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Abstract. The study was a part of a larger research project which was devoted 
to simulation-based design analysis for daylit office spaces in Southern Poland. 
The paper consists of two main parts. The influence of various facade systems, 
lightshelves and fixed shading systems on daylight factor in the analysed office 
space is presented in the first part. These introductory analyses allowed to iden-
tify the optimal facade for an office building. The second part of the project  
included the comprehensive analysis of selected best performing architectural 
solutions. These analysis examined how lighting conditions were changing dur-
ing typical time of an office work throughout the year. Illuminance levels and 
visual comfort were analysed. New issues like the performance of external re-
tractable venetian blinds were added. This paper also investigates how state of 
the art simulation technology can be used to integrate natural lighting design 
strategies into the early stages of architectural design process. 

Keywords: natural lighting design strategies, daylight analysis, sustainable  
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1 Introduction 

This project is devoted to simulation-based design analysis for daylit spaces. There 
were two main aims of the study and they are reflected in the structure of the project. 
So this paper consists of two main parts. 

The first aim was to answer the question what facade system would be optimal for 
an office building in Southern Poland. Therefore the first part is devoted to the influ-
ence of various architectural solutions on daylight availability. The influence of vari-
ous architectural solutions on luminous environment in the analysed office space was 
identified through computer simulations. This study examined the performance of 
various facades, lightshelves and fixed shading systems. The influence of various 
solutions on daylight factor was analysed, therefore the selected design solutions were 
examined only for overcast sky conditions and on December 21st, at midday.  

The second part of the project included the comprehensive analysis of selected ar-
chitectural solutions that were best performing in the first part of the study. These 
analysis examined how lighting conditions were changing during typical time of an 
office work throughout the year. The aim was to estimate how the changing position 
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of sun would affect lighting conditions in the office – the daylight availability and 
visual comfort, and whether selected architectural solutions would meet the expecta-
tions throughout the whole working time. 

In recent years many researches have proved that occupants react positively to 
daylight. Properly daylit offices can improve the overall well-being of their occu-
pants. The healthy daylit indoor environments are linked to gains in productivity, 
increased occupant satisfaction and improved employee morale. The correlation has 
been well substantiated [5]. 

The Typical Sustainable, Energy-Efficient Office Building of the Twenty–First 
Century. During the whole twentieth century the common certainty was that techno-
logically advanced systems, mainly ventilation, air-conditioning and electrical light-
ing systems, would cause an increase in efficiency, happiness and comfort of office 
workers. They were believed to solve all problems resulting from low light and air 
quality both inside and outside buildings [2]. Today air-conditioned office buildings 
with deep floor plates, containing large interior zones and large glazed surfaces are 
the most common type of building in centres of cities in developed world [17]. Still 
they are the symbol of high quality office space around the world. But outcomes of 
many researches confirm that the buildings do not meet the actual needs of their users 
[6], [8], [11], [18], [20]. At the beginning of the 21st century it became apparent that 
the sealed, air-conditioned, high-rise offices didn’t realise hopes put on them. First of 
all they contradicted the concept of sustainable development. 

So what kind of an office building should be analysed? A state–of–the–art intelli-
gent office building should be environmentally friendly. This means that it is expected 
mainly to use less energy. A new model of sustainable development is based on re-
ducing energy demand and on improving building performance and process [1]. The 
prevailing components of operating costs in an intelligent office building are the costs 
of mechanical ventilating, air-conditioning and artificial lighting [12]. The costs of 
air-conditioning of sealed, glass, high-rise office buildings with deep floor plates are 
particularly high. The annual HVAC energy consumption of a typical office building 
varies between 650 kWh/m2 and 400 kWh/m2 [10], [12], [17]. However the energy 
demand in the most modern offices has been reduced by 30 – 40% and even 70% 
reduction of energy demand has been achieved in state–of–the–art sustainable office 
buildings. Examples of these offices include Energon in Ulm (Germany) (81 
kWh/m2), and Manitoba Hydro Place (Canada) (100 kWh/m2). The characteristics of 
the state–of–the–art, highly efficient offices are [13]: 

