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3 Lighting quality

3.1 Lighting practices and quality in the past: historical aspects

The use of electrical lighting, even in the industised world, is quite recent. Electrical lighting
began to spread widely with the development and ofl¢he incandescent lamps. The use of
incandescent lamp reached a large scale at thebiegj of the 28 century.

For thousands of years, people relied mainly onligay and fire (bonfire, torches, candles and olil).
The fundamentals of lighting at that time were tethto the quantity of light that was to provide
light for people to see and cope in the visual @rment also during the dark hours.

Powerful lamps such as fluorescent lamps came énttarket in the 1950s with the following
introduction of high-intensity discharge lamps. Téhevelopment of powerful bright light sources
lead to considerations of avoiding glare (usinghtigliffusers, later light louvres). Moving from
incandescent light sources to discharge light sesim@ised the issue of color rendering and color
temperature. Today, LEDs are entering the lightimgrket and as new light sources they enable
new approaches to lighting design and practice. EEfltroduce new possibilities for tuning the
color of light and compared to conventional liglaiusces they are small in size giving also freedom
for luminaire design.

Today, the variety and number of lighting equipmemanufacturers has grown, but the
fundamentals of lighting remains the same. Thesetarsupply enough light with proper lighting
distribution in space, with good spectral qualitiesd little or no glare, at reasonable costs. The
development of light sources and lighting equipmervides both opportunities and challenges for
the lighting designers in providing lighting that not only adequate in terms of quantity, but also
meets the lighting quality demands.

Figure 3-1.LEDs are used today to provide lighting in versagpplications; ranging from lighting of office buiings
to lighting of homes in developing countries.

3.2 Defining lighting quality

What does lighting quality mean? There is no cortgl@nswer to the question. Lighting quality is
depends on several factors. It depends largely eopfe’'s expectations and past experiences of
electric lighting. Those who experience elementalgctric lighting for the first time, for example,
in remote villages in developing countries, havdfatent expectations and attitudes towards
lighting from office workers in industrialized cotmes. There are also large individual differences
in what is considered comfortable lighting, as wasl cultural differences between different regions.
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Visual comfort is also highly dependent on the agpgion, for example lighting that is considered
comfortable in an entertainment setting may be ikiesl and regarded as uncomfortable in a
working space (Boyce 2003).

Lighting quality is much more than just providing appropriate quantity of light. Other factors that
are potential contributors to lighting quality incle e.g. illuminance uniformity, luminance
distributions, light color characteristics and glgWeitch and Newsham 1998).

There are many physical and physiological factdrattcan influence the perception of lighting
quality. Lighting quality can not be expressed siynm terms of photometric measures nor can
there be a single universally applicable recipedood quality lighting (Boyce 2003, Veitch 2001).
Light quality can be judged according to the lewélvisual comfort and performance required for
our activities. This is the visual aspect. It cdambe assessed on the basis of the pleasantnéiss of
visual environment and its adaptation to the typeanm and activity. This is the psychological
aspect. There are also long term effects of lightoar health, which are related either to the strai
on our eyes caused by poor lighting (again, thia isual aspect), or to non visual aspects related
to the effects of light on the human circadian gyst(Brainarcet al. 2001, Cajocheet al. 2005).

A number of different approaches have been sugdestalefine lighting quality (Bear and Bell
1992, Loe and Rowlands 1996, Veitch and Newshan818®&yce and Cuttle 1998). The definition
that seems most generally applicable is that ligiptquality is given by the extent to which the
installation meets the objectives and constraietshy the client and the designer (Boyce 2003). In
this way lighting quality is related to objectivdi&ke enhancing performance of relevant tasks,
creating specific impressions, generating desiratieon of behaviour and ensuring visual comfort.
The constraints may be set by the available finahbudgets and resources, set time-lines for
completing the project and possible predeterminextiices and design approaches that need to be
followed.

