considered within the context of improving productivity for
satisfying human needs with respect to livestock and derived products [1,12]. Houser [2] therefore
argues that the concept of human-centricity or placing humans first in lighting may come with
collateral damage: some lighting designed to support a subset of human needs such as ALAN, causes
unintended negative effects on both human and non-human life by disrupting natural ecosystems.
Additionally, ALAN tends to negatively disrupt ecosystems that depend on lunar light cycles [5,7].
The lunar light cycle refers to the lunar month (29.5 days) and the lunar day (24.8 h) required for the
moon to orbit around the earth, and to travel by the same spot on the earth respectively, which give
rise to several environmental cycles, such as light levels, tides and geomagnetic fields [13]. While
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these disruptions may not have immediate or obvious effects, more serious consequences can be
expected with respect to the geologic time scales.

Simply put, lighting schemes that erode biodiversity over time cannot be considered life-centric
or even human-centric. The spirit behind human-centric lighting has been best captured by the term
‘integrative’ lighting coined by the CIE/ISO [14]. While avoiding the hype, integrative lighting
captures what lighting aspires to be: good human outcomes driven by good design for visibility,
visual amenity and visual comfort [15]. Integrative lighting solutions support applications for
humans by aiming for biologically high potency during the day and low potency during the night
[16]. Houser and Esposito [17] argue that integrative lighting begins with conceptualizing the project,
and continues through prioritizing design goals, architectural design (including daylighting design),
specifying lighting equipments, commissioning, and operating lighting systems requiring buy-in
from all stakeholders including occupants. Veitch [18] further argues that integrative lighting is a
design-led dynamic principle, where lighting schemes are built from evidence-based design findings
that also call for on-going analysis of their impacts via post-occupancy evaluation once put in
practice.

The future of earth will be better served if the lighting profession is guided by a vision that
extends humane care to the long-term health of the biodiversity and ecosystems that support human
health and comfort [2]. Therefore, it is necessary for lighting professionals to understand the
requirements of a wide variety of life forms so as to preserve the biodiversity and ecosystems that
support human life. Widening the scope of lighting design to include as many life forms as possible
will enable the lighting profession to quickly widen the capabilities of ‘good design.” In providing
generalisations about good design however, integrative lighting has only defined lighting
characteristics to meet the visual and non-visual requirements of humans. This leads to the following
questions that are central to this paper:

e What collective criteria define ‘life-centric’ lighting that cares for as many life forms as
possible?
e How can these criteria for life-centric lighting simultaneously include the criteria of integrative

lighting?

1.1. Background

The earth’s daily cycle of dark and light rhythms or photoperiod governs various life-sustaining
behaviours of its myriad life forms such as, digestion, evolution, nutrition, protection, reaction,
reproduction, restoration, and transformation. Light information allows spatial and temporal
orientation for these life forms: spatial orientation, defined as phototaxis in animals and phototropism
in plants, are movements in response to the lighting environment; temporal orientation, is the
synchronization of the endogenous clocks provided by the circadian system that drive the daily,
lunar and annual rhythms of metabolic, physiological and behavioural functions; and ultimately
accomplish their essential biological needs [1,3]. Circadian clocks are present in virtually all life
forms, their ubiquitous character being the persistence of rhythmic activity under constant light (LL)
or constant darkness (DD); and the alternation of light and dark during the 24 h light dark (LD) cycle
is one of the main environmental input signal for temporal orientation [1]. The circadian system
constitutes the rhythmic input to the clocks, the clocks themselves and their rhythmic outputs, which
governs the myriad metabolic, physiological and behavioural processes of these life forms, thereby
synchronizing their activities with the natural periodicities [19-23].

Circadian entrainment is a stable relationship between this rhythmic activity and an external
environmental input signal; circadian phase shift refers to a change in the timing of circadian
rhythms, where a phase-advance will move the sleep and wake-up time to earlier in the day, and a
phase-delay will move the sleep and wake-up time to later in the day [17]. Additionally, the ability
of these life forms to measure environmental day length to ascertain the time of year is defined as
photoperiodism [24].
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1.2. Aim and Objectives

