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ABSTRACT

According to the World Organization Prospects 2014 Revision (United Nations), the
population in European cities has reached 73%, and 80% is forecast in forthcoming decades.
Therefore, urban areas are large consumers of resources. Integrated Urban Regeneration
(IUR) is implementing strategies to achieve a smart, sustainable and socially inclusive
(Declaration of Toledo, 2010) urban development since the challenge is greater in existing
urban environments, where it is not possible to act in the design phases. Therefore, an
analysis of the characteristics of urban planning and building types that make up a city and
its neighbourhoods is required to identify those typologies with energy vulnerability prior to
implementing IUR.

This paper focuses on the energy factor as one of the items to consider in IUR. This will be
useful in the decision making that determines which urban areas require more urgent
intervention.

The urban morphology of a Mediterranean medium-sized city is characterized herein:
Castellon de Plana (180,690 inhabitants, according to the Spanish National Statistics
Institute (INE) 2010). Firstly, this city’s historical urban development is analysed to determine
different urban areas. Then existing building types are identified. Finally, these types are
associated with the urban design and the results are represented by a Geographic
Information System (GIS). The study results provide a number of urban morphology types
with different layouts which represent the Mediterranean city, as well as the building
typologies represented in each urban typology. Each presented set is likely to have different
energy performance, and the findings can be extrapolated to other Mediterranean cities with
similar characteristics to the city studied herein.

The collected information will be useful for further research to analyse the energy
performance of the existing building stock in the city by taking into account the building type
integrated into a consolidated urban design.

Keywords: Urban regeneration, urban design, building type, energy rehabilitation.
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1.- Introduction

The World Organization Prospects 2014 Revision (United Nations) indicates that the
population in European cities has reached 73%, and 80% is forecast for forthcoming
decades. This scenario implies that urban areas are major consumers of resources
and are progressively spreading, which means an increased built environment. This
will entail future refurbishment and renewal needs to respond to more modern quality
standards. According to Power [1], refurbishment of existing buildings is more
environmentally sustainable than the development of new buildings because of the
embedded energy they entail.

In Spain, the first Building Regulation on Thermal Conditions emerged in 1979, later
than other countries. According to Spanish Statistical Office, 56% of all buildings
have no thermal insulation [2]. In 2006, due to the transposition of the European
Energy Performance of Buildings Directive [3] into Spanish Regulations, the
Technical Building Code [4] came into being. Subsequently to ensure the European
reduced emissions target, a new European Directive came about [5], which also
centres on existing buildings. The EPBD’s new more restrictive thermal insulation
requirements in the building envelope led to a new update of the Spanish Building
Code to accomplish transposition to existing buildings [6]. As a result, other than
thermal insulation issues, factors such as orientation and location in an urban context
should be considered for regulation requirements to be met.

In the Integrated Urban Regeneration (IUR) context in 2010, the Declaration of
Toledo [7] suggested that diverse strategies should be implemented to achieve
smart, sustainable and socially inclusive urban development since the challenge is
more demanding in existing urban environments, where it is not possible to act in
design phases. The aforementioned Declaration also emphasises the importance of
urban areas to achieve the Europe 2020 objectives.

Some studies have analysed the energy performance of urban structures by
considering the particular urban context, along with characteristics of the region in
which the work was carried out. The influence of sun exposure on buildings has been
studied by Yezioro, et al. [8] for urban blocks with a central courtyard, of latitudes
between 26° and 34°. Kosir, et al. [9] analysed the influence of insolation on five
blocks patterns. Andreou [10] examined the effect of urban layout, street geometry
and orientation in the Mediterranean region. Other authors have analyzed the urban
form the energy consumption and greenhouse gas emissions. For example, Ishii et
al. [11] analyzed it, in public buildings, in the Japanese city of Utsunomiya, for
different building types. Wilson [12] related urban forms to the consumption of
electricity in houses of lllinois.

