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DAYLIGHT, ENERGY AND INDOOR CLIMATE AT THE HEART OF THE VELUX BRAND

5

Daylight and fresh air have been at the core 
of our business since the company was 
founded in 1942. 

By bringing daylight and fresh air into 
people's homes, the VELUX Group has helped 
to create spaces of high quality and to 
increase the health and wellbeing of the 
occupants.

A good indoor climate, with generous 
daylight levels and provision of fresh air from 
outside, is the key to making homes, offices, 
kindergartens and schools healthy places to 
live and work in.
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WHY THIS DAYLIGHT, ENERGY AND INDOOR CLIMATE COURSE?
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With this course, we aim to share our 
insight and knowledge by giving specific 
advice and concrete documentation on the 
effects and benefits of VELUX roof windows 
in buildings.

When creating new buildings – as well as 
renovating existing ones – the specific 
solutions need to be considered in a holistic 
perspective, with usage, personal needs, 
function, location, orientation, building 
geometry and window configuration playing 
very important roles.

I - PREFACE
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INDOOR CLIMATE IN A HISTORICAL PERSPECTIVE
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Daylight and ventilation by windows are 
inseparably connected to indoor climate. 

Indoor climate encompasses all the elements: 
temperature, humidity, lighting, air quality, 
ventilation and noise levels in the habitable 
structure. 

We spend most of our time indoors. Yet the 
indoor environment is discussed much less than 
the outdoor environment. 

The presumption is that we are safe indoors. 
Buildings provide shelter, warmth, shade and 
security; but they often deprive us of fresh air, 
natural light and ventilation.

II - INTRODUCTION



INDOOR CLIMATE IN A HISTORICAL PERSPECTIVE
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The positive health effect of light, in this case of 
sunlight, was acknowledged by the Egyptians, ancient 
Greeks and Romans, each of whom worshipped their 
own sun god. Much later, at the beginning of the 
1900s, sunlight as a healer was put to practical use. 
Sanatoria were built to administer light therapy for 
people suffering from skin diseases and other ailments.

In the late 19th century, the environmental factor 
‘thermal comfort’ was introduced as being part of 
the overall concept of indoor comfort. It was 
recognized that poorly ventilated rooms, besides being 
responsible for poor air quality, could also result in 
unwanted thermal effects through both temperature 
and humidity.

II - INTRODUCTION



INDOOR CLIMATE IN A HISTORICAL PERSPECTIVE
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Although we spend most of our time indoors, we 
are still “outdoor animals” (Baker N, 2009).

The forces that have selected the genes of 
contemporary man are found in the plains, 
forests and mountains, not in centrally heated 
bedrooms or ergonomically designed 
workstations. 

Sick building syndrome, winter depressions, 
asthma and allergies are symptoms linked to the 
quality of the indoor environment in terms of our 
biological needs. 

It is imperative that buildings and spaces where 
we spend much of our time are designed with 
those needs in mind; going back to nature, with 
natural ventilation and natural lighting.

II - INTRODUCTION



HOW TO EVALUATE THE QUALITY OF THE INDOOR CLIMATE?
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There are several indicators for how we can 
support our biological and physiological needs; 
ventilation rate for natural ventilation, 
daylight levels to be achieved, solar 
radiation exposure levels, comfortable 
temperature levels, relative humidity 
levels, sound levels and so on.

It is, however, just as important to evaluate 
the indoor environment with our senses; do 
we feel well indoors? Human factors, 
including physiology, perception, preferences, 
and behavior make every individual a very 
accurate sensor.

II - INTRODUCTION



INDOOR CLIMATE AND HEALTH
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The prevalence of diseases like allergies 
and asthma is increasing rapidly. This 
trend is attributed to changes in the indoor 
environment, but there is still limited 
understanding of the specific causes. 

Presently, the only solid conclusion is that 
humid buildings are a cause.

Sunlight is a natural anti-depressant that 
helps us synchronize with the natural 
rhythm of life, and direct sunlight and high 
daylight exposure levels are shown to be 
effective in preventing winter depressions.

II - INTRODUCTION



INDOOR CLIMATE AND ENERGY CONSUMPTION
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The focus on energy savings is an increasing 
challenge to existing building stock as well as new 
and future buildings, as energy consumption is 
believed to result in climate changes. 

It is, however, important to remember that all 
energy in buildings is used to serve people’s
needs, comfort and well-being. 

The VELUX Group considers Sustainable Living 
as a way of making the changes to limit the 
environmental impact at home, without 
compromising on the quality of the indoor 
environment.

II - INTRODUCTION



ENVIRONMENT
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The production, disposal and lifetime use of 
VELUX products potentially impact the 
environment in other ways than through climate 
change, and materials like wood, glass and 
aluminum should be used with environmental 
impact in mind. 

The VELUX Group uses Life Cycle Assessment 
to evaluate the impact of its products on the 
environment.

II - INTRODUCTION
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DAYLIGHT
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Daylight has been used for centuries as the 
primary source of light in interiors and has been 
an implicit part of architecture for as long as 
buildings have existed. 

Not only does it replace electric light during 
daytime, reducing energy use for lighting, it also 
influences both heating and cooling loads, which 
makes it an important parameter of an energy 
efficient design.

Additionally, recent research has proved that 
daylight provides an array of health and comfort 
benefits that make it essential for buildings’ 
occupants.

III - DAYLIGHT



» THERE IS NO SUBSTITUTE FOR DAYLIGHT «
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DAYLIGHT

18

Daylight is described as 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, 40% is 
visible radiation and the rest is 
ultraviolet (UV) and infrared (IR) 
wavelengths, as shown in the figure.

III - DAYLIGHT



DAYLIGHT
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Daylight availability outside varies for different 
locations due to different sun paths and sky 
conditions through the course of the day, the season 
and the year. 

Put simply, the amount of light on the ground 
depends on the solar elevation; the higher the sun, 
the greater the illuminance on the ground. 

Daylight levels vary significantly on horizontal and 
vertical surfaces by time of day and season, directly 
related to the local sun paths and sky conditions.

III - DAYLIGHT



DAYLIGHT
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While certain electric light 
sources can be constructed 
to match a certain spectrum 
of daylight closely, none
have been made that mimic 
the variation in the light 
spectrum that occurs with 
daylight at different 
times, in different seasons, 
and under different weather 
conditions (Boyce et al., 
2003).

III - DAYLIGHT



DAYLIGHTING
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Daylighting describes the controlled use of 
natural light in and around buildings 
(Reinhart, 2014). 

It is the practice of placing windows, or 
other transparent media and reflective 
surfaces so that natural light provides 
effective internal illumination during 
the day. 

Successful daylighting requires design 
considerations at all stages of the 
building design process, from site 
planning to architectural, interior and 
lighting design.

III - DAYLIGHT



DAYLIGHTING
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Daylight in buildings is composed of a mix 
– direct sunlight, diffuse skylight, and 
light reflected from the ground and 
surrounding elements. 

Daylighting design needs to consider 
orientation and building site 
characteristics, facade and roof 
characteristics, size and placement of 
window openings, glazing and shading 
systems, and geometry and reflectance of 
interior surfaces. 

Good daylighting design ensures 
adequate light during daytime.

III - DAYLIGHT



DAYLIGHTING
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Direct sunlight is characterized by very 
high intensity and constant movement.

The illuminance produced on the surface 
of the earth may exceed 100 000 lux. 
The brightness of direct sunlight varies 
by season, time of day, location and sky 
conditions. 

In a sunny climate, thoughtful 
architectural design is required, with 
careful management of allowance, 
diffusing, shading and reflecting.

III - DAYLIGHT



DAYLIGHTING
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Skylight is characterized by sunlight 
scattered by the atmosphere and clouds, 
resulting in soft, diffuse light. 

