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Abstract

Glazing-to-wall area ratio (GWAR) is one of the key parameters determining energy use in office buildings. 
Excessive fenestration areas not only yield significantly higher energy use, they are often associated with 
glare problems yielding a wasteful solution, where blinds are down while electric lighting is on. Future 
near-zero energy office buildings will have a reasonable GWAR to optimize the balance between good 
daylighting and low heating and cooling loads while providing a satisfying work environment with good 
view out. Starting from this evidence-based knowledge, White arkitekter developed innovative building 
facades for the SEB Bank headquarters in Stockholm, using advanced parametric modelling, where glazing-
to-wall ratios were optimized as a function of orientation. Other aspects of the design included: 1) adaptation 
of building functions in relation to orientation to avoid glare, 2) use of self-shading principles adapted to 
orientation, 3) increase of the window-head-height to maximize daylight penetration, 4) tri-dimensional 
angulation of facade elements allowing diffuse indirect daylight reflections and intermediate light transitions, 
5) modulation of GWAR according to floor level. This paper presents the innovative architectural design 
proposal and discusses the process used to translate the evidence-based knowledge into an innovative 
building design using parametric modelling supported by advanced simulation and modelling tools. 

Keywords: office; energy; design; simulation; envelope; glazing; façade; daylighting; shading; 
daylight aperture.

Subject classification codes: Session 1C: Façade Design for Optimized Daylighting
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1. Glazing size and energy use in Swedish office buildings

Commercial buildings, and primarily office buildings, are generally considered as energy intensive building 
types (Santamouris, Argiriou, Dascalaki, Balaras, & Gaglia, 1994). An inventory of energy use carried out 
by the Swedish Energy Agency indicated that offices have the highest electricity use by square meter 
corresponding to approximately 100 kWh/m2yr with a total energy use of around 210 kWh/m2 (Statens 
energimyndigheten, 2010). In addition, recent statistics for Sweden (Abel & Elmroth, 2007) indicate that 
the energy intensity (kWh/m2yr) in the non-residential building sector has been rising constantly in the 
past decades, an alarming trend mainly caused by the increase reliance on electronic devices and the use 
of large glass facades.

A recent parametric study, carried out with the validated dynamic energy simulation program IDA-ICE, 
demonstrated that the most important design features for very low energy offices are: demand-controlled 
ventilation and limited glazing-to-wall area ratio (GWAR) (Flodberg, Blomsterberg, & Dubois, 2012). 

2. Previous research about daylight autonomy and glazing-to-wall ratio

Focusing on daylighting aspects, another parametric study performed with the climate-based daylight 
modelling tool DAYSIM demonstrated that daylight autonomy in peripheral office rooms (with 72% 
glazing visual transmittance) increases sharply from 0-30% GWAR but ‘stabilizes’ at around 40% GWAR 
with virtually no additional benefits in terms of usable daylight for GWAR larger than 40% (Dubois & 
Flodberg, 2013). This result confirmed previous observations made by other researchers (Bodart & De 
Herde, 2002) (Krarti, Erickson, & Hillman, 2005) (Bülow-Hübe, 2008) (Tzempelikos & Athienitis, 2007) 
and which were summarized by (Dubois & Flodberg, 2013): 

‘Increasing daylight aperture (product of glazing visible transmittance and glazing area) 
yields benefits in terms of daylight autonomy and electricity savings for lights but beyond 
a certain limit, these benefits decrease’.

This is easily explained by two facts:

1. With a GWAR larger than 40%, most of the additional glazing must be below desk level. This 
glazing below desk level does not contribute to lighting the desk surface while most of the extra 
daylight is absorbed by the peripheral floor area, which normally has a low reflectance.

2. With a GWAR larger than 40%, the required illuminance level for office work (500 lux) is met 
most of the time already. Increasing GWAR beyond 40% simply increases the illuminance to levels 
much higher than needed for vision (e.g. 800, 900 lux etc.). This additional daylight only yields 
higher heating and cooling loads but no usable daylight.