• these buildings are as far as possible naturally ventilated and daylit, 
• their facades are designed to prevent risk of overheating, 
• they are typically designed with a narrow floorplate, so daylight can be effectively 

distributed, 
• the buildings are also extended along the east-west axis, because it is much easier 

to manage heat gain and daylighting on north and south exposures. The east and 
west exposures are usually reduced. Quite often sustainable office buildings are or-
ganised as a series of a few south-facing office wings. 
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The office building designed for the analysis was about 77 m long and 15m wide. 
The building had a total area of about 4 600m2. It had 4 storeys and was about 19 m 
high. The study focussed on the open-plan space. The analysed floor area was situated 
on the second floor and it was 10.8m in width and 9.0m in depth. It gave an area of 
97.2m2. The width of an office module was 2.7 m, therefore the space was 4 cellular 
office modules wide and 3 office desks plus corridor deep. A view from the top shows 
the analysed office room, see Figure 1. The building was assumed to have a floor-to-
floor height of 4.2 m. The office space was 3.0m high, above the level there was a 
suspended ceiling and a concrete slab. The analysed office space faced south. 

 

Fig. 1. A view from the top showing the analysed office room 

2 Part I - The Analysis of the Influence of Various 
Architectural Solutions on Daylight Availability 

The daylighting problem can be divided in three issues: daylight availability, visual 
comfort and energy use [14], [16]. During the first part of the study the daylight avail-
ability was analysed. The room was only illuminated with daylight, no electric light-
ing was included. When we use traditional side windows we experience the problem 
of uneven distribution of natural light. The illuminance is highest close to the facade, 
and then decreases quickly as one move further into the room [3], [4]. Therefore, 
sidelighting systems were proposed to reduce excessive daylight levels near the win-
dows and increase them in the area of the room away from the facade. The aim was to 
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achieve a more balanced daylight distribution throughout the room. Three devices 
were proposed, see Figure 2: 

• the classic lightshelf (A) – it consisted of 90cm deep external sunshade and 60cm 
internal shelf, 

• the advanced lightshelf 60 (B) – the collecting external part was 90cm deep and the 
internal reflecting part’s depth was 60cm, 

• and the last device was the advanced lightshelf 120 (C) – the internal part was 
deeper, 120cm. 

The daylight factor was calculated for these three cases through computer simula-
tions, the lighting simulation software used was Radiance and for the purpose of day-
light factor calculations overcast conditions were simulated. Radiance has been called 
“the most reliable software available for accurate daylight prediction” [4], [19], it can 
precisely simulate the luminance and illuminance levels [7]. 

This study was performed with the main assumption that the materials of walls, 
ceiling, floor and furniture were the same. The room and furniture surfaces’ reflec-
tance was 70%. The Autodesk Ecotect software was used to adjust the properties of 
surfaces and materials, set up time, date, lighting conditions, orientation and to access 
the Radiance program. The virtual 3D building was modelled in 3D Studio MAX. The 
geometry of the created building was simplified as much as possible. The main aim 
was to decrease the computation time, but of course a sufficient level of accuracy had 
to be maintained. So the office space was sparsely furnished, only the most important 
visual elements that would interact with the daylight were modelled. Primarily office 
desks were added. 

 

Fig. 2. Three devices were proposed to achieve a more balanced daylight distribution through-
out the room 
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To calculate daylighting metrics an analysis grid was defined in Autodesk Ecotect. 
The “virtual sensors” were located on a plane 80cm above the floor. That was ap-
proximately at a height of a standard office desk. Radiance calculated DF values for 
these sensor points.  

It should be highlighted that in fact lightshelf almost always reduces the amount of 
light received in the interior relative to a conventional, non-shaded window, but it also 
gives a more balanced daylight distribution throughout the room. The lowest light 
levels are for the case with classic lightshelf (A), but it also has the best ratio of DF 
near the windows to DF at depth of 8.5m which is 5.8. For the case with advanced 
lightshelf 120 (C) it is 7.1 and another advanced lightshelf – 6.6 (B). For the facade 
without any lightshelf the ratio is 8. 