The illuminance level produced by an 
overcast sky may reach 10 000 lux in 
the winter and as high as around 30 
000 lux on a bright overcast day in the 
summer. 

In a cloudy climate, the diffuse sky is 
often the main source of useful daylight.

III - DAYLIGHT



DAYLIGHTING
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Reflected light is characterized by light 
(sunlight and skylight) that is reflected 
from the ground: terrain, trees, 
vegetation, neighboring buildings etc.

The surface reflectance of the 
surroundings will influence the total 
amount of reflected light reaching the 
building facade. 

In some dense building situations, the 
light reflected from the ground and 
surroundings can be a major contributory 
part of daylight provisions indoors.

III - DAYLIGHT



DAYLIGHTING
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The goals of room daylighting are to 
adequately illuminate visual tasks, to 
create an attractive visual environment, 
to save electrical energy and to provide 
the light needed for our biological needs. 

A good luminous environment is 
simultaneously comfortable, pleasant, 
relevant, and appropriate for its intended 
uses and users (Lam, 1977).

III - DAYLIGHT



DAYLIGHTING
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Daylighting systems can be simple: from combining 
window design with appropriate internal and external 
shading (e.g. external awning blind and internal 
Venetian blind) – to systems designed to redirect sunlight 
or skylight to areas where it is required (e.g. sun tunnels). 

More advanced systems can be designed to track the sun 
or passively control the direction of sunlight and skylight.

Daylighting is inseparably linked to the energy demand 
and indoor climate of a building. The size and placement 
of glazing should be determined together with the total 
energy use of the building and specific requirements for 
daylighting.

III - DAYLIGHT



» A DAYLIT SPACE IS PRIMARILY LIT WITH NATURAL LIGHT 
AND COMBINES HIGH OCCUPANT SATISFACTION WITH THE 
VISUAL AND THERMAL ENVIRONMENT, WITH LOW OVERALL 
ENERGY USE FOR LIGHTING, HEATING AND COOLING «
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DAYLIGHTING QUALITY
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The design of well-lit environments requires an 
understanding of the function and capabilities of the visual 
system, insight into visual perception, knowledge of the basic 
properties of light, and other factors such as health issues (CIE, 
2004a-b, LRC, 2003). 

These include knowledge of our visual system about 
adaptation (the eye’s adjustments to ambient light levels), 
spectral (color) characteristics, composition of diffuse and 
direct light, brightness contrast or luminance gradient and 
more. 

They also include knowledge of our circadian (non-visual) 
system about factors such as appropriate light signals during 
the day and darkness at night (to maintain circadian 
rhythms), the intensity of light and the time of day when it is 
applied, as well as its spectral characteristics.

III - DAYLIGHT



DAYLIGHTING QUALITY
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Visual needs:

We have traditionally concentrated our design work on 
creating lighting conditions that are suitable for the visual 
tasks performed in a room and that simultaneously meet 
individual needs. 

Attention needs to be given to both our central vision 
(illumination of an object) and our peripheral vision 
(illumination of the surroundings). Peripheral vision contributes 
to an impression of the surroundings in which we find ourselves 
– space dimensions and shape, ambience, materials and light 
distribution. 

In the design phases this is supported by appropriate 
placement and sizing of windows to achieve an intelligent 
balance between the intensity of light, its location and 
direction.

III - DAYLIGHT



DAYLIGHTING QUALITY
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Visual comfort:

The light in a room should neither restrain nor impede our 
ability to see, thus allowing us, at all times, easily to orientate 
ourselves and move freely around in the rooms and the 
building. 

If the lighting of a space is unsuitable or inadequate, and makes 
it difficult to see properly, it will influence our performance
(the visual system), as well as affect our health (the circadian 
system) and personal well-being (the perceptual system). 

It can result in unnecessary eye strain and give rise to 
symptoms such as eye irritation, fatigue and headache. 
Lighting conditions that can cause these symptoms are poor 
brightness and contrast, high luminance differences and 
flickering.

III - DAYLIGHT



DAYLIGHTING QUALITY
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Visual comfort:

A good daylighting design will provide large amounts of 
glare-free light; a poor daylighting design, on the other hand, 
will provide either inadequate amounts of light - so that 
electric lighting has to be used frequently - or large amounts 
of light, together with glare (Boyce et al., 2003). 

Furthermore, our daily life consists of changing visual tasks, 
with similarly changing demands on the lighting provided. 
The light variation within our field of view can influence visual 
comfort and performance. For good visibility, some degree of 
uniformity of light is desirable. Poor visibility and visual 
discomfort, such as glare, may occur if the eye is forced to 
adapt too quickly to a wide range of light levels.

III - DAYLIGHT



DAYLIGHTING QUALITY
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Visual comfort:

Too high or too low contrast can also result in tiredness, 
headaches and discomfort. Although there are no specific 
guidelines for dwellings, it is believed that luminance 
variations of around 10:1 are suitable for daylighting 
design. 

Generally speaking, the human eye can accept greater 
luminance variations when spaces are lit by daylight than 
when they are artificially lit. The sensation of glare can occur 
when luminance variations exceed 20:1 to 40:1 (Rea, 2000). 
In the event of glare, the eye adapts to the high level of the 
glare source, which makes it hard to perceive details in the 
now too-dark work area. Glare from daylight may be caused 
by several potential sources such as the sun, bright sky and 
clouds, and surfaces reflecting the sun.

III - DAYLIGHT



DAYLIGHTING QUALITY
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Visual comfort - There are three main types of glare:

III - DAYLIGHT

Disability glare –

the effect of scattered light in 
the eye whereby visibility and 
visual performance are 
reduced. 

This occurs when glare 
sources of high luminance 
(e.g. sun or specular reflection 
of the sun) are in the field of 
view. In daylit interiors, it is 
often found that discomfort 
glare is reported before 
disability glare becomes an 
issue.

Discomfort glare –

defined as an irritating or 
distracting, but not necessarily 
impairing, effect. So in most 
cases, the perceived magnitude of 
discomfort glare is lower than for 
disability glare. Discomfort glare 
indoors is influenced by the full 
visual environment, including 
windows, reflections (especially 
specular), external surroundings 
and/or interior surfaces. 
Discomfort glare may cause later 
side- or after effects in the form 
of headaches or fatigue.

Reflections or veiling glare –

reflections on display screens 
or other task materials (e.g. 
paper) reduce the contrast 
between background and 
foreground for the visual task 
and thus reduce readability. 
Reflections occur when bright 
light sources (e.g. windows) 
are in the reflected field of 
view of the screen.



» OUR BODY USES LIGHT AS IT USES FOOD AND WATER, 
AS A NUTRIENT FOR METABOLIC PROCESSES «
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DAYLIGHTING QUALITY
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Visual comfort:

To reduce the occurrence of glare, shading devices should 
be employed. The lower figure shows a situation where glare 
is controlled by external solar shading (awning blind). 
Shading devices such as Venetian blinds, awnings, vertical 
blinds and roller blinds are suitable for this purpose, but the 
specific material characteristics should be taken into 
consideration. 

A movable or retractable device can be individually 
adjusted, while fixed devices may need additional shading 
devices to support individual requirements for glare 
protection.

Windows located in more than one orientation, or in the 
roof, could adequately maintain daylight illumination for the 
visual tasks and provide a view to the outside, rather than 
being shaded to control potential glare sources.

III - DAYLIGHT



DAYLIGHTING QUALITY
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Daylight availability:

The primary target in the daylighting of buildings has generally 
been to provide adequate light levels in the room and on the work 
plane, so that daylight is the main, or only, source of light 
(autonomous) during daytime. 

