
Thursday, January 31, 2013

Sustainable Value Perspective for 
Architecture 
- Energy e!ciency parameters implemented in the design from the 
"rst sketches of the creative process

PhD MSc Sustainability Engineer, Jakob Strømann-Andersen,  
Department of Sustainability, Henning Larsen Architects A/S 



&RQWRXU�5DQJH�������������

sustainability

AGENDA
POINT OF DEPARTURE
Henning Larsen Architects
Research area

CASE STUDIES
Density, Thomas B. Thriges Gade
Typologies, KAFD
Texture, Carlsberg City District

SUM-UP 
Tendensies in sustainability



sustainability

PoiNt of DEPArturE



sustainability

 “the master of light...”

Henning Larsen, 
founded the company in 1959.  

Henning Larsen Architects employs 
180 people from almost 20 di!erent 
nations. 

65% of the turnover derives from inter-
national projects. Projects in more than 
20 countries. 

O"ces in Denmark, Germany and Sau-
di Arabia, Norway and Tyrkey
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Department of Sustainability 

12 people employed in the sustainable department 

Last year we designed 500.000 m2 of low-energy 
buildings without adding renewables



sustainability



sustainability

fiElD of work...

Contents lists available at ScienceDirect

Energy and Buildings

journa l homepage: www.e lsev ier .com/ locate /enbui ld

a r t i c l e i n f o a b s t r a c t

1. Introduction
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Up to 50 % of the energy 
performance is #xed with 
the architect´s #rst sketch on 
the napkin
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DEsiGN  ProcEss
How is put into practice?

Context
– Wind, water, daylight, 
noise and polution

Structure
–  Space, daylight, main functions, 

zones and construction

Body
– Geometry, orientation, zones 

and daylight

Facade
– Technology, indoor climate and 

user behavior

Kontekst Bygningskrop Struktur Facade
- vind, vand, dagslys, 
støj og forurening

- geometri, orientering 
og dimensioner

- rum, dagslys, hovedfunktioner, 
zoner og konstruktion

- teknologi, indeklima 
og brugeradfærd

BÆREDYGTIGHED

REDUCERE
» kontekst, geometri, funktion

OPTIMERE
» komponenter og systemer

PRODUCERE
»lokal energi2015

Lavenergiklasse 2015



BR10 2015 2020
71 kWh/m2 år 41 kWh/m2 år 25 kWh/m 2 år

+6 % +10 %

+3 % +5 %

Kilde:  SBi 2009:04, Skærpede krav til nybyggeriet 2010 og fremover.
 Økonomisk analyse. Statens Byggeforskningsinstitut, Aalborg  
 Universitet · 2009

Lavenergiklasse 2015 Bygningsklasse 2020Bygningsklasse 2010

inkl. energifaktor for omregning til 2020inkl. energifaktor for omregning til 2015

>> >>

ØKONOMISK ANALYSE

sustainability

Construction cost using traditional design approach

Construction cost using integrated design approach
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1. Density 2. Typologies 

>> >>

3. Texture

how openBiM can help you 
structure the city
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The Newman and Kenworthy hyperbola: Urban density 
and transport-related energy consumption

“Sustainable cities must be compact 
and high-density”
George Monbiot´s, The Guardian, june 2011
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The challenge
Danish building regulations state that, by 
2020, all building energy consumption 
should be reduced by roughly 50 %. 
Compared to 2010 regulations, Danish building regulations

BR10 2015 2020
71 kWh/m2 år 41 kWh/m2 år 25 kWh/m 2 år

+6 % +10 %

+3 % +5 %

Kilde:  SBi 2009:04, Skærpede krav til nybyggeriet 2010 og fremover.
 Økonomisk analyse. Statens Byggeforskningsinstitut, Aalborg  
 Universitet · 2009

Lavenergiklasse 2015 Bygningsklasse 2020Bygningsklasse 2010

inkl. energifaktor for omregning til 2020inkl. energifaktor for omregning til 2015

>> >>

ØKONOMISK ANALYSE
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The urban canyon and building energy use: Urban density versus daylight and
passive solar gains
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a b s t r a c t

The link between urban density and building energy use is a complex balance between climatic factors
and the spatial, material and use patterns of urban spaces and the buildings that constitute them. This
study uses the concept of the urban canyon to investigate the ways that the energy performance of
low-energy buildings in a north-European setting is affected by their context.

