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Summary 
 

The objective of the Green Lighting project was to develop a High Performance Integrated 
Lighting System, based on advanced technologies for day- and electric lighting, achieving a 
Lighting Power Density (LPD) that does not exceed 3 W/m2.  

The project has revealed that Anidolic Daylighting Systems (ADS) are an ideal basis for High 
Performance Integrated Lighting Systems. Not only are they able to provide adequate 
illumination (i.e. sufficiently high illuminances) in office rooms during large fractions of normal 
office hours, under various sky conditions and over the entire year, but they are also highly 
appreciated by office occupants at the condition that glare control mechanisms are available. 
Complementary electric lighting is, however, still necessary to back up the ADS at times 
when there is insufficient daylight flux available. It was shown during this project, that the 
most interesting trade-offs between energy-efficiency and visual comfort are obtained by 
using a combination of ceiling-mounted directly emitting luminaires with very high optical 
efficiencies for ambient lighting and portable desk lamps for temporary task lighting. The 
most appropriate lamps for the ceiling-mounted luminaires are currently highly efficient 
fluorescent tubes, but white LED tubes can be considered a realistic option for the future. 
The most suitable light sources for desk lamps for temporary task lighting are Compact 
Fluorescent Lamps (CFLs) and white LED light bulbs. Based on the above-mentioned 
technologies, a High Performance Integrated Lighting System with a very low LPD has been 
developed over the last three years. The system has been set up in an office room of the 
LESO solar experimental building located on the EPFL campus; it has been tested 
intensively during a Post-Occupancy Evaluation (POE) study involving twenty human 
subjects. This study has revealed that the subjectsô performance and subjective visual 
comfort was improved by the new system, compared to the usual lighting installation in this 
office. The High Performance Integrated Lighting System has an installed LPD of 4.3 W/m2 

and an effective LPD of approximately 2 W/m2. 

In conclusion, the Green Lighting project successfully demonstrated that installed LPDs 
lower than 5 W/m2 and effective LPDs lower than 3 W/m2 can be achieved today if advanced 
daylighting systems and efficient electric lighting components are integrated in an 
appropriate way. White LED applications can already be used nowadays in such systems; 
their potential in a short term will moreover continue to grow. OLED applications might also 
offer interesting options for the future, but this will still take several years. 

 



 

   

Zusammenfassung 

 

Ziel des Green Lighting Projekts war es, ein hocheffizientes, integriertes 
Beleuchtungssystem basierend auf modernster Tages- und Kunstlichttechnik zu entwickeln. 
Die Lichtleistungsdichte dieses Systems sollte den Wert von 3 W/m2 nicht überschreiten. 

Im Rahmen des Projekts konnte gezeigt werden, dass anidolische Tageslichtsysteme (engl. 
Anidolic Daylighting Systems (ADS)) eine ideale Grundlage für hocheffiziente, integrierte 
Beleuchtungssysteme sind. Solche Tageslichtsysteme sind nicht nur in der Lage, in 
Büroräumen über weite Teile der normalen Bürozeiten, bei verschiedenen Himmelstypen 
und über das gesamte Jahr eine adäquate Beleuchtungsumgebung (z.B. ausreichend hohe 
Beleuchtungsstärken) zu schaffen; vielmehr sind sie auch bei Büroinsassen sehr beliebt, 
vorausgesetzt dass geeignete Mechanismen zum Vermeiden von Blendungen vorhanden 
sind. Natürlich ist jedoch in jedem Fall zusätzlich elektrische Beleuchtung notwendig, um ein 
ADS zu Zeiten niedrigen Tageslichtflusses zu unterstützen. Im Rahmen dieses Projektes 
wurde gezeigt, dass die vorteilhaftesten Kompromisse zwischen Energieeffizienz und 
visuellem Komfort erzielt werden können, wenn für die elektrische Beleuchtung eine 
Kombination aus direktstrahlenden Deckenleuchten (Umgebungsbeleuchtung) und tragbaren 
Schreibtischlampen (temporäre Arbeitsbeleuchtung) verwendet wird. Als Leuchtmittel sind 
für die Deckenleuchten hocheffiziente Leuchtstoffröhren am besten geeignet, wobei weisse 
LED-Röhren eine interessante Option für die nähere Zukunft darstellen könnten. Für 
Schreibtischleuchten sind Kompaktleuchtstofflampen (sogenannte Energiesparlampen) oder 
weisse LED-Glühbirnen am besten geeignet.  

