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Solar access in densely built urban environments
Formal parameters and comparative methodology in the case
RI%DUFHORQD6SDLQ
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ABSTRACT: : In what direction is the historical debate on contemporary cities evolving, in this age of
sustainability? How are renewable energies and solar energy in particular being incorporated into urban
settlements? To date, researches mainly focused on urban density, while less attention has been paid to the
spatial properties of the built environment. In this study, we compare the performance of urban fabrics of similar
building intensity in Barcelona (Spain) to investigate the extent to which morphological features of the built
environment can affect sun collection on the buildings envelope, in order to define new formal guidelines for a
“solar” design of urban planning. The available technical tools for solar radiation analysis are not really suited to
an urban scale or to the early stages of the planning process. Therefore, we apply a simplified comparative
methodology supported by Heliodón 2 simulation software, we intend to provide a new methodological and
operational tool which allows fast interaction between solar radiation and the urban design process. The present
paper is an early step in an on-going PhD thesis. In the first section we describe the general approach, the
objectives and the method. In the second section, we present the application of this method to the Eixample
district and the results. In this preliminary study, we focus on one of the spatial characteristics of the urban fabric
in particular - the orientation of the street network.
Keywords: solar access, high-density urban fabric, morphological parameters, comparative analysis, Heliodón 2

1. INTRODUCTION
The rapid and uncontrolled sprawl of
contemporary cities has environmental and social
costs that have become unsustainable and it is now
widely recognized that large-scale approach to this
problem and a new urban model are required [1].
The following two factors have a bearing on this
LVVXH )LUVWO\ VFDUFH ODQG DYDLODELOLW\ OHDGV WR
GHQVLILFDWLRQ RI WKH FLW\ 6HFRQGO\ DV WKHUH LV DQ
urgent need for a reduction in fossil fuel
FRQVXPSWLRQ QDWXUDO HQHUgies must be considered.
7KHVXQLVWKHPDLQVRXUFHRIQDWXUDOHQHUJ\GXHWR
its size and the fact that it is pretty uniformly available
LQVSDFHDQGWLPH
Many studies have been carried out on the
LQWHJUDWLRQ RI VRODU HQHUJ\ LQWR FLWLHV ,Q  WKH
International Energy Agency created the Solar City®
program which is a model of development that
promotes the systematic integration of renewable
energy technology into urban communities [2].
%HIRUH WKLV RIILFLDO LQLWLDWLYH WKH VRODU LVVXH KDG
already caught the attention of architects and
HQJLQHHUV,QWKHV36ROHULVWURQJO\FULWLFL]HG
the waste of energy in of megalopolises and
LQWURGXFHG WKH FRQFHSW RI 7ZR 6XQV $UFRORJ\ D
specific exploration of solar effects in relation to
urban and architectural design [3].
$ERXW\HDUVODWHU&J. Winter described solar
city as “an energetically self-contained settlement
with solar irradiance as its main energy source” and
considered what this big “energy converter” would
look like and how it would have to be designed [4]. In
RWKHUV ZRUGV KH ZRQGHUHG ZKDW WKH DHVWKHWLFV DQG
spatial organization of the urban fabric would be like

in a solar city and which formal solutions would most
RSWLPL]H WKH LQGLYLGXDO WHFKQLFDO DQG VRFLDO XVH RI
the sun [5].
The relation between site layout and solar access
LV VWULFW DQG FRPSOH[ DQG REYLRXVO\ EHFRPHV PRUH
conflictive in urban situations in which building is
more intense. Studies of the morphological structure
of urban fabric and its solar radiation performance
could provide important new input for the design
process from a solar perspective.
Solar issues should be fundamental requisites for
architects and urban designers from the first steps in
WKH GHVLJQ SURFHVV 7R DFKLHYH WKLV VXLWDEOH
operational instruments are needed. Although
considerable computational and technological
DGYDQFHVKDYHEHHQPDGHLQUHFHQW\HDUVSUHYLRXV
studies on solar performance at urban scale show
that further research is required in this area.
The current study aims to provide new formal
materials as well as specific tools for developing a
new conception of solar urban design.