Many wonder if it is even possible to create lighting designs catering to the complex needs of all
life forms on earth. Therefore, this paper aims to provide a design process for an inclusive lighting
design that embodies the spirit of ‘life-centric’ lighting by including as many life forms as possible,
with a current scope that outlines the early stages of the design process. The design process itself is
based on a proposed five-step process [17] that organizes information gathering and decision-making
processes for human-centric lighting with the effective prioritization of design goals. Published
lighting guides [25-27] meant to prevent and reduce light pollution through the proper application
of quality outdoor electric lighting, along with other studies [1,28-32] proposing ways to mitigate the
anthropogenic changes caused by ALAN with a more reasonable use of available technology such as
carefully restricting and directing lighting to more essential areas and hours for avoiding wasteful
radiation, as well as selecting spectral emissions for reducing impacts on circadian clocks are used as
references. However, the paper objectivises to go a step further by drawing inspiration from the
definition of integrative lighting and proposing an associated term for comprehensively capturing
the true aspiration of life-centric lighting: good human and non-human outcomes for all life-
sustaining behaviours on earth driven by good design for phototaxis, phototropism, photoperiodism
and circadian entrainment. Given the myriad different life forms, the current scope focuses on the
life-sustaining behaviours of animals (amphibians, birds, fishes, insects, mammals and reptiles),
humans and plants. These can be further classified under diurnal (day-active) and nocturnal (night-
active) life forms based on their natural periodicities [33].

2.0. Simplifying Life-Centric Lighting Design

This section presents simplified concepts of life-centric lighting for supporting conversational
understanding of the most relevant lighting design considerations.

2.1. Identifying the Light/Dark Stimulus Responses of Life Forms

The two key responses demonstrated by almost all life forms towards any light/dark stimulus,
and considered in the current scope are identified as spatial (phototaxis and phototropism) and
temporal (photoperiodism and circadian entrainment) responses. The four manupulable
characteristics of lighting variables in the design of a light/dark stimulus include: light intensity and
spectrum, and spatial and temporal patterns; at any given space and time, the light intensity and
spectrum can be adjusted to alter the biological potency of a light/dark stimulus [17,34-39]. Light
intensity refers to the quantity of light in radiometric or photometric units, light spectrum refers to
the spectral power distribution (SPD) that governs color qualities, spatial pattern refers to the spatial
distribution of light in the three-dimensional light field, and temporal pattern refers to the timing and
duration of exposure to a light stimulus [17]. Spatial pattern supports phototaxis and phototropism
both positively and negatively i.e. spatial response of moving towards or away from the light
stimulus [40,41]. Temporal pattern supports temporal responses for telling time by observing the
natural daily LD pattern [42].

The complexity in life-centric lighting design arises from the fact that the same light/dark
stimulus may be beneficial to one life form or at one time of the day, but detrimental to another life
form or at another time of the day. For example, high-intensity light in the morning and during the
day will support biological activities of diurnal life forms i.e. life forms that are active during the day,
relatively less active in the evening and sleep at night, whereas the same high-intensity light in the
evening may delay the onset of sleep and be detrimental to these life forms [33]. Phototaxis for most
animals is often triggered by blue light detection, however it can also extend beyond this spectrum
[43]. Literature reveals that phototaxis may cover the entire light spectrum, from UV up to near-
infrared in certain Cyanobacteria [44,45] or just part of the spectrum such as UV to green in fruit fly
larvae [46]; UV/blue in the citrus psylla [47]; near infrared in zebrafish larvae [48]; infrared in
rattlesnakes [49]; yellow/orange in some seabirds [50]; and green in bats [51]. Figure 1 illustrates the
differential abilities of animals and humans to perceive the different light spectrums. Phototropism
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in fungi and plants is triggered by both red and UV/blue light, while in flowering plants it is triggered
predominantly by blue light [52-54].
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Figure 1. Horizontal lines represent the differential abilities of animals and humans to perceive
different lights. Black dots represent report their peak sensitivities. Source: National Light Pollution
Guidelines for Wildlife including Marine Turtles, Seabirds and Migratory Shorebirds,
Commonwealth of Australia 2020 [26].