Auf der Grundlage der aufgeführten Technologien wurde im Laufe der letzten drei Jahre ein 
hocheffizientes, integriertes Beleuchtungssystem mit extrem niedriger Lichtleistungsdichte 
entwickelt. Das System wurde in einem Versuchsb¿ro des ĂLESO Solar Experimental 
Buildingñ auf dem Campus der ETH Lausanne aufgebaut; es ist im Rahmen einer 
wissenschaftlichen Studie mit zwanzig Versuchspersonen eingehend getestet worden. Diese 
Studie hat gezeigt, dass das neue Beleuchtungssystem in der Lage war, die Arbeitsleistung 
und den subjektiven Sehkomfort der Versuchspersonen im Vergleich zur 
Standardbeleuchtung in diesem Büro deutlich zu verbessern. Unser neues, hocheffizientes 
Beleuchtungssystem führt im Versuchsbüro zu einer installierten Lichtleistungsdichte von 4.2 
W/m2 und einer effektiven Lichtleistungsdichte von ungefähr 2 W/m2. 

Zusammenfassend lässt sich also sagen: Das Green Lighting Projekt hat gezeigt, dass 
installierte Lichtleistungsdichten unter 5 W/m2 und effektive Lichtleistungsdichten unter 3 
W/m2 heutzutage realisierbar sind, vorausgesetzt es werden moderne Tageslichtsysteme 
und hocheffiziente elektrische Beleuchtungssysteme in idealer Weise miteinander 
kombiniert. Anwendungen auf der Basis weisser LEDs können bereits heute in solchen 
Systemen zum Einsatz kommen; in naher Zukunft wird das Potential dieser Technologie 
ausserdem immer weiter wachsen. OLED-Anwendungen (OLED = engl. Abkürzung für 
organische lichtemittierende Diode) könnten auch eine interessante Option für zukünftige 
Beleuchtungsszenarien in Büroräumen werden, bis dahin wird es aber wohl noch einige 
Jahre dauern.  



 

   

Résumé 

 
Le projet Green Lighting vise ¨ concevoir et ¨ mettre en îuvre un dispositif intégré 
dô®clairage naturel et artificiel, susceptible dôatteindre une puissance spécifique 
dô®clairage effective inférieure à 3 W/m2. 

Les composantes de base de ce dispositif sont des syst¯mes dô®clairage naturel à haute 
performance lumineuse, bas®s sur lôoptique non-imageante (systèmes anidoliques). Ces 
derniers ont pour avantage dôoffrir des niveaux dô®clairement tr¯s ®lev®s sur le plan de 
travail, durant un grand nombre dôheures du jour et pour diff®rentes conditions lumineuses 
ext®rieures, en cas de mise en îuvre dans des b©timents administratifs ; leur appréciation 
par les usagers est, par ailleurs, extrêmement favorable pour autant que des moyens de 
gestion de la lumière naturelle réduisant les risques dô®blouissement soient mis ¨ disposition. 
Lôinstallation dôun dispositif compl®mentaire dô®clairage ®lectrique demeure toutefois 
indispensable, en vue de pallier en particulier ¨ lôabsence dô®clairage naturel lors de p®riodes 
hivernales et/ou en début et fin de journée. Il a ainsi pu être démontré dans la cadre de ce 
projet quôune int®gration optimale de ces syst¯mes, tant du point de vue de la consommation 
®nerg®tique que du confort visuel, peut °tre r®alis®e par lôinstallation de luminaires-
plafonniers ¨ haut rendement optique (mode dô®clairage direct) combin®s ¨ des dispositifs 
dô®clairage ¨ la t©che (lampes de table) ; lôutilisation de diodes photo-luminescentes (LED), 
en lieu et place de tubes fluorescents à haute efficacité lumineuse, est certainement 
envisageable dans un futur proche, en ce qui concerne les plafonniers. Elle est déjà possible 
aujourdôhui pour les lampes de table (5 - 7 W), dans une mesure presque comparable aux 
lampes fluorescentes compactes (9 - 11 W). 

