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ABSTRACT 

This paper provides a first statistical analysis based on a number of residential building 
energy certificates aiming at contributing towards a better thermal characterization of the 
current mainland Portuguese residential building stock. The analysis underlines the 
importance of several certification parameters, such as climate and location, period of 
construction and others, in regards to the rating outcomes. Furthermore, the general impact of 
suggested improvement measures on the expected energy demand, the certified energy rating 
and the estimated energy savings are explored. 
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INTRODUCTION 

Building regulation incorporating energy performance considerations was adopted in Portugal 
in 1991, seeing a first remarkably successful application case in buildings designed for the 
EXPO’98 housing stock. Yet, energy certification of buildings has only been in use in 
Portugal since 2006, following the EU’s original Energy Performance of Buildings Directive 
of 2002 (EPBD, 2002), later revised in 2010 (EPBD, 2010). 

The certification process aims at monitoring and supervising the quality not only of new 
building projects and constructions or big renovations, but also of existing buildings, 
particularly when these are to be put in the market for renting or selling. In practical terms, 
the implementation of this process has implied the creation of a certificate’s database, 
managed by the Portuguese Agency for Energy (ADENE). Today that database contains 
information about over 1 million certified buildings of all ages. Given the many details 
collected during the energy assessment, the database constitutes a great source of information 
allowing for a better picture of the current building stock once adequately analyzed and 
allowing for a better understanding about how certain parameters are paramount in the actual 
building design and construction practices.  

Given that energy performance of buildings depends on building-associated characteristics, 
even relevant in a much-diversified microclimate as Portugal’s case, a first general 
characterization of the Portuguese housing stock is performed. In particular, according to the 
2001 Census (INE 2001) the Portuguese housing stock was composed of 3,543,595 buildings, 
covering 5,877,991 housing units with an average age of 34 years. The certificate’s sample 
supporting the current study, provided by ADENE, contains all the new certificates collected 
during the month of May 2016. 
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This paper presents an initial statistical study constituting a first step towards the 
characterization of mainland Portuguese residential building stock and considers parameters 
such as climate zone and geographical location, age, type of construction and building 
physical characteristics. Furthermore, a brief analysis of the Energy Performance Certificates 
(EPC’s) and of their relationship with the improvement measures proposed by the qualified 
experts is presented. As EPC’s recommendation report indicates improvement measures, 
which can help reduce the amount of energy and provides possible costs savings per year if 
the improvements are made, the existing relation between improvement costs, EPC’s before 
and after improvement measures are made and costs savings per year are studied.  

Within the scope of this work, a new statistical analysis is explored, aiming at clarifying the 
status of the housing stock, with considerations about their location/climate and year of 
construction. Furthermore, a look at the improvement measures proposed by the energy 
certification experts within the certification process is explored aiming at enhancing the 
description of the housing stock through data compiled in the buildings.  

 

DATA AND ANALYSIS METHODS 

The analysis here presented is based on ADENE's national energy certification system 
database, but was limited to 11,588 new certificates for the month of May 2016. Each 
certificate corresponds to an autonomous building (detached or semi-detached dwelling) or 
fraction thereof (apartment). All certificate types were considered in the analysis, namely 
certificates for new and existing buildings, as well as for big interventions. The analysis left 
out the cases from the autonomous regions of Açores and Madeira, to be focused only on the 
mainland building stock.  

The available 11,588 certificates to be included in the analysis represent approximately 0.2% 
of the total Portuguese mainland residential housing stock as of 2016. The Portuguese 
residential housing stock stands for the total of the usual residence, secondary residence and 
non-occupied autonomous fractions. 

The data analysis encompassed finding mean for quantitative variables and percentages for 
ordinal and qualitative variables. The magnitude of the association between quantitative 
variables was also performed, using bivariate analysis with correlation coefficient rho of 
Pearson. 

 

RESULTS 

In the range of the certificates analysed in this paper, the majority of the buildings (2,357) 
were built between 1981 and 1990, followed by 1,794 buildings constructed after 2005, and 
the minority of the buildings (184) built before 1918 (Table 1). 

Of the total of 11,588 classic buildings certified in May 2016, 41% corresponded to those 
built after 1996 (4,762), while another 31% were for buildings built between 1971 and 1990 
(3,561). The remaining sample buildings have been generally evenly distributed for each of 
the decades, but there has been a slight downward trend in the number of buildings from the 
beginning of the XX century.  
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The region with the highest number of old buildings certified in May 2016, i.e. constructed 
before 1919, was Área Metropolitana de Lisboa (AML), which accounted for approximately 
70% of the total sample of residential buildings constructed till then. Conversely, Algarve had 
the lowest representation of old buildings in the sample, with approximately 3%. The Norte 
region accounted for the highest percentage of residential buildings constructed after 2005. In 
contrast, the region with the lower fraction of buildings constructed after 2005 was Alentejo. 
Of the total of 4,175 certified buildings (May 2016) of AML, 463 were built after 2005.  