Several metrics address daylight availability for a task and/or a 
space, and an important aspect of daylight is to understand that it 
is variable: it varies with the seasons of the year, the time of day, 
and the weather. For this reason, metrics for daylight availability 
calculations are often based on relative rather than absolute 
values. This is usually defined in terms of the relationship between 
the light available at different positions inside with that available 
outside (e.g. the daylight factor, DF).

III - DAYLIGHT



DAYLIGHTING QUALITY
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Daylight availability

The absolute levels of illuminance that are needed for a particular visual task will depend on the character of 
the task and the visual environment where it is performed. As an example, the Chartered Institution of Building 
Services Engineers, CIBSE (CIBSE, 2006), recommends the following light levels:

III - DAYLIGHT

100 lux for interiors where visual tasks is 
movement and casual seeing without 
perception of detail.

300 lux for interiors where visual

tasks are moderately easy.

500 lux for interiors where visual tasks are 
moderately difficult and colour judgment 
may be required, e.g. general offices, 
kitchens.

1 000 lux for interiors where visual tasks 
are very difficult, requiring small details to 
be perceived.



DAYLIGHTING QUALITY
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Daylight availability:

Requirements for daylighting have yet to be 
defined in terms of specific illuminance levels, but 
there is enough evidence in literature to indicate 
that illuminances in the range of 100 to 3 000 lux
are likely to result in significant reduction of 
electric lighting usage (Mardaljevic, 2008).

III - DAYLIGHT



DAYLIGHTING QUALITY
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View:

Meeting the need for contact with the outside living 
environment is an important psychological aspect linked to 
daylighting (Robbins, 1986). 

The provision of daylight alone is not enough to satisfy user 
desires for views. Windows provide contact with the outside, 
supply information of orientation, give experience of weather 
changes and allow us to follow the passage of time over the 
day. A view that includes layers of sky, city or landscape, and 
ground (Boyce et al., 2003), could counteract tiring 
monotony and help relieve the feeling of being closed in. 
The size and position of window systems need to be 
considered carefully in relation to the eye level of the 
building occupants.

III - DAYLIGHT



DAYLIGHTING QUALITY
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Non-visual effects of light:

Daylight has a wide range of influences on humans 
that go far beyond our need for vision. We often 
refer to this as the non-visual effects of light. 

When we speak about health, balance and 
physiological regulation, we are referring to the 
functions of the body’s major health keepers: the 
nervous system and the endocrine system. 

These major control centers of the body are 
directly stimulated and regulated by light 
(Edwards and Torcellini, 2002) by a specific 
subtype of retinal ganglion cells – ipRGCs -
intrinsically photosensitive retinal ganglion 
cells. Together with our visual system, these 
ganglion cells in the eye are sensitive to light.

III - DAYLIGHT



DAYLIGHTING QUALITY
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Non-visual effects of light –

circadian rhythms:

Many aspects of human physiology and behavior 
are dominated by 24-hour rhythms that have a 
major impact on our health and well-being. 

They control sleep/wake cycles, alertness and 
performance patterns, core body temperature 
rhythms, as well as the production of the 
hormones melatonin and cortisol (Pechacek et al., 
2008). 

These daily rhythms are called circadian rhythms 
and their regulation depends very much on the 
environment we live in. 

III - DAYLIGHT



DAYLIGHTING QUALITY
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Non-visual effects of light –

circadian rhythms:

In order to align our body clock, morning light is the 
most important signal for entrainment. Light in the 
morning also increases our levels of alertness, allowing 
increased performance at the beginning of the day.

Whereas reduced light levels in the evening promote 
sleep at night. There are other external time markers 
but daylight’s characteristic light/dark variation, 
continuity and spectral composition are excellent 
synchronizers of our circadian rhythm. It is now evident 
that daylight is not just a stimulus for vision, but acts as 
a key element in the regulation of many areas of human 
health. The figure shows the production rhythms of the 
hormones melatonin and cortisol.

III - DAYLIGHT



DAYLIGHTING QUALITY
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Non-visual effects of light – biological functions of light:

Inadequate light exposure can disrupt normal circadian 
rhythms and have a negative effect on human performance, 
alertness, health and safety. 

We know that outdoor daily light exposure allows us to 
regulate our sleep/wake timing and levels of alertness. But the 
reality is that we spend we spend 90% of our time indoors 
(Klepeis, 2001; Leech, 2002; Schweizer, 2007), where we are 
exposed to relatively low light levels of a limited spectral 
range, and where the patterns of light and darkness occur at 
irregular intervals. 

Preliminary evidence suggests that low light exposure is 
associated with diminished health and well-being and can 
lead to reduced sleep quality, depressed mood, lack of energy 
and impaired social relations.

III - DAYLIGHT



» WE NEED MORE LIGHT AT THE RIGHT TIME AND THE RIGHT KIND «
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DAYLIGHTING QUALITY
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Non-visual effects of light – light intensity:

A study conducted in San Diego during a temperate and sunny 
period show the average person spent 4% of each 24 
hours in illumination greater than 1 000 lx (on average 
130 min), and more than 50% of the time in illuminance levels 
from 0.1 to 100 lx (Espiritu et al., 1994); the people with the 
shortest daily exposure time to high light levels (above 1 000 
lx) reported the lowest mood.

Other light exposure investigations show a similar trend. We 
know daylighting can provide much higher levels of 
illumination than electric lighting, and can help significantly to 
increase the light dose received by people spending most of 
their time indoors. In support of this, a large Finnish 
epidemiological study found that health-related quality of life 
was higher for people reporting higher interior light levels 
(Grimaldi et al., 2008).

III - DAYLIGHT



DAYLIGHTING QUALITY
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Non-visual effects of light – duration and timing:

The visual system reacts to and processes light impulses in a 
fraction of a second, whilst the biological clock needs minutes 
or hours (duration). 

The time of day at which light is registered on the retina also 
has a clearly different effect on the visual system and 
circadian rhythm (timing). Exposure to intense light in the 
morning can reset the biological clock to an earlier time (“get 
up earlier”), whilst in the evening, it sets it to a later time (“get 
up later”). 

Adolescent and young adults have a somewhat delayed 
biological clock and need more light in the morning (bedroom, 
breakfast room, classroom, etc.), whereas older people have a 
biological clock that has shifted earlier (often resulting in 
falling asleep in the evening and waking up early in the 
morning) (Wirz-Justice and Fournier, 2010).

III - DAYLIGHT



DAYLIGHTING QUALITY
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Non-visual effects of light – spectrum:

Daylight is recognized as having the highest 
levels of light needed for the biological 
functions (Hathaway et al., 1992) compared 
with typical electric light sources. 

The light that is important to our circadian 
rhythm (C(λ)) is different from the light that is 
important to our visual system (V(λ)) because 
of the spectral difference in the light sensitivity 
of the individual photoreceptors (spectrum). 

The circadian system (C(λ)) is most affected by 
the wavelength region 446 to 488nm, 
whereas the visual system (V(λ)) is most 
affected by the wavelength around 555nm, as 
shown in the figure.
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» PEOPLE PERFORM BETTER IN DAYLIGHT ENVIRONMENTS «
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BENEFITS OF DAYLIGHT
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Human benefits:

We know that appropriate light signals during the day and 
darkness at night are critical in maintaining key aspects of our 
overall health. In order to align our body clock, morning light is the 
most important signal for entrainment. Light in the morning also 
increases our levels of alertness, allowing increased performance 
at the beginning of the day. 

From mid-morning to early evening, high levels of daylight, allow 
us to regulate our sleep/wake timing and levels of alertness; 
whereas reduced light levels in the evening and a dark room with 
blackout promote sleep at night. 

