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«2PQLDTXH�DHGLÀFLD�XW�OXPLQRVD�VLQW�RSRUWHW�
FXUDUL��VHG�TXDH�VXQW�DG�YLOODV��IDFLOLRUD�YLGHQWXU�
HVVH�LGHR�TXRG�SDULHV�QXOOLXV�YLFLQL�SRWHVW�REVWDUH��
LQ�XUEH�DXWHP�DXW�FRPPXQLXP�SDULHWXP�DOWLWXGLQHV�
DXW�DQJXVWLDH�ORFL�LQSHGLXQGR�IDFLXQW�REVFXULWDWHV��
,WDTXH�GH�HD�UH�VLF�HULW�H[SHULXQGXP��([�TXD�
SDUWH�OXPHQ�RSRUWHDW�LQPLWWHUH��HW�VL�DE�HD�OLQHD�LQ�
DOWLWXGLQHP�FXP�SURVSLFLDWXU�SRWHULW�VSDWLXP�SXUL�
FDHOL�DPSOXP�YLGHUL��LQ�HR�ORFR�OXPHQ�HULW�VLQH�
LQSHGLWLRQH».

«We must take care that all buildings are well lit. 
However, if for those in the countryside this seems 
quite easy as they do not have any neighboring walls 
that can make obstruction, for those in the cities 
either the height of side facades or the narrowness of 
the place may cause darkness. In this case we should 
proceed as follows. From the space in which the light 
is to be introduced let draw a line up to the source 
and, if looking upwards, a large area of open sky can 
be seen, the light will be on that place without any 
problem».

VITRUVIUS, 'H�$UFKLWHFWXUD, VI, 6, 6
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Abstract (Italian)
 

Densità del costruito, potenziale solare e illuminazione naturale 
Applicazione di studi parametrici e strumenti 

di simulazione delle prestazioni nella progettazione urbana 

L’aumento della densità insediativa contribuisce allo sviluppo sostenibile delle 
aree urbane riducendo, ad esempio, il consumo di energia legato ai trasporti e limi-
tando l’urbanizzazione di nuove aree. Per non compromettere il potenziale solare e 
la disponibilità di luce naturale, è necessario però un approccio integrato alla pro-
gettazione che garantisca la SHUIRUPDQFH�DPELHQWDOH�GHJOL�HGLÀFL�DQFKH�LQ�FRQWHVWL�
urbani densi.

Questa tesi presenta l’applicazione di strumenti di simulazione delle prestazioni 
GHOO·HGLÀFLR�LQ�XQ�SURJUDPPD�GL�PRGHOOD]LRQH�WULGLPHQVLRQDOH�SDUDPHWULFD�DOOR�VFR-
po di calcolare il potenziale di produzione di energia solare, la domanda di energia 
per il riscaldamento/raffrescamento degli ambienti e alcuni indici di illuminamento 
naturale su base climatica per diversi scenari di progetto generati attraverso la com-
binazione di parametri geometrici di base.

Questa metodologia è applicata a tre casi studio in Svizzera che presentano diffe-
UHQWL�VWUDWHJLH�GL�GHQVLÀFD]LRQH�DOOD�VFDOD�GL�TXDUWLHUH��FRPH�OD�ULJHQHUD]LRQH�XUEDQD�
GL�XQ·DUHD�LQGXVWULDOH�GLVPHVVD�D�<YHUGRQ�OHV�%DLQV�H�GXH�LQWHUYHQWL�GL�́ GHQVLÀFD]LR-
QH�OHJJHUDµ�D�*LQHYUD��OD�VRSUDHOHYD]LRQH�GL�HGLÀFL�LQ�XQ·DUHD�FHQWUDOH�H�XQ·RSHUD]LR-
ne di LQÀOO in un quartiere residenziale periferico. Ogni caso studio è stato valutato 
sulla base di una serie di indicatori morfologici e ambientali comuni evidenziando 
che il progetto di rigenerazione urbana rappresenta un buon compromesso tra gli 
RELHWWLYL�GL�GHQVLWj�H�TXHOOL�SUHVWD]LRQDOL�GHJOL�HGLÀFL��Ë�VWDWR�LQGLYLGXDWR�LQROWUH�XQ�
insieme di scenari di progetto ottimali per questa strategia.