In addition, a post-occupancy evaluation conducted in 20 Danish office buildings showed that 
regardless of orientation, the number of office workers who found the windows to be either too small or 
too large increased with glazing areas of less than 20-25%, or larger than 30-35% of the building facade 
(Christoffersen, Petersen, Johnsen, Valbjorn, & Hygge, 1999). In the same research, it was found that the 
breakpoint between satisfaction and dissatisfaction regarding the indoor thermal climate occurred at glazed 
portion of around 25% with respect to the building facade. Interestingly, in an earlier research, (Boubekri, 
Hull, & Boyer, 1991) found that a feeling of relaxation in a room reaches the highest level for sunlight 
penetration of around 20% of floor area - it increases slowly as the sun penetration increases between 0 to 
30% then decreases, perhaps because the sun causes distress, as the sunlight penetration increases beyond 
40%. Note also that for GWAR smaller than 20%, the daylight autonomy drops rapidly i.e. DA is 50% 
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for 10% GWAR according to the research by (Dubois & Flodberg, 2013) and thus a GWAR of 20% is a 
minimum regarding daylight autonomy targets.

These numerous research papers suggest that future near-zero energy office buildings must have a 
reasonable GWAR to optimize the balance between good daylighting and low heating and cooling demands 
while providing a satisfying work environment with good view out. This paper presents a concrete example 
where this evidence-based knowledge was taken into consideration during the design, which resulted in 
an innovative architectural proposal for the SEB Bank headquarters in Stockholm. During the project 
development, which lasted from 2011 to 2013, different methods and tools were used, corresponding to 
the different phases and drivers of the project. This paper presents the methods, tools, design proposals and 
final solutions.

3. Architectural proposal for the SEB Bank head office in Stockholm based on research evidence

Based on previous research evidence stated at the beginning of this article, White arkitekter developed 
the design of building facades for the SEB Bank headquarters in Stockholm - from competition to 
program phase - in the latter using advanced parametric modelling supported by the suite Grasshopper-
Rhino. In the early project phase (design for the competition entry in the Royal Seeport of Stockholm), 
the multidisciplinary competition team of architects and environmental engineers at White arkitekter 
formulated a goal to minimize solar gains while maximizing daylight and view to the northern waterfront 
side. The building design included the following aspects: 

• Modulation of the GWAR according to orientation and floor level, 
• Self-shading by inclination of south facade towards ground and rotation of east-west facades 

towards north to minimize perpendicular solar rays, 
• Increase of the window-head-height to maximize daylight penetration, 
• Tri-dimensional angulation of facade elements allowing diffuse indirect daylight reflections and 

intermediate light transitions, 
• Atria to allow core daylight penetration and daylight at street level.

The concept of daylight autonomy (DA) and previous research findings based on the DA metric led 
White arkitekter to define a design scheme that could balance the positive and negative aspects of windows. 
For example, the block design in the early competition phase consisted of a large building volume rising 
towards north to maximize the amount of floors with sunlight-free daylight and with very low solar gains, 
see Figure 1. In the urban plan of the first competition stage, the block volume was raised towards north 
waterside and lowered towards the south. It was also tilted towards the street in order to minimize solar 
gains on the south facade. In addition, the west oriented windows were rotated towards the north (on a 
vertical axis) thereby maximizing view towards the waterfront.
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Figure 1: Axonometry showing the urban block of the SEB bank headquarter. The arrow 
points towards North.

The goal to have very low solar gains was justified by two main drivers: energy and economy. Avoiding 
solar gains by building design reduced the cooling loads while lowering the costs by avoiding external 
shading. An additional architectural ambition was to use the west facade rotation towards the north and 
‘saw-tooth’ design to reflect light and thus reduce the contrast between wall and window. In addition, the 
windows were designed with maximum window-head-height to maximize daylight penetration and indoor 
reflection by the ceiling surfaces (see Figure 2). 