Lighting quality is also a financial issue whichrcée best illustrated in the case of the luminous
environment of work spaces. An assessment in Frafftbes shows that a typical yearly electric
lighting consumption amounts for about 4 €/mand total yearly ownership cost of lighting
installations is around 8 to 10 €fFontoynont 2008). This has to be compared to tearly cost of
salaries for the companies, of about 3,500 %Avith the hypothesis of an employee costing 35,000
€/year, requiring about 10 Tof office space. Thus, average total lighting soper employee are
between 80 t0100 €/year. Assuming working hourg @00 hrs/year, or a cost per hour of 35,000 €
/1,600 hour = 21 €/hour, it can be seen that thltoost of lighting required by an employee is
equivalent to 4 to 5 hours of work per year, or @.3f the yearly employee costs. This figure
demonstrates the risk of offering poor lighting @wment to the office employees. Poor lighting
conditions can easily result in losses in produtyiwf the employees and the resulting production
costs of the employer can be much higher than tireual ownership cost of lighting.

Thus, any attempt to develop energy efficient light strategy should, as the first priority,
guarantee that the quality of the luminous envir@miis as high as possible. The results presented
in this guidebook demonstrate that this is achiégateven with high savings in electricity
consumption. In the search for highly efficientHigng schemes, it is essential to fully understand
the detailed lighting specification of given envimoents. The integration of this knowledge in
lighting design leads to opportunities to develomawin scenarios, offering combination of energy
performance and lighting quality.
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3.3 Visual aspects
3.3.1 Visual performance

One of the major aspects of the lighting practicel aecommendations is to provide adequate
lighting for people to carry out their visual tasRésibility is defined by our ability to detect gécts

or signs of given dimensions, at given distanced waith given contrasts with the background (CIE
1978). In buildings, typical applications includmhting conditions for writing, typing, reading,
communicating and viewing slides and videos, orf@ening detailed tasks like sorting products.
Visual performance is defined by the speed and mmuof performing a visual task (CIE 1987)
and visual performance models are used to evaltiaeinterrelationships between visual task
performance, visual target size and contrast, olesesge and luminance levels (CIE 2002). Light
levels that are optimised in terms of visual penf@nce should guarantee that the visual
performance can be carried out well above the Visjbthreshold limits. Visual performance is
improved with increasing luminance. Yet, there isplateau above which further increases in
luminance do not lead to improvements in visualfpenance (Rea and Ouellette 1991, CIE 2002).
Thus increasing luminance levels above the optinfamvisual performance may not be justified
and can on the contrary lead to excessive use @frgn The visual performance aspect and
consumption of electricity for lighting should ba balance in order to increase energy efficiency,
not of course, forgetting the lighting quality aspe

performance RVP

Relative visual

Figure 3-2. Relative visual performance as a function of backgrd luminance and target contrast.(Halonen 1993)

Ensuring adequate and appropriate light levels iitjia of light) is only an elementary step in
creating comfortable and good-quality luminous arglial environments. It can be agreed that bad-
quality lighting does not allow people to see whhey need to see and/or it can cause visual
discomfort. On the other hand, lighting that is gdate for visual tasks and does not cause visual
discomfort is not necessarily good-quality lightilgJso, depending on the specific application and
case, both insufficient lighting and too much ligian lead to bad-quality lighting.

3.3.2  Visual comfort

There are a number of lighting-related factors thay cause visual discomfort and there is no
straight-forward path to follow in creating visuglcomfortable luminous environments (Boyce
2003, Veitch 1998). The current indoor lighting oeemendations give ranges of illuminance values
for different types of rooms and activities (EN1246 2002, CIBSE 1997, IESNA 2000). In

45



3 LIGHTING QUALITY

addition, guidelines on light distribution in a sqE the limitation of glare, and the light color
characteristics are given. Attention also needsd@aid to the elimination of veiling reflectionac

to the formation of shadows in the space. The rex@mdations and guidelines concern mainly the
elimination of visual discomfort, but lighting degier can add on that to provide visual comfort.
Causes of visual discomfort can be too little liggmdd too much light, too much variation in
luminous distribution, too uniform lighting, annayg glare, veiling reflections, too strong shadows
and flicker from light sources.