Table 1 - Number of classic buildings (N) according to the construction period of the building 

 

Regarding the number of floors the sample size was reduced to 9604 certified buildings since, 
for the rest, the information was either missing or referring to buildings of more than 6 floors. 
As expected, the densely populated urban areas have a larger representation of residential 
buildings with more floors when compared to the rural areas. For example, in Alentejo more 
than 70% of the sample residential buildings have fewer than 2 floors. In general, 2/3 of the 
sample mainland residential buildings have between 2 and 4 floors (Table 2). 

The thermal inertia parameter (It) represents the internal surfaces’ capacity to store heat, an 
effect that is particularly helpful in reducing indoor thermal amplitudes, potentially resulting 
in lower needs for heating and cooling. In general, the majority of buildings have either 
medium or strong thermal inertia (Table 2). Analysing the certificates sample through time, it 
can be seen that there were smooth inertia variations, with a decrease in the capacity to store 
heat between [1971; 1980] and [1981; 1990] construction periods, followed by an increase 
after 2005. This was expected given the typical construction techniques and materials in 
Portugal because of a millenary process of vernacular architecture exploring passive solutions 
adapted to the local climate and culture. Some of the medium and weak inertia buildings 
probably use plasterboard solutions that block thermal conduction between air and the walls, 
thus impeding the known positive effects of thermal inertia. However, in the sample, less than 
2% of the total buildings shows weak thermal inertia, suggesting that a more detailed 
construction analysis may be warranted in order to clarify the presence of pernicious 
plasterboard solutions. 

 Norte Centro AML Alentejo Algarve Total 

N (%) N (%) N (%) N (%) N (%) N (%) 

< 1919 22 (0.8) 16 (0.7) 130 (3.1) 11 (1.5) 5 (0.3) 184 (1.6) 

[1919;1945] 85 (3.0) 67 (3.1) 258 (6.2) 69 (9.4) 33 (2.0) 512 (4.4) 

[1946;1960] 128 (4.5) 166 (7.7) 367 (8.8) 74 (10.1) 56 (3.4) 791 (6.8) 

[1961;1970] 135 (4.8) 109 (5.1) 341 (8.2) 64 (8.7) 39 (2.4) 688 (5.9) 

[1971;1980] 188 (6.6) 174 (8.1) 640 (15.3) 77 (10.5) 125 (7.5) 1204 (10.4) 

[1981;1990] 532 (18.7) 422 (19.6) 950 (22.8) 120 (16.3) 333 (20.1) 2357 (20.4) 

[1991;1995] 331 (11.6) 197 (9.1) 278 (6.7) 47 (6.4) 215 (13.0) 1068 (9.2) 

[1996;2000] 426 (15.0) 244 (11.3) 312 (7.5) 69 (9.4) 186 (11.2) 1237 (10.7) 

[2001;2005] 534 (18.8) 363 (16.8) 436 (10.4) 109 (14.9) 289 (17.4) 1731 (15.0) 

>2005 461 (16.2) 398 (18.5) 463 (11.1) 94 (12.8) 378 (22.8) 1794 (15.5) 
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Table 2 - Buildings characterization by number of floors and inertia 

 

 
Table 3 presents and clearly highlights the distribution of certified buildings within the two 
classifications for climatic zones, corresponding to winter and summer characteristics. 
Buildings built in I1 climatic zone (the milder winter climate) clearly predominate, as do the 
residential buildings certified in S2 summer climate zone, although with only a slightly higher 
representation than the ones in the S3 (Table 3). 

 

Table 3 - Buildings characterization by climate zones 

 

Within the framework for building certification, the qualified experts propose improvement 
measures for each certified building, along with an estimate of the expected energy savings 
and cost of investments. Of all the certificates, 96% had at least one proposed improvement 
measure. 

The NUTSII that had the fewest proposals for improvement measures was Algarve, with only 
94% of the total, while the highest number of proposals was for buildings in Alentejo, with 
98% (Table 4). Regarding EPC, the NUTSII which has the most buildings with the best 
energy certification (A+) before improvement measures is the Center (2%), and the one with 
the least buildings with this classification is Alentejo, in which there is no building with the 
A+ rating. 

The buildings with the lowest energy classification (F) before the improvement measures are 
in the Alentejo (31%), and it is in the AML that there are the fewest of them (12%). The same 
is verified after the improvement measures are taken into account relatively to high EPC 
except in the lowest percentage of buildings with higher EPC, where Alentejo is replaced by 
AML. Concerning F rating, it is Centro and Alentejo that had the lowest EPC buildings, 
approximately 30% in each of their residential building stock before improvement measures 
were taken into account (Table 4). The analysis did not find significant relationship between 
estimated costs savings per year if and improvement costs. 