Sebbene i risultati di questo lavoro siano riferiti ad una casistica particolare non 
esaustiva di tutti i contesti urbani, tuttavia, a livello metodologico, la procedura qui 
presentata può essere applicata come sistema di aiuto alla decisione nelle prime fasi 
della progettazione urbana anche ad altre realtà e può facilitare nella scelta della 
VWUDWHJLD�GL�GHQVLÀFD]LRQH�SL��DSSURSULDWD�
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Abstract (English)
 

Built density, solar potential and daylighting 
Application of parametric studies and 

performance simulation tools in urban design 

Augmenting built density helps achieve a sustainable urban development reducing, 
IRU� H[DPSOH�� WUDQVSRUW�UHODWHG� HQHUJ\� FRQVXPSWLRQ� DQG� JUHHQÀHOG� XUEDQL]DWLRQ��
Yet, in order not to undermine solar potential and daylight, an integrated design 
approach guaranteeing building performance in dense urban contexts is needed.

This thesis shows the application of building simulation tools into a parametric 
3D modeling environment so as to calculate the potential energy production from 
solar systems, the energy needs for space heating/cooling and some climate-based 
daylight metrics for several design scenarios generated by the combination of funda-
mental geometrical parameters. 

This methodology is applied to three case-studies in Switzerland presenting 
GLIIHUHQW�GHQVLÀFDWLRQ�VWUDWHJLHV�DW�WKH�QHLJKERUKRRG�VFDOH��WKH�XUEDQ�UHQHZDO�RI�D�
EURZQÀHOG� VLWH� LQ�<YHUGRQ�OHV�%DLQV� DQG� WZR�´VRIW�GHQVLÀFDWLRQµ� LQWHUYHQWLRQV� LQ�
*HQHYD��L�H��URRI�UDLVLQJ�LQ�D�FHQWUDO�DUHD�DQG�KRXVLQJ�LQÀOO�LQ�D�VXEXUEDQ�UHVLGHQWLDO�
district. Each case-study has been evaluated according to common morphological 
and environmental indicators, showing that the urban renewal project represents a 
good compromise between built density and building performance objectives. More-
over, a set of optimized design scenarios has been proposed for this strategy.

$OWKRXJK� WKH� UHVXOWV� RI� WKLV�ZRUN� UHIHU� WR� VSHFLÀF� FDVH� VWXGLHV�ZKLFK� DUH� QRW�
representative of all urban contexts, at a methodological level the hereby presented 
procedure can be used as a decision support tool in the early urban design phase also 
LQ�RWKHU�VLWXDWLRQV�DQG�FDQ�IDFLOLWDWH�WKH�FKRLFH�RI�WKH�PRVW�DSSURSULDWH�GHQVLÀFDWLRQ�
strategy.
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Introduction

Introduction
Using at best the available natural resources in buildings has always been one 

of the main concerns of designers. Sun and daylight, in particular, are necessary 
IRU�ERWK�WKH�TXDOLW\�RI�RXU�OLYHV�DQG�WKH�HQHUJ\�HIÀFLHQF\�RI�WKH�EXLOW�HQYLURQPHQW��
However, the incessant development of denser urban environments has often ne-
glected design principles following the sun rhythm. If some ancient and an in-
creasing number of new buildings conform to climate-appropriate design criteria, 
the form of the cities they belong to, in most of the cases, does not. 

