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 APPLICATION OF PREFABRICATED PANELS FOR THE ENERGY RETROFIT OF 
PORTUGUESE RESIDENTIAL BUILDINGS FACADES: A CASE STUDY

J. SOUSA1

This article aims to evaluate the potential application of prefabricated panels in energy retrofi t of 
facades in the Portuguese building stock. The fundamentals of this study were part of Annex 50, 
which was an international ECBCS IEA project, with the purpose of developing an innovative con-
cept of building renovation for the most representative buildings based on prefabricated systems. 
To analyze the potential application of energy retrofi t using prefabricated panels, was important 
to know the reality of the existing building stock and its morphology. To know the reality of the 
building stock, an analysis was done based on the existing statistical data and to fi nd the most 
representative residential buildings, target of the study, three criteria were defi ned: buildings built 
before 1990, with 2 to 6 fl oors and with renovation needs in the exterior envelope.
In the absence of statistical information about buildings morphology, a research work was done 
in the fi eld. During the collection of data a methodology was developed in which each opening 
was classifi ed according to a code with three parameters. In the end of the classifi cation, 29 fi nal 
codes were achieved and was verifi ed that three types of panels have a higher probability of being 
applied.

Keywords: Prefabrication Panels Systems; Facades Retrofi t; Low Energy Renovation; Sustainability.

1. INTRODUCTION

Forty decades ago the world felt the effects of the fi rst oil crisis with a generalized 
widespread price hike of energy goods [1]. Since this time there is a growing concern-
ing about energy effi ciency questions, climatic changes and environmental problem 
issues due to a widespread fossil fuel dependence and excessive energy consump-
tion [2]. This dependence on fossil fuels by some importer countries is considered as 
a threat to their sovereignty by Kyoto protocol [3-5]. Portugal is one of these threat-
ened countries with an energy resource importation about 83% of the country total 
needs [6-8]. This scenario originated a bounce back in the country energy politics 
goals which pretend a reduction of energy dependence through the increase of renew-
able energy sources [9].
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In 1973 (when the fi rst oil crisis was held), the housing sector was pointed as a stra-
tegic piece to reduce the European energy consumption in households [10]. Nowadays 
the building sector represents about 40% of the total energy consumptions in Europe, 
being one of the major responsible for CO2 emissions, and there are expectations of 
a continuing growth tendency trend in energy consumptions in this sector until 2050 
[11-13]. This tendency in energy consumes in the housing sector can be associated to 
the high thermal comfort patterns of a signifi cant part of the population which demand 
for heating and cooling devices in order to guarantee a constant temperature during the 
year [14]. The acquisition of acclimatization devices is now considered necessary to 
achieve a basic comfort level in buildings and their sales have been increasing over the 
years [15].

As a major consumer of energy, the building sector presents a signifi cant impor-
tance in the achievement of energy effi ciency measures. With the adoption of effi ciency 
measures the energy consumption can be reduced in more than 50%, representing about 
400 million tones of reduced CO2 for each year [16]. If the retrofi t measures mentioned 
in the EPBD recast were implemented in the European building stock, including mul-
ti-family houses, non-residential buildings and all single-family houses, the amount of 
CO2 emission savings could reach to 398 Mt/a [17,18]. Some of these retrofi t measures 
are related with the retrofi tting of building envelope, i.e. insulation improvements of 
external walls, window frames, fl oors and roof structures as well as measures to reduce 
the heat losses through ventilation. 

The aim of the international project IEA ECBCS Annex 50 - Prefabricated Systems 
for Low Energy Renovation of Residential Buildings, was to develop a new concept of 
integrated low energy retrofi t for a whole building using prefabricated solutions [19]. 
The development of the retrofi t prefabricated modules for facades was performed in 
order to develop advanced energy retrofi t strategies. These modules also have the func-
tion of insulating the building envelope with integrated systems for heating, cooling and 
ventilation [20].

Energy retrofi t measures in buildings are often tackled when they are unavoidable 
and usually lead to different and partial uncoordinated interventions on time that might 
result in higher costs for the properties owners. With the development of these retrofi t 
prefabricated modules is possible to establish a long-term advanced retrofi t building 
strategy that establishes a holistic building retrofi t approach for the remaining life cycle 
of the building [21]. 