Figure 2: The same block with arrangement in the façade with regards to total GWAR and 
with maximum window-head-height.
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The lower floors were also provided with a higher GWAR than the upper floors due to the urban 
fabric, see Figure 3. In addition, a few atria were designed to allow daylight penetration at the street level 
and into the core of the building block. Previous research (Dubois & Flodberg, 2013) indicated different 
optimal GWAR according to orientation. This evidence-based knowledge was presented to the client in the 
competition as a justification for creating the basic configurations in the coming phases. The DA metric 
was also introduced as a complement to the traditional daylight factor approach, which at the moment was 
the common metric used in environmental certification systems in Sweden. The DA metric was considered 
more adequate for the design scheme since it takes into account all sky types and provides a direct relation to 
electric lighting needs during work hours. The subsequent design was developed by combining a traditional 
approach inspired by classical architectural references and precedents iteratively supplemented by evidence-
based knowledge. 

Figure 3: A block in the competition entry for SEB Royal Seeport.

4. Description of the process from competition to program phase

The competition phase lasted for one and a half year consisting of two phases. The first phase (presented in 
section 3) continued into a second phase, which was won solely by White arkitekter. The first competition 
phase ran during 2011 and was based on a crude program of 6000 offices. In the second competition phase, 
which ran mainly during 2012, a stockbroker hall was added with 500 workplaces in an amphitheatre 
setting. This adapted program had consequences on the building design as well as on the urban layout: two 
buildings merged into a new block, shown in Figure 4. 
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Figure 4: Urban plan in the second competition stage. Two blocks merged into one block 
to harbour the stockbroker hall (below the triangular glass roof).

After these two competition phases, a detailed construction phase was developed (Phase 3), which 
further specified the design at the building production level. The two main drivers for the client regarding 
daylight and solar gains through the program phase were: avoidance of external shading devices and 
compliance to the BREEAM exemplary level (2012) in terms of daylight factors. The third phase was thus 
developed using analytical evaluations and design iterations based on daylight and solar gains.

5. Parametric facade design specific to the SEB Bank

During the second phase, the first parametric model with variable module orientation and window sizes 
was designed based on a Vasari solar radiation analysis, which produced coordinates translated into the 
BIM program REVIT and further treated via a plug-in scripted in Visual Studio. Each facade module was 
then adapted individually in an iterative process to the specific solar radiation value. 

The main task for the third phase consisted of applying and distributing the modules more precisely over 
the four facades and to study special corner solutions (due to inclination and cantilever of the geometry). 
This required a more intuitive and dynamic modelling tool than REVIT. Therefore, the program Rhino 3D 
and Grasshopper were used during this phase. In contrast to the static axonometric perspective in REVIT, 
Rhino offers a variable perspective viewport angle which enables designer and client to experience the 
building from a street level point of view, even for mobile viewpoints. 

To sum up, the design tools that were used throughout the entire design process were: SketchUp, Vasari, 
Visual Studio, REVIT, Excel, Rhino 3D, Grasshopper, iMovie, and Photoshop. The entire design process is 
also summarized below:

• During phase 1, the façade and building geometry were developed according to evidence-based 
knowledge and knowhow on solar gains and daylight access and availability in a scheme applied 
intuitively in a SketchUp model, Figure 1, 2, 3.

• During phase 2, the new building geometry was developed in REVIT and the façade was further 
designed using Vasari, Visual Studio and REVIT in an iterative process.

• During phase 3, Vasari was again used to perform a solar radiation analysis (Figure 5) for each 
façade. The output from this analysis produced values that were exported as cvs data files and 
streamed into Grasshopper, in order to build a representative horizontal ‘control surface’ (Figure 6).
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• During phase 3, the height variation was then used to dispatch a limited (10) amount of modules 
(zmin=300 - zmax=1200) over the entire façade.