Color characteristics

The color characteristics of light in space areedetined by the spectral power distribution (SPD)
of the light source and the reflectance propertiéshe surfaces in the room. The color of light
sources is usually described by two properties, elgrthe correlated color temperature (CCT) and
general color rendering index (CRI). The color apmace of a light source is evaluated by its
correlated color temperature (CCT). For exampleamdescent lamps with CCT of 2700 K have a
yellowish color appearance and their light is désed aswarm Certain type of fluorescent lamps
or white LEDs have CCT of around 6000 K with bluiappearance and light describedcasl. The
CRI of the CIE measures how well a given light soeirenders a set of test colors relative to a
reference source of the same correlated color teatpee as the light source in question (CIE
1995). The general CRI of the CIE is calculatedlas average of special CRIs for eight test colors.
The reference light source is Planckian radiatoc@indescent type source) for light sources with
CCT below 5000 K and a form of a daylight source light sources with CCT above 5000 K. The
higher the general CRI, the better is the colordening of a light source, the maximum value being
100. The CIE general CRI has its limitations. The shortengs of the CRI may become evident
when applied to LED light sources as a result oéithpeaked spectra. The CIE (CIE 2007)
recommends the development of a new color rendeimagx (or a set of new color rendering
indices), which should be applicable to all typeklight sources including white LEDs. CIE
technical committee TC1-69 Color rendering of WHhilght Sources is currently investigating the
issue.
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Figure 3-3. Light source spectrum, i.e. radiant power distribntover the visible wavelengths, determines thgtli
color characteristics. Examples of spectra of araimdescent lamp (CCT= 2690 K, CRI= 99), a compaairescent
lamp (CCT= 2780 K, CRI = 83) and a white LED lamp€T= 6010 K, CRI = 78).

The Kruithof effect describes the psychological eets of preferences for varying CCT and
illuminance level. It proposes that low CCTs areferred at low illuminances, and high CCTs are
preferred over high illuminances (Kruithof 1941)hd Kruithof effect is not, however, generally
supported in later studies (Boyce and Cuttle 1998yis and Ginthner 1990). It is also suggested
that color adaptation occurs when people spendacetime in a space, after which it is no more
possible to compare lamps with different CCT. loigvious that the color temperature preferences
of people are culture and climate-related, as weltlependent of the prevailing lighting practices i
different regions (Miller 1998, Ayamat al. 2002). Recently, it has been suggested that hajorc
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temperature light could be used in increasing humadertness (see Ch. 3.5). More research is
needed to confirm this and to apply these postslatdighting design.

Uniformity of lighting

Uniformity of lighting in space can be desirableless desirable depending on the function of the
space and type of activities. A completely unifogpace is usually undesirable whereas too non-
uniform lighting may cause distraction and discomfd.ighting standards and codes usually
provide recommended illuminance ratios betweenttsk area and its surroundings (EN12464-1
2002, CIBSE 1997, IESNA 2000). Most indoor lightimgesign is based on providing levels of
illuminances while the visual system deals withhligeflected from surfaces i.e. luminances. For
office lighting there are recommended luminanceiosatbetween the task and its immediate
surroundings (EN12464-1 2002, CIBSE 1997, IESNA @0Room surface reflectances are an
important part of a lighting system and affect bdkie uniformity and energy usage of lighting.
Compared to a conventional uniform office lightingstallation with fluorescent lamps, LEDs
provide opportunities to concentrate light moreamtual working areas and to have light where it is
actually needed. This provides opportunities toréase the energy efficiency of lighting in the
future.

Glare

Glare is caused by high luminances or excessivarance differences in the visual field. Disability
glare and discomfort glare are two types of gldret in indoor lighting the main concern is about
discomfort glare. This is visual discomfort in th@esence of bright light sources, luminaries,
windows or other bright surfaces (CIE 1987, Boyd®032). There are established systems for the
evaluation of the magnitude of discomfort glareg.eUnified Glare Rating (UGR) (EN12464-1
2002), Visual Comfort Probability (VCP) (IESNA 20Q0British Glare Rating system (CIBSE
1997), yet the physiological or perceptual mechanfer discomfort glare is not established. The
present glare indices are best suitable for assgstiscomfort glare induced by a regular array of
fluorescent lamp luminaries for a range of standatdriors, and there are a number of questions
related to their application in practice. The ptsiproblems are related to the definition of the
glare source size and luminance and its immediatkground luminance (Boyce 2003).