The inability to provide building occupants with a good overall 
lighting environment can have subsequent impact on health and 
place a substantial burden on the individual, society and the 
broader economy.

III - DAYLIGHT



BENEFITS OF DAYLIGHT
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Human benefits - performance and productivity:

Many studies show that the performance and productivity of 
workers in office, industrial, and retail environments can increase 
with the quality of light. Companies have recorded an increase in 
productivity of their employees of about 15% after moving to a 
new building with better daylight conditions, which resulted in 
considerable financial gains (Edwards and Torcellini, 2002). 
Another study demonstrated that greater satisfaction with 
lighting conditions (both daylight and electric lighting) 
contributed to environmental satisfaction, which, in turn, led to 
greater job satisfaction (Veitch et al., 2008). Studies also show 
that daylit environments lead to more effective learning. It was 
found that 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 (Heschong, 2002).
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BENEFITS OF DAYLIGHT
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Human benefits - benefits of higher light dose:

We have no evidence for “what is the necessary light dose?”, but 
we do have clear indication that the light dose needed is higher 
than interior light levels prescribed by electric lighting in standards 
and regulations. Studies suggest that higher doses would leave 
people with a feeling of being more positive about life (Espiritu 
et al., 1994), while social interactions immediately following 
exposure to over 1 000 lx were more co-operative and less 
quarrelsome (Aan het Rot et al., 2008).

III - DAYLIGHT



» IN DOMESTIC BUILDINGS, HEALTH REQUIREMENTS SUGGEST 
THAT HIGHER LEVELS OF DAYLIGHT THAN ARE CURRENTLY USED 
ARE DESIRABLE. THIS GIVES SCOPE FOR ENERGY SAVINGS «
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BENEFITS OF DAYLIGHT
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Human benefits - user satisfaction:

Windows are highly valued by office workers (Edwards 
and Torcellini, 2002). Surveys have shown that more 
than 60% of office workers would like direct sunlight in 
their offices in least one season of the year 
(Christoffersen, 1999) and believe that working under 
natural daylight is better for their health and well-being 
than electric lighting (Lighting Research Center, 2014).

Employees working in offices highly value access to a 
window - indeed, they value it more than privacy in 
their office (Wotton, 1983). 

A few studies in dwellings show that natural light is the 
single most important attribute in a home, with over 
60% of respondents ranking it as important (Finlay, 
2012). 
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55

Human benefits - benefits of view:

Building interiors should be designed in a way that permits 
the human need to be linked to the natural 
environment to be satisfied by minimizing overshadowing 
and allowing distant views (Wirz-Justice, 2010).

A natural view is preferred to a view towards man-made 
environment, and a wide and distant view is appreciated 
more than a narrow and near view. A diverse and 
dynamic view is more interesting than a monotonous 
view. The content of the view can influence rental or cost 
price of hotels, dwellings and office buildings (Kim and 
Wineman, 2005). 

A view to nature may have a positive influence on people’s 
sense of well-being (Kaplan, 2001), better mood (Grinde
and Grindal Patil, 2009), reduced health problems 
(Heschong Mahone Group, 2003).
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Human benefits - impact of daylight in hospital rooms:

Ulrich (1984) reported that hospital patients with a view of 
green spaces, as opposed to those with a view of a blank brick 
wall, recovered more quickly from surgery and required less 
post-operative pain medication. 

Beauchemin and Hays (1998) found that patients on the sunnier 
side of a cardiac intensive care ward showed lower mortality 
rates than those on the less-sunny side. 

The importance of the amount of daylight in a patient's room 
indicates an impact on patients' length of stay; coronary 
artery bypass graft surgery patients' length of stay in hospital 
was reduced by 7.3 hours per 100 lx increase of daylight 
(Joarder and Price, 2013).
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Human benefits –

Prevention of Seasonal Affective Disorder (SAD):

Seasonal Affective Disorder is a depression-related illness linked to 
the availability and change of outdoor light in the winter. Reports 
suggest that 0.4% to 9.7% of the world's population may suffer 
from SAD, with up to three times that number having signs of the 
affliction (called sub-syndromal SAD (or S-SAD) without being 
classified as a major depression (Rosen, et al., 1990). 

Light therapy with exposure levels at the eye of between 2500 lux 
(for 2 hours) or 10 000 lux (for 30 minutes) has shown to be an 
effective cure against SAD (Sloane, 2008). Exposure to daylight 
outdoors (~ 1000 lux) can also reduce SAD symptoms (Wirz- Justice 
et al., 1996). 

Light therapy can also be used to treat other depression- related 
symptoms (e.g. non-seasonal depression, premenstrual, bulimia).
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Energy savings for electric lighting

Another benefit of using daylighting for ambient and/or task 
illuminance in a space is that it can save energy by reducing the 
need for electric lighting. 

Several studies in office buildings have recorded the energy savings 
for electric lighting from using daylight in the range of 20-60% 
(Galasiu, 2007), but it depends on the lighting control system used, 
how well the space is daylit during occupied hours and the intended 
functions of the space. 

If no control system is installed, the occupant entering a space will 
often switch on the electric lights. Quite why occupants switch on 
or off the office lights is not always obvious, but it is even less 
obvious in a domestic setting, where demand for light is typically 
driven by human needs and wishes.
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EFFICIENT SKYLIGHT CAN HELP MINIMIZE YOUR HEATING, 
COOLING AND LIGHTING COSTS «
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Energy savings for electric lighting

Typically guidelines and recommendations for light levels exist for 
communal residential buildings but not for single-family houses.

Estimation of savings potential in domestic buildings requires a user 
profile, and models for switching on/off the lights. In a study by 
Mardaljevic et al. (2012), the French RT 2005 model was used. 

They analyzed the potential for increased daylight provision for a 
house with or without skylight to save electric lighting energy 
at eight European locations. The study shows that increased daylight 
is estimated to reduce the need for artificial lighting by 16-20%, 
depending on the location and orientation of the house.
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Energy savings for electric lighting

In LichtAktiv Haus in Germany, the electric 
lighting used in the kitchen and living room 
shows a significant tendency of being affected 
by the interior daylight level; the lights are 
typically switched on before sunrise and 
after sunset. 

There is a reasonable correlation between high 
daylight level and switching probability, while 
outside weather, day of the week has less 
impact (e.g. family with children).
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Energy savings for electric lighting

Temporal map of lighting use in the kitchen 
(2012), showing time of sunrise (blue) and 
sunset (red). Lighting use and sunrise/sunset 
depends on local time, which accounts for 
Daylight Saving Time (DST).
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» ELECTRICITY USED FOR ARTIFICIAL LIGHTING IS A SIGNIFICANT 
CAUSE OF A BUILDING’S CO2 COST: IN OFFICES, IT CAN BE 30% OF 
THE TOTAL. THIS IS WHY GOOD DAYLIGHTING IS SO IMPORTANT 
TO SUSTAINABLE ARCHITECTURE «
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Energy savings for electric lighting

Global electricity consumption for 
lighting with current socio-economic 
trends and policies is projected to rise. 
The actual growth will depend on 
demand for artificial light and the 
efficiency of lighting technologies, just 
two of the factors influencing increased 
consumption (IEA, 2006).
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Climate

The prevailing climatic conditions of a building 
site define the overall preconditions for the 
daylighting design in terms of sunlight 
availability, visual comfort, thermal comfort 
and energy performance. The following slides 
show the effect of climatic conditions on the 
sky luminous distribution and intensity.
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Climate

Luminance map of a clear sunny sky. The 
image describes a clear sky luminance 
distribution. Under clear sky conditions, the sky 
luminance is about ten times brighter at the 
horizon than the zenith. In addition

to the sky luminance is the sun luminance.