In order to evaluate the potential of low energy renovation using prefabricated pan-
els it was necessary to consider two subjects, namely, the existing housing stock and 
the available prefabrication solutions. The present study was carried out considering the 
three types of retrofi t prefabricated modules developed in the IEA ECBCS Annex 50 
project by different represented countries (Fig. 1).

It was carried out a detailed study of the Portuguese housing stock according with 
the last known statistical data (Table 1). In 2011 there were 3.544.389 buildings in 
Portugal mainland and islands nevertheless, not all the existing buildings were able to 
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be renovated using this innovative solution. The present study was mainly focused on 
residential buildings so all the non mainly residential buildings, the collective buildings 
i.e. hotels, convents and barracks, and the non classic residences i.e. tents and stalls 
were disregarded. Moreover a number of variables were established in order to defi ne 
those buildings which potentially present the most favourable conditions for energy 
retrofi t using prefabricated facade panels. 

   
               Swiss module                        Austrian module                         Portuguese module

Fig. 1. Examples of prefab modules developed by IEA ECBCS Annex 50 project [22]

Table 1
Statistical characterization of the buildings with renovation needs in the exterior walls and window frames 

per period of construction.

Building period
Number of buildings with 

reparations needs in the exterior 
walls and window frames

Number of Buildings with 
2 to 6 fl oors

Before 1919 139.612 206.343

1919-1945 198.592 305.696

1946-1960 220.266 387.340

1961-1970 194.420 408.831

1971-1980 209.771 588.858

1981-1990 154.237 578.845

∑ = 1.116.898 ∑ = 2.475.913

Estimating the potential residential buildings with better conditions for retrofi t using 
prefabricated facade panels is only one part of the target. This advanced retrofi t building 
strategy through the implementation of prefabricated panels requires other issues to be 
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addressed. i.e. architecture of the facades. For the production of prefabricated panels to 
be economically justifi able it is necessary to produce them in a large scale. In order to 
know the shapes of the panels, it was previously necessary to know the morphology of 
the buildings and the most representative types of openings in the facades. In the ab-
sence of statistical information about this subject, a research work was done in the fi eld 
in two stages. During the collection of data in the fi eld a methodology was developed in 
which each opening was classifi ed according to a code with three parameters: the type 
of opening, the vertical confi guration of the opening and the horizontal confi guration of 
the opening. 

From the observation process 132 buildings openings were classifi ed and 29 fi nal 
codes were achieved. As mentioned the observation was done in two stages to evaluate 
identify possible variances and the buildings were chosen randomly in a geographical 
area as broad as possible, but with signifi cant urban characteristics.

The impact of politics measures adopted in the energy effi ciency of dwellings is still 
very poorly felt in European economy. However with the increasing in primary energy 
goods prices, the household’s energy bills will rise and potentiate the energy retrofi t 
market [23]. Through providing information to owners on their energy consumptions it 
was demonstrated that energy bills can be substantially reduced [24]. Besides the initial 
investments required for this type of innovative energy effi cient systems solutions are 
usually higher the amortization of equipment can be done during the remaining life 
cycle of the building translating into a cost-benefi t optimum situation.

2. THE PORTUGUESE BUILDING STOCK ANALYSIS

According with the statistical count done, in 2011, were counted 3.544.389 buildings 
and 5.859.540 lodging. A building can be defi ned as an independent construction that 
comprehends one or more lodgings, divisions or other spaces, independently, if the 
utilization goal is commercial, industrial, cultural, residential or any other. Lodging 
is a distinct and independent place that, by the way it was constructed, reconstructed, 
amplifi ed or transformed is intended to be used as human habitation. 

The majority of Portuguese housing (about 99,7%) correspond to classic family 
lodging. A classic family lodging can be defi ne as lodging with a room or a set of rooms 
and other attachments that by the way that were built, rebuilt or converted are intended 
to be a permanent home of a family. 

The majority of Portuguese building stock was built fi fty, forty years ago mainly 
during the 1960’s, 1970’s and 1980’s decades, representing about 51% of all the Portu-
guese Building Stock (Fig. 2) [25]. 