Partant de cette approche, un dispositif int®gr® dô®clairage naturel et artificiel, 
caractérisé par une très faible puissance spécifique dô®clairage, a été conçu et mis sur pied 
dans lôun des locaux de bureau du b©timent exp®rimental LESO, situ® sur le campus de 
lôEPFL. Lô®tude de son comportement a ®t® men®e ¨ bien par le biais dôun suivi exp®rimental 
et de lô®valuation subjective et objective de ses performances globales effectu®e ¨ lôaide 
dôune vingtaine de sujets. Il a ainsi pu °tre d®montr® que des performances et des conditions 
de confort visuel sup®rieures ou ®gales ¨ celles dôun syst¯me conventionnel dô®clairage 
peuvent être offertes par un tel dispositif int®gr®. Il est apparu, par ailleurs, quôune puissance 
sp®cifique dô®clairage installée égale à 4.3 W/m2 pouvait °tre atteinte, ainsi quôune puissance 
spécifique dô®clairage effective de 2 W/m2. 

Le projet Green Lighting a ainsi permis de montrer que des puissances spécifiques 
dô®clairage extrêmement faibles - inférieure à 5 W/m2 pour la puissance installée et inférieure 
à 3 W/m2 pour la puissance effective ï peuvent °tre atteintes par le biais de lôint®gration de 
syst¯mes dô®clairage naturel ¨ haute performance lumineuse et de dispositifs dô®clairage 
électrique à haut rendement. Des diodes photo-luminescentes, émettant en lumière blanche 
(White LEDs), peuvent, par ailleurs, d®j¨ °tre mises  en îuvre dans de tels dispositifs: leur 
potentiel de développement ¨ court terme est important. Lôutilisation de diodes photo-
luminescentes organiques (OLEDs) nôest par contre pas envisageable ¨ court terme et 
requiert encore un certain nombre dôann®es. 

 
  



 

   

Table of content 
 
1 Introduction .................................................................................................................................... 8 

1.1 Context of study .................................................................................................................... 8 

1.2 Project Goals ......................................................................................................................... 8 

1.3 Project Planning .................................................................................................................... 9 

2 Anidolic Daylighting Systems .................................................................................................... 11 

2.1 Introduction .......................................................................................................................... 11 

2.2 Performance of a façade-integrated Anidolic Daylighting System .............................. 11 

2.3 Occupant satisfaction ......................................................................................................... 16 

2.4 Global performance optimization ...................................................................................... 20 

2.5 Conclusion............................................................................................................................ 26 

3 Electric Lighting Systems .......................................................................................................... 27 

3.1 Available lighting technologies .......................................................................................... 27 

3.1.1 Light sources ............................................................................................................... 27 

3.1.2 Luminaires ................................................................................................................... 32 

3.1.3 Lighting control gear ................................................................................................... 35 

3.2 Target and specifications ................................................................................................... 36 

3.3 Conclusion............................................................................................................................ 39 

4 High Performance Integrated Lighting System ...................................................................... 40 

4.1 Definition ............................................................................................................................... 40 

4.2 System design and optimization ....................................................................................... 40 

4.3 Experimental setup in the LESO building ........................................................................ 47 

4.4 System Validation and Post-Occupancy Evaluation...................................................... 53 

4.5 Conclusion............................................................................................................................ 65 

5 New lighting technologies.......................................................................................................... 66 

5.1 LED technology for indoor illumination ............................................................................ 66 

5.2 LED for ambient lighting ..................................................................................................... 66 

5.3 LED for task lighting ............................................................................................................ 76 

5.4 Future potential of Organic Light Emitting Diodes ......................................................... 78 

5.5 Conclusion............................................................................................................................ 79 

6 Application in different contexts ................................................................................................ 80 