This work presents a methodology to characterise the urban morphology of the
residential building stock in medium-sized cities in the Mediterranean region
according to two main parameters, block pattern and building type, from the energy
viewpoint. To validate the methodology as a case study, an urban morphology
characterisation was conducted in one of the neighbourhoods in the city of Castellon
de la Plana (east Spain), which has 180,690 inhabitants. This allowed us to present
the residential block patterns in both neighbourhoods. The results form part of a
larger study and can be used as a starting point for future research, where the
energy performance of the existing building stock will be analysed on a city level by
considering the building type integrated into a consolidated urban design.

2.- Methodology

This work is structured as follows. The urban layout of the Mediterranean cities is
firstly analysed to obtain block patterns. In order to deal with this issue, the study
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started from the biggest scale (the city) and moved towards the neighbourhood level.
Finally, it worked on the block scale.

Next building types were identified and classified according to their use (single family
house (SF) or multi-family house (MF)), number of storeys and location of the
building in relation to other buildings.

With gvSIG [13], a Geographic Information System software, building types were
linked to blocks patterns, which gave a set of characteristic urban systems of the
Mediterranean city, and permitted us to standardise urban morphologies. This also
allowed us to obtain the area built for every building type in a given urban area. .
Other authors have previously used GIS to represent different spatial coordinates
associated parameters. Specifically, with respect to the energy performance of
historic buildings Fabbri et al. [14] used GIS in different regions of Italy.This
methodology can be used in the context of Mediterranean cities. The results of the
set of urban blocks can be extrapolated to the city scale as proposed by bottom-up
approaches [15]. Figure 1 shows the methodology flow chart:

URBAN LAYOUT BUILDING TYPE
IDENTIFICATION IDENTIFICATION

[ BLOCK PATTERN IDENTIFICATION ]

[ Geographicinformation System (GIS) ]

ASSOCIATION
BUILDING TYPE - URBAN FORM PATTERN

N =

Fig. 1 “Methodology for characterising building types in urban morphology patterns”.
Source: the authors

Table 1 shows the seven block patterns identified for the Mediterranean city, their
location in the city and building type, together with a brief description.
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Chapter VI - The study of the city as a strategy for sustainability

Urban layout Urban block Location SF/  Density Description
pattern MF
BLOCK 1 Historical SF/ Mediu Irregular shape,

i centre MF m narrow streets, low-
Suburban rise buildings
districts Mainly single family

terraced houses
Expansion SF/  High Rectangular
district near MF Medium and high-
the city rise multifamily
centre houses with big
courtyards.
BLOCK 3 Expansion SF/  High Rectangular
district near MF Medium- and high-
the city rise multifamily
centre houses. Buildings
with light well
BLOCK 4 Expansion MF  High Linear block
district near Medium- and high-
= the city rise multifamily
centre houses, buildings
facing two streets
and with light well.
BLOCK 5 New MF  Mediu  Detached buildings
g developmen m in condominiums
t districts (gated communities).
[S==al =) The block comprises
a group of buildings
- - with an open inner
plot.
Medium- and high-
rise multifamily
detached houses.
BLOCK 6 New SF  Low Terraced low-rise
developmen buildings. The block
[ . t districts comprises a group of
Suburban buildings with an
| N | districts open inner plot.
= Detached or semi-
u detached single
family houses
BLOCK 7 New SF  Low Terraced low-rise
developmen buildings. The block
t districts comprises a group of

buildings with a free
inner plot.

Terraced single
family houses

Table 1 “Urban layout typologies and characteristics”