The sun acts as a dynamic light source of

very high intensity.
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Climate

Luminance map of an intermediate sky. The 
image describes an intermediate sky luminance 
distribution. In this particular case, the sun 
energy has been scattered by the clouds, which 
results in a softer transition between the very 
intense luminance of the sun and the luminance 
of the sky. It is possible to observe that the 
clouds (illuminated by the sun) have higher 
luminance values than the sky.

III - DAYLIGHT



PARAMETERS INFLUENCING DAYLIGHTING PERFORMANCE

68

Climate

Luminance map of an overcast sky. The image 
above describes an overcast sky luminance 
distribution. Under perfect overcast sky 
conditions, the sky luminance is the same in 
all orientations, and the zenith is about three 
times brighter than the horizon.
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Latitude

The latitude of a building site determines the solar altitude for a 
given time of day and year. The summer and winter solar altitude 
properties for a specific location are important design inputs for 
the control of direct solar radiation. Latitude will also determine the 
length of daytime and solar availability at different seasons of the 
year. Maximum and minim solar elevation will depend on the latitude 
of the site; on moving away from the equator towards north or 
south, the difference between summer and winter becomes greater 
as latitudes increase. 
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Obstructions and reflections on site

External reflections and obstructions from 
surrounding elements on the building site 
(buildings, vegetation, ground surface etc.) will 
influence the amount of daylight reaching the 
interior of a building. 

Roof windows and skylights are generally 
less affected by obstructions and have more 
generous views to the sky than facade 
windows.
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Obstructions and reflections on site

The following figure show the effect of 
obstruction on daylight availability in a 
simple room with a vertical facade 
window, and the effect of adding a 
flat-roof window to deliver daylight 
deeper into the obstructed room. 

The results show that obstruction can 
greatly affect the amount of daylight 
that will reach the building interior, and 
how adding an unobstructed window 
on the roof can provide much more 
daylight.
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Building design - Geometry

The geometry of a building influences its capacity to deliver 
adequate levels of daylight to the interior. When the building 
is deep, daylighting solely by facade windows has its 
limitations. 

No matter how much glass there is on the facade, it will only 
be possible to achieve an adequate daylight distribution
(DF > 2%) a few meters from the facade. Measures like light 
shelves and reflective ceilings can improve the light 
distribution from the facade slightly, but these solutions are 
often associated with visual discomfort. 

The most effective way to bring daylight deeper into 
buildings is to use light from the roof with products like 
VELUX roof windows and sun tunnels.
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Building design - example:                                   
daylight in deep buildings
The example demonstrate the daylight performance of a deep room with     three 
different window configurations. 

Room dimensions: 8m (d) x 4m (w) x 3m (h) 

Pane visual transmittance (τv): 0.78 

Surface reflectance: 0.35 (floor), 0.66 (wall), 0.90 (ceiling)

1) 10% glazing to floor area ratio (facade window 
only). The results from scenario 1 show that a 10% glazing 
to floor area ratio will only achieve a DF of 2% a few 
meters from the facade and leave the back of the room 
with very low light levels. Even though the average DF 
of the room is equal to 1.9%, only a small work plane area 
achieves values above 2%, and only one of the three 
workplaces represented can be considered daylit.
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Building design - example:                                 
daylight in deep buildings
The example demonstrate the daylight performance of a deep room with        
three different window configurations. 

Room dimensions: 8m (d) x 4m (w) x 3m (h) 

Pane visual transmittance (τv): 0.78 

Surface reflectance: 0.35 (floor), 0.66 (wall), 0.90 (ceiling)

2) 30% glazing to floor area ratio (facade window 
only) will achieve a DF facade of 2% approximately 4.5 
meters from the facade. The DF average is equal to 
5.1%, but it is highly non-uniform and not well 
distributed over the work plane area, with very high 
values near the window and low values at the back, a 
luminous environment likely to cause visual discomfort 
and glare. In this scenario, two of the three workplaces 
represented can be considered daylit.
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Building design - example:                                     
daylight in deep buildings
The example demonstrate the daylight performance of a deep room with               
three different window configurations. 

Room dimensions: 8m (d) x 4m (w) x 3m (h) 

Pane visual transmittance (τv): 0.78 

Surface reflectance: 0.35 (floor), 0.66 (wall), 0.90 (ceiling)

3) 20% glazing to floor area ratio (11% facade window 
+ 9% roof window) show that a combination of facade 
and roof windows with a 20% glazing to floor area ratio 
provides generous and useful DF levels over the entire 
work plane, with an average DF of 6.4%. The use of roof 
windows means better daylighting performance and a 
luminous environment not as likely to cause glare and visual 
discomfort. In this scenario, all of the three workplaces 
represented can be considered well daylit.
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Building design - material properties

The color and reflectance of room surfaces are part 
of the lighting system. 

Dark surfaces reflect less light than bright surfaces, 
and the result is likely to be an unsatisfactory 
luminous environment in which there is little indirect 
or reflected light. 

Bright vertical surfaces inside the room are 
generally preferred to dark ones, but shading devices 
used to control sunlight should use darker materials in 
order to limit the risk of glare (e.g. grey awning 
blinds).

Luminance simulations showing the effect of

surface reflectance on daylight levels.
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Windows and skylights - orientation

The orientation of windows influences the availability 
and qualities of daylight in the interior. 

In the northern hemisphere, light coming from the 
north is mainly composed of diffuse skylight and 
provides the interior with a functional and comfortable 
light that is pretty stable throughout the day. 

Light coming from south, east and west orientations 
will, in many cases, provide the interior with direct 
sunlight and light levels that vary significantly 
throughout the day as the sun pursues its course 
around Earth. 

Note that roof windows and skylights installed in low-
pitched roofs and flat roofs are likely to receive direct 
sunlight.
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Windows and skylights –

glazing dimensions and transmittance

The amount of daylight entering a room is linked to the 
total glazing area of windows in that room.

The amount of daylight transmitted through a window 
pane is reduced by the number of glass layers it has 
to penetrate. As a rule of thumb, double glazing (with no 
coating) lets in approx. 80% of the light, while triple 
glazing (with no coating) lets in approx. 70% of the light 
(compared to an open window). Colored or coated 
glass can reduce the visible transmittance of a 
window pane to values as low as 20% and significantly 
modify the spectral quality of the transmitted light, as 
well as the perception of surface colors in the interior.
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Windows and skylights – shading

Shading and sunscreening are just as important to 
good daylighting performance as the window 
itself. 

Pleated blinds and Venetian blinds can be used 
to adjust the amount of daylight entering spaces 
and to reduce window luminance to control glare. 
The Venetian blind can also be used to redirect the 
light into the room. The most efficient shading 
solution to prevent direct solar radiation into the 
building is to use external shading. Examples of 
external shadings are roller shutters and awning 
blinds. A dark grey screen (VELUX awning blind 
5060) will reduce the illuminance and luminance 
levels significantly to a level where the risk of 
glare is avoided.
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» IT IS IMPOSSIBLE TO “OPTIMIZE” BUILDINGS FOR GOOD 
DAYLIGHTING PERFORMANCE WITH STATIC GLAZING 
ALONE, SINCE DAYLIGHT INTENSITY VARIES 
DRAMATICALLY «
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Building design – position and linings

The positioning of windows will influence the 
distribution of daylight in the room and determine the 
amount of 'useful' daylight. Window position should 
also take into account the relation between the view 
to the outside and the eye level of the occupants.

The geometry and depth of window linings will 
influence the amount of daylight entering the room 
and can be used to soften the luminance transition 
between the high luminance values of the window 
and the surfaces of the room. 
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Building design – position and linings

Example

The figure shows the effect of different window 
position in an attic with four roof windows. 