2. BACKGROUND
2.1. Physical density and urban form
Since the nineteenth centur\WKHGHEDWHRQFLWLHV
focused on the difference between compact and
dispersed models. The concept of density has been
VWUHVVHG LQ SDUWLFXODU DQG KDV EHFRPH RQH RI WKH
main operative parameters in the planning process.
/HVV DWWHQWLRQ KDV EHHQ SDLG WR XUEDQ IRUP LH WKH
spatial structure that supports the inhabitants and
their activities [6]. The morphology and typology of
the urban fabric are an interesting topic to study as
an additional tool in the design process [7].
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,Q JHQHUDO GHQVLW\ LV D UDWLR WKDW H[SUHVVHV WKH
mass of some entities in a given environment. It is a
point measure of the quantitative characteristics of
WKH FLW\ VXFK DV SRSXODWLRQ WKH QXPEHU RI WUHHV RU
dwellings and the land ocFXSDWLRQ QRUPDOL]HG E\
some measure of the area they occupy [8]. In this
SDSHU ZH UHIHU WR GHQVLW\ DV EXLOW PDVV LQWHQVLW\ DV
this is the only aspect that affects the study of solar
access.
+RZHYHU EXLOW PDVV LQWHQVLW\ GRHV QRW IXOO\
GHVFULEH DQ XUEDQ HQYLURQPHQW VLQFH LW GRHV QRW
take into account the physicalFKDUDFWHULVWLFV,QIDFW
we can easily demonstrate that areas with a similar
building density may have a highly variable spatial
layout.
Research into the links between quantitative and
qualitative properties of the urban fabric explores
additional possibilities of action in relation to
challenges from the new sustainable urban vision.
2.2. Digital tools for solar analysis at urban scale
Solar radiation analysis at city level is a research
area that can be considered pretty recent.
The main problems are related to the high
number of variables that interact at urban scale and
WR WKH FRQVHTXHQW GLIILFXOW\ LQ UHSURGXFLQJ GUDZLQJ
up and combining all of them in a concise and
UHOLDEOH ZD\ )RU H[DPSOH VRPH NLQGV RI
DSSUR[LPDWLRQV QHHG WR EH PDGH DV LW LV GLIILFXOW WR
create precise digital mock-ups of the urban
environment and to reproduce sky vault and
cloudiness models [9] [10].
)XUWKHUPRUH PRVW RI the solar simulation
software that is used today come from the field of
digital graphics and aims to create a completely
realistic representation of lighting effects on the
VFHQH ZKLOH DVSHFWV UHODWHG WR WKH GHVLJQ DUH RI
VHFRQGDU\ LPSRUWDQFH >@ ,Q SUDFWLFH VXFK
programs require a large amount of specific input
data and take a long time to draw up and calculate.
&OHDUO\ WKLV NLQG RI DSSURDFK FDQQRW EH XVHG LQ
the early stage of the planning process when the
design has not yet been fully defined and different
options still need to be compared and evaluated.
7KHUHIRUH LW LV HVVHQWial to define new operative
instruments that allow fast interactive handling of
solar radiation and urban design decisions [12].

3. OBJECTIVES
3.1. Urban morphology and obstructions
The first general goal of this study consists in
evaluating how and how much the geometry of the
urban fabric affects the potential use of solar
radiation to establish the “operating margins” and the
contribution of the architects who work on
sustainable designs.
)LUVWO\ WKH DLP LV WR LGHQWLI\ WKH PRUSKRORJLFDO
parameters that influence solar access in the city and
to study their behaviour and mutual relations. This
operation leads to the definition of a general
FRQFHSWXDO IUDPHZRUN IRU WKH SURMHFW D UHIHUHQFH
“database” of formal tools that can easily be used
and adapted to different environmental situations.

236

DESIGN TOOLS AND METHODS

$W WKH VDPH WLPH WKH VSHFLILF LQIRUPDWLRQ WKDW LV
deduced from the analysis of existing cases will be
used to draw up morphological and typological
guidelines and specific design solutions for new solar
urban interventions in Barcelona or in other
geographic locations with similar climates.
3.2. Definition of new methodological references
for the urban project
The second objective of this research is closely
related and complementary to the previous one. In
WKLV VWHS WKH DLP LV WR introduce a new operational
and methodological protocol for the design of solar
settlements.
0RUH VSHFLILFDOO\ WKH SRWHQWLDOLW\ DQG WKH
reliability of a comparative analysis will be improved
trough a solar radiation study performed at urban
VFDOHXVLQJDVSHFLILFVLPXODWLRQVRIWZDUH7KLVNLQG
RI DSSURDFK HQDEOHV XV WR UHGXFH WKH LQSXW GDWD WR
simplify the calculation process and to focus on the
IRUPDO DVSHFW RI WKH SUREOHP RQO\ ,Q SUDFWLFH ZH
aim to check whether these operational features
affect the rigour and usefulness of the final results.
The last goal is draw up a general method that
can guide and support formal decisions during the
early phases of the solar design process and that
can be used repeatedly in generic urban cases.