Bearing in mind that the aim for many designers of sustainable offices today is to 
achieve a minimum DF of 2% near every workplace, this can be said that the best 
solution is advanced daylight 60. In the part I of this study it was also analysed how 
the glass area of the facade would influence daylight penetration. Two different fa-
cades were compared, one with full height glazing and second where the windows 
constituted 73 percent of the facade area. The sill was at height of 80cm. The visual 
transmittance of the double glazing was 64%.  

The ideal of an all-glass building has been pursued by architects for the past 100 
years. And this approach, I purposefully do not name it a strategy, has not been effec-
tive. While we compare the highly glazed office space to the more moderately glazed 
one we see that the difference in the level of Daylight Factor is not considerable. 
However, in central Europe it must be remembered that against potential positive 
impacts including higher DF the negative impacts of heat gain and loss need to be 
considered. The increased glass areas lead to many problems. For example, due to 
lower thermal insulation of glazed facades poor thermal comfort is common in the 
winter time. We can also expect higher winter and night time heating requirements, 
and higher risk of overheating and increased cooling loads, when the intensity of the 
solar radiation becomes higher in the spring and summer [4]. It is much more eco-
nomical to use transparency strategically. Therefore, for the further studies the 73% 
case was selected. 

3 Part II - The Comprehensive Analysis of Lighting Conditions 
Throughout the Year for Selected Architectural Solutions 
Used in an Example Office Building 

In the part II of the analysis a hypothetical building situated in Cracow in the southern 
part of Poland was examined (longitude: 20° E, latitude: 50° N). The footprint of the 
analysed building was designed along the east-west axis, but it was slightly rotated 
towards East. The angle of rotation was 19 degree. To properly design shading devic-
es the effective solar heights have to be taken into account, therefore both the solar 
height and the azimuth angle must be known. While a building faces south at equinox 
the effective solar height is equal all working day (between 8 a.m. and 4 p.m.).  
For this latitude it is 40 degrees. Such building is the easiest case to shade. But the 
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analysed building was rotated towards East. The effect of turning the office brought 
about difficulties with lower solar heights. At 8 o’clock the effective solar height was 
only 27 degrees, at 10 o’clock 35 degrees, and for example at 4 hour p.m. it was 76 
degrees (these hours represent true solar time).  

Sunny conditions were studied for two days of the year: 21st of June (summer ex-
treme regarding solar heights) and 21st of March (the midpoint of the year). During 
the study the influence of various shading systems on daylight availability was simu-
lated. While the shading devices were being designed, the aim was to protect office 
space through working hours. In all cases, the basic assumption was that the office 
was occupied between 8 a.m. and 4 p.m.  

The effect of shading devices on solar transmittance must be well known at the de-
sign stage, because the knowledge is crucial if we want to properly protect building 
from excessive heat gains during summer and properly design the energy-efficient 
HVAC system. 

 

Fig. 3. Two selected shading devices were designed to protect south facade from the 21st 
march to the 21st September 
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The two selected best solutions were, see Figure 3: 

• A: the classic lightshelf (60cm internal shelf, 100cm deep external sunshade) and 
the fixed horizontal shading, 

• B: the advanced lightshelf 120 and two surfaces of fixed horizontal shading. 

The selected shading devices were designed to protect south facade from the 21st 
March to the 21st September. 

At the stage of the analysis of natural lighting two questions were asked: 

• How do these various solutions affect the daylight availability in analysed office 
open-plan space? 

• Does the advanced lightshelf really perform better than the classic one under sunny 
conditions? 

Horizontal shading with classic lightshelf performs better than the advanced light-
shelf with louvers. But the most important result is that both shades take away  
a considerable amount of the important diffuse light from the sky when compared to 
the facade with only the advanced lightshelf 120. 