In the 19th century, the relationship between sun and city form was studied by 
scientists and architects of the «hygienist movement» so as to determine street 
and building proportions that guarantee solar access in densely built urban areas. 
,Q�WKH�ÀUVW�GHFDGHV�RI�WKH���th�FHQWXU\�WKHLU�ZRUN�LQÁXHQFHG�LQ�GLIIHUHQW�ZD\V�WKH�
theories of urban planners and designers, who developed two antithetical models 
to solve the problems due to overcrowding in modern cities. Solar access was in 
fact at the basis of both low-density garden cities and suburbs based on Howard’s 
theories and high-density proposals by the modernist movement, culminating in 
Le Corbusier’s 9LOOH�5DGLHXVH. Nonetheless, these two models showed their limits, 
mostly because they both presumed radically new design proposals to be imposed 
on new settlements without really solving the problems of the existing city. 

1RZDGD\V��XUEDQ�GHQVLW\�KDV�ÀQDOO\�EHFRPH�RQH�RI�WKH�PDLQ�SUHUHTXLVLWHV�IRU�
the sustainability of our cities, especially because it reduces the energy consump-
WLRQ�IRU�WUDQVSRUWDWLRQ�DV�ZHOO�DV�WKH�XVH�RI�JUHHQ�ÀHOGV�IRU�QHZ�XUEDQL]DWLRQ��7R�
the opposite of the modernist WDEXOD�UDVD, most of the contemporary efforts are 
WRZDUGV�GHQVLÀFDWLRQ� VWUDWHJLHV� DSSOLHG� WR� WKH� H[LVWLQJ�XUEDQ� IDEULF�� EHFDXVH�RI�
the social, environmental and economical advantages of «making the city on the 
city». However, as already remarked, built density is indeed determinant for solar 
access. Furthermore, the concept of solar access has recently evolved into a more 
exhaustive set of environmental indicators taking into account the whole building 
SHUIRUPDQFH��ZKHQFH�WKH�QHFHVVLW\�RI�ÀQGLQJ�WKH�EHVW�FRPSURPLVH�EHWZHHQ�EXLOW�
density, solar potential and daylighting using new comprehensive environmental 
analysis tools. Also, the importance of early-stage design decision for building 
performance is often underestimated, while it is in this phase indeed that built 
density is shaped into an actual urban form. 

7KLV�ZRUN�DLPV�DW�FULWLFDOO\�H[DPLQLQJ�VRPH�FRQWHPSRUDU\�GHQVLÀFDWLRQ�VWUDW-
egies according to a set of climate-based dynamic environmental indicators. In 
parallel, a performance-integrated design methodology for the early design phase 
is developed, focusing on the optimization of fundamental geometrical param-
eters. This is accomplished by the application of the latest computer simulation 
tools into a 3D parametric environment, so as to simulate the building perfor-
mance for several design scenarios generated by the combination of fundamental 
geometrical parameters. This methodology has been applied to three case studies 
in Switzerland, offering a wide range of different urban conditions and building 
W\SRORJLHV��'HVSLWH�WKH�VSHFLÀFLWLHV�RI�WKH�FDVHV��WKH�ÀQDO�DPELWLRQ�LV�WR�LQIHU�VRPH�
general planning and design strategies to move towards a sustainable urban form.
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Built density, solar potential and daylighting. Application of parametric studies and performance simulation tools in urban design.

Thesis structure
Chapter 1 offers an overview of the historical theories concerning low-density 

and high-density city models especially in relation to solar and daylight availability, 
DV�ZHOO�DV�WKHLU�FULWLFLVP��0RUHRYHU��VHOHFWHG�FRQWHPSRUDU\�GHQVLÀFDWLRQ�VWUDWHJLHV�
and performance-integrated design tools at the basis of the proposed research meth-
odology are here critically reviewed.