In animals, light/darkness is the main input to the clocks with the strong involvement of short
and middle wavelengths in synchronization and entrainment: in vertebrates, the effective
wavelengths are comprised between 420-500 nm with the highest efficiency being obtained between
450-480 nm [37,55]; in mammals, melanopsin from the intrinsically photosensitive retinal ganglion
cells (ipRGCs) of the retina is the corresponding spectral response [56]. In the pineal organ of fish,
frogs and lizards, phase advances or delays in the circadian rhythm can be induced by the colour
opponent mechanisms or opposing effects of wavelengths depending on light intensity and spectral
composition [57]; such effects have also been observed in cave-dwelling bats (blue vs. green), wild
rabbits (blue vs. yellow), and mice (UV vs. yellow) [1]. In insects such as flies, one set of
photoreceptors (cryptochromes) sensitive to blue wavelengths (470 nm) are involved both in light
capture and molecular function of the clock [58], while another set of photoreceptors (rhodopsins)
are implicated in entrainment to green, red and yellow wavelengths [59]. In terrestrial higher plants,
one set of photopigments (phytochromes) mediate the effects of red and infrared wavelengths (700-
750 nm), while another set of photopigments (cryptochromes) mediate the effects of blue light [60,61].
In microalgae, the clock is reset by a wide range of wavelengths: violet, blue/green and red [62,63].
Finally, in fungi the light/dark entrainment of the clock is mediated by proteins sensitive to blue
wavelengths [64]. Table 1 lists the light/dark stimulus responses of various life forms based on the
four characteristics of lighting variables.


https://doi.org/10.20944/preprints202301.0476.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 January 2023 doi:10.20944/preprints202301.0476.v1

5
Table 1. Lighting variables and the respective light/dark stimulus responses of life forms.
Lighting Variable Animals 1 Humans Plants
Light Intensity | llluminance / Photon Flux | PTA, PTP and | PTA, PTP and | PTP, PTT and
Density CE CE CE
Ultraviolet < 380 nm PTA, PTP and | Not visible PTP, PTT and
CE CE
Violet 380-450 nm PTA, PTP and | PTA and CE PTP, PTT and
CE CE
Light Blue 450-495 nm PTA, PTP and | PTA and CE PTP, PTT and
Spectrum CE CE
Green 495-570 nm PTA, PTP and | PTA PTP, PTT and
CE CE
Yellow 570-590 nm PTA, PTP and | PTA PTP, PTT and
CE CE
Orange 590-620 nm PTA, PTP and | PTA PTP, PTT and
CE CE
Red 620-750 nm PTA, PTP and | PTA PTP, PTT and
CE CE
Infrared > 750 nm PTA, PTP and | Not visible PTP, PTT and
CE CE
Temporal Timing —24 h LD Cycle PTP and CE PTP and CE PTP and CE
Pattern Duration—-12hLL/12hDD | PTP and CE PTP and CE PTP and CE
Spatial Pattern | Spatial Distribution PTA PTA PTT
1. Animals include Amphibians, Birds, Fishes, Insects, Mammals and Reptiles
CE - Circadian Entrainment; PTA — Phototaxis; PTP — Photoperiodism; PTT — Phototropism

2.2. Classifying the Life-Sustaining Behaviours within Lighted Environments

The behaviour of all life forms is defined as coordinated responses such as actions or inactions
to an internal or external stimulus [65,66]; where light/darkness is considered as the only external
stimulus within the current scope. All the life-sustaining behaviours such as, digestion, evolution,
nutrition, protection, reaction, reproduction, restoration, and transformation considered in the
current scope with respect to the spatial and temporal responses are classified under spatial [67,68]
and temporal [4,69] orientation. Masking by light/dark stimulus is an immediate response that
overrides the different life forms’ endogenous clocks thereby playing an important role in shaping
daily patterns of activity [70-72]. Diurnal and nocturnal life forms generally have inverted masking
responses to light/dark stimuli; the masking effect of light typically increases activity in diurnal life
forms (positive masking) and decreases it in nocturnal life forms (negative masking), while the effect
of darkness is vice-versa [71-77]. Table 2 lists the masking effects of darkness and light on the life-
sustaining behaviours of life forms.

Table 2. Masking effects of Darkness and Light on the life-sustaining behaviours of life forms.