4. APPROACH AND METHODOLOGY
This research is based on a comparison of
GLIIHUHQW KRPRJHQHRXV XUEDQ IDEULFV LQ %DUFHORQD
whose solar performance is studied using Heliodón
VRIWZDUHWKDWKDVEHHQVSHFLILFDOO\GHYHORSHGDVD
decision tool for designing with daylight availability
[13]. The method is divided into 3 main steps. To
GDWHZHKDYHIXOO\GHYHORSed the first of these steps.
4.1. Selection of cases to study
To reduce the number of variables to the formal
SDUDPHWHUV RQO\ WKH DQDO\VLV QHHGV WR EH OLPLWHG WR
FRPSDUDEOH XUEDQ IDEULFV L e. cases that have the
same or similar building intensity. This characteristic
ZDV HYDOXDWHG XVLQJ WKH )ORRU 6SDFH ,QGH[ )6, 
which quantifies the amount of floor space in relation
to the gross land area [14].
8VLQJ WKH VDPH DSSURDFK &RPSDJQRQ VWXGLHG
the solar and daylight availability of an urban area in
Fribourg (Switzerland). He kept the FSI (here called
the plot ratio) constant and checked performance of
different hypothetical configurations [15].
8VLQJ WKHVH DVVXPSWLRQV ZH LGHQWLILHG 
KRPRJHQHRXVVHFWRUVLQ%DUFHORQD LQWKH(L[DPSOH
&LXWDW9HOOD3REOH6HFDQG*UDFLDGLVWULFWV WKDWDOO
have a FSI between 2.65 and 3.13 (Fig. 1). The
maximum difference between the highest and the
ORZHVW YDOXH ZDV  SRLQWV D JDS WKDW ZDV
acceptable for the scale of the study.
Solar shading analysis and calculations will be
only carried out for a suitable sample of each
homogeneous area. )RU HDFK VDPSOH ZH FUHDWHG D
' GLJLWDO PRFNXS XVLQJ WKH FDGDVWUDO LQIRUPDWLRQ
available.

Ú

PLEA 2011 - 27th Conference on Passive and Low Energy Architecture, Louvain-la-Neuve, Belgium, 13-15 July 2011.

4.3. Data analysis and methodology review

Figure 1: The study cases and their FSI

4.2. Solar radiation simulation process
Heliodón 2 is a program that simulates the sun's
paths at a specific geographic site and provides
graphical and numerical information about the
evolution and the distribution of solar radiation over
H[WHULRU EXLOGLQJV VXUIDFHV WDNLQJ LQWR DFFRXQW WKH
shadows cast by neighbouring obstructions.
Compared with other lighting and thermal
VLPXODWLRQ VRIWZDUH +HOLRGyQ  GRHV QRW UHIHU WR
theoretical sky models or requires meteorological
GDWDDVVRODUUDGLDWLRQLV determined by a calculation
algorithm based only on the direct component and
corresponding to clear sky GD\V >@ ,Q IDFW
+HOLRGyQ  KDV QR GLDJQRVWLF DLP EXW SURYLGHV
absolute information that is closely linked to the
geometry of the objects.
The performance of the 4 samples will be
compared separately in the summer (21 June-20
September) and in the winter (21 December-20
March). The potential contribution of solar radiation is
computed by Heliodón 2 through a long series of
data on instantaneous solar radiance (kW) at specific
points of the envelope. The mean values are then
integrated for the previously established interval to
obtain the cumulative distribution of solar energy
collected (kWh) by the whole envelope and the
2
amount of sun flux (kWh/m ) on every single element
of the building. The program also provides
information about the distribution of daylight hours
(h) received by every external surface.
The element of reference will be the central block
RI WKH VDPSOH DUHD ZKLOe the rest of the built
environment simply will act as an obstruction.
Overall data referring to the whole block are
complemented by specific data on the solar
performance of single portions RI WKH HQYHORSH L H
IDoDGHV DQG URRIV DFFRUGLQJ WR WKHLU RULHQWDWLRQ RU
SRVLWLRQ 9DULRXV SLHFHV RI ,QIRUPDWLRQ VXFK DV WKH
OLJKWHG VXUIDFH UDWLR   WKH KRXUE\KRXU HYROXWLRQ
of solar radiance (kW) and of solar energy collected
(kWh) describe the qualitative distribution of incident
radiation and enable us to identify specific aspects.
A comprehensive picture of the solar
performance of the different urban plots can then be
obtained by comparing the overall and local results.

