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Introduction 

Sunlight has an immense impact on our wellbeing. It makes us feel 
better, learn faster, achieve more and become more productive. 

The natural light affects the circadian rhythm: our hormone levels of 
melatonin and cortisol are just on right levels during daytime, keeping 
us alert during daytime and sleepy during the night.  

The natural light is also a dynamic light, which fluctuates just like the 
light outside when clouds pass by.  

The most of us spend 90% of our time awake indoors. More and more 
of us are becoming aware of the fact that the light we spend our time 
in affects us. With quality light we could enhance our well-being and 
productivity. 

The composition of natural light is the most perfect light, why and 
how could we lead it deep inside the building?  

This Go Figure Guide purpose is to explore the essence of natural 
light, compare natural light with electrical light and specifically 
provide deeper insights on the value of leading natural sunlight deep 
into the building and far away from windows.  

”With the most of us 
spending 90% of our 
time awake indoors, 
makes the topic of  
quality light an immense 
question for the impact 
of our everyday life.” 

”With the most of us 
spending 90% of our 
time awake indoors, 
makes the topic of  
quality light an immense 
question for the impact 
of our everyday life.” 
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Daylight 

Daylight, or natural light, is the combination of all direct and indirect 
light originating from the sun during daytime. Of the total solar energy 
received on the surface of the earth, about 50% is visible light and the 
rest is ultraviolet (UV) and infrared (IR) wavelengths.  

The daylight varies for different locations through the course of the 
day, the season and the year. This variation has positive influence on 
mood and stimulation, particularly in indoor work environments. While 
electric light sources can be designed to match a certain spectrum of 
daylight closely, none have been made that can mimic this variation. 

 

Circadian System 
The human organs are orchestrated to work in harmony with each 
other, generating a body rhythm that is set everyday by daylight. This 
rhythm is called the circadian rhythm. The natural light is rich in short 
wavelengths (blue light) that regulates the circadian system in our 
bodies. The circadian system regulates our sleep/ wake timing and 
levels of alertness. The light that is important to our circadian rhythm 
is different from the light that is important to our visual system. The 
circadian system is most affected by the wavelength region 446 to 
488 nm, whereas the visual system is most affected by the 
wavelength around 555 nm. 

 

The circadian rhythm is fundamental to the health and well-being in 
the long term.  Preliminary evidence suggests that low light exposure 
with wrong spectrum and wrong time of day is associated with 
diminished health and well-being and can lead to reduced sleep 
quality, depressed mood, lack of energy and impaired social relations. 
Exposure to intense light in the morning can reset the biological clock 

”The natural light 
stimulates the circadian 
rhythm which is 
fundamental to the 
health and well-being in 
the long term.” 
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to an earlier time whilst in the evening, it sets it to a later time This is 
the syndrome of jetlag. 

 

Daylight is recognized as having the highest levels of light needed for 
the biological functions compared with typical electric light sources. 
Natural sunlight has a continuous spectrum, while artificial light lacks 
many frequencies, that the human body requires for essential 
functions. 
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Is natural light more healthy than 
electric light? 

Wavelengths of light help control the human body’s chemistry [1]. 

Many functions, including the nervous system, circadian rhythms, 
pituitary gland, endocrine system, and the pineal gland are affected 
by different wavelengths of light. 

Both the central nervous system and the neuroendocrine hormonal 
system are influenced by the powerful stimulus of light [2]. Wurtman 
(A Summary of Light-Related Studies 1992) claimed that light has 
biological effects important to health and that some of these effects 
could be measured in a laboratory. The effects of light fall into two 
categories: those modifying individual endocrine, hormone, and 
metabolic state by light reaching the retina and those resulting from 
light on the skin. Some effects of light on the skin are vitamin D 
production, skin tanning, and dissociation of bilirubin. Other studies 
have also supported the possibility of physiological benefits from 
light. 

Daylighting has been associated with improved mood, enhanced 
morale, less fatigue, and reduced eyestrain [3].  