The results show that the average DF values vary in 
the room, but not as much as median DF values, 
which are a better representation of the useful 
amount of daylight in the room. 

It is also worth noting the effect of window 
placement on the uniformity of daylight in the room 
and taking it into consideration in the building design 
and window layout.
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Sun tunnels - orientation

Orientation is a crucial factor influencing Sun Tunnel's 
performance. These products are intended to transport 
intense sunlight - to diffuse it into useful daylight in 
deep areas of buildings or areas where a window is not 
necessary but daylight is wanted. Sun Tunnels should be 
oriented to maximize their exposure to direct sunlight.
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Sun tunnels - Length and configuration

The length of a Sun Tunnel influences the number of 
inter-reflections needed for sunlight to reach the 
interior of a room. While shorter Sun Tunnels will 
deliver more light, the very high reflectiveness of the 
metal material used in them allow sunlight to be 
efficiently transported over long distances - up to 
6m. 

Rigid Sun Tunnels will deliver more light than flexible 
Sun Tunnels.
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Sun tunnels – dimensions and diffuser transmittance

The amount of daylight entering a room from Sun 
Tunnels is linked to the dimensions of the product.

The transmittance and optical properties of the 
diffuser influence both the amount and distribution of 
daylight from Sun Tunnels.

As the name suggest, the diffuser takes the direct sunlight 
coming down the Sun Tunnel and diffuses it to achieve a 
good distribution of daylight in the room.
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MORE LIGHT THAN VERTICAL AND DORMER WINDOWS «
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Impact of three window 

configurations on daylight conditions

Under similar conditions, roof windows are shown to 
provide at least twice as much light as vertical windows 
of the same size, and three times more light as dormers
of the same size, illustrated in figure to the right.

The roof window also provides a larger variation of 
light levels, which increases the visual interest of the 
room (Johnsen et al., 2006).
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Impact of three window 

configurations on daylight conditions

In addition to providing more daylight, roof windows are 
also shown to give higher wall luminance than dormer and 
facade windows, which results in a softer transition between 
the high luminance of the window pane and the adjacent 
wall, and thus reduces the risk of glare. 

The figure on the right shows the difference between the 
perceived glare from a facade, dormer and roof window.
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Effects of roof windows in

Solhuset kindergarten

The architect firm Christensen & Co Architects (CCO) 
used daylight factor simulations to validate and 
optimize daylight conditions in this kindergarten 
project. 

The daylight factor simulation of the initial design 
showed areas of the building where the light levels were 
not sufficient, such as the gymnastics room located in 
the central part and the dining room facing east (e.g. 5% 
DF instead of 2% DF). 

By contrast, it also showed high light levels in certain 
areas that could be used to optimize daylight levels 
throughout the building.
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Effects of roof windows in

Solhuset kindergarten

According to the architect, the position and design of 
the window linings has been optimized in the final 
design to achieve optimal daylight conditions in all key 
areas of the building, and to promote a more rational
solution in terms of ceiling construction. 

The daylight factor simulation of the final design, shown 
in the figure below, shows a significant improvement 
on the results obtained with the initial design.
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Effects of adding flat-roof windows and modular 
skylights to a former town hall, now a kindergarten

Daylight is the perfect material for renovation and 
indoor climate improvements of existing building 
structures. Improving daylight conditions can help 
significantly to revitalize the use of a space and to 
improve the comfort and well-being of the occupants.
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Effects of adding flat-roof windows and modular 
skylights to a former town hall, now a kindergarten

This kindergarten project was a former town hall and 
had a flat roof with no windows or skylights before the 
intervention. CASA architects used VELUX Modular 
Skylights and flat-roof windows to add daylight in the 
project’s key areas and provide children with bright 
interior spaces.
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Effect of roof windows when 

renovating school buildings

The effect of adding roof windows in Langebjerg School was 
evaluated with daylight factor simulations comparing the daylight 
performance before and after renovation, in which four roof 
windows were added to each classroom, as well as in the 
circulation areas. 
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Effect of roof windows when 

renovating school buildings

The figure on top shows the daylight factor results obtained 
with the initial design in which the classrooms have two roof 
windows. The simulation results show that classrooms had 
average DF levels of around 3.0%-3.4%, with the exception 
of one room that had an average DF of 1.5%. 

The daylight factor levels obtained for the new proposal of 
the school are shown in the figure at the bottom. The addition 
of 3 to 4 roof windows in each class room results in reach 
higher DF levels ranging between 4,4% and 5,3%, but most 
importantly they help achieve a much better distribution in 
the individual classrooms to ensure that each student desk 
receives adequate levels of daylight and reduce the contrast in 
the daylight levels of the room.
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Effect of roof windows in MH2020 Sunlighthouse

VELUX roof windows are used to deliver daylight both on the 
ground floor and first floor of Sunlighthouse.

The building monitoring report of Sunlighthouse also 
demonstrates the effect of the good daylight conditions, with very 
few hours in the year when electric lighting was used during 
daytime. The figure below shows electric lighting usage in the 
kitchen space from January to November.
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Temporal map of electric lighting usage in Sunlighthouse. The blue line 
represents the time of sunrise, and the red line the time of sunset.
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Effect of roof windows in MH2020 Sunlighthouse

Daylight factor renderings of the ground floor and first floor 
show that all the main living areas of the house have generous 
levels of daylight above 5% DF. The analysis also show that 
the house and its occupants will benefit from bright circulation 
areas under the roof window on the first floor and around the 
courtyard on the ground floor.
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Effect of roof windows in the renovation

of residential buildings

A recent study investigating the effect of adding roof 
windows to a single-family house has shown that roof 
windows and better daylight conditions can be tied to 
several positive outcomes, and this in all climates in 
Europe. 
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Effect of roof windows in the renovation

of residential buildings

First and foremost, the addition of roof 
windows led to a marked increase in the 
amount of daylight and its occurrence in levels 
in the key UDI autonomous range of 300-3 
000 lux. The figure shows increases of 
daylight provision in the range of 40% from 
the addition of roof windows to the kitchen 
space across all climates and orientations 
tested.

(Mardaljevic et al., 2012)
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Effect of roof windows in the renovation

of residential buildings

The higher levels of daylight increase the 
number of hours when electric lighting will not 
be needed, which, in turn, results in significant 
energy savings for lighting. The figure below 
shows energy savings in the area of 100 
KWh/yr across all climates and  orientations 
tested (Mardaljevic et al., 2012).
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Effect of roof windows in the renovation

of residential buildings

The study also investigated the impact of adding roof 
windows on the amount of daylight received at eye 
level at specific periods of the day and night in order 
to evaluate the non-visual of effects of light. 

The figure shows the results obtained for the living 
room in Rome. Each circle represents a specific view 
position with four view directions and three time 
periods. The results showed significant increases for 
potential non-visual effects of daylight with the 
addition of roof windows: a 25% increase in the 
morning period and a 45% increase in the 
afternoon period. Similar increases in performance 
were seen in all rooms and across all climates and 
orientations tested.
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Effect of roof windows in the renovation

of residential buildings

III - DAYLIGHT

The two diagrams sow the 
impact of adding roof windows 
on the potential for non-visual 
effects of daylight for multiple 
positions, view directions and 
time of day.
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Illuminance

Illuminance is the measure of the amount of 
light received on a surface. It is typically 
expressed in lux (lm/m²). Illuminance levels can 
be measured with a luxmeter, shown on the 
right, or predicted through the use of computer 
simulations with recognized and validated 
software (e.g. VELUX Daylight Visualizer).