Life Forms Masking Effect — Darkness Masking Effect — Light

Diurnal Negative (-) Positive (+)

Nocturnal Positive (+) Negative (-)
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Changes in light intensity leads to considerable changes in the spatial orientation patterns. For
example, exposure to high intensity tends to reverse the natural lunar-guided foraging patterns,
which decrease during brighter moonlight in naturally lit conditions and increase when exposed to
high intensity ALAN [5]; similarly, slight increase or decrease in light intensity leads to considerable
changes in leaf morphology [78], and compared to high intensity light, reduced light intensity can
increase the net nutrition rate of plants [79]. Spatial heterogeneity in light intensity is also
recommended to support the life-sustaining behaviours of certain life forms [67,80]. Additionally,
sleep or restoration patterns of life forms vary greatly. For example, 1.9 h for the giraffe to 19.9 h for
the brown bat [81,82]. The life-sustaining behavioural cycles of these life forms are also dependent
upon other characteristics of the circadian clocks such as genetic determination where each life form
has its proper period close to 24 h; synchronization by other factors, for example, rainfalls, lunar
cycles, food intake, tides in addition to the LD cycle; lengthening or shortening of the period with
light intensity under LL; induction of phase advances or phase delays by light sequences applied at
different times under DD [1]. Figure 2 provides an overview of the stimulus-response relationship
between light/darkness and life forms, while schematically subdividing the life-sustaining
behaviours in terms of spatial and temporal orientation.

S(gr:uuslz)s Spatial Pattern Light Intensity Light Spectrum Temporal Pattern
\ 4 \ 4
> Light Stimulus <
\ 4
Orientation Orientation
(Space) (Time)
v \ 4 \ 4 \ 4 \ 4
Response Phototaxis Phototropism Photoperiodism el
(Effect) P P Entrainment

Figure 2. Stimulus-Response relationship between light/darkness and life forms, with a schematic
subdivision of the life-sustaining behaviours in terms of spatial and temporal orientation. The effects
of light only through the photoreceptors are considered in this figure.

2.3. Quantifying Life-Centric Lighting Design in Terms of Biological Potency

As there are no globally recognised standard methods for quantifying life-centric lighting design
[26,83], integrative lighting design is used as a reference source given some of the commonalities
between humans and other life forms. For example, although the perception of light by animals is
different from humans, both use vision as a critical cue for orientation [84]. Similar to integrative
lighting design which has quantified light as a non-visual stimulus based on the spectral response of
the various photoreceptors as well as nocturnal suppression of the hormone melatonin [17], the
proposed quantification of the biological potency of light for life-centric lighting design will be based
on the masking effect of a stimulus. Optimal (neither positive nor negative) masking effect is the
desired result when the life forms do not demonstrate any unnatural phototaxis, phototropism,
photoperiodism and circadian entrainment other than their natural periodicities due to the light/dark
stimulus. For this to happen, the life forms should not be exposed to any unnatural light/dark
stimulus in terms of light intensity and spectrum, and spatial and temporal patterns. Table 3 provides
a simple guide for recording and/or assessing any unnatural behaviours and masking effects that can
be caused by any unnatural exposure to the different lighting variables.
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Table 3. Masking effect table for assessing any unnatural behavior/s caused by unnatural exposure/s
to the lighting variables.

Type of Life Form
Lighting Variable Exposure | Unnatural Behaviour Masking
(if any) Effect
Light Intensity | Illuminance / Photon Flux
Density
Ultraviolet < 380 nm

Violet 380-450 nm
Blue 450-495 nm
Green 495-570 nm
Light Yellow 570-590 nm
Spectrum Orange 590-620 nm
Red 620-750 nm

Infrared > 750 nm

Temporal Timing — 24 h LD Cycle
Pattern Duration — 12 h LL /12 h
DD

Spatial Pattern | Spatial Distribution

Optimal masking effect is possible when the four characteristics of the lighting variables closely
match the natural solar light cycles during the day and natural lunar light cycles during the night.
However, current understanding of biological rhythms and clocks is largely restricted to the solar
light cycles [85]. As the variable brightness of the night sky affects animals, humans as well as plants
[7], night-time lighted environments should especially be in sync with the lunar light cycles [86].
Figure 3 illustrates the spectrometer readings for natural moonlight and sunlight, with average
readings (illuminance, blue-peak, green-peak and red-peak levels) for moonlight (2.24 Ix, 409.67 nm,
545.78 nm, 678 nm) and sunlight (85282.96 1x, 480 nm, 542 nm, 604.5 nm) in the year 2017.
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Figure 3. Spectrometer measurements for natural moonlight and natural sunlight. Source: Breitler et
al. [86].
3.0. Objectifying Life-Centric Lighting Design

This section offers a basic guidance framework from existing knowledge for addressing the basic
outcomes of spatial and temporal orientation through lighting design decisions.
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Step 1: Characterizing the Application