Figure 3-4. Luminaires and windows can induce direct glare, hight reflections from glossy surfaces and congpu
screens can induce indirect glare.

LEDs are small point sources with high intensitaesd arrays of these individual sources can form
luminaires with very different shapes and sizesilliminating the space with LEDs special care
has to be taken to avoid glare.

47



3 LIGHTING QUALITY

Veiling reflections

Veiling reflections are specular reflections thapaar on the object viewed and which reduce the
visual task contrast (CIE 1987). The determiningtfas are the specularity of the surface and the
geometry between the surface, observer and sowfckgh luminance (e.g. luminaires, windows,
bright walls). Glossy papers, glass surfaces anchpter screens are subject to cause veiling
reflections. In rooms with several computer scremisgle the task area special care has to be taken
in the positioning of the luminaries to avoid lunoias reflections from the screens. In using portable
computers the viewing directions may change intretato the fixed luminaires and thigoses
further requirements for lighting design. Also, wheearranging the working places and geometry
of the working conditions, the possible causes @ifing reflections should be avoided in the typical
viewing directions. With proper lighting designei.positioning of luminaires related to working
areas, it is possible to achieve the same visibitibnditions with less energy than with incorrect
positioning of luminaires causing veiling refleati®to the working area.

Shadows

Shadows in the space may be negative in obstru¢hiagisibility of certain elements, but they can
also be positive in creating an attractive and riesting visual environment. Whether shadows are
considered as visually comfortable or discomforgatiépends much on the application.

A good balance between direct light and diffuséntigs important in order to see the way light falls
on objects. In the quest for more parameters ofitligg quality, it is worthwhile to study the
shadows of objects in a deeper way: the light ssfl@an object, the shadow side, the cast shadow
and the presence of reflected light. This can giwere connections between scientific and artistic
knowledge of lighting qualities. Moreover, for thisual comfort in spaces it is necessary to pay
more attention to the shadowing, especially for¢benfort of elderly people and visually impaired.

Flicker

Flicker is produced by the fluctuation of light etteéid by a light source. Light sources that are
operated with ac supply, produce regular fluctuagian light output. The visibility of these
fluctuations depends on the frequency and modutadibthe fluctuation. Flickering light is mostly
as a source of discomfort, except in some entemtaint purposes. For some people flicker can even
be a hazard to health. Flicker from light sources ®©e minimized by stable supply voltage or by
using high frequency electronic ballasts with flascent and high intensity discharge lamps
(EN12464-1 2002, CIBSE 1997, IESNA 2000).

3.4 Psychological aspects of light

People perceive their luminous environment throtiggir eyes, but they process this information
with their brain. Light scenes are therefore judgedonnection with references and expectations.
The luminous environment can be appreciated in maays e.g., more or less agreeable, more or
less attractive, more or less appropriate to thecfion of the space, more or less highlighting the
company image.Variations of luminances and colors can strengthatractiveness, trigger
emotions, and affect our mood, the impact of ligigtidepending much on the individuals and their
state of mind. A lighting installation that doestnoeet the user’s expectations can be considered
unacceptable even if it provides the conditions &mtequate visual performance. Unacceptable
lighting conditions may impact on task performanaed thus productivity through motivation
(Boyce 2003, Gligor 2004).
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3.5 Non-visual aspects of light

Light has also effects that are fully or partly seated from the visual system. These are called the
non-visual, non-image forming (NIF) or biologicaffects of light and are related to the human
circadian photoreception (Brainaedlal. 2001, Cajocheeet al. 2005).