• During phase 3, In order to achieve a vertical continuity for the solid part of the façade a fixed 
angle was determined for the façade following visual tests of different variations, see Figure 7 and 
Figure 8.

• During phase 3, the intersection of the vertical wall planes with the different façade modules 
produced different wall widths (cantilevers).

• During phase 3, the glass panes were then connected to the ends of the walls with 10 different 
angles. 

Figure 5: Cumulative solar gains on each facade calculated with Vasari.

Figure 6: Example of a Grasshopper script, that connects to a csv file.
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Figure 7: Tri-dimensional rendering of solid wall parts at fix angle with different cantilevers.

6. Final solution and choice of material

The resulting geometry was tested for overall appearance and experience from the street level point of 
view using renderings and animations and presented to the client using large projections for real scale 
experience. The 3D mock-up of the 3800 x 2400 mm modules with different inclinations was used to 
describe and discuss the composition to a façade builder. The resulting glass panes had slightly different 
sizes in all ten modules due to the rotation of the glass pane in relation to the cantilever of the solid wall 
part. The choice of material for the solid parts was glossy ceramic tiles in order to achieve indirect diffuse 
illumination by reflection, see Figure 9.

Figure 8: Renderings showing the perception of the parametric façade from the street level.



advanced BuIldIng skIns  |  109

Figure 9: Final rendering showing glossy ceramic tiles for the solid parts and transparent 
respectively opaque reflective glass panes.

7. Conclusions: reflections about the design process and future developments

The ambition to create a building design based on three considerations i.e. daylighting, views and avoidance 
of solar gains was present throughout the design process of the SEB Bank headquarters - from competition 
to detail phase. The methods varied according to the main drivers of each phase. The experience gained 
from this project is summarised below.

Daylighting:
Starting off with the competition team´s ambition to develop adequate methods taking consideration of 
all sky types as well as electricity needs during work hours, the building design integrated an orientation-
specific GWAR solution. However, in the later phase, the clients´ desire to comply with the BREEAM 
certification system dominated the daylight assessment and resulted in simulations of daylight factor. This 
contradiction will hopefully not arise in future projects as the DA will take over the daylight factor metric, 
as is already the case in the LEED system.

Solar gains and avoidance of external shading, sunlight and accomplishing view:
A red thread was the desire to avoid solar gains by rotating the glass towards north and the view. The 
design methodology in the beginning was a direct transcription of the knowledge into a scheme shown 
in Figure 3. As the project evolved towards a more definite solution, parametric modelling was used, 
where tools well equipped to facilitate 3D manipulation and visualisation were chosen, such as Rhinoceros 
with its associated parametric application Grasshopper. These programs allow parametric association of 
geometries and data flows in a fundamental way. The multitude of analytical tools that can be associated 
via Grasshopper allows design proposals to be iteratively evaluated through a number of performance 
criteria or control rules. In this phase, solar gains were chosen as the fundamental control rule to rotate 
the facades away from the sun i.e. towards north. The inclined façade modules also allowed north views 
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while avoiding sunlight and creating a design with an astonishingly variable appearance for street level 
passers-by. 

7.1 Future development needs

Preparing this written communication made it possible to have an overview of a long and complex design 
process involving many actors, phases, considerations and design tools. In this process, the designer and 
expert team at White arkitekter is closing a reflection that will pave the way for future developments within 
their architectural practice. One aspect that will be developed is the integration of the DA metric into the 
parametric modelling sequence, which is now possible via the Grasshopper-Rhino-DIVA compatibility. 
Furthermore, a final assessment of the energy and light performance of the final design is needed and 
should be integrated in the design process flow in order to verify that the selected control rules for solar 
design and/or daylighting provide satisfying energy-efficient results. Finally, it would have been more 
efficient to develop the design with a single 3D modelling software, still the compatibility was sufficient 
at this stage for representative drawings, mass studies and façade development. 
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