6.1 Anidolic Integrated Ceiling (AIC) ....................................................................................... 80 

6.2 Lighting Strategy for an Open Plan Office in Singapore ............................................... 80 

6.2.1 Introduction .................................................................................................................. 80 

6.2.2 Daylight performance of simulated office room ..................................................... 81 

6.2.3 Design and performance of an adequate electric lighting system ...................... 84 

6.2.4 Aesthetic aspects of building integration and expectable cost ............................ 87 

6.2.5 Conclusion ................................................................................................................... 87 



 

   

6.3 Splitting up the Anidolic Integrated Ceiling into small pieces: Cost optimization of 
AIC reflective components ................................................................................................. 87 

6.3.1 Introduction .................................................................................................................. 87 

6.3.2 Methodology ................................................................................................................ 88 

6.3.3 Results ......................................................................................................................... 90 

6.3.4 Discussion.................................................................................................................... 94 

6.3.5 Conclusion ................................................................................................................... 95 

7 Final Conclusion ......................................................................................................................... 95 

8 Acknowledgments ...................................................................................................................... 97 

9 References .................................................................................................................................. 97 

10 Appendix ................................................................................................................................ 101 

Appendix A: Office Lighting Survey ï LESO ............................................................................ 101 

 
  



 

   

 

1 Introduction 

1.1 Context of study 

Artificial lighting is responsible for a significant fraction of the electricity consumption of 
buildings. As a consequence, up to 50% of electrical energy is used for that purpose in non-
residential buildings (such as office and commercial buildings), contributing to the steady 
increase of the Swiss electricity consumption observed over the years [OFEN, 2008]. 

Electric lighting is often associated with light sources showing a low luminous efficacy (such 
as incandescent and halogen lamps), as well as inefficient lighting control strategies which 
neglect the possible contribution of daylight to indoor illumination and lead to excessive 
electric lighting needs [IESNA, 1984] [Scartezzini et al., 1993; Scartezzini et al., 1994]. This 
induces moreover a deterioration of thermal comfort during mid-season and summertime 
increasing the building cooling loads and related energy consumption for air conditioning 
[Stoot et al., 2003]. 

The important progress made in the lighting field both from a scientific and a technological 
perspective allows considering more sustainable lighting strategies today [Scartezzini and 
Courret, 2002; Philips Lighting, 2009] [Scartezzini, 2003]. An optimal integration of dayï and 
electric lighting, based on a combined use of high efficacy light sources (HID lamps, 
fluorescent tubes, etc.) and optically efficient luminaries (based on non-imaging optics and 
highly reflective materials), can substantially reduce electric lighting needs within office 
rooms. It can furthermore improve the visual comfort conditions and sensory stimulation of 
the building users, contributing to the promotion and dissemination of these new lighting 
technologies in practice [Stone, 2000]. 

 

1.2 Project Goals 

This project aimed to take advantage from the experience and knowledge acquired at EPFL 
in the domain of day- and electric lighting by the way of collaborations with partners of the 
lighting and construction industry [Scartezzini et al., 2000]. Within this framework the 
following specific objectives, regarding state-of-the-art and future lighting technologies, have 
been reached: 

A. High Performance Integrated Lighting Systems  

Design, set-up and on-site assessment of the global performance of an integrated 
day- and electric lighting system ï designated by Green Lighting technology - 
achieving a very low lighting power density (not exceeding 3 W/m2). 

B. Future Lighting Technology 

Analysis of the possibilities offered by novel light sources, such as Light Emitting 
Diodes (LED) and organic LED (OLED), expected to be suitable in the future for 
energy efficient indoor illumination [Philips Lighting, 2009; Hung et al., 2002]. 

The achievements of the project have been disseminated at the international level through 
participation to ECBCS Annex 45 Energy Efficient Electric Lighting for Buildings of the 
International Energy Agency (IEA); this was achieved in particular through a close 
collaboration with the participants of SubTask B Innovative Technical Solutions of IEA 
ECBCS Annex 45. 