The first step is to establish the type of lighting application, its primary activities and
occurrences, and its desired operational goals. For example, outdoor park environments are typified
by their intent of providing restful and safe environments. Operational goals will likely include safe
navigation for humans, without disturbing the animals and plants. These activities should be
adequately supported by life-centric lighting strategies. Design criteria should be prioritised based
on a thorough understanding of the desired outcomes so as to facilitate rational design decisions
when it is not possible to simultaneously achieve all the outcomes [17]. For example, in an outdoor
park, temporary disturbance of restoration cycles for diurnal life forms may be acceptable if it
increases the speed and efficacy with which humans can safely navigate through the space (e.g.,
pathway lights while being necessary for humans, can be considered very bright when viewed from
the perspective of animals).

Step 2: Determining the Likely Behavioural Cycle(s) of Life Forms

The second step is to determine whether diurnal, nocturnal, or both types of life forms are
involved in the application. Diurnal life forms have behavioural cycles and lighting needs that are
generally synchronous with the day-night cycle, which may conflict with the behavioural cycles and
lighting needs of nocturnal life forms that are generally asynchronous with the day-night cycle.
Diurnal life forms require light with high biological potency during the day, which progressively
lowers in biological potency with the approach of the night. Nocturnal life forms on the other hand
require minimal outcomes associated with an asynchronous life cycle and night-time light exposure.
Specialized design solutions may be required for applications involving both diurnal and nocturnal
life forms, which include advanced lighting controls (e.g., preset controls for controlling intensity or
spectrum, scenes or zones) and/or architectural interventions (e.g., obtrusive light blocked with
barriers, zonal spaces created with temporary or permanent partitions) that go beyond traditional
architectural and spatial relationships [17]. Advanced lighting controls allow the ability to provide
lighted environments that can be as close to the natural environments as possible by matching the
natural solar light cycles during the day and lunar light cycles during the night. For example, facade
lighting should be provided with an advanced control system that would either dim or completely
turn off the lighting (e.g., especially during the migration periods of local birds in the region).

Step 3: Determining the Restoration Needs of Life Forms

The third step is to determine if the application includes life forms that will be in their restoration
periods e.g. sleep. If yes, determine if these life forms will be diurnal, nocturnal, or both. As
restoration is promoted by darkness, and spaces where life forms are undergoing restoration should
be as dark as possible while providing enough light for the safe navigation of humans [87].
Restoration for diurnal life forms primarily occurs in the evening and throughout the night, which
may require blockage of intrusive light through window treatments. Restoration for nocturnal life
forms primarily occurs during day-time hours, which almost certainly requires necessary window
treatments. For example, outdoor park environments are likely to have a combination of needs from
both diurnal and nocturnal life forms. The separate and distinct needs of these life forms change
throughout the day, and the interplay between conflicting needs by different life forms demands a
considered understanding along with careful examination and prioritization of trade-offs. The
timing, duration and spatial distribution of light can be customised to cause optimal masking effects
for as many life forms as possible, while meeting all the minimum requirements for visibility. For
example, adaptive lighting controls for street lighting applications should be programmed to
brighten when sensing activity and dim or completely switch off while not (e.g., to support the
restorative cycles of the surrounding trees while meeting the desired requirements of safety and
visibility for passers-by).
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Step 4: Reviewing Published Lighting Guides

The fourth step is to be informed by industry guidelines that are striving to bridge the gap
between scientific understanding and design applications. The principles for Best Practice Lighting
Design [26] as well as Responsible Outdoor Lighting At Night [25] provide guidelines that focus on
protecting natural darkness through good quality lighting design and management for the benefit of
all life forms. The principles generally describe natural darkness as a starting point and using light
only for specific purposes by considering its impact on the surrounding area. The direction of light
should be carefully aimed to target only the intended area or object, and shielded by pointing
downward, keeping close to the ground and not spilling beyond where it is needed. The intensity of
light should be the lowest required with mindful consideration for dark-colored non-reflective
surfaces. Adaptive light controls should be used to manage light color, intensity and timing that
ensures appropriate light is available when it is needed, dimmed when possible, and turned off when
not needed. Finally, the amount of shorter wavelength (blue-violet-UV) light should be limited
wherever possible by using warmer colored lights.