This study uses a comprehensive suite of climate-based dynamic thermal and daylight simulations to
describe how these primary factors in the passive energy properties of buildings are affected by increases
in urban density.

It was found that the geometry of urban canyons has an impact on total energy consumption in the
range of up to +30% for offices and +19% for housing, which shows that the geometry of urban canyons is a
key factor in energy use in buildings. It was demonstrated how the reflectivity of urban canyons plays an
important, previously underestimated role, which needs to be taken into account when designing low-
energy buildings in dense cities. Energy optimization of urban and building design requires a detailed
understanding of the complex interplay between the temporal and spatial phenomena taking place,
merging qualitative and quantitative considerations.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

One of the most basic and fundamental questions in urban mas-
ter planning and building regulations is how to secure common
access to sun, light and fresh air, but for the owners of individual
properties, it is often a question of getting the most of what is avail-
able. There is potential for repetitively recurring conflict between
public and private interest. Solar access and the right to light remain
contested territory in any society, vital as they are to health, comfort
and pleasure.

Traditional urban planning has sought to control the propor-
tions of the streets, because the basic geometry of building heights
and distances between buildings regulates access to light and solar
heat. Zoning laws and building regulations usually establish height-
to-distance ratios that limit the overshadowing that buildings may
cause for public spaces and other buildings. A similar geometric
abstraction of urban space – the urban canyon [1] – has been used
in urban climatology, to describe the way that urban spaces cre-
ate special environmental conditions. It is a spatial archetype that
allows us to integrate knowledge from several different specialized

∗ Corresponding author. Tel.: +45 4525 1868; fax: +45 4525 1700;
mobile: +45 6170 7016.

E-mail address: jasta@byg.dtu.dk (J. Strømann-Andersen).

fields of research. In geometric terms, the urban canyon is described
as the height/width ratio of the space between adjacent buildings.

Cities develop over time, and the proportions of urban canyons
have long lasting impacts on the future energy consumption for the
heating, cooling and lighting of the buildings that define them and
the environmental qualities of the streets, squares, courtyards or
gardens that comprise them. Urban development is a rather slow
process in most industrialized societies, but the impact of site con-
ditions on building energy use multiply over the years – more than
other processes that affect a buildings performance over its lifetime.
So, considering that one of the main challenges to architects and
engineers in the next decades will be how to improve the energy
performance of our buildings and cities, we need to improve our
knowledge of both urban and building design through research
on the dynamic interplay between climate, context and building
energy use. The passive properties of buildings are likely to play
a much more important role in the total energy consumption, as
winter heat losses are reduced with better insulation, glazing and
air tightness.

Urban densification is one strategy for sustainable development,
focusing on energy savings through efficient transport systems,
shared infrastructures and minimizing heat gains and losses that
dominate energy budgets. It has been established that densifica-
tion is a balancing act between these opportunities on the one
hand, and ensuring solar access for low-energy buildings and urban

0378-7788/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.enbuild.2011.04.007
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Fig. 4. Average daily solar radiation in street canyon. Calculated in ECOTECT (working hours 08–17, contour range 500–2500 Wh in steps of 200 Wh). Weather data,
Copenhagen (*epw).

Fig. 5. Annual illuminance > 10,000 lx in street canyon. Calculated in RADIANCE/DAYSIM (working hours 08–17, contour range 0–50% in steps of 5%). Weather data,
Copenhagen (*epw).

Fig. 6. Annual illuminance > 500 lx in street canyon. Performed in RADIANCE/DAYSIM (working hours 08–17, contour range 85–95% in steps of 1%). Weather data, Copenhagen
(*epw)

Fig. 7. Annual illuminance > 200 lx in street canyon with surface reflectance variables, Ground (Albedo) = 0.20. Calculated in RADIANCE/DAYSIM, (working hours 08–17,
contour range 0–100% in steps of 10%). Weather data, Copenhagen (*epw). (A) Reflectance external wall = 0.45. (B) Reflectance external wall = 0.75.

relative variation is the need for cooling. Here the energy consump-
tion is reduced almost exponentially with the increase in H/W ratio.
For example, the need for cooling is reduced by an average of −150%
with a H/W ratio of 1.5 (canyon width 10 m) compared to free hori-

zon. With very narrow canyons, H/W higher than 1.5, the need for
cooling is reduced to insignificant amounts.

