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Abstract

:

This work exploits data from 30,000 energy performance certificates of whole nonresidential (NR) buildings in Greece. The available information is analyzed for 30 different NR building uses (e.g., hotels, schools, sports facilities, hospitals, retails, offices) and four main services (space heating, space cooling, domestic hot water and lighting). Data are screened in order to exclude outliers and checked for consistency with the Hellenic NR building stock. The average energy use and CO2 emission intensities for all building uses are calculated, as well as the respective energy ratings in order to gain a better understanding of the NR sector. Finally, in an attempt to determine whether these values are representative for the various Hellenic NR building uses, their temporal evolution is investigated. The average primary energy use intensity is 448.0 kWh/m2 for all NR buildings, while the CO2 emissions reach 147.5 kgCO2/m2. The derived energy baselines reveal that indoor sports halls/swimming pools have the highest energy use, while private cram schools/conservatories have the lowest, due to their operational patterns. Generally, from the four services taken into account, lighting is the most energy consuming, followed by cooling, heating and finally domestic hot water. For a total of 11 building uses, more data from the certificates will be necessary for deriving representative baselines, but, when it comes to buildings categories, more data are required.
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1. Introduction


Built environment is a key target in European (EU) policies in order to achieve a sustainable and competitive low-carbon economy. EU buildings account for nearly 40% of energy consumption and 36% of CO2 emissions [1], despite covering only 3.35% of the total land area [2]. About 35% of the building stock is old (over 50 years) and energy inefficient, while the annual renovation rate ranges between 0.4% and 1.2% depending on the country. Therefore, increased renovation of existing buildings may lead to significant savings both in total energy consumption and CO2 emissions by about 5% [1].



Nonresidential (NR) buildings, accounting for about a quarter of the total EU building stock, comprise a very heterogeneous sector with various building types, different building sizes and energy characteristics. Limited information is available on construction characteristics, installed systems for different services and energy use for the entire NR sector as well as for the various types and branches of activity.



Over the past decades, the total final energy consumption in the EU Member States (EU-28) has remained practically stable, rising only from 1033.4 million tonnes of oil equivalent (Mtoe) in 1990 to 1060.0 Mtoe in 2017 [3]. However, the final energy consumption in NR buildings has boomed by 39.2%, from 110.7 Mtoe in 1990 to 154.0 Mtoe in 2017, keeping a relative stable share ranging from 11% to 15% of the total. The highest share in NR building’s sector final energy consumption is electricity with 50.14%, followed by gas with 30.12% [4]. For 2050, the projection is that the NR buildings’ sector will account for about 17% of the total final energy use [5].



1.1. Hellenic Nonresidential Buildings


Based on the most recent building census, the Hellenic Nonresidential Building Stock (NR BS) includes about 690,000 exclusive-use buildings (excluding churches, monasteries, industrial buildings and parking stations), representing 21% of the national building stock, with the majority being wholesale/retail trade and offices [6]. The estimated total floor area is about 73.52 Mm2, with the majority being hotels and restaurants [3], while the total final energy in 2017 reached 16.05 Mtoe increased by 15.6% compared to 1990. NR buildings consumed 2.19 Mtoe in 2017, showing an increase by 236.4% since 1990 (Figure 1). Although until 2008 the NR sector’s final consumption was steadily increasing by an average of 7% per year, it was one of the first sectors that was affected by the economic recession. This is reflected by the decrease of final energy consumption since 2009, with the exception of 2012, where a slight increase occurred due to an increase of electricity consumption. From 2015, there was again a clear upward trend. Detailed information for the different NR building types is limited to only to a few studies [7,8].



To boost energy performance of buildings, the EU has established an ambitious legislative framework that includes the Directive on Energy Efficiency (EED) recently revised by the Directive (EU) 2018/2002 amending Directive 2012/27/EU on energy efficiency, setting an EU target for energy consumption at less than 1273 Mtoe of primary energy and/or 956 Mtoe of final energy [9]. Another main instrument for addressing these challenges is the Energy Performance of Buildings Directive (EPBD) recently amended by the Directive 2018/844, promoting cost-effective building renovations, with the vision of a decarbonized building stock by 2050 [10]. Both directives are part of the new energy rulebook Clean Energy for All Europeans [11], according to which each Member State should draft an integrated 10-year national energy and climate plan (NECPs) for the time period 2021 to 2030.



Building energy certification plays a central role in the enhancement of the energy performance of buildings. The energy performance certificate (EPC) is a core instrument of the EPBD for existing and new buildings. The general idea behind the EPC is to influence the building market, by providing information on a building’s energy use and typical energy costs and by making recommendations for cost-effective improvements [12]. Available information included in the EPCs should also be of great value for decision makers and energy planners at regional and national scales.




1.2. Literature Overview


While national statistical agencies provide detailed information on the residential building stock, there is a general lack of data on nonresidential buildings. Only a small number of studies have attempted to fill this gap by providing estimates on the total final and specific energy use. In most cases, these studies have focused on particular building services like offices, schools, health care or hotels. Some field work provide actual operational energy data from energy audits using utility bills or monitoring data, while others are theoretical or parametric investigations using building simulations. The challenge though remains when considering the diversities and complexities of large pool of buildings and building stocks.



As the EPC databases are progressively enriched with more data, studies have emerged in different countries that exploit this information to map the characteristics of different categories of buildings and gain a better insight on their energy performance. The majority of them focus on residential buildings. This is to be expected since most EPCs throughout Europe have been issued for dwellings or houses that are commonly rented or sold, and residential buildings constitute the majority of the existing building stock.



For example, in Italy, studies have been carried out by analyzing approximately 90,000 energy certificates of flats in order to establish a method for estimating primary energy for space heating and the main building characteristics (e.g., envelope U-values) that influence their energy performance [13]. According to another study in Italy, exploiting about 17,600 energy certificates for residential buildings, average primary energy for the representative old buildings (up to 1992), ranges between 392–178 kWh/m2 for existing buildings, 321–158 kWh/m2 for partially renovated buildings and 113–53 kWh/m2 after major renovations [14]. In Spain, almost 130,000 energy performance certificates for existing residential buildings were examined [15]. Most were rated at a low energy class E (53.6%). On average, single-family houses use 248.0 kWh/m2, which is higher than individual dwellings that average 183.2 kWh/m2. In Switzerland, the thermal performance of the residential building stock was analyzed using about 10,400 cantonal EPCs. The results revealed that about 75% of the buildings’ envelope are below new buildings’ standards and about 50% of the surface area is still heated by inefficient oil-fired boilers, confirming the high potential for significant energy savings from thermal renovations of the Swiss residential building stock [16]. Finally, an initial study in Greece [17] analyzing early EPC data, concluded that the average primary energy use for residential buildings is 260 kWh/m2, with thermal energy accounting for 72%. MFH have a lower energy consumption averaging 241 kWh/m2 compared to 367 kWh/m2 for SFH.