Step 5: Putting It All Together

The fifth and final step is to establish design criteria and numerical design targets, after defining
the application characteristics and operational goals, establishing the life forms’ behavioral cycles,
determining the life forms’ restoration requirements, and reviewing the published guidelines. While
it is not possible to control any of the external and pertinent factors (e.g., climate), there is some
amount of control over the light/dark stimulus received by the life forms in the designed spaces.
Good outcomes can be achieved by incorporating the masking effects table for providing customized
light with appropriate qualities (e.g., intensity, spectrum, spatial pattern, controllability) to support
the spatial and temporal orientation at the right time of day. Additionally, following the natural solar
light cycles during the day and lunar light cycles during the night will help in achieveing lighted
environments that are as close to the natural environments for each of the life forms present in the
space.

4.0. Declassifying Life-Centric Lighting Design

This section proposes a term for comprehensively capturing the spirit of life-centric lighting
design while being semantically appropriate for this aspiration.

4.1. Arguing for the Term ‘Biodynamic’

‘Biodynamic lighting’ is presented as a seemingly appropriate term for capturing the spirit of
life-centric design given its collective meaning and origins. Biodynamic is rooted in the work of
Austrian philosopher and scientist Rudolf Steiner, who founded an alternative form of agriculture
that would ‘heal the earth’ by integrating scientific understanding with recognition of the spirit in
nature; it is an ecological, ethical and holistic approach towards cultivation and nutrition that looks
to the cosmos before planting and harvesting crops, thereby providing a deeper connection with the
farm and its place in nature [88,89]. The term ‘biodynamic” is derived from the Greek words ‘bios’
meaning life and ‘dynamics’ meaning energy: collectively meaning working with the energies that
create and maintain life [90]. The key reason for proposing this term to capture the true aspiration of
life-centric lighting is the different parallels that can be drawn between the biodynamic calendar (e.g.
utilizing the lunar calendar along with the solar calendar based on the positioning of the moon and
the sun respectively) [91]. Paying attention to the phases of the moon is essential as science has
already proven lunar influence on water in the form of tides, which enables an easy extension to all
other life forms that are mainly composed of water [92]. Biodynamic methods can be applied
anywhere with thoughtful adaptation to climate, culture, landscape, and scale [93]. However, the
scientific community remains sceptical about these methods — which are argued to be developed
through mysticism instead of scientific methodology — as they cannot be tested and validated due to
the non-existence of evidence to prove improvement in plant or soil quality [91].

doi:10.20944/preprints202301.0476.v1
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4.2. Exploring Other ‘Bio-Inspired’ Terms

The term “bio-inspired design’ is a generally accepted umbrella term for categorising design and
engineering approaches that use biology as a resource for solutions. Biological regulation allows all
life forms to modulate their own constitutive dynamics in response to the effects of internal and
external stimuli [94]. Within the family of bio-inspired design there are other terms such as
biomimetic, biomorphic, biophilic and bioutilised designs. Biomimetic design [95,96] emphasises on
studying and emulating specific functional strategies created by the regenerative solutions of living
systems. Biophilic design [97-99] emphasises on increasing human connectivity to the natural
environment through the use of direct or indirect nature along with space and place conditions.
Biomorphic design [100] refers to designs that visually resemble elements from life forms, which are
not necessarily better performing or sustainable given their lack of adherence to biological principles.
Bioutilised design on the other hand refers to the use of biological materials or life forms in designs
either as natural materials or solution to a problem. However, none of these terms are able to
comprehensively capture the spirit of life-centric lighting design as much as the term biodynamic
design.

5.0. Conclusions

Biodynamically lighted environments should ideally follow the natural solar light cycles during
the day and lunar light cycles during the night in order to support the spatial and temporal
orientation of diurnal as well as nocturnal life forms. Providing light of high biologically potency
during the day and low biological potency at night is probably the simplest guidance to support the
life-sustaining behaviors of both diurnal and nocturnal life forms. However, lighting design solutions
for hosting both diurnal and nocturnal life forms also demand a complete consideration of trade-offs.
A framework — that characterizes the lighting application, determines the likely behavioral cycle(s)
of life forms, determines the restoration needs of these life forms, reviews published guidelines to
develop goals and design criteria that support human and non-human outcomes — is proposed to
guide the lighting design process. The framework provides a collective set of criteria that define ‘life-
centric” lighting by simultaneously including certain key criteria for integrative lighting, which can
then be used to establish design criteria that will guide the design decision-making process. The
implementation of this process will hopefully facilitate the realization of biodynamic lighting
solutions that will support good human and non-human outcomes.
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