An analysis and comparison of data from the 4
samples will allow us to identify common points and
tendencies related to the spatial properties of the
XUEDQ IDEULF 8VLQJ WKH VXLWDEOH GHYLFHV ZH ZLOO
transpose the information from the specific to the
JHQHUDO FDVH LQ RUGHU WR GUDZ XS D ³FDWDORJXH´ RI
morphological variables that are classified according
to their performance and interaction with solar
access.
:LWKLQ WKLV JHQHUDO VFRSH VSHFLILF GHVLJQ
VROXWLRQV W\SRORJLFDO DQG GLPHQVLRQDO VWDQGDUGV
and application examples will be provided for
Barcelona. These guidelines will constitute a
practical and basic “handbook” to guide architects
and urban designers in the early decision steps of
the design project.
The final methodological review will be used to
make any adjustments that will be needed to
optimize the comparative analysis process applied to
urban design. Sequential steps of the general
methodology will then be specifically illustrated and
FROOHFWHG LQ D ³XVHU JXLGH´ WKDW WRJHWKHU ZLWK WKH
FRQFHSWXDO DQG IRUPDO UHIHUHQFHV GHVFULEHG DERYH
will complete the “solar tool box” that this study aims
to provide.

5. PRELIMINARY CASE STUDY: EIXAMPLE
,QWKLVVHFWLRQZHSUHVHQWHDUO\UHVXOWVWKDWUHIHU
to the case of the Eixample's urban fabric. This is a
preliminary study to check the comparative approach
at urban scale and to assess the suitability of the
simulation software.
The Eixample district occupies a surface area of
748.5 hectares. It is one of the smallest districts of
%DUFHORQD EXW ZLWK DQ )6, RI  LW LV WKH GHQVHVW
built sector of the city.
Cerdà’s 1859 Plan for the district involved a
UHJXODU IRUPDO VWUXFWXUH FRQVLVWLQJ RI DQ DUUD\ RI
quadrangular chamfered blocks (called manzanas)
with sides 113.3 m long defined by a grid of
RUWKRJRQDO VWUHHWV  P ZLGH 7KH EXLOGLQJV ZKRVH
KHLJKW ZDV OLPLWHG WR  P VKRXOG RQO\ KDYH
RFFXSLHGWZRVLGHVRIWKHEORFNWRSURYLGHDFFHVVWR
the central patio consisting of public green areas.
8QIRUWXQDWHO\ GXULQJ VXFFHVVLYH SKDVHV RI EXLOGLQJ
VSHFXODWLRQWKHJHQHUDOEXLOdings rose to a height of
20-24 m and occupied almost the entire manzana.
The street canyon geometry and pattern
orientation established by Cerdà (NO-SE and SONE) were devised to control shading by surrounding
buildings and thus ensure that all dwellings received
enough daylight and natural YHQWLODWLRQ 7KHUHIRUH
Cerdà’s city concept recognized the importance of
sunlight and daylight availability in an urban context
>@DQGFRQVHTXHQWO\ZH tested the performance of
this urban fabric with respect to solar access.
5.1. Street network orientation analysis
,QWKHSUHOLPLQDU\FDVHZHIRFXVHGRQWKHVWUHHW
QHWZRUNRULHQWDWLRQDVWKLVLVRQHRIWKHVSHFLILFDQG
clearest characteristics of the Eixample. We
FRPSDUHG WZR GLIIHUHQW FDVHV LQ WKH VXPPHU
(situation a) and in the winter (situation b):
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1) The real case (urban fabric orientation NO-SE
and NE-SO)
2) A hypothetical case with a rotation of 45
degrees (urban fabric orientation N-S and E-O)
Due to the regular structXUH RI WKH (L[DPSOH LW
was easy to select a study sample area of 9 blocks
symmetrically placed in a 3 x 3 square (Fig. 2).
Figure 4: Distribution of sunny hours in Cases 1a-2a