As the number of issued EPCs grows with time, so does the available number of certificates that have been issued for NR buildings. As a result, studies have progressively been performed exploiting this valuable resource of information. For example, an overview of the NR sector in different countries focusing on building characteristics, energy performance, efficiency measures and energy savings is presented in [18]. A more detailed focus is given to office buildings, which represent the most common building category in the database. The average consumption of existing offices before renovation is 203 kWh/m2, while for new office buildings it is considerably lower at 122.9 kWh/m2.



In Catalonia, Spain, researchers exploiting data from about 14,000 certificates found that offices have an average annual energy use of 207.4 kWh/m2. Their energy ranking is mostly labeled in classes-C and –D (64%), while high energy ratings at the top ranked energy class A and –B are limited to ~8% of the database [19]. NR buildings in Spain, were found to have slightly better energy performance than residential buildings, with an average energy consumption of 317.8 kWh/m2 [15].



In Sweden, the current energy consumption baseline for NR buildings is defined by exploiting data from about 186,000 EPCs issued for some common commercial building types [20]. Accordingly, the average energy use is 175 kWh/m2 for hotels and restaurants, 151 kWh/m2 for rental premises-offices, 169.2 kWh/m2 for healthcare facilities, 171.8 kWh/m2 for schools and 174 kWh/m2 for sports facilities [20]. In another study, energy use in the public sector office stock in England and Wales is explored using a database of 2,600 certificates. The electrical and fossil-thermal energy use profiles for different office types range between 68–211 kWh/m2 and 132–53 kWh/m2 respectively [21]. The energy use in English schools was derived using data from 8500 EPCs of primary or secondary schools [22]. Electrical energy use ranged between 44–50 kWh/m2, and thermal energy use between 138–140 kWh/m2 [22]. Finally, from an earlier study of a limited number of certificates for NR buildings in Greece, the average primary energy use averaged 459 kWh/m2, ranging from 211 kWh/m2 for schools to 1023 kWh/m2 for hospitals [17].



This work exploits for the first time the most comprehensive data included in the national EPC electronic repository (buildingcert) over a nine-year period (i.e., from January 2011 to the end of 2019). The main novelty and objective of the present work is to present a well-structured, modular methodology for the exploitation of data included in EPC databases, in order to fill the gap of knowledge on the performance of the existing NR building stock. The proposed methodology provides a complete approach, starting with the data quality control, the data clustering into building uses and building categories, and the definition of practical baselines on the energy use and CO2 emissions for different clusters. The work demonstrates the application using the national EPC database in Greece and further investigates whether the derived baselines can be regarded as typical for the Hellenic building stock. The paper is structured as follows: Section 2 provides an overview of the national EPC database. Section 3 presents the method used in the analysis for deriving the baselines and for assessing the time evolution of the indicators. Section 4 applies the overall approach to the national EPC database and presents the results of the analysis. Finally, Section 5 discusses the main findings, outlines the limitations of the work and concludes by summarizing the main findings.





2. National EPC Database


The national regulation on the energy performance of buildings, KENAK, which was the EPBD transposition in Greece, was implemented in 2010 and updated in July 2017, imposing stricter building requirements. The regulation is supported by four Technical Guidelines that govern its practical implementation, first published in 2010 and revised in 2012 and in 2017. The normative calculations for estimating the building’s energy demand are in accordance to the European standards (e.g., EN 13790) using the quasi-steady-state monthly method and are included in the official national calculation engine (TEE-KENAK) [23]. The national tool was initially developed in 2010 and was periodically updated to comply with the evolution of the national Technical Guidelines.



Based on the Technical Guidelines, the end uses taken into account for the assessment of the building’s energy performance are heating, cooling, domestic hot water (DHW) and lighting. Mechanical ventilation is included in heating and cooling accordingly. Other office and miscellaneous plug loads (e.g., electronic or computing equipment) and process loads (e.g., elevators, escalators) are not considered.



According to the Hellenic labelling scheme, the energy rating of a building is based on the ratio of its calculated primary energy use to that of the corresponding reference building. As a result there are nine energy classes ranging from class G (lowest performance) up to class A+ (highest performance). The reference building is an exact copy of the audited building, complying with the minimum requirements for specific envelope and systems characteristics defined in the national regulation, e.g., U-values, system efficiencies etc. The reference building is ranked by definition at energy class B. A building can be characterized as a nearly zero-energy building (nZEB) when it is ranked at least at energy class A for new constructions, and at energy class B+ for renovated buildings [24].



Based on the national Technical Guidelines, Greece is divided in four climate zones. The coverage was determined on the basis of the heating degree days (HDD), i.e., zone A in the south with mild conditions (averaging 859 HDD), to zone D in the north with the coldest conditions (averaging 2260 HDD).



In addition, the Technical Guidelines define a total of 60 different building types for the NR building sector, grouped into seven building categories (BC I-VII). In this work, the building types are further grouped into 30 building uses (BU 1-30) identified in Table 1, based on the criterion that each group includes similar building types sharing the same common assumptions and default values (i.e., building types hospital and clinic are grouped in one building use BU20—hospital/clinic). For example, BU20 refers to hospital/clinic with continuous annual operation (i.e., 24 hr/day, 7 days/week, 12 months/year); operative temperature at 22 °C for heating and 26 °C for cooling and operative relative humidity at 35% and 50%, respectively; fresh air requirements at 10.5 m3/hr/m2 heated floor area; DHW consumption, depending on the bed capacity, at 22.00–43.90 m3/bed; annual artificial lighting hours at 7571 hr, internal heat gains from occupants at 27 W/m2 heated floor area and from appliances at 7.5 W/m2 heated floor area (internal heat gains from lighting are calculated based on the installed power) [25]. Note that, for some building uses (e.g., BU17—primary/secondary school), the DHW is considered negligible and is not taken into account in the calculations.



As of January 2011, issuing an EPC is compulsory for all buildings that are being sold and for whole buildings that are being rented. From January 2011 until December 2019, a total of about 1,820,000 EPCs have been issued, out of which 16.9% are for NR buildings. These include whole buildings, i.e., stand-alone buildings with the same use (e.g., office, school) and part buildings, i.e., building units (e.g., office spaces) in a multi-floor building. The exploited information from the EPCs include the calculated primary energy use per unit floor area (kWh/m2) for the total consumption (EUIp) and for the different end uses, i.e., space heating (EUIp,H), space cooling (EUIp,C), domestic hot water (EUIp,DHW) and lighting (EUIp,L), as well as the total CO2 emissions per unit floor area (kgCO2/m2). According to KENAK, the national primary energy conversion factors per energy carrier are 2.9 for electricity, 1.1 for heating oil and 1.05 for natural gas. Correspondingly, the carbon emission national conversion factors are 0.989 kgCO2/kWh, 0.264 kgCO2/kWh and 0.196 kgCO2/kWh.




3. Method


The following sections provide an overview of the approach used in this work to exploit the available information from the EPCs and derive practical baselines on the energy use and CO2 emissions for NR buildings. The evolution of these baselines over time are also investigated in order to conclude whether they can be considered as representatives. The main steps of the method used in this work is illustrated in Figure 2 and elaborated in the following sections.