A two-year Swedish study on health and behavior of children in 
classrooms with and without windows demonstrated significant 
influences of daylight on behavior and physiology. The children were 
situated in four classrooms differing in respect to the access to 
natural daylight and artificial fluorescent light. The results indicated 
the existence of a systematic seasonal variation with more stress 
hormones in summer than in winter. The children situated in the one 
classroom lacking both natural daylight and fluorescent daylight 
tubes demonstrated a marked deviation from this pattern [4]. 

 

“Daylight has the highest 
level of light needed for 
the biological function 
compared with electric 
light sources..” 



 

 

 

 
 
Page 5 – Go Figure Guide 

Does natural light improve 
productivity? 

Several studies show that performance and productivity in offices, 
industries, and retail environments can increase with the help of 
natural light. For example has productivity increased with 15% after 
moving to a new building with better daylight conditions [5]. 

In 1983, Lockheed Martin started to use an open office layout with 
integrated daylighting in their offices in Sunnyvale, California. This 
increase helped boost contract productivity by 15%. Lockheed 
officials believe that the higher productivity levels pertaining to 
daylighting helped them win a $1.5 billion defense contract [6]. 

Image: Shutterstock 

In an extensive literature review from 2012, ”The physiological and 
psychological effects of windows, daylight, and view at home” the 
authors state that they only found positive health aspects of natural 
light. Lisa Heschong, a world leading daylight researcher, describes 
that when she talks to people who work in day lit buildings, they 
report about the benefits ”they consistently report how they love 
working there, and hope they never have to transfer elsewhere”.  

In the article ”Daylight exposure and other predictors of Burnout 
Among Nurses in a University Hospital” published in Int J Nurs Stud. 
2005, 141 nurses were examined and it was found that those who 
were exposed to daylight for at least three hours per day thrived 
better at work and had lower stress levels.  
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Does natural light improve 
learning? 

In a study, students in classrooms with the most window area or 
daylighting produced 7% to 18% higher scores on the standardized 
tests than those with the least window area or daylight. [7]  

In another study it was determined that students with the most 
daylighting in their classrooms progressed 20% faster on math tests 
and 26% on reading tests in one year than those with the least. 
Students that had well-designed skylight in their room also improved 
19-20% faster than those students without a skylight. [8] 
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STUDENTS LEARN 

20-26%  

FASTER 
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Does natural light increase 
property value?  

Natural light affects the properties’ value. In the report, “The Benefits 
of Daylight Through Windows” written by Lighting Research Center in 
2003, it was concluded that the rent for commercial buildings without 
windows was 20% lower than in buildings with windows.  

 

 

 

 

 

https://www.parans.com/get-parans-insight-booklet/  
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Does natural light improve sales? 

Several studies show that daylight (diffusing skylights) have a positive 
influence on sales in retail chains.[9] It was stated that daylight 
(diffusing skylights) had a greater impact on sales than, for example 
change in opening hours, customer base and renovation.  

  

Another study, “Daylighting Enhances Sales: A Case Study” published 
in Environmental Building News in 1999 investigated 108 similar stores 
belonging to the same chain. Two thirds of these had daylight 
(diffusing skylights). Also in this study, it was concluded that daylight 
(diffusing skylights) had the greatest positive impact of the examined 
parameters.  

It is worth to note that in all these studies examined the same 
parameters (location, opening hours, average income of the 
customers, when the store were renovated and skylights).  
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To measure and quantify light 

There are many ways to measure and quantify natural light. Some 
carries a larger weight than others in terms of energy matters, 
physical traits and the human eye. 

 

luminous intensity (cd) 
Luminous intensity is measured in candela (cd) and is the unit of the 
flow a light that radiates out in space within a certain space angle, i.e. 
in a certain direction. A light candle with a diameter of 25 mm has a 
luminosity of around 1 cd. 