Building types in the Mediterranean city define the urban landscape. When we
consider the energy performance viewpoint, different types work distinctly. For
example, a MF building and a detached SF house present different form factors.
Hence the thermal envelope that comes into contact with the external environment
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significantly influences their energy performance [16]. A classification of the
residential building stock is provided according to two factors: (a) year of construction
period and (b) building type (detached/terraced and height). The age of the building
represents one of the most important aspects in the energy rating, as the date of
construction determines aspects such as the existence of insulation in the thermal
envelope, type of carpentry and glass and other features. The division into time
periods is complex, because of both normative and legislative context, and due to
historical reasons that have defined the constructive evolution. We found temporary
classifications, adapted to the particularities of the analysed area in different sources.
For example, in Greece, Dascalaki et al. [17] and Theodoridou et al. [18]; in Italy,
Caputo et al. [19]; in Germany, Bradley and Kohler [20]; in Denmark, Kragh and
Wittchen [21]; and in Spain, in the region of Catalonia, Garrido-Soriano et al. [22]. At
European level, the EPISCOPE [23] study, which was launched in 2013 as a
continuation of TABULA project, integrates the action of some European countries.
Among its objectives, they classify building types according to building periods. In
Spain, the classification has been made by the Valencian Institute of Building (IVE,
Instituto Valenciano de la Edificacién, in Spanish), specifically in the area of Alicante
and Valencia. The |IEE Project TABULA is accessible from the
http://www.episcope.eu/ link.

The results of our classification is quite similar to the one performed in TABULA. It
results in a matrix of 30 building classes as shown in Table 2.

Building type
A B C D E F
MF MF MF MF SF SF

Detached Detached Terraced Terraced Detached/ Terraced
Construction <4 floors >4 floors <=4 floors >4 floors Semi-

period detached
1 | <1940 Al Bl Ci D1 El F1
2 | 1940-1959 | A2 B2 C2 D2 E2 F2
3 | 1960-79 | A3 B3 C3 D3 E3 F3
4 | 1980-2006 | A4 B4 C4 D4 E4 F4
5 | >2006 A5 B5 C5 D5 E5 F5

Table 2 “Matrix of building classes”

Having identified block patterns and building types, they are represented by a GIS to
find their relation. This allows the built area for every building type in an urban area to
be obtained, and the average block pattern in an urban area under study to be
identified. Information from the Cadastre Office (cadastral plot reference number,
year of building construction, building type, height and built area) is inputted into the
tool. Then building types are linked to urban layouts to obtain the typical residential
block patterns.

3.- Case study

The methodology set out in Section 2 was applied to Castellon de la Plana (east
Spain), a medium-sized city on the coast. One neighborhood was selected with
different block patterns and different building types, previously identified (see Table
1). Data were provided by the Cadastre General Office [24]. Non-residential buildings
were ruled out to implement the suggested methodology.
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3.1.- Analysing the historical development of the s tudied city

Urban development is influenced very much by physical conditions (climate,
orography, etc.), and by the socio-economic and historical features of all urban
areas. Based on the many references reviewed, urban fabric and building types are
decisive factors when considering the energy performance of an urban system. This
section briefly describes the urban development of Castellon de la Plana. This helps
understand the current urban design and contributes to identify differences in urban
morphology and building types when considering several neighbourhoods.

Castellon de la Plana began as a 13th-century city. This Middle Age village was
formed by small groups of detached and spread houses. It was later surrounded by a
defensive wall, which is identified with what is today’s historic centre. The wall
remained until the beginning of the 19th century when the suburbs near the historical
centre were included, which had developed due to demographic and economic
growth. The wall was knocked down and new land became available, with new plots
of 4-m facades that were 20 m deep, and buildings reached a height of 6 m. This led
to new buildings near the historical centre, which remain today and are characteristic
of the city centre [25].

In the early 20th century, the city was formed by ten neighbourhoods and three urban
areas: inner area, first expansion area near the city centre and new expansion area.
When the Spanish Civil War ended in 1939, new squares and avenues shaped the
city, but the concept of compact growth and integrated green areas was lost. Quick
demographic growth disproportionally brought about higher buildings and, therefore,
increased building density. Disparate heights were seen given the mixture of 3-4-
storey buildings with newly built constructions occupying 8-14 floors. This urban
landscape is characteristic of the historical centre today.

In the 1980s and 1990s, the urban layout was vastly transformed and became a
more structured layout. New big urban plans for residential use, SF or MF houses,
were built in the areas surrounding the city where a more regular urban pattern is
found.

Figure 2 illustrates how this city evolved according to a GIS map. The evolution of
built areas is linked to year of construction. Six time intervals are seen. The lines
represent the different neighbourhoods that exist in the city today.