Energy consumption not only varies as a function of the street
width, but also for the individual building units. Each unit has a

Fig. 8. Total primary energy consumption (kWh/m2/year) for a 5-storey office building as a function of urban density.
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Project facts:
Location:    Odense, Denmark
Client:    City of Odense
Gross $oor area:   50,000 m2

Year of design:   2011–2012
Type of assignment:  Competition
Design team:  Polyform, Henning Larsen Architects, Dress &  

 Sommer, WTM Engineers International (D); 
  Argus (D); Jonathan Speirs + Major (UK)
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Lessons to be learned 

1. Use BIM the analyse and understand the surrounding 
context to #nd the right density. 

2. Use the knowledge to design and structure your own 
building.



Ørestad Gymnasium before Ørestad School was built. 
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why is this iMPortANt?
“IT CAN GO WRONG”

Before
An example…

After



Ørestad Gymnasium before Ørestad School was built. Ørestad School under construction. 
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why is this iMPortANt?
“IT CAN GO WRONG”

Before After
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Energy consumption for heating in 
Ørestad High School has increased 
by 2-5 MWh per month

“IT CAN GO WRONG”
why is this iMPortANt?



sustainability

1. Density 2. ypologies 

>> >>
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)LJXUH����6L[�WUDGLWLRQDO�XUEDQ�EXLOGLQJ�SDWWHUQV

6DPSOHV�RI�XUEDQ�SDWWHUQV�DQG�WKHLU�ORFDWLRQ�LQ�&RSHQKDJHQ�
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GHQVLW\� DQG� FRPSDFWQHVV� ZLOO� QRW� QHFHVVDULO\� OHDG� WR� IXUWKHU� HQHUJ\� XVH� UHGXFWLRQV�� $�
FHUWDLQ�EDODQFH�LQ�WKH�HQHUJ\�SHUIRUPDQFH�HPHUJHV�ZKLFK�GHSHQGV�RQ�ERWK�UHJLRQDO�FOLPDWH��
GHQVLW\� DQG�EXLOGLQJ� WHFKQRORJ\��ZKHUH� GD\OLJKW� DQG� VRODU� DFFHVV� EDODQFHV� HQHUJ\�XVH� LQ�
EXLOGLQJV��,Q�WKH�FDVH�RI�&RSHQKDJHQ�WKLV�LV�D�UDQJH�RI�GHQVLWLHV�IURP�����������7DEOH�������

7DEOH�����2SWLPDO�GHQVLW\�UDQJH�IRU�GD\OLJKW��VRODU�DFFHVV�DQG�HQHUJ\�XVH��&RSHQKDJHQ���7KH�FXUYHV�LOOXVWUDWH�WKH�
WHQGHQFLHV�IURP�WDEOH�������7KH�YDULDWLRQV�DW������DUH�HODERUDWHG�LQ�WDEOH�����

%XW� WKH� EDODQFH� GLVJXLVHV� WKH� IDFW� WKDW� WKH� SHUIRUPDQFH� RI� WKHVH� SDWWHUQV� LV� JUHDWO\�
GLIIHUHQWLDWHG�� 7KH� GD\OLJKW� SHUIRUPDQFHV� YDU\� EHWZHHQ� ���� DQG� ���� DYHUDJH� GD\OLJKW�
DXWRQRP\�FRPSDUHG� WR�D� WKHRUHWLFDO�PD[LPXP�RI������ZLWK� WKH�GD\OLJKW�SHUIRUPDQFH�RI�
LQGLYLGXDO�VSDFHV�ZLWKLQ�WKH�W\SRORJLHV�YDU\LQJ�HYHQ�PRUH��7KLV�LV�D�UHODWLYH�LPSURYHPHQW�
RI� ����� 'D\OLJKW� SHUIRUPDQFH� FKDQJHV� VR� G\QDPLFDOO\� FRPSDUHG� WR� RYHUDOO� HQHUJ\�
HIILFLHQF\�� WKDW� LW�PD\�EH� KHOSIXO� WR� VKLIW� WHFKQLFDO� SHUIRUPDQFH� FULWHULD� WRZDUGV� GD\OLJKW�
DQG� VRODU� DFFHVV� PHWULFV� LQ� XUEDQ� GHVLJQ�� DV� WKH\� KDYH�PDQ\� GLUHFW� LPSOLFDWLRQV� RQ� WKH�
H[SHULHQFHG� TXDOLWLHV� RI� WKH� EXLOW� HQYLURQPHQW�� 7DEOH� ��� VKRZV� WKDW� WKHUH� LV� DPSOH�
RSSRUWXQLW\� WR�RSWLPL]H�HQYLURQPHQWDO�SHUIRUPDQFH� IXUWKHU�E\�DUFKLWHFWXUDO�GHVLJQ��JLYHQ�
WKH�RSWLPDO�GHQVLW\�UDQJH�LOOXVWUDWHG�LQ�WDEOH�����

7DEOH�����(QHUJ\�XVH��'D\OLJKW�$XWRQRP\�DQG�6RODU�JDLQV�FRPSDUHG�IRU�GLIIHUHQW�W\SRORJLHV�DW������GHQVLW\���
7KH� JUDSK� VXPV� XS� WKH� GDWD� IURP� WDEOHV� ������$W� WKLV� GHQVLW\� WKH� GLIIHUHQFHV� LQ� HQHUJ\� XVH� DUH� TXLWH� SUHFLVHO\�
LQYHUVHO\� FRUUHODWHG� WR� VRODU� DFFHVV� DQG� GD\OLJKW� DXWRQRP\�� LQGLFDWLQJ� WKDW� D� EDODQFH� EHWZHHQ� XUEDQ� GHQVLW\��
EXLOGLQJ�IDEULF�DQG�WKH�FOLPDWLF�TXDOLWLHV�RI�GD\OLJKW�DQG�VXQ�KDV�EHHQ�IRXQG��

7KHVH�ILQGLQJV�DUH�VWURQJ�HYLGHQFH�WKDW�DUFKLWHFWV�DQG�SODQQHUV�VKRXOG�GHVLJQ�IRU�GD\OLJKW�
DQG� VRODU� DFFHVV� UDWKHU� WKDQ� IRFXVVLQJ� RQ� HQHUJ\� XVH� DORQH�� ZKLOH� SXUVXLQJ� LQQRYDWLYH�
VROXWLRQV� WKDW� DUH� GHQVH�� FRPSDFW� DQG� GLVWULEXWH� GD\OLJKW� DQG� VXQ� LQ� WKH� XUEDQ� IDEULF� IRU�
ERWK� SXEOLF� DQG� SULYDWH� EHQHILW�� :KLOH� HQHUJ\� XVH� PD\� EH� UHGXFHG� IXUWKHU� E\� DSSO\LQJ�
DGYDQFHG� EXLOGLQJ� WHFKQRORJ\� DQG� LQWHJUDWHG� HQHUJ\� SURGXFWLRQ�� WKH� UHVXOWV� VKRZQ� KHUH�
LQGLFDWH�WKDW�EDVLF�W\SRORJ\�GHVLJQ�LV�DEOH�WR�UHGXFH�HQHUJ\�ORDGV�ZHOO�EHORZ�WKH�UHODWLYHO\�
VWULFW�'DQLVK�VWDQGDUGV��%5����XVLQJ�XUEDQ�GHVLJQ�DQG�EXLOGLQJ�IDEULF�DV�WKH�PDLQ�PHDQV�RI�
HQHUJ\� XVH� UHGXFWLRQ�� )XUWKHU� RSWLPL]DWLRQ� WKURXJK� EXLOGLQJ� WHFKQRORJ\� LV� W\SLFDOO\�
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Project facts:
Location:    Riyadh, Saudi Arabia
Client:    Capital Market Authority and Public Pensions Agency 
Gross $oor area:   3,500,000 m2

Year of design:   2010

kiNG ABDullAh fiNANciAl District
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44Slide

Problem area for entrance flow to the Wadi

Return
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FLEXIBILITY IN PARCEL REGULATIONS

Regulation of building typologies…
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SCIENTIFIC WORK

Lessons to be learned 

1. Use BIM the imagine and plan the city in 3D. 

2. And use all your senses when you do it.  
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1. Density 2. Typologies 

>> >>

3. Texture

thE structurE of A city

urBAN tExturE
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/D6DOOH�6WUHHW�&DQ\RQ��)DoDGH�UHÀHF-
tance approximately equal to 15–25%.

:DOO�6WUHHW�&DQ\RQ��)DoDGH�UHÀHFWDQFH�
approximately equal to 45–55%.

Reflektion

Himmellys
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2016 J. Strømann-Andersen, P.A. Sattrup / Energy and Buildings 43 (2011) 2011–2020

Fig. 4. Average daily solar radiation in street canyon. Calculated in ECOTECT (working hours 08–17, contour range 500–2500 Wh in steps of 200 Wh). Weather data,
Copenhagen (*epw).

