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Light and especially blue light exert an aler-
ting effect on the human brain. The physio-
logy behind this was understood only 20 
years ago with the discovery of a new type of 
photoreceptor in the retina, a subpopulation 
of retinal ganglion cells (intrinsically photo-
receptive retinal ganglion cells ipRGCs), acti-
vated primarily by blue light1. 
	 When blue light hits the eye the ipRGCs 
project through the optic nerve and affect 
non-visual forming areas in the brain impor-
tant for alertness and cognition such as the 
prefrontal cortex and the hippocampal area 
in the midbrain2. 
	 MRI-experiments illustrating increased 
activity in these specific brain regions have 
shown that light, and especially blue light, 
can modulate brain responses already after 
a few minutes exposure3.
	 In an experiment with 21 individuals, 1 hour 
exposure to 40 lx blue light (470 nm) was 
found to be as effective as 240 mg caffeine 
in a reaction test and the blue light outper-
formed caffeine when distractions were pre-
sented4. In another study acute wake-pro-
moting effects and faster reaction times was 
seen with blue enriched light in the first half 

of the day (8-11 am), than with warm-white 
light from incandescent bulbs. Some of these 
effects even persisted until the evening. The 
blue-enriched light was also shown to be pro-
tective against detrimental melatonin-supp-
ressing light at night5. 
	 The alerting effect of short-wavelength 
light has thus led to the suggestion that 
light can be used as a non-pharmacological 
countermeasure for sleepiness and to impro-
ve reaction times among employees. 

Light has a positive impact on mood
Bright light indoors can increase the level 
of vitality and energy. It can also decrease 
the intensity of depressive symptoms even 
in persons not having seasonal change sin 
mood or behavior6. 
	 It has been shown in experiments with 
MRI chambers that light affect areas in the 
brain important for our feelings3. Adequate 
lighting is associated with a feeling of hap-
piness while dark lighting induces feelings of 
depression. 
	 Blue-toned white light has shown a di-
rect subjective mood enhancing effect7 and 
when grown ups and young adults rate their 

In the modern, high-tech industries of today, precision and safety 
are two of the most highly prioritized areas. An increasing knowled-
ge of the importance of the lighting environments influence on these 
issues has changed the way we look at lighting. Lighting needs to 
support visual needs and ergonomy but light is also important for 
wellbeing and sleep. New research has pointed out the importance 
of light as an enabler for wellbeing and the most important synchro-
nizer of circadian rhythm and sleep.

BIOCENTRIC L IGHTING 
IN INDUSTRY

B I O C E N T R I C  L I G H T I N G  I N  I N D U S T R Y

W H I T E  P A P E R  b y  B R A I N L I T



mood, it is the blue light that is given the hig-
hest mood scores8. 

Many people are sleep deprived
In the evening the sleep hormone melatonin 
makes us tired and it peaks in the middle of the 
night. When we wake up, daylight has a supp-
ressing effect on the release of melatonin and we 
feel awake and alert. This circadian sleep-wake 
rhythm needs to be aligned with light daily not 
to fall out of sync with the solar day.
	 Our modern lifestyle with 90 % of time 
spent indoors, most of the time provides in-
sufficient light for synchronization with the 
solar day. Without this synchronization, the 
release of melatonin in the evening gets de-
layed and sleep gets pushed to a later hour. 	
	 A viscous circle with later bedtime and less 
sleep becomes the result. We have diminis-
hed our sleep by 1 hour only the last 10 years 
and most of us get less than the required 7 
hours of sleep per night9. 
	 Sleep deprivation leaves the brain exhau-
sted and makes it more difficult to concen-
trate and learn new things. Impaired reaction 
time and disturbed cognitive abilities may 
contribute to the increased risk of accidents 
with sleep loss9,10. 

	

Also, in the long term lack of sleep is a pro-
blem, as sleep deprivation may lead to obe-
sity, diabetes and cardiovascular disease9.
	 Industrial premises are often windowless; 
consequentially employees rely on their 
workplace for getting the light they need for 
entrainment to the solar day.