Luminance (cd/m2) 
Luminance describe the amount of light that passes through or gets 
emitted from a surface and falls against a certain space angle. This 
corresponds to the amount of light that the eye perceives when 
looking in a certain direction. I e how light the surfaces in your 
surrounding is. In this case the space angle becomes the field of 
vision of the pupil. 

Luminous flux (lm) 
Luminous flux is the measure of the perceived power of light. It 
accounts for the sensitivity of the eye by weighting the power at each 
wavelength with the luminosity function, which represents the eye’s 
response to different wavelengths.  
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Illuminance (Lux) 
Illuminance indicates how much light that falls on a certain surface 
and is measured in lux (or lumen per square meter). If a certain 
amount of light hits a surface the illuminance has a certain value and 
if the surface is larger but still hit by the same amount of light the 
illuminance decreases. 

Luminous efficacy [lm/W]  
The energy efficiency for a light source is called luminous efficacy. It 
is a measure of how well a light source produces light compared to 
how much power that is used or how much heat it produces. It is the 
ratio of luminous flux to power, measured in lumens per watt. The 
light exchange for daylight, especially for diffuse sun is better than 
most kinds of electric light. Normally you want an as high light 
exchange as possible as this will bring the electricity cost down. You 
also avoid an unnecessary heat spill. 

Not all wavelengths of light are equally visible, due to the spectral 
sensitivity of the human eye; radiation in the infrared and ultraviolet 
parts of the spectrum is useless for illumination. For that reason, a 
light source that provides green monochromatic 555 nm light, is the 
most energy efficient (683 lm/W). Still, that kind of light is useless in 
most buildings since it is just green.  

_____ 

These measurements and qualifications gives us a good platform for 
the understanding the natural light brought deep into buildings and 
far away from windows. 
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An innovative solution – natural 
light via fiber optic cables 

Natural light in every room, on every floor, in every building allows 
people to prosper where they work, play and live.   

How the Parans system works 
Since 2003 Parans has brought natural light to various environments 
with the help of its green Swedish innovation – the Parans system. 
Fiber optic cables transport the sunlight in and through properties and 
constructions. 

With the 4th generation Parans system the light is transported up to 
100 meters. Both the high light quality and intensity is retained all the 
100 meters. This way sunlight can be distributed deep into buildings 
and far away from windows . 

 

Parans for people spending 90% of time indoors 
We have during the last 100 years or so transformed our way of living 
in a profound way. The electrical light and the technical development 
has led to an era with a common indoor stay. The most of us spend 
90% of our time awake indoors.  In densely populated cities it can be 
tempting to replace natural light with electric light. However, most of 
the positive health effects we get from natural light cannot be 
achieved by electric light.  

”The founders of Parans 
had a strong passion for 
innovation and how 
technology can improve 
the world. We build on 
that strong heritage with 
every project we embark 
upon.” 

 

”Sunlight has an 
immense impact on our 
wellbeing. It makes us 
feel better, learn faster, 
achieve more and 
become more 
productive.” 



 

 

 

 
 
Page 13 – Go Figure Guide 

 

At Parans we work together with architects, designers and 
engineering companies to bring natural light deep into buildings and 
far away from windows. Providing natural light in every room, on every 
floor, in every building .  

Sun collectors 
The collectors are modular which means they come with either 
4,6,8,12 or 20 cables (four fibers) depending on the need. Every cable 
can have an individual length. This way they can meet your need for 
natural light in best possible way. That means you can optimize both 
the number of cables and their length on every installation. 

 

Parans sun collectors. 

Fiber optic cables 
The fiber optic cables transport the natural light up to 100 meters – 
approximately 30 floors - while retaining both a high level of light 
quality and light intensity, delivering full spectra daylight. 

Luminaires 
Our luminaires spreads the natural sunlight into the building in an 
experience filled way.  
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Always connected to the cloud 
The Parans system is constantly 
connected to the cloud in order 
to provide performance data. 
It’s for example possible to 
receive information on the 
number of hours of sunlight in 
the building, 

The service organization can 
monitor the system to ensure 
maximum performance of the 
system.   
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Parans light – is it real sunlight? 