The discovery of the novel third photoreceptor rimsically photoreceptive retinal ganglion cell
(ipRGC), in 2002 has raised huge interest both he tircadian biology and lighting research
communities (Bersoret al. 2002). The ipRGC has been found to be the maint@tezeptor
responsible for entraining humans to the environtaklight/dark-cycle along with other biological
effects. It represents a missing link in describthg mechanism of biological effects as controlled
by light and darkness. Thus, light can be thoughti® an external cue that entrains the internal
clock to work properly. The human biological clodkives most daily rhythms in physiology and
behavior. These include sleep/wake rhythm, coreybtamperature, and hormone secretion. It
passes on information regulating the secretionlofast all hormones, including nocturnal pineal
hormone melatonin and serotonin, and cortisol. Besithe shifting of the phase of the endogenous
clock by light, there is evidence of the involveniesf the ipRGCs in pupillary reflex, alertness,
mood, and in human performance (Dacgtyal. 2005, Duffy and Wright 2005, Whitelegt al.
1998).

There is evidence that short-wavelength light is thost effective in regulating the biological clock

(Brainard and Hanifin 2006, Wrighet al. 2001, Thaparet al. 2001). Thus much research is

currently investigating the possibility to use bleariched light to affect human responses and
behaviour like alertness and mood (Gooétyal. 2003, Lehret al. 2007, Millset al. 2007, Rautkyla

et al. 2009). The effect of light on alertness has beencm examined, but the mechanism

explaining the detected reactions still remainsleac
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Figure 3-5. Light has both visual and non-visual responsesragthrough the different retinal photoreceptors and
tracts in the nervous system.

The biological effects of light and their effectsa btuman performance are not yet very well known.
A considerable amount of research work is stilluggd before we can understand the non-visual
effects of light and consider them in lighting pt@e. Research work is needed to generate an
improved understanding of the interaction of thdeefs of different aspects of lighting on
behavioral visual tasks and cortical responsesanbow the biological effects of lighting could be
related to these responses.
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3.6 Lighting and productivity

Lighting should be designed to provide people witie right visual conditions that help them to
perform visual tasks efficiently, safely and contidsly. The luminous environment acts through a
chain of mechanisms on human physiological and pslagical factors, which further influence
human performance and productivity (Gligor 2004).
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Figure 3-5. Luminous environment and human performance. (GI2fi04)

There have been several field studies on the effeftlighting conditions on productivity. The
earliest studies were made in the 1920’'s (Westaz219Veston and Taylor 1926) and indicated that
lighting conditions can improve performance by proimg adequate illuminance for the visual
tasks. Since then a number of studies have beenedaout. Their results are sometimes
contradictory. For example, a study in clericalio#f work indicated that an increase in illuminance
from 500 Ix to 1500 Ix could increase the performanof office workers by 9% (Hughes and
McNelis 1978), while another study showed that lovwduminance levels (150 Ix) tended to
improve performance of a complex word categorigatesk as compared to a higher level (1500 Ix)
(Baronet al. 1992). A field study in industrial environment nsaed direct productivity increases
in the range from 0 to 7.7% due to changes in light(Juslén 2007). The literature includes more
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examples of null results than clear-cut effectsilafminance on task performance, over a wide
range of illuminance levels and for a variety ofngplex and simple tasks in office work (Gligor
2004).

The effect of lighting on productivity is ambiguoushe difficulty in finding the relations between
lighting and productivity is that there are seveddher factors that simultaneously affect human
performance. These factors include motivation,treteships between workers and the management
and the degree of having personal control to thekiv conditions (Boyce 2003). With appropriate
lighting the ability to perform visual tasks can beproved and visual discomfort can be avoided.
This can provide conditions for better visual ara$k performance and, ultimately, productivity.
The difficulty of field studies in working environents is the degree of experimental control
required. Several studies have investigated theeceffof increase in illuminance on task
performance. However, illuminance is only one oé ttmany aspects in the lighting conditions. In
making changes to lighting, which lighting aspeate changed (e.g. illuminance, spectrum, and
luminance distribution) and whether there are otfagetors that are simultaneously changed in the
working conditions (e.g. working arrangements, deppupervision of work) need to be controlled
and analyzed. Recently, several studies are inyatstig the effects of light spectrum on human
performance and the possibilities to use blue-dmtclight to improve human performance through
the non-visual effects of light (see Ch. 3.5).