Nowadays a considerable part of this building stock can be considered obsolete 
because a great part presents some repair needs [26]. Back then the thermal regulation 
was inexistent, reason why the buildings built during 1960’s, 1970’s and 1980’s tend 
to consume more energy however they also present major potential for energy saving 
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[27]. In 2010, the residential sector was the third largest energy consumer presenting 
energy consumptions about 18% of the total consumptions and forecasts indicate an 
upward trend in energy consumption in the housing sector particularly of electrical 
energy [28].
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Fig. 2. Percentage of buildings according with period of construction

Since the last forty decades Portugal experienced an expansion of the building 
stock. Nevertheless the consequence of this new construction tendency was an absence 
of investment in rehabilitation and conservation of the existing building stock. Statistics 
from Census 2011 revealed that about 29% of the Portuguese housing needs some kind 
of reparation (Fig. 3).

The precedent strong investment in construction, the freezing of rents prior to 1990 
and, lately, the reduction in the concession of loans to investors by the banks due to the 
economical crisis are the most signifi cant features that lead to the current poor state of 
repair of the Portuguese building stock [29]. 

Exterior walls and window frames presents the majority of repair works that are 
needed on buildings. However, also in coverage and in the buildings structure are need-
ed some repair works (Fig. 4).

The rehabilitation should bring back to the market, unoccupied or energetically 
ineffi cient buildings, increasing also its real estate value. In response to social needs, 
the investment on rehabilitation would contribute to increase the life quality of the res-
idents and to create new job opportunities. The reduction of the energy consumptions, 
that might be achieved, would be economically advantageous, both for the residents 
and the country and would ensure the intergenerational sustainability of the building 
stock. 
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Fig. 3. Percentage reparation needs in buildings
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Fig. 4. Number of buildings by reparation needs for part of the building

Although the positive effects for the society, the rehabilitation in general and the 
energy rehabilitation of buildings in particular does not play a signifi cant role in the 
Portuguese construction market. The absence of a wide spread awareness about the 
subject is perhaps one of the most important diffi culties to its promotion. 



APPLICATION OF PREFABRICATED PANELS FOR THE ENERGY RETROFIT OF PORTUGUESE RESIDENTIAL BUILDINGS... 343

3. METHODOLOGY

3.1. IDENTIFICATION OF THE STATISTICAL SAMPLE

In order to evaluate if there were the necessary conditions for the application of this 
technique it was necessary to previously know the existing building stock. The specifi -
cities of the rehabilitation market and of the prefabrication industry required an analysis 
of the stock in order to realize if there were a representative number of buildings with 
certain characteristics. Nevertheless the target of study was focused on classic family 
residential buildings, reason why every non classic, collective and mainly non-residen-
tial building was disregarded of the analysis as mentioned previously.

The totality of the buildings existing in the Portuguese building stock consists of the 
total sample. From this sample were subtracted the three above mentioned cases, in the 
end the pretended statistical sample was obtained (Fig. 5).

Family 
Colective 
Lodging 

X 

Types of 
Lodging 

Family 
Lodging 

Non Classic 
Family 

Lodging 
X 

Classic 
Family 

Lodging 

Empty 
Residences  

Occupied 
Residences 

Mainly  Non 
Residencial X 

Mainly 
Residencial 

Partly 
Residencial 

Exclusively 
Residencial 

Fig. 5. Total sample of the building stock considering the target (in green) and non target 
buildings (in red)

A sample of 3.507.059 building was obtained and available to be part of the study. 
Notwithstanding not all these buildings might be targets of a renovation using such an 
innovative technique. In order to fi nd the existing buildings in building stock with more 
appetence to be a target of such type of renovation a selection of three criteria were de-
fi ned. These criteria were related with number of fl oors, the period of construction and 
the renovation needs in the exterior walls and window frames and the specifi c reasons 
for their choice are explained in the next subchapter. Nevertheless these criteria were 
defi ned having in account that for a full potential application of prefabricated panels it 
is necessary to produce then in a large and economical scale.
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3.2. SELECTION OF THE CRITERIA

3.2.1. Number of  f loors

The fi rst variable considered in the selection was the number of fl oors of the buildings. 
In this variable all the buildings with less than two or more than seven fl oors were 
excluded from the statistical representation. 

Actual prefabrication processes assume that the fi nal product is independent of its 
fi nal utilization and application. For a major impact in the market of the prefabricated 
products, in this case a prefabricated panel for facades, it is expected that its application 
could be possible in any facade independently of the number of fl oors. However the ab-
sence of architectural patterns in the Portuguese buildings facades, particularly in those 
buildings with less than one fl oor, is a serious obstacle to the production of massive 
scale prefabricated panels. 