The figures on the right show an example of an 
illuminance rendering. Illuminance is the 
measure of light currently used by most 
performance indicators to determine daylight 
availability in the interior.
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Typical illuminance values:

Direct sunlight - 100,000 lux

Diffuse skylight - 3,000-18,000 lux

Minimum levels for tasks and activities:

Residential rooms - 200-500 lux

Classrooms (general) - 300-500 lux

Workspace lighting - 200-500 lux
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Luminance

Luminance is the measure of the amount of light 
reflected or emitted from a surface. It is typically 
expressed in cd/m².

Luminance levels can be measured with a luminance 
meter, shown below, or through the use of high 
dynamic range (HDR) imaging techniques 
together with a digital camera and luminance 
mapping software (e.g. Photolux), example shown 
on the right.
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Luminance

Luminance levels can be predicted through 
the use of computer simulations with 
recognized and validated software (e.g. 
VELUX Daylight Visualizer) The figure on 
the right shows an example of a luminance 
rendering. Luminance is the measure of light 
used to evaluate visual comfort and 
glare in the interior.
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Typical luminance values:

Solar disk at noon - 1,600,000,000 cd/m2

Solar disk at horizon - 600,000 cd/m2

Frosted bulb (60 W) - 120,000 cd/m2

T8 cool white fluorescent - 11,000 cd/m2

Average clear sky - 8,000 cd/m2

Average cloudy sky - 2,000 cd/m2
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Daylight factor

Daylight factor (DF) is a daylight availability metric 
that expresses – as a percentage – the amount of 
daylight available inside a room (on a work plane) 
compared to the amount of unobstructed daylight 
available outside under overcast sky conditions 
(Hopkins, 1963).
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Daylight factor

The key building properties that determine the 
magnitude and distribution of the daylight factor in a 
space are (Mardaljevic, J. (2012)):

• The size, distribution, location and transmission 
properties of the facade and roof windows.

• The size and configuration of the space.

• The reflective properties of the internal and 
external surfaces.

• The degree to which external structures 
obscure the view of the sky.
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Daylight factor

The higher the DF, the more daylight is available in 
the room. Rooms with an average DF of 2% or more 
can be considered daylit, but electric lighting may 
still be needed to perform visual tasks.

A room will appear strongly daylit when the average 
DF is 5% or more, in which case electric lighting will 
most likely not be used during daytime (CIBSE, 
2002).
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Measurement grid

In most cases, daylight factor levels in rooms are 
measured at work plan height (e.g. 0.85m above the 
floor) leaving a 0.5m border from the walls around 
the perimeter of the work plane as shown in the 
figure on the right.
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Daylight factor (DF) simulation in a classroom before (left) 
and after (right) renovation, including a 0.5m perimeter 

from the walls around the work plane.
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Climate-based daylight factor

The amount of daylight in a building’s interior 
depends on the availability of natural light outside 
at that location, as well as the properties of the 
building spaces and its surroundings. The 
evaluation of daylight performance should, therefore, 
take account of the availability of daylight on site in 
addition to the properties of the space (CIE, 1970).

Using recorded climatic data (outdoor diffuse 
illuminance), we can determine what DF levels will 
be needed to reach the target illuminance level over 
a given period of the year. The example below shows 
how the target DF is determined from climate data to 
achieve daylight levels of 300 lux for 50% of the 
year.
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Daylight autonomy

Daylight autonomy (DA) is a daylight availability 
metric that corresponds to the percentage of the 
occupied time when the target illuminance at a 
point in a space is met by daylight 
(Reinhart,2001).

A target illuminance of 300 lux and a threshold DA of 
50%, meaning 50% of the time daylight levels are 
above the target illuminance, are values that are 
currently promoted in the Illuminating Engineering 
Society of North America (IESNA, 2013),
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Daylight autonomy (DA) simulation in a classroom before 
(left) and after (right) renovation, including a 0.5m 

perimeter from the walls around the work plane.
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Useful daylight illuminance (UDI)

Useful daylight illuminance (UDI) is a daylight 
availability metric that corresponds to the percentage 
of the occupied time when a target range of 
illuminances at a point in a space is met by 
daylight.
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Useful daylight illuminance (UDI)

Daylight illuminances in the range 100 to 300 lux 
are considered effective either as the sole source 
of illumination or in conjunction with artificial 
lighting.

Daylight illuminances in the range 300 to around 3 
000 lux are often perceived as desirable 
(Mardaljevic et al, 2012). Recent examples in school 
daylighting design in the UK have led to 
recommendations to achieve UDI in the range 100-
3 000 lux for 80% of occupancy hours.
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Useful daylight illuminance (UDI) simulation in a classroom 
before (left) and after (right) renovation, including a 0.5m 

perimeter from the walls around the work plane.
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Daylighting simulation tools make it possible to 
evaluate the quantity and distribution of daylight 
in a room, while taking into account key influential 
parameters such as window placement, building 
geometry, external obstruction, interior divisions and 
material properties.

Most CAD visualization programs used today are 
capable of generating images that look realistic, but 
they do not provide information about the quantity 
and quality of daylight in the rooms. Simulation tools 
like Daylight Visualizer enable professionals to make 
informed decisions about daylight performance and 
building design, and get an accurate impression of the 
appearance of daylight in the rooms. The figure to the 
right shows a luminance rendering with photo-
realistic and false color images.
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VELUX Daylight Visualizer

VELUX Daylight Visualizer is a professional and 
validated simulation tool for the analysis of daylight 
conditions in buildings. It is intended to promote the 
use of daylight in buildings and to aid professionals by 
predicting and documenting daylight levels and the 
appearance of a space prior to realization of the 
building design. The program’s simple user interface 
makes it accessible, quick and easy-to-use.
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Section views of a luminance rendering showing the 
effects of VELUX Modular Skylights in the atrium 

space of an office building.
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VELUX Daylight Visualizer

Screenshots of VELUX Daylight 
Visualizer output viewer showing a 
daylight factor rendering (left), 
an illuminance rendering (middle) 
and a luminance rendering in 
false color (right).
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VELUX Daylight Visualizer - Key features
• Any project, any scale 

Daylight Visualizer can be used to evaluate daylight conditions in 
any type of project, including residential, commercial and 
industrial projects of any scale.

• Photo-realistic and false color images 

Visualize and quantify the amount and distribution of daylight 
(luminance, illuminance and daylight factor) in buildings with 
false color and photorealistic images.

• Daylight factor calculations

Daylight factor (DF) is a one-step simulation - the most 
commonly used performance indicator to evaluate daylight 
availability in buildings.

• Results report

A report can be generated of simulation results, presenting the 
daylight performance by zone for each room/ space in the 
building. Results include average, median, minimum, maximum 
and uniformity values for each zone.
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• Create/import projects

Use the embedded modelling tool to generate 3D models in which 
roof and facade windows can be freely inserted. Or simply import 
3D models directly from your CAD program Autocad, Revit, 
SketchUp, Archicad and more) with the following supported 3D 
file formats DWG, DXF, SKP and OBJ.

• Fast and accurate

Daylight Visualizer is a validated daylighting simulation tool based 
on state-of-the-art rendering technology capable of simulating the 
complex character of daylight in building interiors.

For more information about VELUX Daylight Visualizer, 

please visit the official website:

http://viz.velux.com
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There are very few (or no) daylighting 
requirements or recommendations in existing 
standards and building regulations that are 
enforceable by law in any country.

The VELUX Group is working to have windows 
recognized as sources of illumination and sun 
provision in buildings; we are promoting healthy 
indoor environments and helping to reduce the 
electricity used for lighting. Our goal is for 
daylighting to be specifically mentioned and 
considered in building standards and regulations, 
together with specific performance criteria for all 
main living areas and activity zones of a building. 
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Three key points that we believe should be taken into account, when 
daylight requirements are implemented in national legislation:

• Daylight should be used as primary light source in buildings in 
daytime and fulfil both our visual and nonvisual (biological) needs.