 

  Norte Centro AML Alentejo Algarve Total 

  N (% ) N (% ) N (% ) N (% ) N (% ) N (% ) 

Number 
Of 

Floors 

1 216 (9) 328 (16.4) 180 (5.9) 278 (38.6) 214 (14.9) 1216 (12.7) 

2 681 (28.5) 689 (34.4) 446 (14.6) 239 (33.2) 507 (35.2) 2562 (26.7) 

3 486 (20.4) 377 (18.8) 478 (15.7) 102 (14.2) 292 (20.3) 1735 (18.1) 

4 480 (20.1) 312 (15.6) 904 (29.6) 73 (10.1) 237 (16.5) 2006 (20.9) 

5 285 (11.9) 199 (9.9) 671 (22) 19 (2.6) 126 (8.8) 1300 (13.5) 

6 240 (10.1) 98 (4.9) 374 (12.3) 9  (1.3) 64 (4.4) 785 (8.2) 

I nertia Strong 1405 (49.4) 1108 (51.3) 1937 (46.3) 417 (56.7) 1095 (65.8) 5962 (51.4) 

Medium 1383 (48.6) 1037 (48) 2180 (52.1) 312 (42.4) 561 (33.7) 5473 (47.2) 

Weak 59 (2.1) 15 (0.7) 66 (1.6) 6 (0.8) 7 (0.4) 153 (1.3) 

 
 Winter Zone Summer Zone 

 I1 I2 I3 S1 S2 S3 

N 8902 2416 270 55 6480 5053 

(%) (76.8)  (21) (2) (0) (56) (44) 
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Table 4 - Buildings Characterization by Improvemement Measures (IM) and Energy Performance Certificate 

 

 
 
It is worth mentioning that no significant correlations were found for geographical location or 
energy needs, be it heating, cooling or total. However, the importance of climate but also of 
the specific building location or even of an apartment within a particular building (e.g. 
regarding the orientation of the façades towards the Sun), have been proven to be relevant, but 
for such a small sample of buildings covering the whole country, the analysis becomes 
difficult. Yet, another basic reason is that for a large area of the country, the climatic 
differences cannot be fully considered given the fact that heating and cooling are treated with 
some disregard due to cultural and budget reasons.    

 

CONCLUSION 

The results in this study attempted to analyse the situation of Portuguese residential stock 
after the adoption of the EPBD in Portugal and, with it, aimed at getting an enhanced 
description of the energy performance of the mainland buildings certified in May 2016. 

This analysis was a first step in exemplifying how the certification data can be used in helping 
inform policymaking towards improving the energy performance of Portugal’s residential 
buildings, and contributing to the promotion of better indoor environments (i.e. the health and 
comfort of citizens) together with the global environmental sustainability through wise and 
informed energy sufficiency strategies, i.e., those that use the building as true management 
energy systems through their design, construction,  and use. 

 

 
  Norte Centro AML Alentejo Algarve Total 

  N (%) N (%) N (%) N (%) N (%) N (%) 

IM No 123 (4.3) 114 (5.3) 168 (4) (13) (1.8) 93 (5.6) 511 (4.4) 

 Yes 2724 (95.7) 2046 (94.7) 4015 (96) (722) (98.2) 1570 (94.4) 11077 (95.6) 

EPC A+ 48 (1.7) 51 (2.4) 2 (0) (0) (0) 9 (0.5) 110 (0.9) 

 A 66 (2.3) 63 (2.9) 67 (1.6) (11) (1.5) 46 (2.8) 253 (2.2) 

 B- 167 (5.9) 101 (4.7) 134 (3.2) (15) (2) 67 (4) 484 (4.2) 

 B 125 (4.4) 66 (3.1) 83 (2) (20) (2.7) 85 (5.1) 379 (3.3) 

 C 613 (21.5) 320 (14.8) 935 (22.4) (85) (11.6) 393 (23.6) 2346 (20.2) 

 D 807 (28.3) 505 (23.4) 1512 (36.1) (183) (24.9) 490 (29.5) 3497 (30.2) 

 E 557 (19.6) 481 (22.3) 945 (22.6) (193) (26.3) 325 (19.5) 2501 (21.6) 

 F 464 (16.3) 573 (26.5) 505 (12.1) (228) (31) 248 (14.9) 2018 (17.4) 

EPC after A+ 166 (5.8) 190 (8.8) 58 (1.4) (11) (1.5) 49 (2.9) 474 (4.1) 

 A 327 (11.5) 358 (16.6) 357 (8.5) (63) (8.6) 246 (14.8) 1351 (11.7) 

 B- 630 (22.1) 398 (18.4) 1095 (26.2) (161) (21.9) 354 (21.3) 2638 (22.8) 

 B 331 (11.6) 220 (10.2) 324 (7.7) (94) (12.8) 219 (13.2) 1188 (10.3) 

 C 1050 (36.9) 677 (31.3) 1860 (44.5) (268) (36.5) 658 (39.6) 4513 (38.9) 

 D 269 (9.4) 229 (10.6) 393 (9.4) (116) (15.8) 111 (6.7) 1118 (9.6) 

 E 63 (2.2) 68 (3.1) 79 (1.9) (21) (2.9) 23 (1.4) 254 (2.2) 

 F 11 (0.4) 20 (0.9) 17 (0.4) (1) (0.1) 3 (0.2) 52 (0.4) 
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