  



 

   

1.3 Project Planning 

The two distinct objectives of the project have been achieved according to the following 
planning and detailed execution procedure:  

A. High Performance Integrated Lighting Systems  

- Setting-up of technical specifications for an integrated day- and electric system 
appropriate for non-residential buildings (e.g. office rooms);  

- Analysis of different configurations of the integrated lighting system based on 
high-efficacy light sources (HID lamps, fluorescent tubes, etc.) and high-efficiency 
lighting luminaries (non-imaging optics, highly reflective materials, etc.);  

- Optimization of the integrated day- and electric lighting system for non-residential 
buildings in order to achieve a Lighting Power Density (LPD) lower than 3 W/m2; 

- Selection and implementation of energy-efficient electronic gears (electronic 
ballasts) and daylight responsive electric lighting controllers (continuous light flux 
dimming);   

- Design and full-scale implementation of the integrated day- and electric lighting 
system in a solar unit of the LESO solar experimental building (south oriented 
office room). This office room is shown in Figure 1.1.  

B. Future Lighting Technology 

-  Analysis of future prospects offered by novel and future light sources (LEDs and 
Organic LEDs ) regarding indoor illumination of non-residential buildings;  

-  Synthesis of results for the different light sources based on the technical 
specifications (luminous efficacy, lifetime duration, electronic control, etc.). 

The two distinct objectives made up the Swiss contribution to IEA ECBCS Annex 45. The 
second one fitted mainly to the context of SubTask B Innovative Technical Solutions and 
more particularly to project B3 Trends in existing and future lighting technologies. Other 
outcomes, obtained at EPFL by the way of other research activities conducted in the field of 
lighting automation and control, contributed to SubTask C Energy-efficient controls and 
integration of ECBCS Annex 45. 

 



 

   

 

Figure 1.1: Office room inside the LESO solar experimental building that served as test office room during the 
Green Lighting project.  

  



 

   

2 Anidolic Daylighting Systems 

2.1 Introduction 

Over the last decades, various daylighting technologies have been developed, some of them 
having proven to be highly efficient [Scartezzini and Courret, 2002]. Performance 
assessments (obtained through simulation, monitoring and user satisfaction assessments) 
have recently become more and more available. Core-lighting applications (which typically 
collect daylight through lightpipes or skylights on a buildingôs roof and then redistribute it into 
the building) [Al Marwee and Carter, 2006; Rosemann and Kaase, 2005] and side-lighting 
technologies (such as façade-integrated daylighting systems [Scartezzini and Courret, 2002; 
Ochua and Capeluto, 2006; Wittkopf, 2006; Wittkopf et al., 2006] have been subject to 
detailed analysis and have confirmed their energy saving potential.  

One major problem often occurring in day-lit office rooms is over-provision of daylight flux 
near the window. The rear of the room, on the other hand, often appears gloomy. 
Consequently, occupants working next to the windows are often subject to glare. They 
therefore lower the solar blinds, electric lighting becoming necessary although the room 
could be completely day-lit if the daylight flux was properly distributed within the room. 

Anidolic Daylighting Systems (ADS) [Scartezzini and Courret, 2002] are one type of very 
efficient façade-integrated daylighting systems; they are designed following the principles of 
non-imaging optics [Welford and Wilson, 1989]. Roughly speaking, non-imaging optics 
provide design methods for applications where high concentration factors of light matter 
more than sharp images. For the sake of the image being distorted, very high concentration 
factors become possible [Wilson et al., 2005]. The term "anidolic" has been chosen to 
describe non-image-forming daylighting devices that are strictly based on non-imaging 
optics: in Ancient Greek, "an" means "without" whereas "eidolon" signifies "image". ADS 
typically collect a maximal flux of daylight outside the building and redistribute it internally 
with a minimum number of reflections. They are specially designed to reduce the daylight flux 
that reaches the area next to the window and to raise the daylight flux to the rear of the room. 
Discomfort glare and gloomy areas can be avoided in this way. 