3.1. Data Cleansing


Since EPC databases are one of the main sources of information about the energy use for various types of buildings, the quality of stored data is of vital importance [26]. By 2014, some kind of quality control processes of the EPCs were established in all EU member states [27]. In Greece, the first level data quality controls are performed by the responsible authority [28]. To further increase data confidence and ensure compliance, the available data were also screened before being used in the following analysis. The data cleansing process involved a series of checks in order to remove incomplete, erroneous, or otherwise suspicious data, thus ensuring that the data used are within reasonable limits and that derived baselines are reliable [29]. Accordingly, EPCs were excluded if they were:




	
Not complying with the national regulation requirements;



	
Issued by penalized energy inspectors;



	
Issued in the initial phase of the national energy efficiency subsidy program;



	
Incomplete or not finally submitted;



	
Including negative values, heated floor area greater than or less than 20% of the total floor area, zero CO2 emissions (when the energy carrier is not exclusively biomass), EUIp less than 5 kWh/m2 (for buildings with no RES) and greater than 8000 kWh/m2;








The resulting valid data for NR buildings reached about 235,000 EPCs or 76% of the initial database. As expected, most of the valid EPCs (86%) were issued for part buildings. However, since whole buildings are considered more representative of the various building uses, the following analysis is based on the available data for whole buildings. Accordingly, the valid data for NR whole buildings are about 31,700 EPCs.



Most data sets contain errors that can be identified as outliers having unusually large or small values. Such data may influence the statistical analysis and bias the results. A widely used method to screen data for outliers is the so-called Tukey boxplot method [30]. The method employs the interquartile range (IQR) as a measure of how spread-out the values are, being equal to the difference between 75th (Q3) and 25th (Q1) percentiles. Tukey defined Q1 – 1.5 × IQR and Q3 + 1.5 × IQR as “inner fences”, Q1 – 3 × IQR and Q3 + 3 × IQR as “outer fences”, the observations between an inner fence and the corresponding outer fence as “possible outliers”, and anything beyond outer fences as “probable outliers”.



In order to decide on the proper selection of the cut-off point one needs to know the shape of the empirical distribution of the data. Each end use of the different BUs was treated separately, since in the NR sector, BUs have very different energy profiles. Skewness and kurtosis are good indicators for nonsymmetrical distributions and the size and direction of the tails. Skewness is the degree of distortion from a symmetrical distribution. Skewness values between −0.5 and 0.5 indicate fairly symmetrical data, while skewness values less than −1 or greater than 1 correspond to skewed data. Kurtosis is actually the measure of outliers present in the distribution. The standard normal distribution has a kurtosis of three [31]. In more than 90% of the cases, the skewness of the end uses’ empirical distribution differed significantly (at the 95% confidence level) from that corresponding to a normal distribution, reaching values higher than 10 in some cases. Similarly, more than 85% of the kurtosis values differed significantly (at the 95% confidence level) from those corresponding to a normal distribution, being, in some cases, higher than 100. The results indicated nonsymmetrical data distributions with long, heavy tails to the right (high positive skewness values).



The distance from normality was confirmed by a set of Kolmogorov–Smirnov tests against the data following the normal distribution [32]. Accordingly, as an additional quality control step, the valid EPCs for NR whole-buildings were further screened in order to identify and exclude outliers, using the aforementioned Tukey boxplot method. For more than half of the valid EPCs setting the cut-off point at the inner fence would label more than 15% (and up to 37%) of the cases as outliers, whereas for the outer fence the percentage of the data points considered outliers was more reasonable, less than 10% for about 75% of the cases (and up to 24%).



Applying the additional screening on the valid data for NR whole buildings (setting the cut-off point at the outer fence), the resulting database for NR whole buildings comprises about 28,800 EPCs, referred to as the NR Dbase in the following analysis.




3.2. NR Dbase


In order to justify the use of the resulting average values as baselines for the different BUs, the work assesses whether the NR Dbase could be considered representative of the Hellenic NR BS. The distribution of available data is defined for the number of buildings and size (i.e., heated floor area) and is then compared to the corresponding distribution of the NR BS from official national statistics [3,6]. In addition, the spatial distributions of the audited buildings according to climate zones, as well as to the four major socioeconomic regions (NUTS1 regions) are defined and compared to the corresponding distribution of the NR BS [6]. In case of similarity in profiles, the NR Dbase can be considered representative. Otherwise the results should be used with caution and the definition of baselines should be repeated at a later date when more data become available.




3.3. Primary Energy Use and CO2 Intensities


The calculated primary energy use intensity is derived for the total consumption and for the four end uses taken into account for each BU, since these independent variables can give a better insight than the aggregated total. Similarly, the total CO2 emissions per unit floor area are also derived for all BUs. The corresponding averages of the primary energy use and CO2 intensities, for the different building categories, are calculated as the weighted average of all building uses included in the category, using the total heated area as weight. Finally, the average primary energy use and CO2 intensities for the entire Hellenic NR sector are calculated as the weighted average of the corresponding values of the different building categories.




3.4. Building Energy Performance


In order to evaluate the energy performance of NR buildings, the distribution of the audited buildings into the nine energy classes of the national rating system is considered. In an attempt to compare the BUs as to their energy behavior, the energy classes are given a score from 1 (highest energy class A+) to 9 (lowest energy class G). The weighted average energy score for each BU (based on the number of buildings in each energy class) is then calculated, providing an indication about the average energy behavior of each BU.



Further analysis also investigates the distribution of energy use intensity per energy class for all the BUs, as well as for the entire NR sector. This can provide some insight on the gap of the audited buildings from the excellent energy performance.




3.5. Time Evolution of Intensities


Issued EPCs for whole NR buildings have increased from 184 by the end of 2011 to 28,790 by the end of 2019. The following analysis focuses on the differences between the periodic average EUIp values over time, in order to conclude whether they can be considered stabilized and therefore representative.



As a first step, the time series of the EPCs in NR Dbase is organized in the cumulative datasets of consecutive years. For the available national database, this refers to nine time bands, covering the entire period of implementation and available EPCs from 2011 until 2019. For example, the first time band includes the data from the EPCs issued up to 2011, the second time band includes all the data issued up to 2012, and so forth till the ninth (last) time band that includes the entire database up to 2019. The periodic averages of EUIp and CO2 and the respective standard errors are then calculated for all 30 BUs for each time band.



As a second step, the degree of differentiation of the specific indicators (e.g., EUIp for the different end uses, CO2 emissions) is investigated among pairs of consecutive time bands. For the available national database, this refers to eight pairs of the available data. For example, the first pair considers the data from the EPCs issued up to 2011 and those issued up to 2012. The second pair considers the data from the EPCs issued up to 2012 and those issued up to 2013 and so forth till the eighth pair with data from the EPCs issued up to 2018 and those issued up to 2019. Initially, two parametric tests are performed for each building use for the comparison of their (a) variances, and (b) averages.