3.7 Effects of electromagnetic fields on health and optal radiation safety requirements

Lighting equipment and systems produce electric magnetic fields. The potential effects of these
fields on human health depend widely on the frequyesind their intensity, but the effects of human
exposure to electromagnetic fields are still ndtyflknown.

Optical radiation may have hazardous effects on &urhealth, eyes and skin. To assess these
effects the spectral distribution, the size (progecsize) of the source and the distance from the
source at the point of nearest human access nelee tiefined. The IEC/CIE Standard 62471-1/CIE
S 009 Photobiological Safety of Lamps and Lamp 8y& assesses the optical radiation hazards
from lamps, an array of lamps and lamp systems ((HE 2006). All types of electrically powered
optical radiation sources including LEDs are cowvkia the standard. Reference measurement
techniques and a risk group classification syst@mdefining optical radiation hazards are also
included. The standard provides a basis for evanadf potential hazards that may be associated
with different lamps and lamp systems. The IEC Tmchl Report 62471-2 Guidance on
Manufacturing Requirements Relating to Non-laserti€y) Radiation Safety provides basis for
safety requirements dependent on risk group classibn and related examples (IEC/CIE 2008).
Similarly to the IEC/CIE standard (IEC/CIE 2006)etiANSI/IESNA Recommended Practice RP-
27.1-05 Photobiological Safety for Lamp and Lampsteyns covers the evaluation of optical
radiation hazards from all lamps and lamp systeANSI/IESNA 2007).

The emerging LED technology brings powerful and thigrightness lighting products on the
market. The wider the field of light (i.e. size tiie illumination source) and the brighter (higher
luminance) of that source, the more potential riskarries for the retina. The ICNIRP Statement
(ICNIRP 2000) reviews the potential optical hazafdsm LED sources and the related standards
and regulations. It is recognized that the deteation of appropriate viewing durations and
distances under different conditions of usage isdweal for any optical radiation hazard assessment.
The Statement recommends that safety evaluatiodselated measurement procedures for LEDs
follow the guidelines for incoherent sources (othtban laser). It concludes that the future
development of application-specific safety stangdaagplicable to realistic viewing conditions will
reduce the unnecessary concerns regarding LEDysafet
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The photochemical retinal injury is often referremlas the blue light hazard (BLH). CIE TC6-14
The Blue-Light Hazard has studied the means andaou to evaluate potential BLH. The outcome
of the TC6-14 work is published under CIE 138-2Q@E 2000). The report proposes a technique
employing the ACGIH (American Conference of Goveemtal Industrial Hygienists) threshold
limit value (TLV) for general use. Currently, CIECG-57 is preparing a draft CIE standard on the
definitions and action spectra for two retinal hazdunctions used in photobiological safety
documents. CIE TC6-55 is studying the different huets of assessing the photobiological safety of
LEDs. This work reviews the known effects from aygiological standpoint and will determine the
dose relationships that pose a potential risk fgg mjury from excessive irradiation.

The European Directive (2006/25/EC) includes minmmunealth and safety requirements for
occupational exposure to artificial optical radaati It introduces measures to protect workers from
risks related to optical radiation and its effeots health and safety, particularly to the eyes trel
skin. The Directive provides method to determinegdfiysically relevant exposure levels for UV-,
visible and IR-radiation to be compared with givexposure limit values.

3.8 Conclusions: opportunities and barriers

Light affects human behaviour through various pssas and new routes can be found in the future
through the non-visual effects of light. Light cant as a stimulator (perception, alertness, etcaso

an inhibitor (glare, heart rate variability, etcAny choice in lighting design will therefore hawe
consequence, which may sometimes be neglegiblegores essential. Increasing the quality of
lighting does not mean to use more energy. On tbetrary, with careful consideration of the
different lighting factors and with proper lightingguipment, the energy consumption of lighting
can still be decreased while improving the quabfyighting.

In investigating lighting schemes for energy consdion, it is clear that at the existing level of
knowledge, both opportunities and barriers in egexfficient lighting strategies can be identified.