• We recommend levels of minimum 300 lux for most of the room 
area by meeting a target climate-based daylight factor and 500 lux 
for areas where productive work is performed.

• We recommend that national renovation strategies should address 
the importance of always improving daylight conditions when 
renovating a building.
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The recommended prescriptive demands that compare 
window area with daylight factor as equally valid methods of 
achieving adequate daylight conditions have their 
limitations. 

As an example, a study by Aarhus School of Engineering 
investigated the influence of window size, placement and 
other parameters on the distribution of daylight in a room.

The window size in the 23 different models is, in all cases, 
in accordance with the present (10% glass area to floor area) 
and future Danish demands for glass area to floor area (15%).

The study compared the recommended requirements for 
daylight in commercial buildings – a daylight factor of 2% on 
the work plane (present Danish building regulations), and an 
average daylight factor in the room of 3% (suggested 
requirements in the 2020 standard).
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The calculations show that if shading from external 
surroundings or common facade design is included, 
then only 9 of the 23 models meet a daylight 
factor of more than 2%, and only 3 models 
meet an average daylight factor of more than 
3%, corresponding to future recommended 
requirements in Danish building legislation.
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» THE EU WORKPLACE (HEALTH, SAFETY AND WELFARE) REGULATIONS
(1992) REQUIRES THAT “EVERY WORKPLACE SHALL HAVE SUITABLE AND
SUFFICIENT LIGHTING” AND THAT THIS LIGHTING “SHALL, AS FAR AS IS
REASONABLY PRACTICABLE, BE BY NATURAL LIGHT” «
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Building Codes Hungary

Lorem ipsum dolor sit amet, consectetuer adipiscing elit. Aenean
commodo ligula eget dolor. Aenean massa. Cum sociis natoque
penatibus et magnis dis parturient montes, nascetur ridiculus mus. 
Donec quam felis, ultricies nec, pellentesque eu, pretium quis, sem. 
Nulla consequat massa quis enim. Donec pede justo, fringilla vel, 
aliquet nec, vulputate eget, arcu. In enim justo, rhoncus ut, imperdiet
a, venenatis vitae, justo. Nullam dictum felis eu pede mollis pretium. 
Integer tincidunt. Cras dapibus. Vivamus elementum semper nisi. 
Aenean vulputate eleifend tellus. Aenean leo ligula, porttitor eu, 
consequat vitae, eleifend ac, enim. Aliquam lorem ante, dapibus in, 
viverra quis, feugiat a, tellus. Phasellus viverra nulla ut metus varius
laoreet. Quisque rutrum. Aenean imperdiet. Etiam ultricies nisi vel
augue. Curabitur ullamcorper ultricies nisi. Nam eget dui. Etiam
rhoncus. Maecenas tempus, tellus eget condimentum rhoncus, sem
quam semper libero, sit amet adipiscing sem neque sed ipsum. Nam 
quam nunc, blandit vel, luctus pulvinar, hendrerit id, lorem. Maecenas 
nec odio et ante tincidunt tempus. Donec vitae sapien ut libero 
venenatis faucibus. Nullam quis ante. Etiam sit amet orci eget eros
faucibus tincidunt. Duis leo. Sed fringilla mauris sit amet nibh. 
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The European Committee for Standardization, CEN

In several European Standards involving daylight, the 
general benefits of daylight tend to be explained as follow:

• The design illuminance levels needed to enable people to 
perform visual tasks efficiently and accurately shall be 
obtained by means of daylight, electric light or a 
combination of both.

• Windows are strongly favored in buildings for the 
daylight they deliver, and for the visual contact they 
provide with the outside environment. It is important to 
ensure windows do not cause visual or thermal discomfort, 
or loss of privacy.

• Potential energy savings by using daylight

• Light is important to people’s health and well-being.
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The European Committee for Standardization, CEN

In EN 12464-1:2011, the importance of daylight is taken 
into account and requirements for lighting are generally 
applicable whether it is provided by daylight, artificial 
lighting or a combination of both. EN 12464-1:2011 
specifies requirements for most indoor work places in 
terms of quantity and quality of illumination. At present, 
only EN 15193-1 (Energy performance of buildings –
Energy requirements for lighting) provides detailed 
considerations of the effect of daylight on the lighting 
energy demand (monthly and annual), and daylight 
availability classification as a function of the daylight 
factor. A new standard for daylighting of buildings that 
will define metrics used for the evaluation of daylighting 
conditions and give methods of calculation that can be 
applied to all spaces is under preparation.
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Design Guidelines

Several independent authorities publish guidance 
material and set the criteria for best practice in the 
profession. These are the Chartered Institution of 
Building Services Engineers (CIBSE), UK and the 
Illuminating Engineering Society of North America 
(IESNA), USA. As an example, CIBSE has published its 
Lighting Guides on Daylighting and window design, and 
IESNA has published a standard on approved method: 
IES Spatial Daylight Autonomy (SDA) and Annual 
Sunlight Exposure (ASE) (IESNA, 2013), which 
describes a new suite of metrics of daylighting 
performance in an existing buildings and new designs, 
from concept to construction documents.
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Design Guidelines

Several established and much-use methods of assessing, 
rating, and certifying the sustainability of buildings, such 
as LEED (Leadership in Energy and Environmental 
Design), BREEAM (Building Research Establishment 
Environmental Assessment Methodology), and DGNB 
(Deutsche Gesellschaft für nachhaltiges Bauen), make
recommendations for daylight as part of their 
assessment schemes. 

Overall, daylight factor is the most common 
indicator in most of them, but the calculation methods 
and benchmarks are different. Apart from daylight 
factor as an indicator, a view to the outside, glare 
control, and illuminance levels are frequently used 
parameters for describing visual comfort.
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BREEAM states that “. . . at least 80% of floor area in 
occupied spaces has an average daylight factor of 2% 
or more”. In domestic buildings, it states “... Kitchens 
achieve a minimum daylight factor of at least 2%; 
living rooms, dining rooms and studies achieve a 
minimum average daylight factor of at least 1.5%, and 
80% of the working plane should receive direct light 
from the sky”.
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DGNB states that “. . . 50% of the usable area 
throughout a building has a DF (> 3% very good, > 2% 
medium, > 1% slight, < 1% none)”; “. . .based on 
simulation, the daylight in permanently used work 
areas (3%≤ DF very good, 2,5%≤ DF < 3% medium, 
2% ≤ DF < 2,5% slight, DF < 2% none)”.

LEED states that “. . . through computer 
simulation that the applicable spaces achieve 
daylight illuminance levels of a minimum of 25 
foot-candles (fc) (270 lux) and a maximum of 
500 fc (5400 lux) in a clear sky condition on 
September 21 at 9 a.m. and 3 p.m.

Areas with illuminance levels below or above 
the range do not comply. However, designs that 
incorporate view-preserving automated shades 
for glare control may demonstrate compliance 
for only the minimum 25 fc (270 lux) 
illuminance level".
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ACTIVE HOUSE Recommendations: 

The building design should make sure to provide the 
following fundamental needs with regards to \daylighting:

• 24-hour cycle of illumination with period of darkness 
during nighttime, and bright light during daytime.

• Chance for exposure to bright levels of daylight (above 
1000 lux) and sunlight during the winter period.

• View and contact to the outside world and nature.

• Avoid glare and visual discomfort.

(http://www.activehouse.info/)
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CONTACT INFO

FIND US HERE

pinterest.com/VELUXGroup/

linkedin.com/company/VELUX

youtube.com/user/VELUXmagyarorszag

facebook.com/VELUXMagyarorszag

twitter.com/VELUX

velux-h@velux.com

VELUX Magyarország Kft.

http://www.velux.hu/
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