Available statistical methods testing for the homogeneity of variance include Barlett’s, Hartley’s, Cochran’s and Levene’s tests [33]. From these, Levene’s test is the most common assessment for homogeneity of variance, since it does not require normality of the underlying data. In this work, the vast majority of EPCs’ probability distribution per BU is non-normal, as already discussed in Section 3.1. Accordingly, the Levene’s test [34] is used to evaluate the possible changes in the variances of the indicators (e.g., total primary energy use intensity and for the different end uses) among pairs of consecutive time bands. The null hypothesis being tested is that the population variances of the two samples are equal, so in other words there is no change in their variance with the addition of new data.



One of the most common tests for equality of averages of two unrelated samples is the t-test [35]. In this work, the two independent samples’ t-test was used for equal or unequal variances, depending on the Levene’s test results, in order to check for possible changes in the average values among consecutive time bands. The null hypothesis is that the population average values of the two unrelated samples are equal.



Supplementary to the parametric tests, three nonparametric tests are also applied to compare the respective frequency distributions. The complementary nonparametric tests include the Conover test for equality of variances, the Mann–Whitney (M–W) test for equality of the averages, and the Kolmogorov–Smirnov (K–S) homogeneity test [32].



A crucial step in these parametric and nonparametric tests is evaluating how compatible the sample data is with the null hypothesis. This probability is called the p-value. The null hypothesis is rejected for small p-values (typically ≤0.05) as they indicate strong evidence against it. The null hypothesis is retained for large p-values (>0.05).



These two parametric and three nonparametric tests are applied for all BUs, for the specific indicators across the eight pairs of consecutive time bands. The results include the statistic values and the p-values of the respective tests. A dataset is characterized as stabilized (S) when there are no failures of the null hypotheses for any of the five tests, for all pairs of the time bands. If any two pairs of time bands fail in the variance tests, the dataset is characterized almost stabilized (AS), provided that the average tests and the K–S homogeneity test have no failures. In all other cases, the dataset is considered as nonstabilized (NS).



A similar approach is followed for testing the results for the different building categories (BCI–BCVII), applying the two parametric tests. Accordingly, the Levene’s test and the appropriate two independent samples’ t-test were used to test the weighted averages of EUIp for the different end uses and for the CO2 emissions. The use of nonparametric tests is not suitable since the database is composed of weighted averages for the different indicators.





4. Results


4.1. NR Dbase


The profiles of the number of buildings and the total floor area for the NR BS and NR Dbase are illustrated in Figure 3. The buildings included in the NR Dbase comprise only 4.1% of the NR BS, but the total floor area the percentage reaches 23.5%. Figure 3b indicates that the breakdown of the data available in the NR Dbase into the various building uses is similar to that of the national building stock.



The spatial distribution of buildings according to climate zones as well as NUTS1 region for the NR BS and NR Dbase are illustrated in Figure 4. The available data in the NR Dbase are distributed throughout the country, resembling the distribution of the national building stock, according to NUTS1. On the other hand, it appears that the number of certificates issued in the two southern zones (A and B) is relatively higher than the northern/colder zones (C and D). These observations should be taken into account when considering national average values.




4.2. Primary Energy Use and CO2 Intensities


The derived indicators of energy use and CO2 emissions for the different building categories and building uses are summarized in Table 1. The lowest calculated EUIp corresponds to BU19—private cram school/conservatory averaging 167.2 kWh/m2, since these buildings have limited operating and artificial lighting hours and small internal heat gains from occupants and appliances, while DHW is not considered. On the other hand, BU15—indoor sports hall/swimming pool buildings have the highest calculated EUIp, averaging 1003.9 kWh/m2, due to their high fresh air requirements, high internal loads and high DHW demand. For information, the corresponding values for residential whole buildings range from 252.7 kWh/m2 in multifamily houses (MFH) to 383.5 kWh/m2 in single-family houses (SFH). The average CO2 emissions for NR and residential buildings range from 49.2 kg/m2 (BU17—primary/secondary school) to 318.6 kg/m2 (BU15) and from 72.2 kg/m2 in MFH to 99.5 kg/m2 in SFH.



Analysis of the calculated primary energy per end use (Table 1) reveals that, in NR buildings, lighting is the most energy-consuming service in 40% of the BUs, followed by space heating (33%), space cooling (23%) and DHW (4%). Lighting is about half of the total primary energy for some building uses like BU2—hotel (summer) and BU18—university/college/lecture rooms, which may be attributed to the combination of high requirements for light levels and older lighting technology used. As expected, space heating is the most significant end use for school buildings, contributing up to 70% of the total in BU16—kindergarten and 63% in BU17—primary/secondary school, due to their unique operational characteristics (e.g., limited to the heating season and mainly morning hours). Space cooling reaches about half of the total energy use in BU10—theater/cinema and BU11—exhibition hall/museum, mainly due to their large volumes, high internal gains and fresh air requirements. The energy use for DHW starts from zero for several BUs, which covers all their needs with solar collectors and reaches up to 36% for BU27—fitness center. Once again, keep in mind that for some BUs the national technical guidelines neglect the DHW demand.



The public assembly buildings (BCII) usually include building uses with many operating hours, large volumes, latent loads and internal heat gains and as a result, they exhibit the highest weighted average EUIp (695.8 kWh/m2) and CO2 emissions (220.2 kg/m2). On the other hand, educational buildings (BCIII) have the lowest weighted average EUIp (181.6 kWh/m2) and CO2 emissions (53.3 kg/m2), since they have limited operating hours and they don’t have special energy requirements (Figure 5). As expected, DHW is not a significant end use for NR buildings. Space heating is the predominant end use for BCIII—educational buildings (58% of the total primary energy use), space cooling for BCII—public assembly buildings (37%), while lighting for BCV—justice/public order/safety and BCI—temporary residence buildings (49% and 43% respectively). For the remaining BCs, the contributions of the three end uses are more balanced.



Looking at the Hellenic NR sector, the weighted average EUIp and CO2 emissions are 448.0 kWh/m2 and 142.9 kg/m2; this is about 26% and 52% greater than the corresponding weighted averages for the residential sector. Lighting is the most energy-consuming service (33%), followed by cooling (32%), heating (29%) and DHW (6%).




4.3. Energy Performance


The data analysis confirmed the relatively low energy performance of existing NR buildings in Greece (Figure 6a). About 30% of the buildings are rated at class D; yet, this is better than the Hellenic residential buildings for which about 50% are rated at class G [36]. Similar results are reported in Spain [18] where NR buildings have a slightly better energy performance than residential buildings, with 26.4% of NR buildings rated at class D, followed by class E (22.8%) and class C (19.8%).



The weighted average energy score for each building use is presented in Figure 6b. Generally, all BUs have similar energy performance, with the average energy performance ranging between class C and class E. The building uses with the higher energy performance (best average energy scores) are BU2—hotel (summer), BU24—police station and BU13—bank. On the other hand, the worst energy performance (lowest scores) corresponds to BU17—primary/secondary school, BU28—barber shop/hair salon and BU26—small retail building/drugstore.