'\\gy@y ‘“ﬁn /.' -.'g =1- B

';

Bl s
B s
P 19501979 ‘
(I
—1

1980-2006

>2006

Fig. 2 “Castellon de Ia Plana S urban evolutlon accordlng to year of construction and
areas with different urban fabrics”. Source: the authors
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As Figure 2 shows, Castellon de la Plana has several urban layouts in each
considered area. The historical centre shows an irregular pattern, while traditional
and new expansion areas present an orthogonal-grid pattern.

3.2.- Selected Neighbourhood

One neighbourhood, Avenida del Mar, in the city was chosen to implement the
suggested methodology. It is located in the eastern part of the city and it has an
orthogonal pattern. The district corresponds to an expansion area from the 1930s
and represents four of the seven block patterns (Blocks 2, 3, 4 and 6; see Table 1)
and the five building types identified (B—F), presented in Section 2. Those not
selected are no so representative of the entire city pattern because they correspond
to the historical city centre and to new developments that have emerged in recent
years. Most of the urban expansion districts near the city centre have the same urban
layout as Avenida del Mar.

Table 3 presents the number of buildings per building type. Figure 3 shows in a map
the building type distribution in both neighbourhoods.

Building type

A B C D E F

1 - - 15 - - 60

S 2 : 34 99 10 26 60
O O

22 3 - - 61 256 6 22
" o

s 2 4 - 7 58 259 - 33

© 5 : : 2 26 : 5

Table 3 “Number of buildings per building type in Avenida del Mar”
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Chapter VI - The study of the city as a strategy for sustainability

Fig. 3 “Distribution of building types in the selected neighbourhood”. Source: the
authors

Using gvSIG, both variables were crossed to obtain the percentage of building types
included in each block pattern, as seen in Table 4. This allowed us to standardise the
building types in an average block. Table 5 indicates the sum of the built area (in m2)

for each building type.

Building type
Residential block pattern | C D E F
Block 2 8.63% 89.28% 2.09%
Block 3 8.63% 89.28% 2.09%
Block 4 100.00%
Block 5
Block 6 100.00%

Table 4 “Crossing building type and residential block pattern (% percentage of built
area per building type)”
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Building type
A B C D E F
Avenida del Mar - 64165 96794 1001582 4319 23477

Table 5 “Built area per building type (m?)”
The methodology was applied to the selected neighbourhood and resulted in the

standard residential block pattern and the percentage of built area per building type.
Figure 4 shows the configuration for the four blocks considered in the case study.

BLOCK 2 BLOCK 3

C:8.63 %
C: 8.63 % D; 89.28 %
D: 89.28 % F:2.09 %
F:2.09 %
Building type
I | A
BLOCK 4 BLOCK 6 B

-’l

D: 100.00 % E: 100.00 %

Fig. 4 “Residential block pattern in the neighbourhood under study and % of built
area for each building type”. Source: the authors

4.- Conclusions

This study proposes a methodology for classifying and characterising the urban
layout of the residential building stock in medium-sized Mediterranean cities from an
energy perspective. For this purpose, two variables were considered. Firstly, the
urban layout was analysed to obtain block patterns. Then building types were
identified. Thirdly and lastly, those data were crossed by the GIS software. This
meant that both the building and the location of that building were considered a part
of an urban context. This factor can strongly condition its energy performance.

We applied the proposed methodology to the city of Castellon de la Plana (E Spain).
One neighbourhood was chosen as the basis for a case study. It represented four of
the seven block patterns and five of the six building types (previously identified in this
work). Crossing data gave the percentage of built area of each building type for all
the block patterns. This provided a representative configuration of the complete
neighbourhood, which becomes a representative average block.
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This study contributes to standardise urban block configurations and will make
energy modelling simulation attainable for estimating the energy performance of a
specific residential building stock. From a bottom-up approach, the results can be
extrapolated to a large scale, these being the neighbourhood, and ultimately the city.
This methodology can be implemented in similar Mediterranean cities and can prove
to be a very valuable tool for local administrators, energy planners and other
stakeholders for evaluating priority neighbourhoods to undertake building
refurbishment or urban regeneration plans.
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