With innovative technology, comes of course specific questions. We 
at Parans have consulted expertise within the daylight and indoor 
environment field and let professionals within research institutes 
perform tests of Parans Solar Collector SP4 (four fiber cables) system 
and light to be as transparent as possible with what kind of light we 
deliver 100 meters into the building.  

We have also together with the expertise developed a tool (“Parans 
Go Figure Tool”) which visualizes and compares the Parans light with 
other light sources such as windows and LED light. To get full access 
to the tool visit Parans website https://www.parans.com/parans-
light/light-tools/ 

What does the chart show? 
The chart illustrates spectral power distribution. This means when you 
look at the curve for sunlight you see the different wavelengths that in 
common language sometimes is mentioned as a “full spectrum light”.  

 

More exact expressed the spectral power distribution is the “power 
per unit area per unit wavelength of an illumination”.  This is quite 
common visualization in radiometry, photometry and color science. 
For the Parans system and for the glass, the chart describes the 
transmittance of sunlight perpendicular to the system /glass. 

The tool allows a visual comparison between 7 different light sources. 
Knowing and understanding these differences enables smarter 
decisions when it comes to indoor lighting investments. 
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Does the Parans lighting system provide full spectrum 
daylight? 
The light from Parans is not identical with the daylight outside. It 
contains almost no infrared wavelengths and very little ultraviolet 
light. Still it contains about 50% of the important light between 446 to 
488 nm and the distribution in the visible spectra is continuous with a 
maximum where the eye is most sensitive. Therefor we claim that 
Parans solar lighting system provide full spectral daylight. 

 
Go Figure Tool: 
Select Unfiltered daylight and Daylight through Parans 54m. Zoom in 
between 400 and 500 nm. 
 

Is it better with light from a window than from a Parans 
system? 
The spectral distribution from a modern window is rather similar to a 
Parans system. Of course you are not able to look out via a Parans 
system and a Parans system does not replace a window but provides 
natural light in spaces where it is not possible to use windows. For 
instance 30 floors down from the rooftop or on the top floor when the 
roof is covered with important solar panels as a renewable energy 
source.  

 

 
 
Go Figure Tool: Select Unfiltered 
daylight, Daylight through Parans 54m 
and Daylight through 2-pane solar 
protection glass. 
                                                           

As inspiration see Parans customer case Technology Center Seestad, 
Vienna, Austria described at page 21. We would like to claim that the 
Parans system push the boundaries for what defines a window. 
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Does the Parans solar lighting system provide better 
color rendering than electric light? 
Yes.  

The color rendering of a light 
source is very important for the 
quality of light. Daylight has, by 
definition, a “perfect” color 
rendering because it has a 
continuous spectrum. Parans solar 
lighting system’s light distribution in 
the visible spectra is also 
continuous with a maximum where 
the eye is most sensitive.  

The color rendering ability is called 
CRI (Color Rendering Index, in 
Sweden Ra Index). Natural color 
reproduction with maximum index 
100 applies to daylight as well as 
other light sources with thermal 
radiation (for example halogen light 
sources).    

Image: Parans CRI 

  

      
 
Go Figure Tool: 
Select Unfiltered daylight,  Daylight through Parans 54m and any of the 
electric light sources. 
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Index values 90-100 mean minor color deviations that can be difficult 
to detect. At this index the color rendering is excellent. For indoor 
environments where "people live", a minimum value of CRI80 is 
generally prescribed.  