 

Fig. 4. Illuminance at summer solstice for three selected alternative designs (June 21st at 12.00) 

Illuminance levels analyses and visual comfort analyses were done for three days: 
summer and winter solstice and equinox (see Figure 4). Three selected alternative 
designs were thoroughly investigated - two previously presented cases with external 
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fixed horizontal louvers and one new. The new one was a facade with external re-
tractable venetian blinds and advanced lightshelf 120. The angle of venetian blinds 
was 30 degrees. The idea of adding a new case was to verify how venetian blinds 
would influence the illuminance levels if external fixed shading devices were taking 
off so much daylight. The illuminance levels for venetian blinds case are apparently 
lower. But we have to take into consideration also the risk of glare. The results of 
visual comfort analyses showed that the luminance on the window plane in the case A 
exceeded the recommended maximum value of 2000 cd/m2, whereas the venetian 
blinds reduced it to about 1000 cd/m2. In the case A the risk of glare occurred, while 
the case with venetian blinds represented the acceptable level of luminance [4], [15]. 
To achieve a glare free environment in the case A for example interior curtains or 
blinds could be added, but the illuminance levels would go down significantly as a 
consequence. 

4 Conclusions 

It should be emphasised that we still do not exactly know when people feel comfort-
able in a lit environment. We do not know how to evaluate visual comfort [4]. There-
fore the study was limited to an estimation of physical, quantitative measures like 
daylight factor, illuminance and luminance. 
 
The conclusions are: 

Lightshelves. The use of lightshelves provides a more balanced daylight distribution 
throughout the room. The classic lightshelf performs really good on south facade 
while for the north side the use of specially designed, advanced lightshelf should be 
taken into consideration. 

Exterior Automated Retractable Venetian Blinds. The most promising strategy for 
energy efficiency and visual comfort in Polish offices appears to be the use of exterior 
automated retractable venetian blinds. They provide a very flexible solution, because 
they respond to variations of solar heights, can be adjusted to provide the window 
luminance preferred by user, and can be retracted to let maximum daylight into office 
space under overcast conditions. But it must be remembered that the decisive factors 
are occupant behaviour, and what automated systems can do. The common story is 
that a building has large windows but the venetian blinds are permanently closed. 
Occupants don’t retract them. Therefore if there is the risk that automated systems can 
be inefficient the best solution will be to design fixed external shading. The protection 
against solar gains will be guaranteed and daylight factor values will be still relatively 
high. 

Glazed Facades. The best solution is glazing from table height up to a suspended 
ceiling. 100% glazed office does not provide significantly more daylight at the height 
of office desk than the suggested case. 
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Fixed shading Systems. If the office faces south, higher solar heights are experienced 
so fixed shading systems perform best of all. Moreover the lighting conditions inside 
a narrow-plan office building are equally good on south and north side. 

References 

1. ARUP, Sauerbruch Hutton, Experientia, & Galley Eco Capital: C_life. City as living facto-
ry of ecology, Manual. In: Proc. of the Low2No Design Competition, Jatkasaari, Finland 
(2009), http://www.low2no.org  

2. Bauman, F.S.: Giving Occupants What They Want: Guidelines for Implementing Personal 
Environment Control in Your Building. In: Proc. of the World Workplace 1999 Confe-
rence, CA, USA, October 3-5 (1999) 

3. Boubekri, M.: Daylighting, Architecture and Health. Building Design Strategies. Architec-
tural Press, Elsevier Ltd., Oxford, UK (2008) 

4. Bulow-Hube, H.: Daylight in glazed office buildings. A comparative study of daylight 
availability, luminance and illuminance distribution for an office room with three different 
glass areas. (Report EBD-R–08/17). Department of Architecture and Built Environment, 
Division of Energy and Building Design, Lund University, Faculty of Engineering, Lund, 
Sweden (2008)  

5. Choi, J., Beltran, L.O.: Study of the Relationship between Patients’ Recovery and Indoor 
Daylight Environment of Patient Rooms in Healthcare Facilities. In: Proc. of the 2004 
ISES Asia-Pacific Conference, Korea, October 17-20 (2004) 

