
Architecture, Design and Conservation
Danish Portal for Artistic and Scientific Research

Aarhus School of Architecture // Design School Kolding // Royal Danish Academy

Going low energy - full scale

Sattrup, Peter Andreas; Strømann-Andersen, Jakob Bjørn

Publication date:
2011

Document Version:
Publisher's PDF, also known as Version of record

Link to publication

Citation for pulished version (APA):
Sattrup, P. A., & Strømann-Andersen, J. B. (2011). Going low energy - full scale. Poster session presented at
Velux Daylight Symposium 2011, Lausanne, Switzerland.
http://www.thedaylightsite.com/symposium.asp?tp=1064&y=2011

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 25. Apr. 2024

https://adk.elsevierpure.com/en/publications/ebf2df56-029f-4121-aec5-54db8728abc4
http://www.thedaylightsite.com/symposium.asp?tp=1064&y=2011


Urban Canyon and Building Energy use
Sattrup & Strømann-Andersen 2011

Building Typologies and Energy use
Sattrup & Strømann-Andersen 2011

Solar envelopes and urban energy potential
Sattrup & Strømann-Andersen 2011

Egnsplankontoret 1947, Sattrup & Strømann-Andersen  2011

Urban Canyon and Building Energy use
Sattrup & Strømann-Andersen 2011

Peter Andreas Sattrup 
Royal Danish Academy of Fine Arts School of Architecture

Jakob Strømann Andersen
Technical University of Denmark - Henning Larsen Architects

Agenda: 

As cities and buildings will need to change to a low-energy paradigm within the next decades to 
lessen fossil fuel dependency and mitigate climate change - what will be the consequences to 
architecture and planning of adopting low-energy building technology full scale?

Which design parameters have the greatest impacts on environmental performance and build-
ing energy use?

City sprawl and single family homes lead to high energy use. In current architecture and plan-
ning urban densifi cation is seen as one of the key instruments to improve sustainability by re-
ducing energy use for transport. In the future cities are likely to become more dense than now. 

But how does densifi cation affect building energy use?

Hypothesis: 

There is a hierarchical relationsship between environmental performance and architectural 
scale. Design decisions taken at the biggest scale have the greatest impact. (Sattrup - Foster, 
Eberle, Schuler 2009)

This idea potentially connects embodied and operational energy concerns while lending itself 
to an incremental level of defi nition progress in the design process.

Is it true? Can it be identifi ed? How would it be expressed?

To answer these questions, the impact of urban geometry and facade transparency on build-
ing energy use is investigated focusing on daylight and passive solar gains in a cool temperate 
climate using Copenhagen as the case.

Urban Daylight Potential, Facade Transparency and Refl ectivity

Analyzing the results above, an interesting detail can be noticed: The north side of an offi ce 
building facing a wide urban space has less energy use for artifi cial lighting than its south facing 
equivalent. This effect is caused by direct sunlight refl ected off the opposite facade and is re-
lated to the low sun of the cold season.

The refl ectivity of the facade depends mainly on the colour and transparency of the materials 
and the glazing ratio. While glass may seem bright from below as it refl ects the sky, its refl ec-
tivity is quite low.

As a result highly glazed facades are dark and reduce the urban daylight potential by ‘privatiz-
ing’ (Carpenter 2010) the daylight resource, leaving less for neighbouring buildings.

Bright facades can improve daylight autonomy considerably at the deepest levels of the urban 
canyon, decreasing the dependency on artifi cial lighting.

Facade mounted PV systems should also be considered in terms of their effect on the urban 
daylight potential.

Glazing Ratios, Urban Density and Building Energy use:

Cross-referencing building energy use as a function of canyon height/width ratio and facade 
glazing, ratio it can be noted that while primary energy use increases with density up to 38% 
relative to unobstructed buildings, varying the glazing ratio is an alltogether more powerful de-
sign parameter with variations up to 300%. It should be noted that in these studies energy use 
is a direct expression of the parameter variations as there is no dynamic shading systems in the 
model.

Returning to the initial question of whether a hierarchy of scale is present it cana be seen that 
concerning operational energy, the building facade is the most infl uential scale. The interaction 
between design parameters is however highly dynamic affecting heating, cooling and daylight-
ing. Highly glazed facades have the highest energy use and affect the urban daylight potential 
negatively.

The results suggest that there are limits to urban density, that the solar and daylight potential 
should be considered or indeed protected as a common resource.

Urban Density and Building Energy use:

When low-energy building components are used, Daylight becomes a dominant energy theme, 
particularly in buildings that are occupied in the daytime.

Daylight is the design parameter most dynamically affected by increased urban density, and as 
the thermal performance of facade components is improved, energy used for artifi cial lighting 
may even become the single most important factor infl uencing primary energy use in high den-
sity cities.

Understanding the variations in energy use requires a holistic understanding of the socio-spa-
tio-temporal relations between climate, building use, form, material and technology. Climate 

based simulation modelling is an essential tool in understanding these relations better.
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