This exclusion represents about 40% of the building stock which is a signifi cant 
percentage (Fig. 6). However due the variability of facades it is diffi cult to develop 
prefabricated panels buildings facades in a massive scale.
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Fig. 6. Percentage of buildings per number of fl oors

The buildings with more than seven fl oors were also excluded from the selection. 
In this case was considered that the high altitude of the buildings can be an obstacle 
to assembly of the prefabricated systems. The installation of the prefabricated pieces 
should be as faster as possible using light and simple devices in order to diminish the 
fi nal price of the pieces. The buildings with more than seven fl oors represent only 1% 
of the building stock.
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The remaining buildings were considered to be able of the study and together rep-
resent about 60% of the stock. 

3.2.2. Conservat ion of  Exter ior  Walls  and Window Frames

There are 1.062.939 buildings with any kind of reparation needs (from small repara-
tions to highly degraded buildings) representing about 35,5% of the total building stock. 
However this is a general number which don’t specify the local of the building where 
the intervention is needed. In order to restrict the statistic sample, only the conservation 
state of exterior walls and window frames was considered. The prefabricated panels 
are going to be applied in the buildings facades with a double purpose, the reduction of 
energy consumptions in the households but also the possible retrofi t of facades in a poor 
state of conservation. Approaching specifi cally the conservation of the building exterior 
shell there are 1.256.094 buildings needing some kind of intervention in the façade or 
in the window frames. 

3.2.3. Year  of  Construct ion

According with the last Census there are ten defi ned periods of construction. In the var-
iable year of construction all the buildings after 1990 were excluded. With this criterion 
the main gold was to assure that the most recently buildings were not considered. 

Moreover those buildings built after 1990 were built according with the fi rst thermal 
regulation standards and in general are the ones with less conservation and maintenance 
needs in the facades as it is possible to see in the Fig. 7.

Fig. 7. Number of buildings with repair needs per period of construction

3.2.4. Stat is t ic  Ident i f icat ion of  the Target  Resident ia l  Bui ldings

In order to fi nd the eligible buildings to apply the prefabricated panel’s technique the 
results of the variables previously defi ned were combined. The buildings which satisfy 
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the criteria of the variables are the ones with best potential to apply this technique in the 
energy retrofi t of facades as is illustrated in Fig. 8.

Fig. 8. Scheme with the statistical sample and the three defi ned variables

Considering the general sample identifi ed in the totality of the Portuguese building 
stock (3.507.059 buildings) 31,85% of this buildings have needs of reparation and con-
servation of its exterior walls and window frames.

Considering the buildings with more than one fl oor and less than seven fl oors built 
before 1990 is possible to conclude that exist about 2.475.913 buildings which corre-
spond to 70,8 % of the statistical considered sample (3.507.059 buildings). In order to 
fi nd the statistical pretended sample three major groups were identify (Fig. 9), namely:

Fig. 9. Scheme with all the adopted variables.
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– Buildings built before 1919 to 1990 – Group A;
– Buildings needing reparation in exterior walls and window frames – Group B;
– Buildings with 2 to 6 fl oors – Group C.

Trough statistical information it is possible to know A ∩ B and A ∩ C but the pre-
tention of this part of the study is to know (A ∩ B) ∩ C, which is the part marked in red 
represented on Fig. 9. Nevertheless to know (A ∩ B) ∩ C it is also necessary to know 
B ∩ C results, but is no statistical information on this range reason why the following 
estimation was done.

(1) %8,31318,0
059.507.3
898.116.1

Sample
BA  

Assuming this percentage is applied to A∩C:

(2) 485.772913.475.2312,0  Buildings

Through this estimative it is possible to conclude that 772.485 buildings with 2 to 
6 fl oors build before 1919 and 1990 have reparation needs in the façade and window 
frames. This value represents approximately 22% of the total statistical considered 
sample.

3.3. POTENTIAL OF APPLICATION OF THE PREFABRICATED SOLUTIONS

3.3.1. Col lect ing the data  on f ie ld

To evaluate the potential application of prefabricated panels in those buildings which 
respect the variables defi ned previously, a research work was done in the fi eld divided 
in two stages. During the collection of data a methodology was developed in which 
each opening was classifi ed according to a code with three parameters: the type of 
opening, the vertical confi guration of the opening and the horizontal confi guration of 
the opening.

Both the collecting stages were in Oporto district area. In the fi rst stage were col-
lected in some councils a bigger sample, namely, in Oporto, Póvoa de Varzim and Vila 
do Conde. In the second stage, the sample observed was smaller, were also observed 
buildings from the Oporto district but from different councils.