 

2.2 Performance of a façade-integrated Anidolic Daylighting 
System  

The south-facing side of the LESO solar experimental building (LESO building), located on 
the campus of the Swiss Federal Institute of Technology in Lausanne/Switzerland (EPFL), is 
equipped with a  façade-integrated Anidolic Daylighting System (ADS) [Altherr and Gay, 
2002]. The south elevation of the LESO building is shown in Figure 2.1. This southern façade 
is composed of 3 distinct ADS (one per floor of the building) which illuminate 14 office rooms, 
one seminar room and one mechanicôs workshop. 

 
 



 

   

 

Figure 2.1: South elevation of LESO building with façade-integrated Anidolic Daylighting System (ADS). 

Figure 2.2 shows a schematic overview of one of these ADS as well as a detailed façade 
sketch. The system collects direct and diffuse daylight issued from the sun and the sky vault 
through a zenithal collector, composed of an anidolic element covered by a double glazing. 
Once the daylight flux has entered the system through the double glazing, it is redirected 
onto the roomôs diffuse ceiling by the anidolic element. From there, it is evenly distributed 
throughout the entire room.  

 

 

Figure 2.2: Schematic overview of one of the ADS-equipped office rooms (left) and detailed façade sketch 
(right). 

This system has two great advantages compared to a normal vertical window: 

1. The system blocks out large parts of the direct component of the daylight flux that 
would reach the roomôs window section through a vertical glazing. It therefore 
reduces the workplane illuminance as well as the luminances of objects and walls in 
this area. This contributes to reduced glare risks and improves visual comfort for 
occupants working next to the windows. 

 



 

   

2. The blocked daylight flux is not rejected but redirected towards the roomôs diffuse 

white ceiling. From there, it is distributed comparably evenly within the room. The 

results are higher workplane illuminances in the centre and rear sections of the office 

room compared to the standard vertical window case. 

 

The daylight performance of a given location in a specific office room can be characterized 
by the so-called daylight factor (DF): 

 

[%]     
E

(x)E
DF(x)

he

i
     (Equation 1) 

In the above equation,  stands for the external horizontal illuminance (measured in Lux) 

and   stands for the internal horizontal illuminance at the distance x from the window. 

Altherr and Gay have compared the daylight factors within the ADS-equipped office rooms at 
the LESO building to an identical office room equipped with a conventional double glazing. 
They reported daylight factors of 6.5% next to the windows, 5% in the centre of the room (2 
m from window) and 2% at the rear (4 m from window) versus daylight factors of 11%, 3.5% 
and 1% in the corresponding parts of a room with a conventional double glazing [Altherr and 
Gay, 2002]. Figure 2.3 shows these results. 

 

 

Figure 2.3: Daylight factors as a function of the distance from the window for the same office with and 
without ADS.  

The overall performance of the LESO building is continuously monitored via a European 
Installation Bus System (EIB system). The system monitors  and stores external data such 
as radiation and illuminance, temperature and wind speed as well as internal data such as 
horizontal workplane illuminance, blind movements and positions or occupancy levels. A 
detailed description of the system and the recorded data over the last few years is far beyond 
the scope of this report, such questions having been addressed in various other publications 
[Guillemin and Scartezzini, 2002; Lindelöf and Morel, 2006]. 

At this point, we will only take a look at the horizontal workplane illuminances measured in a 
test office room within the LESO building in order to get an idea on to what extent the lighting 
system in this office room is able to meet the lighting specifications for office lighting (such as  
workplane illuminances for instance).  



 

   

Figure 2.4 shows the annual workplane illuminance data within the considered test office 
room for the entire year of 2006. For every month of the year, the illuminance measurements 
have been sorted in 1-hour bins (e.g. from 09:00 to 10:00) and the corresponding average 
illuminance has been calculated. Winter months (i.e. January to March) are plotted in blue, 
spring months (i.e. April to June) in green, summer months (i.e. July to September) in red 
and autumn months (i.e. October to December) in black. The required minimum illuminance 
(300 Lux) and the desirable illuminance (500 Lux) [Schweizerische Normen Vereinigung, 
2003] are equally plotted in Figure 2.4. One can observe that during the entire year, the 
average workplane illuminances were largely sufficient from 09:30 to 16:00. Before 09:30, 
the average workplane illuminances were ranging for most months between 300 Lux and 500 
Lux; for the months of December and January they were even lower than 300 Lux before 
09:00. After 16:00, the average workplane illuminances dropped rapidly to values lower than 
300 Lux in November, December and January. For all other months, the average workplane 
illuminances were higher than 500 Lux until at least 17:00.  