3.8.1 Opportunities

Indoor lighting design is based largely on provigimore or less uniform levels of illuminances in
the room, while the perception of the luminous eowment is related mainly to light reflected from
surfaces i.e. luminanceshus innovative lighting design methods could beoduced which give a
high priority to the quality of the luminous envimment as our eyes perceive The possible
obstacles and constraints set by the current réiguls for horizontal illumination levels should be
identified, and ways for designing and implementmgre innovative lighting solutions should be
sought. Compared to conventional uniform officenligg installation with fluorescent lamps, with
LEDs it is possible to concentrate light more onuat working areas and to have light where it is
actually needed. This will help to increase thehtigg energy efficiency in the future.
Simultaneously, LEDs can be used to create intergswvisual environments with varying
luminance distributions and shadows when desired.

It is clear that the traditional assessment of ligim the basis of visibility is not adequate for
describing the complex, but undeniable, effectdtiigg can have on humans. This opens up
windows for designing healthier living and workingpnditions for people in the future. The
findings on the interactions of light and the humeircadian system indicate that light can have
non-visual effects on several human systems inclgdileep/wake rhythm, core body temperature,
hormone secretion, alertness and mood. This pravidpportunities to design better lighting
conditions optimised for human performance and welihg, with emphasis, for example, on light
distribution and patterns in space and possibly aigit light intensity and color. However,
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considerable research work is still required befarecan understand the non-visual effects of light
and consider them in the lighting practice. The eriging mechanisms of action and the
guantification of light characteristics, includimxact spectral composition, light intensity, exp@su
duration and prior light history remain to be intigated.

Better lighting quality does not necessarily meaghler consumption of energy. While it is

important to provide adequate light levels for emsg optimized visual performance, there are
always levels above which further increases imilnance do not improve performance. More light
does not necessarily mean better quality of lightithrough the use of energy efficient lighting
products and light room surfaces it is possiblelésign energy efficient and good quality lighting.

New technologies such as LEDs and OLEDs offer HigRibility in the control of light spectra and
intensities, which enhance their attractivenessobey their growing luminous efficacy. The
increased possibilities to control both the lightdes and spectra of light sources should allow the
creation of more appropriate and comfortable lunimenvironments. Visual comfort requirements
should benefit from the increase in the supply ight sources and components, leading to better
control of the luminance distribution. Also, thevd@#opment of lighting control systems, based on
presence detection and the blending of electriagitl with daylight, can lead to substantial
increases in energy efficiency.

Daylight is a powerful light source, requiring nmergy to produce. Daylight has a continuous
spectral composition and provides good color remderDaylight is usually preferred by people

working indoors and it can enhance motivation arah de linked to human circadian rhythms
(Dehoff 2002). Daylighting techniques should offeew opportunities for lighting systems in

buildings. Care has to be taken in utilizing dayign indoor lighting to control it properly in oet

to avoid its glare effects and any veiling reflexts resulting from direct or indirect sunlight.

3.8.2 Risks

Reduction of the size of light sources (compact Hidps, LEDs) may lead to increased risk of
glare. Standards and recommendations should baedlapcordingly.

The recent findings on the biological effects ajht may induce temptations to use blue enriched
light in indoor lighting in order to affect humaresponses. However, a considerable number of
research work is still required before we can ustiend the non-visual effects of light and consider

them in the lighting practice.

The possible adverse effects of light on healthudtide understood before using light to increase
alertness and productivity in shift-work. For examphere is hypothesis that regular bright light
exposure at night-time is associated with incredsadihood of breast cancer (Steveesal. 1997).
More research is required on the effects of nigtet light exposure on human health and
performance.

Photons in the blue range of light are more powkethan the ones in the red range, leading to
possible hazards associated with blue light whencootrolled properly. The intensity of the short
wavelength light, the viewing distance and the viegvduration are the determining factors here.

Energy conservation measures may lead to the rfshaor lighting environment to the office
employees. Poor lighting conditions can easily tesulosses in productivity of employees and the
resulting production costs of the employer can bécmhigher than the annual ownership cost of
lighting.
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