In totality were observed 1790 openings in 132 buildings. In the fi rst sample were 
counted 1282 openings in 93 buildings. From this sample the majority of buildings were 
placed in Oporto with 69 buildings, 14 buildings were counted in Póvoa de Varzim and 
10 buildings in Vila do Conde. In the second stage were observed 509 openings in 39 
buildings, 7 in Espinho, 6 in Vila Nova de Gaia, 7 in Valongo, 10 in Maia, 6 in Matosin-
hos and 3 buildings in Santa Maria da Feira. This cont was done in two stages with the 
purpose of fi nding if there was any match between the two sample codes. 
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3.3.2. The Parameters  to  Analyse

3.3.2.1. Type of  Opening

Each opening was classifi ed according with three parameters. The fi rst parameter is 
entitled by type of opening and is possible to distinguish among three possible codes. 
To each opening is only possible to attribute one code (Table 2). 

Table 2
Characterization of facades morphology – Types of openings

Cod. 1
Window

Cod. 2
Window behind a balcony

Cod. 3
Door behind a balcony

3.3.2.2. Vert ical  Configurat ion of  the Openings

The second parameter associated to the analysis of application of prefabricated pan-
els in facades, to be considered is the vertical confi guration of the openings. In this 
parameter is pretended to evaluate if there is or not any alignment between the 
openings. If there is a vertical alignment of the several openings of the building 
facade this should be classifi ed the code number 1. Otherwise if there isn’t a vertical 
alignment of the building facade openings it should be attributed the code number 2 
(Table 3).
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Table 3
Characterization of facades morphology – Vertical position of openings.

Cod. 1
Aligned Openings 

Cod. 2
Not Aligned Openings 

 

   

        

 
 

3.3.2.3. Horizontal  Configurat ion of  the Openings

The third parameter evaluates the horizontal confi guration of the openings. In this pa-
rameter there considered eleven possible horizontal positions of the openings, or eleven 
possible codes to attribute to each opening. However though the visualization on site 
it was found that for one single opening could be applied more than one code. In these 
situations was decided to attribute the code corresponding to the situation that could be 
conditioning for the application of the prefabricated panels.

The openings distance classifi cation was based in local visual observation and clas-
sifi cation, in order to better understand the difference between a short distance opening 
and a large distance opening Fig. 10, represent examples of the mentioned situations.

Although most of the openings were instinctively classifi able, there were doubtful 
situations. In these situations it was considered the area of   the opening i.e. openings 
with 1 m2 or 5 m2 of area distancing the same distance of other opening located in the 
façade have different codes classifi cation.

 

 

 

 

 

 

Fig. 10. Example of a building located in Espinho with a short distance between openings (left picture) 
and a example of a building located in Póvoa do Varzim with a large distance between openings 

(right picture)
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Table 4
Characterization of facades morphology – horizontal position of openings

Cod. 1
Openings in a short dis-
tance from each other

Cod. 2
Openings in an intermediate 

position

Cod. 3
Openings in a large 
distance from each 

other

Cod. 4
Openings near to 

an adjoining build-
ing

 

 

 

 

 

 

Cod. 5
Projected openings

Cod. 6
Openings along the side of a 

projection of the building

Cod.7
Openings in a recessed 

wall

Cod. 8
Openings in a pro-

jected wall

    

Cod.9
Enclosed balconies

Cod.10
Openings along the side of 

a balcony

Cod.11
Openings between balconies

   

3.3.3. The Resul ts  of  the f i rs t  sample

The fi nal code is the set of codes attributed for each parameter. It was possible to de-
terminate 28 types of possible combinations which are exposed in Table 5. There is 
possible to fi nd the number of occurrences for each code and the respective percentage. 
Nevertheless only the codes underlined in grew were considered statistically relevant 
(all the code combination with less than 3% representation were excluded). 

From the 28 fi rst sample fi nal codes results only 10 codes were elected representa-
tive being the combination 113 the most representative sample of the fi rst stage collec-
tion with an total observation percentage of 26,3%.
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Table 5
Statistical characterization of the fi nal codes obtained in the fi rst sample.