Figure 2: The two orientations of the street network.
2

Figure 5: Distribution of sun flux(kwh/m ) in Cases 1b-2b

5.2. Quantitative overall results
A first observation of overall results (Tab. 1)
shows that the hypothetical situation appears to be
the most efficient. In faFW WKH QXPHULFDO YDOXHV
demonstrate that a 45-degree rotation of the
Eixample's grid produces an overall increase in solar
energy gain in the winter (+4%). This is because a
larger vertical surface faces exactly south with the N6DQG(2 RULHQWDWLRQDQG ZRUNV DVDODUJH HQHUJ\
collector. The maximum values of sun flux (304
kWh/m2  ZHUH GHWHFWHG RQ WKH VDPH IDoDGH GXH WR
the steep inclination of the sun's rays (23 degrees at
12:00 h at the winter solstice) (Fig. 3).
Table 1: The two orientations of the street network

1a

Overall
gain (Mwh)
8194

Max sun flux
2
(kwh/m )
567

Max sunny
hours (h)
1289

2a

8133

567

1289

Cases

1b

3090

304

921

2b

3213

304

921

,Q WKH VXPPHU ZH GHWHFWHG FRQWUDVWLQJ
SHUIRUPDQFH VLQFH WKH VHDVRQDO JDLQV IHOO VOLJKWO\
from 8194 MWh in Case 1a to 8133 MWh in Case 2a
DERXW   $FWXDOO\ WKLV GHFUHDVH ZDV DOPRVW
inappreciable as the greater angle of incidence of the
sun's rays (72 degrees at 12:00 h at the summer
solstice) meant that highest energy contributions
ZHUHPDGHE\KRUL]RQWDOVXUIDFHVQHYHUDIIHFWHGE\
VKDGRZVIURPVXUURXQGLQJEXLOGLQJV )LJ ,QIDFW
the maximum values for the sunny period were
detected just above the roofs both in the summer
(1289 h) and in the winter (921 h) (Fig. 4 and 6).

2

Figure 3: Distribution of sun flux(kwh/m ) in Cases 1a-2a
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Figure 6: Distribution of sunny hours in Cases 1a-2a

5.3. Distribution of radiation on external façades
If we consider now data for single portions of the
EORFNZHREVHUYHWKDWWKHH[WHULRUIDoDGHV )) 
and chamfers (C.1-C.4) are more affected by the
influence of obstructions with a 45-degree rotation.
,QWKH ZLQWHUWKHDYHUDJHORFDOIOX[RQWKHVRXWK
façade falls from 0.27 to 0.19 MWh/m2 and the
DYHUDJH VXQQ\ SHULRG GURSV IURP  WR  KRXUV
which means that this side of the buildings has less
possibilities of enjoying direFWUDGLDWLRQ+RZHYHUWKH
final energy contribution of this façade is higher than
WKDWRIWKHSUHYLRXVFDVH YHUVXV0:K GXH
to the larger surface available to radiation.
The most unfavourable situation was found for
the north sides of the block which do not receive any
direct radiation in the winter. If we consider that
many of the Eixample’s flats only have one exterior
IDFLQJ WKLV PHDQV WKDW D FHUWDLQ SHUFHQWDJH RI
occupants will have no individual use of the sun.
,QJHQHUDOWKHDPRXQWRIVRODUHQHUJ\VWRUHGE\
the exterior façades is 7% lower in Case 2b than in
&DVHE,IZHDVVXPHDVREVHUYHGEHIRUHWKDWWKH
EHKDYLRXU RI URRIV LV IDLUO\ FRQVWDQW ZH FDQ DIILUP
that the greater overall gain of solar energy in Case
2b must come from the extra contributions of interior
façades.
,QWKHVXPPHUWKHVRODUDFFHVVLQ&DVHDZDV
ORZHU RQ WKH HDVW DQG ZHVW IDoDGHV ,Q IDFW WKH
sunny hours decreased from 511 to 394 and from
WRUHVSHFWLYHO\HYHQWKRXJKWKHILQDOHQHUJ\
contributions were still consistent. The north side was
PRUH H[SRVHG ZKLOH LQ RWKHU SDUWV RI WKH EXLOGLQJ
local flux was almost constant.
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The energy contribution of all exterior façades in
Case 2a was 14% overall lower than in Case 1a. In
RWKHU ZRUGV WKH LQIOXHQFH RI H[WHUQDO REVWUXFWLRQV
was more notable in the summer than in the winter.
+RZHYHU DOVR LQ &DVH D WKH LQWHUQDO IDoDGHV
compensated for energy losses due to shadowing.
Table 2: Solar radiation on exterior façades. Case 1a