Urban renewal is proposed as a way to densify the city by building a new neigh-
ERUKRRG�LQ�LWV�LQQHU�FRUH��SRVVLEO\�LQ�EURZQ�ÀHOG�VLWHV�DQG�XVLQJ�VXVWDLQDEOH�GHVLJQ�
SULQFLSOHV��$V�FRPSOHPHQWDU\�DOWHUQDWLYH�SURSRVDOV��WZR�GLIIHUHQW�VRIW�GHQVLÀFDWLRQ�
strategies to increase density in both central and suburban urban areas are analyzed. 
+RZHYHU��WKH�LPSDFW�RI�VXFK�GHQVLÀFDWLRQ�SUDFWLFHV�RQ�WKH�EXLOGLQJ�SHUIRUPDQFH�KDV�
not been studied enough yet. A literature review is therefore conducted on perfor-
mance-integrated design tools that could be used to evaluate land use and building 
performance at the urban scale. Thanks to the evolution of computational techniques, 
some of the simulation engines normally used to analyze the performance of single 
buildings have been in fact recently applied to a larger scale. 

Chapter 2 details the research methodology and presents the building perfor-
mance simulation tools and the indicators used throughout the thesis. In particular, 
it illustrates the application of parametric studies within the design process, thanks 
to the coupling of the 3D modeler Rhinoceros and its visual scripting plug-in Grass-
hopper, as well as their integration with the performance analysis tools of DIVA, 
which provide a graphical interface to Radiance/Daysim and EnergyPlus simulation 
engines.

The results of solar radiation, energy performance and daylight simulations 
are used to compute building performance indicators, focusing on solar potential 
DQG�GD\OLJKWLQJ��7KH�SRWHQWLDO� IRU�SDVVLYH�DQG�DFWLYH�VRODU�DSSOLFDWLRQV� LV�GHÀQHG��
through the assessment of solar radiation on buildings’ external surfaces, in terms of 
suitable area and energy production. The energy needs for space heating and cooling 
simulated in EnergyPlus are also considered as indicators of the passive performance 
of buildings (i.e. the balance between solar gains and heat losses), as no particular 
assumptions are made on the envelope nor on the HVAC systems. Daylighting is 
evaluated, through the results of climate-based simulations, by calculating daylight 
availability (on façades) and dynamic daylight performance (on interior workplane), 
H[SUHVVHG�LQ�ERWK�VSDWLDO�DQG�WHPSRUDO�WHUPV��'D\OLJKW�VXIÀFLHQF\�PHWULFV��VXFK�DV�
spatial daylight autonomy, are also used to determine if a space is adequately daylit. 
)LQDOO\�� EXLOW� GHQVLW\� DQG� RWKHU� UHOHYDQW�PRUSKRORJLFDO� LQGLFDWRUV� DUH� GHÀQHG� DF-
cording to current standard indices, like the Floor Area Ratio (FAR), using simple 
geometric relations to be dynamically calculated from the 3D model.

Chapter 3 deals with the optimization of the urban form after a master plan. A 
recent urban renewal project in a former industrial area next to the train station of 
Yverdon-les-Bains, in the Swiss canton of Vaud, is used to test the research method-
ology applied at the early design phase. All performance indicators previously intro-
GXFHG�DUH�LPSOHPHQWHG�VR�DV�WR�ÀQG�WKH�PRVW�UHOHYDQW�RQHV�IRU�WKH�DQDO\VLV�SXUSRVHV�

Building performance simulations are conducted on up to 768 design scenarios 
JHQHUDWHG�DV�WKH�FRPELQDWLRQ�RI�ÀYH�GHVLJQ�SDUDPHWHUV��DOORZLQJ�DQ�HQYLURQPHQWDO�
analysis on an extensive range of possible building forms respecting the master plan 
constraints. The study highlights the sensitivity of performance indicators to each 
GHVLJQ�SDUDPHWHU�DQG�ÀQDOO\�SURGXFHV�D�VHW�RI�RSWLPL]HG�VFHQDULRV��UHSUHVHQWLQJ�WKH�
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Introduction

best combination of the design parameters. 