Fig. 5. Annual illuminance > 10,000 lx in street canyon. Calculated in RADIANCE/DAYSIM (working hours 08–17, contour range 0–50% in steps of 5%). Weather data,
Copenhagen (*epw).

Fig. 6. Annual illuminance > 500 lx in street canyon. Performed in RADIANCE/DAYSIM (working hours 08–17, contour range 85–95% in steps of 1%). Weather data, Copenhagen
(*epw)

Fig. 7. Annual illuminance > 200 lx in street canyon with surface reflectance variables, Ground (Albedo) = 0.20. Calculated in RADIANCE/DAYSIM, (working hours 08–17,
contour range 0–100% in steps of 10%). Weather data, Copenhagen (*epw). (A) Reflectance external wall = 0.45. (B) Reflectance external wall = 0.75.

relative variation is the need for cooling. Here the energy consump-
tion is reduced almost exponentially with the increase in H/W ratio.
For example, the need for cooling is reduced by an average of −150%
with a H/W ratio of 1.5 (canyon width 10 m) compared to free hori-

zon. With very narrow canyons, H/W higher than 1.5, the need for
cooling is reduced to insignificant amounts.

Energy consumption not only varies as a function of the street
width, but also for the individual building units. Each unit has a

Fig. 8. Total primary energy consumption (kWh/m2/year) for a 5-storey office building as a function of urban density.
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Yellow bricks, re#ec. 45%Black "ber-cement board, re#ec. 15%
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Project facts:
Location:    Copenhagen, Denmark
Client:    Carlsberg Properties
Gross $oor area:   80,000 m2
Year of design:   2011
Architect team:    Henning Larsen Architects, Dorte Mandrup 
    Architects, Polyform Architects and Signal Architects.

cArlsBErG city District

CASE STUDIES
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- Project area
- Masterplan

- Existing buildings
- Towers

CASE STUDIES
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Insolation Analysis
Annual illuminance
Contour Range: 0.0 - 50.0 %

In Steps of: 5.0 %
© ECOTECT v5
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>> >>
Daylight Autonomy = 24 %
DA > 10.000lux, 

Daylight Autonomy = 36 %

By optimizing the geometry 
and the façade’s re$ectanc-
es, we can improve the avail-
able daylight (DA) on the 
square by 12%

CASE STUDIES
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Create a vertical di!erentiation  – 
from bright to dark façades upwards 

Select a number of “active” façades 

CASE STUDIES
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Tårnets geometri

Lysforhold: refleksion  - lys til omgivelserne

s/ŶĚĨŽƌŚŽůĚ͗�

Urban Daylight and Passive Solar Energy Potentials: Copenhagen - a Case Study

P.A. Sattrup & J. Strømann-Andersen

12 building facades: re! ectivity as result of facade colour and glazing ratio

5 street sections: Daylight availability (>10.000lux) as result of facade re! ectivity.
Facade re! ectivities are 25, 45 and 65% total representing a range from medium dark 
to very bright.

Daylight autonomy (>200lux) as result of opposite facade re! ectivity.

sŝŶƚĞƌ
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Urban Daylight and Passive Solar Energy Potentials: Copenhagen - a Case Study

P.A. Sattrup & J. Strømann-Andersen

12 building facades: re! ectivity as result of facade colour and glazing ratio

5 street sections: Daylight availability (>10.000lux) as result of facade re! ectivity.
Facade re! ectivities are 25, 45 and 65% total representing a range from medium dark 
to very bright.

Daylight autonomy (>200lux) as result of opposite facade re! ectivity.
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Lessons to be learned 

1. Don´t privatise the daylight.  

2.  Share and protect it - and we will get more out of it...  
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Simulation and tools

Sketch design

Architects
- Intuition

Engineers
- Analysis

Detailed design
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Simulation and tools

Sketch design

Light:
Geometry
Context
Functions
Daylight

A+E:3D
iDbuild Ecotect

BE10

ENERGY-PLUS

Medium:
Proportions
Facades
U-values
Structure
Materials

Heavy:
Dimensions

Architects
- Intuition

Engineers
- Analysis

Detailed design
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Tendensies in sustainability...

Materials; changeability and health 
Master planning; Structure and daylight 
Value chain; business cases
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Sustainability...

...is the largest breakthrough since modernism. 

...changes the concept of beauty. 

...must be incorporated in the aesthetic design solutions. 

...should create a social change.
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thANk you...