 

 
 

 

 

 
 

Natural White Light (5 000 K) 

Artificial White Light (5 000 K) 
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What is color temperature and is the color 
temperature better in Parans solar lighting system 
compared to electric light?  
All warm objects radiate light and the wavelength distribution of this 
light depends of the temperature of the objects. The sun is about 
5500 degrees C and this light is considered white. Manmade light 
sources like incandescent light bulbs are cooler, between 2000 and 
3000 degrees C. This light is considered yellowish. In practice, color 
temperature is meaningful only for light sources that do in fact 
correspond somewhat closely to the radiation from a warm object, i.e., 
light in a range going from red to orange to yellow to white to blueish 
white. It does not make sense to speak of the color temperature of, 
e.g., a green or a purple light.  

Color temperature is conventionally expressed in kelvin, using the 
symbol K, a unit of measure for absolute temperature. Many modern 
light sources like fluorescent lamps, or LEDs (light emitting diodes) 
emit light primarily by processes other than thermal radiation. This 
means that the emitted radiation does not follow the form from that 
of a warm object. These sources are assigned what is known as a 
correlated color temperature (CCT). CCT is the color temperature 
which to human most closely matches the light from the lamp. For 
many types of light sources this can be a very crude approximation.  

A fair comparison between different light sources requires that same 
or nearby color temperature in Kelvin (K) and to refer to CRI. 
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How energy efficient is the Parans solar lighting system 
compared to electric light? 
The Parans system provides a very good spectral distribution and 
very little heat. Therefore we would like to claim that the Parans 
system is more energy efficient than any electric light source even if 
there is electric light with higher luminous efficacy. 

How about ultraviolet light? I have heard that this could 
be harmful. 
Ultraviolet (UV light) is electromagnetic radiation with a wavelength 
from 10 nm to 400 nm, shorter than that of visible light but longer than 
X-rays. UV radiation is present in sunlight constituting about 4% of the 
total energy output of the sun. UV light can cause chemical and 
biological effects together with organic molecules.  

Suntan and sunburn are effects of over-exposure of the skin to UV, 
along with higher risk of skin cancer. On the other hand, ultraviolet is 
also responsible for the formation of bone-strengthening vitamin D in 
most land vertebrates, including humans (specifically, UVB). The UV 
spectrum thus has effects both beneficial and harmful to human 
health.   

Due to solarization, UV light below 260-300 nm, is degraded and 
absorbed in conventional optical fibres. There are special fibres 
available that can transmit UV light, but these are not used in the 
Parans system. Measurement of luminous flux from Parans Solar 
Collector SP4 (four fiber cables) performed by RISE Research Institute 
of Sweden in 2017 determines that only 4% of the UV light is 
transferred by the Parans system. 

A typical solar protective glass transmits 2-4 times as much UV light 
(Tuv) as a Parans system.

        
Go Figure Tool: Select Unfiltered daylight, Daylight through Parans 54m and 
Daylight through 2-pane solar protection glass. Zoom in between 0 and 400 
nm. 
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Is it harmful to spend the time under Parans light in 
comparison with spending time in light from a 
window? 
No. The light from a Parans system contains less UV-light but 
otherwise is very similar to the light that is transmitted through a 
modern window glass.  

 

Is it true that a LED light source could provide a full 
spectrum light?  
There are many different definitions of full-spectrum lighting. It 
implies that a light source offers even, uninterrupted spectral energy 
without the peaks and valleys associated with most discharge light 
sources. UV radiation is an essential part of full-spectrum lighting; but 
there are lamps with “full-spectrum” label without any UV-light. Some 
manufacturers have been known to create their own definitions of 
full-spectrum lighting based upon their products; consequently, 
facilities professionals have assumed things that may not be true 
about full-spectrum lighting. The only real full-spectrum source is the 
sun. 

 

Key learnings: 

- Parans solar lighting system provides full spectral daylight. 
- The spectral distribution from a modern window is rather 

similar to a Parans system. 
- The Parans solar lighting system provide better color 

rendering than most electrical light sources 
- The Parans system provides a very good spectral distribution 

and very little heat. The Parans system is more energy efficient 
than any electric light source. 

- Measurement of luminous flux from Parans Solar Collector SP4 
determines that Parans system transfers 2-4 times less UV 
light (Tuv) as typical solar protective glass.  