Chapter 4�GHDOV�PRUH�VSHFLÀFDOO\�ZLWK�WKH�DQDO\VLV�DQG�FRPSDULVRQ�RI�GLIIHUHQW�
GHQVLÀFDWLRQ�VWUDWHJLHV��,I�WKH�FDVH�VWXG\�RI�<YHUGRQ�IRFXVHV�RQ�GHVLJQ�RSWLPL]DWLRQ��
the two selected case studies in the Swiss canton of Geneva enlarge in fact the per-
VSHFWLYH�WR�GHQVLÀFDWLRQ�SODQQLQJ�LQ�H[LVWLQJ�XUEDQ�DUHDV��6LQFH�*HQHYD�LV�FXUUHQWO\�
IDFLQJ�D�VHULRXV�GZHOOLQJ�YDFDQF\�LVVXH��PDQ\�GHQVLÀFDWLRQ�SODQV�DQG�SROLFLHV�KDYH�
EHHQ�SURYLGHG�IRU�E\�SROLWLFDO�DXWKRULWLHV��%HVLGHV�WUDGLWLRQDO�GHQVLÀFDWLRQ�LQ�XUEDQ�
GHYHORSPHQW�]RQHV��VRIW�GHQVLÀFDWLRQ�RI�WKH�H[LVWLQJ�XUEDQ�IDEULF�LV�DOVR�HQFRXUDJHG�
by the current legislation.

5RRI�UDLVLQJ�KDV�EHHQ�V\VWHPDWLFDOO\�DSSOLHG�LQ�*HQHYD�FLW\�FHQWHU�VLQFH�������
when a law introduced the possibility of adding up to two residential stories in select-
HG�EXLOGLQJV��$�SUHYLRXV�DQG�PRUH�SHUPLVVLYH�ODZ�GDWLQJ�IURP������ZDV�FKDQJHG�
also because of the protests of tenants’ representatives claiming a reduction of qual-
LW\�RI�OLIH�LQ�WKH�ORZHU�VWRULHV��7KH�QHZ�ODZ�ZDV�ÀQDOO\�DSSURYHG�E\�D�SXEOLF�YRWH�LQ�
������1RQHWKHOHVV��VRPH�RI�WKH�FULWLFLVPV�PD\�VWLOO�EH�YDOLG��LQ�SDUWLFXODU�WKRVH�FRQ-
FHUQLQJ�GD\OLJKWLQJ��,Q�DGGLWLRQ�WR�URRI�UDLVLQJ�LQ�WKH�FLW\�FHQWHU��WKH������*HQHYD�
FDQWRQDO�PDVWHU�SODQ�DQG�D�UHFHQW�OHJLVODWLYH�DFW�SURPRWHG�VRIW�GHQVLÀFDWLRQ�RI�VRPH�
residential suburbs as well. Although many of these suburban areas will be trans-
formed into medium/high-density neighborhoods so as to mightily face the dwelling 
VKRUWDJH��VRPH�RI� WKHP�ZHUH�FRQÀUPHG�DV� ORZ�GHQVLW\�DUHDV� LQ�RUGHU� WR�SUHVHUYH�
their urban character, allowing though a little increment in density. In this thesis, a 
SRVVLEOH�LPSOHPHQWDWLRQ�RI�KRXVLQJ�LQÀOO�  is thus proposed for a residential area in 
Vernier, a suburban municipality of Geneva. However, as for roof raising in the city 
FHQWHU�� WKH�QHZ� LQÀOO�GZHOOLQJV�PD\�DIIHFW� WKH�SHUIRUPDQFH�RI�H[LVWLQJ�EXLOGLQJV��
Therefore, using the results of the Yverdon case study as a reference of a high-per-
IRUPLQJ�QHLJKERUKRRG��ERWK�VRIW�GHQVLÀFDWLRQ�VWUDWHJLHV�LQ�*HQHYD�DUH�DQDO\]HG�DQG�
compared in order to evaluate their consequences in terms of solar thermal potential, 
energy need for space heating and spatial daylight autonomy as well as to quantify 
the possible increment of built density (FAR). 