 
 

 

Figure 2.4: Annual workplane illuminance data within the considered test office room for the entire year of 
2006. 

The workplane illuminances plotted in Figure 2.4 are of course not exclusively due to 
daylight: the ceiling-mounted luminance-meter, on which the measurements of the 
illuminance data are based [Lindelöf and Morel, 2006], senses both day- and artificial light. 
Figure 2.4 doesnôt make it possible to determine at which times additional artificial lighting 
was switched on in the room.   

The following figures provide information on the number of times in 2006 when office 
occupants turned on electric lighting. Light switching actions are permanently monitored by 
the building integrated EIB system. Overall, artificial lighting in this test office room was 
manually switched on 119 times in 2006 by one of the officeôs occupants. Figure 2.5 shows 
the number of light switching-ons that occurred during each month of 2006. It is obvious that 
most switching-ons occurred in January, February, October and November. The comparably 
low value in December is due to maintenance work on the EIB system during that period. 
From March to September, less than 10 switching-ons per month were recorded.  

 



 

   

 

Figure 2.5: Number of light switching-ons that occurred during each month of 2006. 

Figure 2.6 shows the number of light switching-ons for 2-hour time bins. More than 77% of all 
switching-ons occurred after 16:00. Even if the light switching data of this office room might 
not be completely representative for the entire LESO building, these results suggest that 
most switching actions occur after 16:00 and during the autumn and winter months. This, in 
turn, means that a large fraction of the illuminance data displayed in Figure 2.4 is due to 
daylight (especially close to noon and during the spring and summer months). 

 

 

Figure 2.6: Number of light switching-ons for 2-hour time bins. 

These observations indicate that the ADS displayed in Figure 2.2 offers a high quality natural 
illumination during large parts of normal office hours over the entire year: this is particularly 
true as much as the workplane illuminance (i.e. ñthe amount of available lightò) is concerned. 



 

   

Complementary artificial lighting is mostly needed during evening hours in the autumn and 
winter months.  

However, the performance of a daylighting system cannot be assessed only on the basis of 
achieved workplane illuminances. The system must also make it possible to reduce the risk 
of glare (occurring through daylight overprovision for instance). In the case of the LESO 
building, glare control is carried out by means of partly light-transmissive fabric blinds, two of 
which (one lower and one upper blind) are associated with each ADS (see Figure 2.7). The 
occupants manually operate these blinds at times when glare situations and too high 
illuminances occur. A detailed discussion of this blind configuration is given in Section 2.3. 

 

 

Figure 2.7:  Inside view (left) and outside view of blind configuration at the LESO building. 

Façade-integrated daylighting systems not only have to create a comfortable indoor lighting 
environment: an appealing external building appearance must also be offered. ADS are not 
only able to meet common aesthetic requirements of building design. They can even be used 
to emphasize a buildingôs faade. The anidolic façade of the LESO building is well balanced 
from an architectural point of view. Its zigzag movement allows a clear distinction between 
the windows themselves and the anidolic elements [Altherr and Gay, 2002]. Another example 
of successful application of façade-integrated ADS is the refurbished building project of 
ñVakantiefonds Bouwò in Brussels/Belgium, suggested by Samyn and Partners in 1996 
[Cardani, 1998].  

The only existing ADS have been presented above. It is therefore not yet possible to quantify 
the cost of this installation in a reasonable way. Nevertheless, it can be assumed that a 
commercial façade-integrated ADS should not be 20 to 30% more expensive than a 
conventional façade, depending on material and construction costs. Costs for system 
maintenance are however low, the ADS being a passive device; a bi-annual cleaning of the 
system is by far sufficient [Linhart and Scartezzini, 2007]. 