Final Code Number of 
Occurrences

Percentage 
(%) Final Code Number of 

Occurrences
Percentage 

(%)

111 129 10,1 217 75 5,9

112 16 1,2 218 8 0,6

113 337 26,3 311 73 5,7

114 45 3,5 312 7 0,5

115 3 0,2 313 128 10,0

116 18 1,4 314 8 0,6

118 41 3,2 316 12 0,9

119 12 0,9 317 149 11,6

121 17 1,3 318 4 0,3

123 16 1,3 321 2 0,2

211 62 4,8 323 2 0,2

212 1 0,1 1110 70 5,5

213 5 0,4 1111 36 2,8

214 4 0,3 1210 2 0,2

Total 1282 100%

3.3.4. The Resul ts  of  the second sample

The evaluation of the second sample was done using the same parameters used in the 
fi rst sample, types of openings, vertical position of openings and horizontal position 
of openings. After the classifi cation of the openings of the buildings analyzed in the 
second sample the fi nal codes achieved are represented in Table 6.

Like in the fi rst sample every code combination without than 3% representatively 
was excluded from the code combination. From the 18 code classifi cation achieved 
only 8 combinations were considered. In the second sample the most common combi-
nation was the code 113 like happed before in the fi rst sample. The fi nal 8 combinations 
achieved in the second sample are also present in the fi rst sample nevertheless in the 
second sample was possible to identify combinations inexistent in the fi rst.
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Table 6
Statistical characterization of the fi nal codes obtained in the second sample.

Final Code Number of 
Occurrences

Percentage 
(%) Final Code Number of 

Occurrences
Percentage 

(%)

111 31 6,1 211 46 9,1

112 2 0,4 213 12 2,4

113 165 32,5 217 2 0,4

114 3 0,6 311 56 11,0

116 3 0,6 313 86 16,9

117 1 0,2 317 28 5,5

118 18 3,5 1110 41 8,0

119 2 0,4 1111 2 0,4

121 9 1,8 1112 1 0,2

Total 508 100%

3.3.5. The Final  Resul ts  of  both sample

The fi nal codes of sample one and two were assembled in Table 7 where is possible to 
analyze the total number of openings with a certain type of characteristics correspond-
ing to the attributed code.

After the determination of the fi nal percentages associated to each fi nal code it is 
possible to obtain the potential number of openings which could be a target of ther-
mal retrofi t employing the prefabricated models defi ned in the international study IEA 
ECBCS Annex 50. In Table 8 to 10 is possible establish an association between the fi nal 
codes obtained through local observation, the possible types of panels to be applied and 
an estimation of the total number of openings in the selected building stock which could 
be subjected to this kind of intervention in the facade. The fi nal percentages achieved 
in Table 8, 9 and 10 were the sum of the of the totality percentages of each code which 
are summarized in Table 7. The number of potential openings was estimate applying 
the total percentages of the most representative codes to the 772.485 buildings which 
represent the statistical pretended sample determined in subchapter 3.2.4.

It was possible to establish a connection between the 132 buildings observed in 
loco and the statistical determined sample (772.485 buildings) because all the buildings 
observed respect the defi ned variables established to determine the sample, namely, 
buildings with more than one and less than seven fl oors, with reparation need in the ex-
terior facades and window frames and built before 1990. Nevertheless it is not possible 
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to affi rm that 43,1% (in the case of Table 8 panels) can be apply to the hole reality of 
the building stock. This percentage corresponds to tax of application estimated for the 
sample of 772.485 buildings. 

Table 7
Final Statistical Characterization of both samples.

Final Code Number of 
Occurrences

Percentage 
(%) Final Code Number of 

Occurrences
Percentage 

(%)

111 160 8,9 217 77 4,3

112 18 1,0 218 8 0,4

113 502 28,0 311 129 7,2

114 48 2,7 312 7 0,4

115 3 0,2 313 214 12,0

116 21 1,2 314 8 0,4

117 1 0,1 316 12 0,7

118 59 3,3 317 177 9,9

119 14 0,8 318 4 0,2

121 26 1,4 321 2 0,1

123 16 0,9 323 2 0,1

211 108 6,0 1110 111 6,2

212 1 0,1 1111 38 2,1

213 17 1,0 1210 3 0,2

214 4 0,2 Total 1790 100%

Table 8
Evaluation of the potential application of prefabricated linear panels [30].