As expected, the average EUIp increases from the highest to the lowest energy class, ranging from 84.6 kWh/m2 (class A+) to 760.3 kWh/m2 (class G), as presented in Figure 7. Considering that 41% of the NR buildings are ranked in energy class E or lower, there is a significant potential for energy performance improvements by renovating the existing building stock. More insight is gained by referring to the distribution of average EUIp per energy class for the different building uses (Figure 8). The overall trend is similar, with the exception of some building uses (i.e., BU5, BU13, BU20 and BU24) for which the available sample is currently very small for detailed discretization. Overall, there is a very large range of EUIp between the highest and lowest energy class. The average decrease in EUIp between class G and class B (which corresponds to good energy behavior, according to KENAK) is about 65%. Comparatively, to reach the nZEB, the EUIp of the existing buildings will have to be improved by 76%, which demonstrates the challenges ahead for the national efforts to meet the ambitious energy targets in the coming decades, towards a decarbonized building stock by 2050.




4.4. Time Evolution of Intensities


The periodic baselines of the primary energy use and CO2 intensities, as well as their respective standard error, according to the nine time bands, are summarized in Table 2, Table 3, Table 4, Table 5, Table 6 and Table 7, for all building uses and building categories. Overall, there is no clear trend regarding the periodic averages amongst the different time bands. On the other hand, in most cases, standard errors are decreasing. This trend indicates that progressively the average values are becoming more accurate since there are smaller deviations in the available data.



A total of five statistical tests were applied to investigate the differentiation of the specific indicators across the eight pairs of the consecutive time bands, namely two parametric (Levene’s and t-test) and three nonparametric (Conover, M–W and K–S) tests (see Section 3.5). The t-test and M–W test used to test the equality of averages, the Levene’s and the Conover tests were for the equality of the variances, while the K–S test was used for the equality of the homogeneity.



As an example, the detailed results from all these tests (statistic values and p-values) as well as the retention or the rejection of the respective null hypothesis (equality of variances, averages and distributions) are summarized in Table 8 for one indicative building use (i.e., BU2—hotel (summer)). The failure codes (F-codes) summarize the rejections of the null hypothesis from the various tests, using a three-digit convention: the first digit refers to the results from the equality of averages tests; the second to the equality of the variances tests; the third to the results from the homogeneity test. For the first two digits, “0” represents retention of the null hypothesis in both parametric and nonparametric tests, while “1” signifies the rejection of the null hypothesis in at least one of the tests. For the third digit, “0” represents the retention of the null hypothesis in the K–S test, while “1” signifies its rejection. Accordingly, the nomenclature of “000” indicates that there is no failure in any of the tests, while “111” represents failure in all tests. As another example, for EUIp, L under the T2 time band “101” represents failure in the average tests (in this case both the t-test and the M–W test fail), no failure in any variance tests (Levene’s and Conover test) and failure in the K–S test.



Similar results have been produced for all BUs. The failures of the various null hypothesis for the different energy use and CO2 emission intensities are summarized in Table 9, following the same three-digit nomenclature that was previously elaborated. To facilitate the interpretation of the results, failures are illustrated with shaded cells. Note that the datasets of the first two pairs of time bands (T1 and T2) that cover the early implementation years of the certification scheme, are not considered representative, due to the very small number of cases. Accordingly, these two pairs (T1 and T2) are not included in Table 9 and were not considered in the following analysis.



Looking at the four end uses, the average values of energy use intensities don’t differentiate significantly across the consecutive time bands in more than half of the building uses. Overall, 13 out of 30 building uses exhibit failures of the average or/and variance tests in one or more of the end uses, which might indicate that there is not yet homogeneity of the respective building uses.



Depending on the results of the statistical tests, an indicator (e.g., EUIp, EUIp,H) can be characterized as stabilized (S), almost stabilized (AS), and nonstabilized (NS), according to the discussion in Section 3.5. Based on the characterization of the respective end uses, the overall status of a building use is considered stabilized when all its end uses are stabilized, nonstabilized when at least one end use is nonstabilized, and almost stabilized in all other cases. The stabilization status of the specific indicators, as well as the overall status of all BUs are summarized in Table 10. The total primary energy use and CO2 intensity were not taken into account for the overall characterization of a BU, since these may be the result of counteracting variations among the different end uses. Nevertheless the characterization of these two specific parameters was included in Table 10 only for comparison.



Overall, a total of 10 BUs (33%) are nonstabilized (Table 10), indicating that the analysis results of available data should be used with caution since they might not yet be sufficiently representative of the respective building population. Among them, BU26 is the most problematic, since all of its end uses are nonstabilized, followed by BU29 and BU17, for which two out of their three end uses have not yet reached steady-state behavior. From the analysis of the available data from the NR Dbase, there were no evident reasons for nonstabilization of the specific building uses. Probably, in a second phase, having access and analyzing the raw data of the corresponding EPCs would allow a more detailed investigation of the driving forces for this behavior.



A similar approach was followed for the six building categories, excluding BCV since it only refers to a single building use (BU24) and was not considered again in the analysis. The temporal evolution of the weighted average primary energy use and CO2 intensities and their respective standard errors for the building categories, are also in Table 2, Table 3, Table 4, Table 5, Table 6 and Table 7. The results are listed for the nine time bands from 2011 to 2019. For the building categories, only the two parametric statistical tests were applied, and the resulting failures of the null hypothesis are summarized in Table 11. This time, a two-digit convention is used; the first digit refers to equality of averages test and the second to equality of the variances test. The coding interpretation is the same as the one used for BUs. Again, “0” represents retention of the null hypothesis, while “1” signifies its rejection. Failures (rejections) are illustrated with shaded cells, in order to facilitate the interpretation of the results. Again, the first two pairs of time bands (T1 and T2) are not included in Table 11. Finally, the derived stabilization status is summarized in Table 12, following similar characterization rules as in the building use level. Overall, assessing the currently available data at the building category level, for the different end uses as well as for the overall behavior, the results indicate that they are nonstabilized yet. This level of detail is very demanding, so there is a need to accumulate additional data in the future.





5. Discussion and Conclusions


This paper examined the energy performance of existing Hellenic NR buildings, by analyzing the data from about 30,000 EPCs for whole buildings that have been issued up to the end of 2019. The data were clustered into seven building categories, according to the definitions in the national technical guidelines, and into a total of thirty building uses based on similarities between building types. The calculated primary energy use and CO2 emission intensities were analyzed, taking into account heating, cooling, DHW and lighting (heating and cooling include mechanical ventilation).



The first objective of this work was to derive practical baselines for the energy use and CO2 emission intensities for different NR buildings. Although the number of buildings in the NR Dbase is rather small, the total floor area of the audited buildings reaches a significant percentage of the national building stock, justifying the use of the findings as baselines, at least for most of the building uses.