 

2.3 Occupant satisfaction 

During a study carried out in 2007 within the framework of this project, the occupant 
satisfaction within the LESO building was assessed by means of a Post Occupancy 
Evaluation (POE). The objective was not the development or the validation of a complex 
assessment method for occupant satisfaction in office buildings, but rather the identification 
of ñweak spotsò within the described ADS at the LESO building and the discussion of 
possible ways to deal with them.  

It was decided to first assess occupant satisfaction with different aspects of their office 
lighting using a simple questionnaire. Twenty-nine persons working within the building at the 
time of the study (May and June 2007) had to be addressed; the questionnaire had to be 
easy to understand and quick to fill out in order to maximize the number of returned 



 

   

documents. A simple and reliable questionnaire-based assessment method for occupant 
satisfaction regarding office lighting (Office Lighting Survey - OLS) was presented by Eklund 
and Boyce in 1996 [Eklund and Boyce, 1996]. Many questions within the OLS only allow an 
answer on a symmetrical, two-stage ñYes/Noò scale. Akashi and Boyce, as well as Ramasoot 
and Fotios, have more recently used slightly modified versions of the OLS [Akashi and 
Boyce, 2006; Ramasoot and Fotios, 2007].  

The original OLS has been adapted to the specific situation of the LESO building: a 
questionnaire with a mix of general, daylighting-specific and artificial lighting-specific 
statements was set up for that purpose. Occupants were asked to rate their agreement with 
each statement on a symmetric answering scale (i.e. without neutral choice) in order to avoid 
possible interpretation problems associated with neutral choices. In order to make the 
questionnaire more sensitive, a four-stage answering scale was used rather than the two-
stage answering scale of the original OLS. This means that for each statement, occupants 
had the possibility to answer ñ1ò (=ñyesò), ñ2ò (=ñrather yesò), ñ3ò (=ñrather noò) or 4 (=ñnoò). 
These four possible choices were assumed to correspond to 100%, 75%, 25% and 0% of 
agreement with the respective statement. Figure 2.8 shows the setup of the questionnaire; 
the entire questionnaire can be found in Annex 1. 

 

 

Figure 2.8: Setup of the questionnaire used during our Post Occupancy Evaluation (POE). 

Table 2.1 shows 18 statements directly or indirectly linked to the ADS and its usage. The 
average agreement is given for each statement, as well as a decision of the status: ñOKò 
means that the found agreement is located close enough to the optimal agreement (100% for 
some questions, 0% for others). It was arbitrarily decided that average agreement values that 
differ no more than 12.5% from optimal agreements are acceptable. In turn, values that do 
differ more than 12.5% from optimal agreements need checking because they might indicate 
the presence of lighting related problems. 

 
  

 

 

(4) Mon bureau me semble souvent trop lumineux. 

    

 

 

(5) Mon bureau me semble souvent trop sombre. 

    



 

   

Table 2.1 : Statements directly or indirectly linked to the daylighting system and its usage, together with the 
corresponding agreements and status, as used during our POE. 

 
 

 

At the end of the questionnaire, the study participants were asked to compare the office 
lighting situation within the LESO building to those in office rooms of other buildings where 
they had previously worked. Figure 2.9 shows the average agreement with the different 
possible statements ñrather betterò, ñabout the sameò and ñrather worseò. Almost 80% of all 
study participants feel that the lighting environment within the ADS-equipped office rooms in 
the LESO building is better compared than the one of their previous office rooms. 

 

 

Figure 2.9Υ !ǾŜǊŀƎŜ ƻŎŎǳǇŀƴǘ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǇƻǎǎƛōƭŜ ǎǘŀǘŜƳŜƴǘǎ άǊŀǘƘŜǊ ōŜǘǘŜǊέΣ άŀōƻǳǘ ǘƘŜ 
ǎŀƳŜέ ŀƴŘ άǊŀǘƘŜǊ ǿƻǊǎŜέ ǿƘŜƴ ŀǎƪŜŘ ǘƻ ŎƻƳǇŀǊŜ ǘƘe lighting environment within the ADS-equipped office 
rooms within the LESO building to those of office rooms where they have previously worked. 

  








































































































































