Light to restore a disturbed sleep 
When activated with light, the retina and 
more precisely the ipRGCs, send signals to 

time-keeping centra located in the suprachi-
asmatic nuclei, the Master clock, in the hy-
pothalamus in the brain that uses this in-
formation to direct the body for its daily 
activities.
	 When stimulated, the brain gets alert and 
the body clock is set to daytime and produc-
tivity mode. This time-keeping system dicta-
tes our circadian sleep/wake cycle. For it to be 
efficient, it needs enough light to be activated, 
often more light than is needed for vision. 
	 Furthermore, the system is more sensitive to 
light with shorter bluer wavelengths (480 nm)11. 
	 The timing of light is also important as blue 
light sources as in handheld devices at night 
is detrimental to the circadian rhythm as this 
confuses the system in believing it is daytime.
	 The human circadian system is also in-
fluenced by prior lighting environment. Light 
during daytime can protect against aberrant 
light in the evening. In studies by Kozaki et al, 
900 lx of white light (4523 K) or 79 lx of bluish 
white light (9584K) in the first half of the day 
were enough to protect against 90 min night 
light exposure (300 lx) that would otherwise 
have induced a suppression of night-time 
melatonin12,13. 
	 Taking the knowledge regarding human 
physiology further, researchers are also investi-
gating the effect of dynamic lighting. In one 
experiment, a dynamic lighting environme-
nt was shown to be superior to constant light 
(400 lx, 750 lx 5 000 K) in promoting higher 
levels of melatonin at night beneficial for sleep. 
According to the authors this could be because 
dynamic light would more mimic daylight.
	 Another interesting fact the researchers re-
ported was that with dynamic light no “post 
lunch dip” was seen as was seen in all the 
other lighting conditions14. Disrupting sleepi-
ness during the post-lunch dip may result in 
a decrease in human errors and accidents.

Shift work
Shift work is a common practice in the indu-
strial sector. It is widely known that this has 
a negative effect on sleep quality and on the 
diurnal (circadian) rhythm. 
	 Many shift workers experience symptoms 
of sleep such as excessive sleepiness or in-
somnia, and drowsiness at work leads to hu-
man errors. The Chernobyl nuclear disaster 
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and space shuttle Challenger accident are 
both thought to have been caused by poor 
judgment as a result of extended shift work 
and loss of vigilance9. 
	 Those working the night shift are suscep-
tible to debilitating health effects due to lack 
of sleep and poor eating habits. Shift work is 
associated with cardiovascular disease, dia-
betes and cancer9. 
	 Studies have shown that exposure to high 
levels of bright light at night increases alert-
ness but this has to be balanced with the 
effect that light has on suppression of the 
sleep hormone melatonin. 
	 Emerging research has shown possible 
alternatives with reduction of lower wave-
lengths with lower impact on melatonin 
suppression while preserving the alerting ef-
fect of light15. 

We all know that some perform better in the 
morning whereas others prefer nighttime work. 
Research among athletes have shown phy-
sical performance differences up to 26 % over 
the course of the day depending on the type16. 
Measures of diurnal preference or “chronotype” 
might therefore also be important in schedu-
ling shift work and timed light exposure accor-
ding to the individual’s circadian rhythm.

Lighting as a tool at the workplace
Industrial workplaces require numerous solu-
tions for different locations with specialized 

layouts. The lighting needs to provide correct 
lighting allowing personnel to focus on their 
task and retain energy, despite potentially 
unsociable hours of work. 
	 Dynamic lighting system can be adapted 
to the special requirements of the industrial 
sector, providing correct lighting conditions 
and safe environments. 
	 At times, tasks may require a much higher 
level of concentration and wakefulness. In 
these cases, the alerting effect of light can be 
used in “light showers” as a mean to boost 
attention and alertness.

Summary
•	Lighting in industrial workplaces are often weak 

and insufficient to stimulate circadian rhythm
•	Adequate lighting promotes sleep and 

wellbeing 
•	Light can promote alertness and has a po-

sitive impact on mood
•	Many people are sleep deprived
•	Light can be a tool in the workplace

Lighting plays a key role in creating an effi-
cient environment to ensure that employees 
reach their full potential. Industry premises 
are often without daylight and rely on ar-
tificial lighting. Our advanced natural light 
environments provide the appropriate condi-
tions for a safe and secure workplace. 		
	 Lighting in a workplace influences our sta-
te of mood and lighting environments must 
create conditions that motivates personnel 
and promotes wellbeing. With BioCentric 
Lighting™ System (BCL™), staff is healthier, 
employee turnover has reduced, and the 
employer appeal has increased.
	 With BCL™, interior light can be controlled 
so that it dynamically changes during the 
day in the way daylight does and provides 
synchronization with the bodily rhythms.
	 The BCL™ system is easily customized ac-
cording to the unique needs of the individual 
workplace. The light environment provides 
the employees with the light that they need 
each day, regardless of season. This resear-
ch is still evolving and continues to provide 
new understandings of the beneficial effects 
of different lighting environments in an in-
dustrial setting. The BCL™ system is easily 
adaptable to meet these new insights.
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