- It is not dangerous to spend time under Parans light in 
comparison with spending time in light from a window. 
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A case from Vienna 

 

Image curtesy to ATP/Kuball. 

Technology Center Seestadt in Vienna, Austria, promotes modern 
architecture and open spaces. There is an awareness that pleasant 
office environments are created with daylight. As for many buildings, 
a large part of the roof is covered by solar cells, which inhibits 
infringements of the roof and open light shaft to the sky. 
 

 

Instead of seeing the limitations, the customer has chosen to see 
which possibilities are created with other available technology and 
chosen to use the Parans system to create an artificial light shaft.  

One of the entrances at the technical center is welcoming the visitors 
with a strong sunlight distributed by the Parans system. The Parans 
light flows 15 meter above the entrance floor. Parans so called Point 
Light has been placed at an equal distance at the outer part of the 
installation. It is integrated with LED-lighting.  
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The people in the building are welcomed by a strong natural light, just 
as if the ceiling was open  to the sky or had a skylight. Approximately 
25 meter long fiber optic cables lead the sunlight from the Parans 
system, model SP4-20, i.e. each system has 20 light points (fiber optic 
cables).  

When combined with artificial light Parans innovative system not only 
achieves a new quality of illumination but also saves electricity and 
enlivens the interior.  

 

The images above show the light inside. 
Left image: the light seen from above, 15 meters above the floor. 

Image in the middle: The artificial light shaft seen from the side. Parans’ Point Lights 
spreading the natural light are placed on the outer part of the artificial light shaft. 

Right image: The artificial light shaft is seen from below, 15 meters below. Parans’ 
Point Lights are placed on the outer part of the artificial light shaft. 

Benefits: Sunlight + Parans = artificial skylight with real sunlight 
The advantages of using Parans light are significant: 

1) you avoid structural damages to your building; utilize your valuable 
roof top space for green technology such as solar panels instead 

2) you reduce cooling costs as Parans solution filters out IR and 
generates near to zero heat into your premises compared to ordinary 
skylights 

3) you could easily change the location of your artificial skylight; be 
flexible and let the sun shine where and when you want it, now and in 
the future  

4) you eliminate risks of leakage and costly maintenance as normally 
associated with skylights  
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About Parans 

Sunlight has an immense impact on our wellbeing. It makes us feel 
better, learn faster, achieve more and become more productive.  

With Parans, architectural lighting designers can now lead the 
sunlight deep into buildings, far away from windows to allow 
everyone to enjoy the natural light. 

Parans Solar Lighting offers sunlight for indoor environments and 
constructions through innovative technology and design. The system 
captures and leads the rays of the sun in and through the property – 
deep into buildings and far away from windows – and spreads the 
light in a way giving people a memorable experience. 

Today when the world aims to reduce its footprint, Parans’ solution is 
more topical than ever. To use the sun as a light source is healthy, 
sustainable and smart. 

 
Parans Solar Lighting 
Frölundagatan 118 
431 44 Mölndal 
Sweden 

 
Phone: +46(0)31–20 15 90 
Mail: info@parans.com 
Web: www.parans.com  
 

 

Disclaimer 
This document is provided for information purposes only and the contents hereof are subject to change without notice. This 
document is not warranted to be error-free, nor subject to any other warranties or conditions, whether expressed orally or 
implied in law, including implied warranties and conditions of merchantability or fitness for a particular purpose. We specifically 
disclaim any liability with respect to this document and no contractual obligations are formed either directly or indirectly by this 
document. This document may not be reproduced or transmitted in any form or by any means, electronic or mechanical, for any 
purpose, without our prior written permission. Parans is a registered trademark of Parans Solar Lighting AB. 

 

”With Parans, 
architectural lighting 
designers can now lead 
the sunlight deep into 
buildings, to allow 
everyone to benefit of 
the natural daylight.” 
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