The calculated primary energy use intensity for the Hellenic NR sector averages 448.0 kWh/m2, ranging from 167.2 kWh/m2 to 1003.9 kWh/m2 for the different buildings uses. Lighting and space cooling are the most consuming services, contributing about 33% each to the total primary energy use, following by space heating with 29% and finally by DHW with only 5%. The average calculated CO2 emissions for NR buildings is 147.5 kg/m2.



The relatively low energy performance of NR buildings is also reflected by their poor energy rating. They average an energy class -D by 30%, while only 1.3% are ranked in energy class -B+ or better towards nZEB. Apparently, there is a great potential for significant energy conservation by renovating the existing building stock, comparing the average total primary energy use intensity to the corresponding values for the reference buildings (indicating a “good” building) as illustrated in Figure 9.



The primary energy use and the carbon emissions were estimated using the national conversion factors per energy carrier, which were defined in 2010. This may impact the results for electricity since they do not reflect the recent evolution of the energy mix used for power generation. This is expected to change even more in the near future, given the national efforts to decarbonize power generation and the national policy to abandon lignite power plants by 2028, according to the proposed NECP [37]. As a result, the calculated average intensities are much higher than they should be. For example, in NECP it is reported that in 2016 for electricity the conversion factor to primary energy was 2.17 and to CO2 emissions 0.606. The use of these updated factors would result in a reduction of about 25% in the primary energy use for lighting and cooling and about 39% in CO2 emissions. The total primary energy use would also be reduced by a smaller yet significant percentage, since lighting and cooling are important end uses for NR buildings.



The second objective of this paper was to analyze the time evolution of the average primary energy use and CO2 emission intensities (arranged in nine consecutive time bands) and conclude about their stabilization status The cumulative datasets for first two time bands (up to 2011 and up to 2012) included very few cases and for this reason were not taken into account in the analysis.



Accordingly, for the time bands after 2013, the majority of the building uses (i.e., 19 out of 30 building uses) could be considered as stabilized, based on the test results performed on their end uses. For some of them (i.e., 11 building uses identified in Table 10) more EPCs should be gathered in order to constitute a more representative sample. Investigating only the stabilization of the EUIp (e.g., in case of lack of more detailed data), a total of 26 BUs could be considered as stabilized, indicating that when less detailed data are used, the results can be misleading. It is interesting to note that although the stabilized BUs are more than the nonstabilized ones, they represent only 28% of the total heated area, indicating that the NR Dbase as a whole is nonstabilized.



The variations in the last two pairs of consecutive time bands (T7:upto2017-upto2018 and T8:upto2018-upto2019) could be attributed to the updates incorporated in the national calculation engine in late 2017, which have affected—to some extent—the calculations of EPCs issued in 2018 and 2019. Generally, regular updating of the methodology and the software results to disruptions in the continuity of the time series, nullifying the possibility for assessing the degree of representativity of the dataset. Another limitation of the followed procedure is that for datasets with relative small number of cases, the statistical tests may not be so accurate, thus, in these cases, even if they are characterized as stabilized, more data will be required.



As expected, most of the building categories are nonstabilized, since they included heavy, nonstabilized BUs, covering between 44% and 99% of their heated area. On the other hand, BCIV is characterized nonstable, even though its only unstable building use is BU21, which corresponds to only 8% of the category’s heated area. One possible cause for this is that different variations from the four building uses comprising this category may not be statistically significant at the BU level, but, when aggregated at the BC level, they became significant. This is another example of results obtained from less detailed data having the potential to be misleading, albeit at the opposite direction than the case of EUIp discussed above. In any case, even though for many BUs the population may be sufficient, when it comes to BCs, more data are required.



Furthermore, it would be desirable to evaluate and analyze the impact of the end use on EUIp in conjunction with the construction period and the climate at the location of the buildings. The national regulation recognizes three construction periods and four climate zones across Greece. However, the population of the currently available dataset is not yet sufficient to support such a discretization of the data.



As a general benefit, this work presented a well-structured integrated approach for clustering the building stock, screening the data, performing statistical tests and overall data assessment. The proposed methodology has numerous advantages, since it is a modular approach with sequential steps that can also be implemented independently, can be extended and adopted for other types of buildings (i.e., residential buildings), and can be replicated in other countries with their national certificate databases. Even if building uses and building categories are not yet all stabilized and representative, the analysis of the available data comprises a first step for bridging the gap of knowledge about the Hellenic NR building uses. The derived practical baselines on the energy use and CO2 emission intensities, elaborated for the first time at this level of detail, provide new insight for practically all NR building uses defined in Greece for gaining a deeper understanding of national building stock modeling.
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Nomenclature




	BC
	Building Category



	BU
	Building Use



	DHW
	Domestic Hot Water



	EED
	Directive on Energy Efficiency



	EPBD
	Energy Performance of Building Directive



	EPC
	Energy performance certificate



	EU
	European



	EUIp
	Total Primary Energy Use per unit floor area



	EUIp,H
	Primary Energy Use per unit floor area for space heating



	EUIp,C
	Primary Energy Use per unit floor area for space cooling



	EUIp,DHW
	Primary Energy Use per unit floor area for domestic hot water



	EUIp,L
	Primary Energy Use per unit floor area for lighting



	HDD
	Heating Degree Days



	IQR
	Interquartile Range



	MFH
	Multifamily Houses



	NECPs
	National Energy and Climate Plan



	NR
	Nonresidential



	NR BS
	Nonresidential Building Stock



	NR Dbase
	Screened data base for NR whole-buildings from the certificates



	SFH
	Single-Family Houses
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Figure 1. Time evolution of final energy consumption in residential (circles) and nonresidential (NR) (triangles) buildings for EU-28 (solid line, primary axis) and Greece (dashed line, secondary axis). The percentages refer to the corresponding increase of the final consumption in 2017 compared to 1990. (Data source [3]). 
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Figure 2. The main steps of the method. 
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Figure 3. Distribution of (a) number of buildings and (b) total floor area of buildings in the nonresidential database from the certificates (NR Dbase) and the national building stock data (NR BS). 
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Figure 4. Spatial distribution of nonresidential buildings in the database from the certificates (NR Dbase) and the national building stock data (NR BS) (a) to climate zones and (b) to NUTS1 classification. 
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Figure 5. Weighted average primary energy use intensities (EUIp) per end use (columns, primary axis) and CO2 emissions (diamonds, secondary axis) for the seven building categories (BCI-VII). 
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Figure 6. The distribution of NR buildings in energy classes (a) and the weighted energy score of NR buildings (b). 
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Figure 7. Calculated maximum, minimum and average (diamond) total primary energy use intensity for the different energy classes. 
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Figure 8. Calculated average primary energy use intensity per energy class (from A+ to G) for the various building uses (1 to 30, defined in Table 1). 
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Figure 9. Calculated average total primary energy use intensity for the various building uses (diamond) and for the reference building of each BU (cross). The weighted average for the various building categories is presented with the green solid line and for the reference buildings with the orange dash line. 
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Table 1. Energy use (kWh/m2) and CO2 emission (kg/m2) intensities for the different building categories and building uses in the NR Dbase.
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	Building Category Building Use
	# Bldgs/Heated Area (m2)
	EUIp,H