F
F.1
F.2
F.3
F.4
C.1
C.2
C.3
C.4

Daylight
Mwh/m2
(h)
1733
0.22
SO
613
1394
0.22
SE
614
1759
0.08
NO
357
1240
0.09
NE
306
357
0.22
S
829
239
0.01
N
108
335
0.21
E
511
461
0.21
O
549
Overall energy gain (Mwh)
m2

Exp.

Mwh
380
307
152
94
77
1
70
99
1181

Table 3: Solar radiation on exterior façades. Case 2a

F
F.1
F.2
F.3
F.4
C.1
C.2
C.3
C.4

Daylight
2
Mwh/m
(h)
1733
0.16
O
428
1394
0.22
S
890
1759
0.01
N
272
1240
0.15
E
394
357
0.24
SO
655
239
0.08
NE
337
335
0.22
SE
602
461
0.08
NO
336
Overall energy gain (Mwh)
2

m

Exp.

Mwh
281
307
24
185
86
20
75
38
1016

Table 4: Solar radiation on exterior façades. Case 1b

F
F.1
F.2
F.3
F.4
C.1
C.2
C.3
C.4

Daylight
Mwh/m2
(h)
1733
0.15
SO
462
1394
0.14
SE
450
1759
0.01
NO
121
1240
0.01
NE
112
357
0.27
S
617
239
0
N
0
335
0.07
E
310
461
0.06
O
253
Overall energy gain (Mwh)
m2

Exp.

Mwh
254
198
12
8
97
0
24
26
618

Table 5: Solar radiation on exterior façades. Case 2b

F
F.1
F.2
F.3
F.4
C.1
C.2
C.3
C.4

Ú

Daylight
Mwh/m2
(h)
1733
0.06
O
428
1394
0.19
S
890
1759
0
N
272
1240
0.05
E
394
357
0.19
SO
655
239
0
NE
337
335
0.19
SE
602
461
0
NO
336
Overall energy gain (Mwh)
m2

Exp.