6. Cole, R.J., Brown, Z.: Reconciling Human and Automated Intelligence in the Provision of 
Occupant Comfort. Intelligent Buildings International 1 (2009)  

7. Galasiu, A.D., Atif, M.R.: Applicability of Daylighting Computer Modelling in Real Case 
Studies: Comparison between Measured and Simulated Daylight Availability and Lighting 
Consumption. A report of IEA (International Energy Agency) SHC Task 21/ IEA ECBCS 
Annex 29: Daylight in Buildings (November 1998)  

8. Harrison, A., Loe, E., Read, J.: Intelligent Buildings in South East Asia. E & FN Spon, 
Routledge, UK (1998) 

9. International Energy Agency: Daylighting in Buildings. A Source Book on Daylighting 
Systems and Components. A Report of IEA Solar Heating & Cooling Task 21/Energy 
Conservation in Buildings and Community Systems Annex 29. Lawrence Berkeley Na-
tional Laboratory, USA (July 2000), http://gaia.lbl.gov/iea21/  

10. Kuwabara, B., Auer, T., Gouldsborough, T., Akerstream, T., Klym, G.: Manitoba Hydro 
Place. Integrated Design Process Exemplar. In: Proc. of the PLEA 2009 - The 26th Confe-
rence on Passive and Low Energy Architecture, Canada (2009) 

11. Mierzwiński, S.: Wentylacja hybrydowa w budownictwie zrównoważonym (Hybrid Venti-
lation in Sustainable Buildings). In: Jędrzejewska-Ścibak, T., Sowa, J. (eds.) Problemy 
Jakości Powietrza WewnęTrznego w Polsce 2003 (Issues of Indoor Air Quality in Poland 
2003), Wydawnictwa Instytutu Ogrzewnictwa i Wentylacji Politechniki Warszawskiej, 
Poland (2004) 

12. Odyjas, A.: Systemy klimatyzacji i ogrzewania niskoenergetycznego budynku biurowego 
(Low-Energy HVAC in Office Buildings). Chłodnictwo & Klimatyzacja 9/2009 (134) 
(September 2009)  

13. Perepelitza, M.: Integrated Facades. BetterBricks (2010),  
http://betterbricks.com (accessed February 12, 2010) 



236 D. Masły and M. Sitek 

 

14. Reinhart, C.F.: Daylighting Dashboards – from Evaluating Performance to Suggesting 
New Forms. In: Proc. of the 4th VELUX Daylight Symposium, Rolex Learning Center, 
EPFL, Switzerland, May 4-5 (2011) 

15. Reinhart, C.F., Petinelli, G.: Advanced Daylight Simulations Using Ecotect, Radiance, 
Daysim – Getting Started. National Research Council Canada, Institute for Research in 
Construction (2006)  

16. Reinhart, C.F., Wienold, J.: The Daylighting Dashboard – A Simulation-Based Design 
Analysis for Daylit Spaces. Building and Environment 46, 386–396 (2011) 

17. Utzinger, M.: Hybrid Ventilation Systems and High Performance Buildings. In: Proc. of 
the PLEA 2009 - The 26th Conference on Passive and Low Energy Architecture, Canada 
(2009) 

18. Vischer, J.C.: Workspace Strategies. Environment as a Tool for Work. Chapman & Hall, 
Wilson & Hedge, USA (1987) 

19. Ward Larson, G., Shakespeare, R.: Rendering with Radiance. The art and science of light-
ing visualization. Booksurge (1998) 

20. Wilson, S., Hedge, A.: The Office Environment Survey: A Study of Building Sickness. 
Building Use Studies Ltd., UK (1987) 

 
 


	Analysis of Natural Lighting with Regard to Design of Sustainable Office Buildings in Poland
	1 Introduction
	2 Part I - The Analysis of the Influence of Various Architectural Solutions on Daylight Availability
	3 Part II - The Comprehensive Analysis of Lighting Conditions Throughout the Year for Selected Architectural Solutions Used in an Example Office Building
	4 Conclusions
	References