Av [Min–Max]
	EUIp,C

Av [Min–Max]
	EUIp,DHW

Av [Min–Max]
	EUIp,L

Av [Min–Max]
	EUIp

Av [Min–Max]
	CO2 Emissions

Av [Min–Max]





	BCI. Temporal Residence
	6393/3,778,978
	57.2
	129.5
	40.5
	170.3
	397.3
	127.9



	BU1—Hotel (annual)
	940/1,066,594
	132.5 [0.1–586.2]
	143.5 [5.5–451.8]
	70.2 [0.0–287.9]
	203.3 [2.9–689.0]
	549.2 [102.0–1347.6]
	172.9 [25.4–445.2]



	BU2-—Hotel (summer)
	2270/1,844,069
	7.4 [0.1–29.7]
	120.0 [8.9–453.5]
	24.2 [0.0–122.4]
	143.9 [12.7–393.0]
	259.4 [66.4–797.9]
	97.0 [15.2–272.4]



	BU3—Guest house (annual)
	992/279,233
	168.0 [0.5–665.4]
	146.7 [1.7–503.3]
	64.0 [0.0–288.1]
	224.4 [12.2–583.6]
	602.8 [67.2–1584.0]
	191.1 [31.9–540.7]



	BU4-—Guest house (summer)
	2073/524,446
	8.7 [0.1–35.2]
	123.3 [3.5–425.9]
	22.0 [0.0–117.1]
	159.7 [2.9–449.9]
	313.4 [11.9–849.3]
	103.3 [18.1–289.9]



	BU5—Guest house (winter)
	9/3882
	258 [117.2–503.4]
	6.0 [1.0–17.0]
	22.9 [13.2–37.0]
	146.2 [118.2–204.3]
	433.6 [263.1–659.3]
	128.5 [79.2–177.5]



	BU6—Boarding school/Quarters/Dormitory
	109/60,754
	143.9 [0.5–763.7]
	152.2 [8.1–403.7]
	63.4 [0.0–329.9]
	238.6 [80.4–475.8]
	597.5 [155.8–1414.5]
	194.6 [52.7–497.7]



	BCII. Public assembly
	5955/1,573,991
	206.6
	257.4
	101.2
	130.9
	695.8
	220.2



	BU7—Restaurant
	2597/439,908
	235.5 [0.4–905.5]
	272.0 [3.2–766.1]
	165.8 [0.0–410.8]
	140.2 [0.2–500.1]
	813.4 [150.1–1945.7]
	257.1 [51.0–660.9]



	BU8—Pastry/Coffee shop
	2153/252,214
	353.5 [0.1–1405.1]
	321.7 [5.7–938.2]
	49.8 [0.0–81.5]
	174.9 [0.3–564.5]
	899.7 [100.8–2243.5]
	277.6 [33.4–1294.5]



	BU9—Night/Music hall
	428/154,744
	104.5 [0.2–371.5]
	121.1 [8.8–408.4]
	53.5 [0.0–86.0]
	45.4 [5.8–208.7]
	324.5 [74.6–707.3]
	103.5 [24.9–239.4]



	BU10—Theater/Cinema
	50/29,467
	103.8 [14.9–337.6]
	206.5 [36.9–431.2]
	
	74.3 [22.7–290.4]
	384.6 [183.3–701.8]
	126.8 [62.6–239.6]



	BU11—Exhibition hall/Museum
	120/135,487
	79.0 [3.1–317.8]
	166.0 [8.4–414.0]
	
	68.1 [4.8–210.3]
	312.5 [65.8–632.5]
	102.6 [22.4–210.5]



	BU12—Conference hall/Auditorium/Courthouse
	16/23,703
	71.3 [14.0–211.9]
	135.2 [51.1–296.1]
	
	105.1 [40.9–254.2]
	311.6 [145.0–657.3]
	104.0 [48.4–211.3]



	BU13—Bank
	69/43,748
	66.7 [4.4–215.4]
	77.7 [4.4–229.6]
	
	114.4 [17.7–219.8]
	257.8 [69.6–487.1]
	85.5 [23.7–160.4]



	BU14—Multi-purpose venue
	278/160,915
	107.1 [0.3–396.9]
	138.0 [5.3–432.0]
	
	83.1 [1.3–250.8]
	328.2 [58.6–740.8]
	106.9 [20.0–252.9]



	BU15—Indoor Sports hall/Swimming Pool
	244/333,805
	241.4 [0.1–853.4]
	384.0 [41.2–792.5]
	196.0 [0.0–704.6]
	182.6 [48.3–455.0]
	1003.9 [162.4–1971.9]
	318.6 [55.4–673.1]



	BCIII. Educational
	1336/1,645,060
	105.1
	12.5
	
	64.2
	181.6
	53.3



	BU16—Kindergarten
	152/45,203
	134.8 [12.2–427.6]
	4.1 [0.2–13.9]
	
	49.6 [15.7–99.4]
	177.6 [41.5–491.1]
	50.5 [14.0–159.8]



	BU17—Primary/Secondary School
	898/1,360,392
	107.8 [1.8–421.7]
	8.8 [0.0–38.6]
	
	55.6 [14.1–118.3]
	172.0 [41.7–647.4]
	49.2 [13.9–150.9]



	BU18—University/College/Lecture rooms
	116/192,895
	87.6 [5.5–316.8]
	40.4 [3.2–111.7]
	
	126.0 [17.8–308.8]
	254.0 [51.3–567.2]
	82.7 [17.5–192.3]



	BU19—Private cram school/Conservatory
	170/46,571
	80.7 [1.4–326.6]
	10.9 [0.0–45.4]
	
	75.9 [11.8–150.9]
	167.2 [26.2–396.1]
	53.6 [8.9–128.1]



	BCIV. Health and Social Welfare
	796/2,068,699
	221.3
	212.3
	27.7
	197.0
	657.8
	205.6



	BU20—Hospital/Clinic
	161/1,644,060
	234.1 [4.3–771.6]
	232.5 [37.2–820.1]
	28.7 [0.0–112.4]
	205.4 [37.7–446.0]
	700.3 [222.4–1707.0]
	218.9 [69.9–555.0]



	BU21—Health care/Rural outpatient clinic/Consultation room
	230/162,686
	154.8 [9.2–630.9]
	121.5 [8.3–302.5]
	13.6 [0.0–41.8]
	157.5 [8.3–318.5]
	446.7 [101.8–1009.4]
	141.3 [34.8–328.9]



	BU22—Foundling hospital/Nursing home/Asylum
	119/141,938
	255.0 [8.6–822.6]
	208.4 [28.4–577.5]
	37.6 [0.0–159.5]
	256.9 [78.2–621.1]
	757.1 [219.5–1620.3]
	235.4 [66.5–530.8]



	BU23—Nursery
	286/120,016
	95.7 [1.7–345.9]
	63.7 [0.7–208.4]
	20.6 [0.0–70.8]
	63.8 [10.8–142.3]
	243.5 [50.7–548.1]
	75.9 [17.3–165.8]