Mwh
113
259
0
67
68
1
65
1
573

6. FEASIBILITY OF THE STUDY
FUTURE PERSPECTIVES

AND

The analysis of the Eixample that is presented
here works as a preliminary WHVW RI WKH IRUPXODWLRQ
the method and the technical tools used in the onJRLQJ UHVHDUFK ,Q WKLV HDUO\ VWHS WKH VWUHQJWKV DQG
ZHDNQHVVHV RI WKH SURFHVV KDYH EHHQ UHYHDOHG VR
that the next stages of the investigation can be
RSWLPL]HG %HORZ ZH GHVFULEH DVSHFWV WKDW PHULW
particular attention.
6.1. Spatial and temporal relations
The study of solar access at urban scale does not
simply involve a general cumulative analysis. The
influence of obstructions cannot be evaluated only in
terms of overall amounts of energy or sunny hours:
the quantitative values are by no means exhaustive
as information has to be temporally and spatially
related.
,Q WHUPV RI WHPSRUDO DVSHFWV WKH UHODWLRQVKLS
between solar radiation and the built environment
FKDQJHVGXULQJWKH\HDUZKLFh is why it is essential
to study the evolution in different seasons separately.
0RUHRYHU GHSHQGLQJ RQ WKH ORFDWLRQ UDGLDWLRQ PD\
or may not be perceived as advantageous by the
citizens. In a Mediterranean climate such as that of
%DUFHORQDDUHGXFWLRQLQVXQOLJKWDQGRYHUKHDWLQJRI
WKH EXLOGLQJ DUH JHQHUDOO\ UHTXLUHG LQ WKH VXPPHU
which means that the presence of obstructions is not
always considered negative.
:LWK UHJDUG WR VSDWLDO IHDWXUHV LW LV HVVHQWLDO WR
know the effective distribution of solar radiation
DERYH WKH HQYHORSH LQ RWKHU ZRUGV WKH ³TXDOLW\´ RI
VRODU DFFHVV 7KH SUHOLPLQDU\ FDVH VKRZV WKDW
despite the higher winter solar gains in the
K\SRWKHWLFDO VLWXDWLRQ D ZKROH IDoDGH LV WRWDOO\
VKDGHG WKURXJKRXW WKH VHDVRQ 7KXV ZH FDQ
conclude that a 45-degrees rotation of the network
definitely does not fit in with the rest of the
Eixample’s morphological structure.
6.2. The scale of the urban block
The previous analysis shows that the proportions
within a single manzana are the main factors
responsible for the solar performance and potential
exploitation of radiation in the urban fabric.
,QWKHFDVHRIWKH(L[DPSOHWKHUHODWLRQEHWZHHQ
the height of the buildings and the distance of
opposite sides of the block functions similarly to the
KHLJKW WR ZLGWK UDWLR +:  ,Q WKLV VHQVH LW
represents a key parameter for controlling shadows
RQ LQWHULRU IDoDGHV ,Q DGGLWLRQ WKH ³]LJJXUDW´ VKDSH
[17] along the outer profile of the manzana (due to a
height difference of 1-2 floors) affects the solar
exposure of the roofs. A regular number of layers of
adjoining buildings would ensure that the maximum
surface was potentially available for active use of the
sunlight.
,Q JHQHUDO WKH XUEDQ EORFN FRPELQHV DOO WKH
three-dimensional
characteristics
of
an
homogeneous urban fabric (such as the street
QHWZRUNWKHIRRWSULQWDQGWhe height of the buildings).
7KXV WKH XUEDQ EORFN FDQ EH FRQVLGHUHG DV WKH
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fabric's most representative and significant element
[18] and we can focus on the scale of it.
The strict relationship between formal parameters
with regard to their solar performance is another
important aspect that needs to be properly taken into
DFFRXQW SDUWLFXODUO\ LQ WKH GHILQLWLRQ RI VSHFLILF
guidelines and standards for the project.
6.3. Digital mock-up
,Q WKH FDVH RI WKH (L[DPSOH ZH IRXQG WKDW WRR
advanced a level of detail in the digital model did not
really contribute to the purpose of the research at the
VFDOH XVHG ,Q DGGLWLRQ LW ZDV QRW VXLWHG WR WKH
computational capacities of Heliodón 2.
&RQVHTXHQWO\ VPDOOVFDOH GHWDLOV RI WKH EXLOGLQJ
HQYHORSHV VXFKDVFKLPQH\VRSHQLQJVGHFRUDWLRQV
and mouldings) were omitted from the mock-up and
only the main volumes were included. This kind of
DSSUR[LPDWLRQGRHVQRWDIIHFWWKHILQDOUHVXOWVVLQFH
the contribution of minor elements in terms of cast
shadows and energy collection is not really relevant.
We used the same criterion to build the models of
the other cases selected.
6.4. Evaluation of tools and methodology
:LWK UHJDUG WR WKH VLPXODWLRQ VRIWZDUH ZH PXVW
consider several aspects. The simplicity of the
SURFHVV WKH VSHHG RI computation and the
immediacy of the results demonstrate the real
SRWHQWLDO RI +HOLRGyQ  +RZHYHU DV PHQWLRQHG
DERYH ZH PXVW DOZD\V WDNH LQWR DFFRXQW WKH IDFW
that the values of solar radiation provided by the
program are absolute and not real.
7KHUHIRUH WKH UHVHDUFKHU PXVW DFW WR WDNH
DGYDQWDJH RI WKHVH DVSHFWV ZKLFK LI ZURQJO\
LQWHUSUHWHGFRXOGDIIHFWWhe rigour of the whole study.
,Q WKLV UHVSHFW WKH FRPSDUDWLYH DSSURDFK UHVSRQGV
perfectly to the possibilities offered by Heliodón 2.

7. CONCLUSIONS
The results of this preliminary comparative
analysis were fairly positive and reliable and provide
interesting opportunities for the next studies.
0RUH VSHFLILFDOO\ WKH VWXG\ FRQILUPV WKDW WKLV
method can be used to compare the performance of
different urban fabrics to obtain useful tips for future
planning decisions.
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