Final Code Prefabricated panel typology Evaluation of the potential 
number of panels

Code 111
Code 113
Code 1110

∑                      43,1%

 

4.514.883 
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Table 9
Evaluation of the potential application of prefabricated nonlinear panels [30]

Final Code Prefabricated Panel typology Evaluation of the potential 
number of panels

Code 118
∑                        3,3% 

                   

 

345.687

Table 10
Evaluation of the potential application of prefabricated modules which allow 

the creation indoor spaces [30]

Final Code Prefabricated Panel typology Evaluation of the potential number 
of panels

Code 211
Code 217
Code 311 
Code 313
Code 317

∑                      39,4%                                                   

4.127.294

4. CONCLUSIONS

After the development of this study it is now possible to know some conclusions about 
the same. A signifi cant part of the Portuguese housing stock is outdated, the implemen-
tation of the new European Directive 2010/31/EU emerges as an opportunity to rehabil-
itate the building stock, turning it more effi cient and sustainable. Moreover the majority 
of the Portuguese building stock was built in a time with inexistent thermal regulation 
these buildings tend to consume more energy than necessary. The thermal ineffi ciency 
of the construction in the Portuguese Building Stock has negative consequences, not 
only for the dwellers but also for the country economy. This can be a unique opportuni-
ty to correct the past mistakes. The rehabilitation appears as an opportunity to upgrade 
the existing building stock, increasing their energy effi ciency, comfort conditions and 
market value.
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At the moment there are several techniques of energy retrofi tting buildings facades. 
The international project IEA ECBCS Annex 50 proposes an innovative technique of 
retrofi tting through the use of prefabricated panels. Nevertheless due to the specifi cities 
of the prefabrication industry but also to the specifi cities of the rehabilitation market it 
was necessary to do an approach of the building stock in order to evaluate if there were 
a signifi cant potential number of buildings capable of being retrofi t using this technique.

Through the statistical data it was possible to determine that, in 2011, existed 
3.544.389 buildings in Portugal but not all had the conditions to be part of the present 
study. In order to know those buildings with better conditions to be retrofi tted using this 
technique three variable were established, namely: 
– The number of fl oors – only buildings with more than one and less than seven fl oors 

were considered;
– The period of construction - All the buildings built before 1990 were considered;
– With reparations needs in the exterior walls and window frames.

It was possible to conclude that in the analyzed period existed 772.485 buildings 
that could be a potential target of an energy retrofi t using the prefabricated panels. 

The choice of a prefabricated panel is connected with the morphology of the façade 
and the openings type that exist in the same. There is no statistical information about 
such theme reason why a study of the buildings morphology was done in loco. In order 
to have a signifi cant sample 132 buildings which attended to the three variables request-
ed were observed in an extensive geographical area. During this observation in loco the 
buildings opening were classifi ed. This observation was done in two different stages, 
the fi rst observation was held in Porto, Póvoa de Varzim and Vila do Conde. In total 
were accounted 1282 openings in 93 buildings. 

In the second sample were accounted 508 openings in 39 buildings placed in Espin-
ho, Vila Nova de Gaia, Valongo, Maia, Matosinhos and Santa Maria da Feira. In the end 
it was possible to know that the most frequent opening in the fi rst sample corresponded 
to the codes 111, 113, 114, 118, 211, 217, 311, 313, 317, 1110 and in the second sample 
to the codes 111, 113, 118, 211, 311, 313, 317 and 1110. It was possible to establish 
a correspondence between the most relevant codes of the fi rst and second sample.

With the potential number of buildings able to be retrofi tted using the prefabricated 
technique and the total percentage of the most representative codes of the 132 buildings 
observed in loco it was possible to estimate the number of openings suitable for a dif-
ferent type of prefabricated panel. 

It is possible to conclude that there are three types of prefabricated panels with 
major application, prefabricated linear panels, prefabricated nonlinear panels and pre-
fabricated modules which allow the creation indoor spaces.

It was estimated a total potential application of 8.987.864 prefabricated panels, 
namely, 4.514.883 prefabricated linear panels, 345.687 prefabricated nonlinear panels 
and 4.127.294 prefabricated modules which allow the creation indoor spaces. The fi rst 
type of panels is those which major potential of application. Is it possible to conclude 
that exists potential for the energy retrofi t of facades using the innovative technique 
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of the project IEA ECBCS Annex 50 though initially seems a bold solution compared 
to traditional techniques is a solution that arguably presents technical and economical 
advantages due to prefabrication and which allows to have in consideration the life 
cycle of the buildings.
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