	BCV. Justice/public order/safety
	22/38,474
	160.6
	127.4
	
	278.5
	566.5
	182.6



	BU24—Police station
	22/38,474
	160.6 [15.7–637.2]
	127.4 [37.2–222.8]
	
	278.5 [60.8–579.1]
	566.5 [288.2–896.3]
	182.6 [83.7–278.1]



	BCVI. Commercial
	11,564/3,293,795
	143.2
	159.9
	1.9
	148.6
	453.4
	147.6



	BU25—Shopping mall/Large retail building
	435/759,465
	63.9 [0.9–312.0]
	141.7 [3.1–504.8]
	
	149.4 [2.6–389.4]
	354.6 [54.6–822.6]
	118.6 [26.7–280.8]



	BU26—Small retail building/Drugstore
	11,022/2,508,652
	167.1 [0.1–729.6]
	165.3 [0.1–588.4]
	
	148.3 [0.2–342.3]
	480.5 [63.5–1399.8]
	155.5 [9.9–477.1]



	BU27—Fitness center
	53/22,397
	138.0 [1.3–575.4]
	173.7 [8.6–507.0]
	268.2 [0.1–565.3]
	164.1 [29.3–335.4]
	744.1 [248.8–1325.9]
	237.0 [79.2–452.6]



	BU28—Barber shop/Hair salon
	54/3280
	239.6 [24.3–577.0]
	156.4 [16.5–441.9]
	66.4 [0.0–105.3]
	146.3 [45.0–335.4]
	608.8 [320.8–1058.1]
	195.7 [78.9–361.2]



	BCVII. Office/Library
	2728/2,308,452
	100.7
	121.2
	
	
	354.3
	115.4



	BU29—Office
	2706/2,292,503
	100.5 [0.4–483.4]
	121.4 [0.8–438.5]
	
	133.2 [5.2–299.7]
	354.7 [29.7–952.8]
	115.5 [16.7–325.3]



	BU30—Library
	18/15,949
	130.5 [10.9–421.9]
	99.7 [24.8–250.2]
	
	81.4 [38.6–148.3]
	303.5 [144.6–581.0]
	94.9 [49.3–160.0]



	NR Dbase
	28,970/14,707,447
	128.0
	147.2
	25.5
	147.5
	448.0
	142.9







Empty cells refer to BUs that have no DHW in the calculations according to the national regulation.
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Table 2. Time evolution of number of EPCs and calculated average total primary energy use for the different building categories and building uses in the NR Dbase.






Table 2. Time evolution of number of EPCs and calculated average total primary energy use for the different building categories and building uses in the NR Dbase.





	

	
Consecutive Time Bands




	
BC

	
Upto2011

	
Upto2012

	
Upto2013

	
Upto2014

	
Upto2015

	
Upto2016

	
Upto2017

	
Upto2018

	
Upto2019




	
BU

	
Number of Buildings/EUIp ± Standard Error of the Mean (kWh/m2)






	
BCI

	
57/399.4 ± 32.0

	
654/428.0 ± 8.0

	
1686/407.6 ± 4.8

	
2112/405.3 ± 4.2

	
2394/401.1 ± 3.9

	
3328/407.6 ± 3.4

	
4587/404.8 ± 2.9

	
5465/399.0 ± 2.6

	
6393/397.3 ± 2.4




	
BU1

	
11/658.5 ± 68.3

	
98/605.1 ± 23.4

	
208/589.5 ± 15.1

	
268/581.9 ± 12.9

	
324/577.1 ± 11.7

	
484/565.7 ± 9.2

	
610/566.5 ± 8.4

	
758/551.9 ± 7.6

	
940/549.2 ± 6.9




	
BU2

	
40/265.7 ± 19.5

	
243/291.2 ± 7.8

	
651/294.3 ± 4.1

	
814/294.8 ± 3.6

	
943/291.1 ± 3.4

	
1181/292.2 ± 3.0

	
1686/295.0 ± 2.4

	
1947/294.4 ± 2.3

	
2270/295.4 ± 2.1




	
BU3

	
2/739.4 ± 193.6

	
118/608.5 ± 18.2

	
281/619.9 ± 11.6

	
343/619.6 ± 10.7

	
384/613.9 ± 10.1

	
559/603.4 ± 8.8

	
743/600.4 ± 7.7

	
874/601.6 ± 7.1

	
992/602.8 ± 6.7




	
BU4

	
3/315.8 ± 35.2

	
190/326.8 ± 7.9

	
535/327.5 ± 4.6

	
670/324.0 ± 4.1

	
724/321.0 ± 3.9

	
1075/314.7 ± 3.2

	
1468/314.0 ± 2.8

	
1789/315.1 ± 2.6

	
2073/313.4 ± 2.4




	
BU5

	

	

	
1/659.3

	
4/437.9 ± 100.8

	
4/437.9 ± 100.8

	
4/437.9 ± 100.8

	
4/437.9 ± 100.8

	
9/433.6 ± 46.6

	
9/433.6 ± 46.6




	
BU6

	
1/640.0

	
5/575.9 ± 93.3

	
10/593.5 ± 68.1

	
13/587.4 ± 58.2

	
15/557.5 ± 57.2

	
25/585.7 ± 53.9

	
76/563.3 ± 25.0

	
88/581.0 ± 23.2

	
109/597.5 ± 21.9




	
BCII

	
50/863.8 ± 67.7

	
1053/741.3 ± 12.2

	
2073/710.4 ± 8.0

	
2473/703.0 ± 7.3

	
2743/692.0 ± 6.8

	
3726/672.8 ± 5.9

	
4581/662.2 ± 5.2

	
5249/695.1 ± 5.1

	
5955/695.8 ± 4.9




	
BU7

	
21/969.1 ± 108.9

	
452/901.2 ± 16.5

	
920/844.6 ± 9.9

	
1095/835.2 ± 8.8

	
1195/826.6 ± 8.4

	
1602/819.0 ± 7.0

	
1996/807.1 ± 6.0

	
2283/811.8 ± 5.7

	
2597/813.4 ± 5.4




	
BU8

	
17/995.8 ± 144.5

	
407/919.5 ± 20.0

	
782/881.7 ± 12.4

	
914/874.4 ± 11.2

	
993/869.0 ± 10.6

	
1384/863.5 ± 8.6

	
1687/863.1 ± 7.6

	
1897/881.8 ± 7.4

	
2153/899.7 ± 7.2




	
BU9

	
5/286.6 ± 30.1

	
104/336.8 ± 11.1

	
208/324.0 ± 7.8

	
242/319.1 ± 7.0

	
252/318.6 ± 6.9

	
324/318.4 ± 5.8

	
369/317.9 ± 5.5

	
398/321.1 ± 5.3

	
428/324.5 ± 5.3




	
* BU10

	

	
8/387.4 ± 23.8

	
13/344.7 ± 21.6

	
19/389.1 ± 30.2

	
20/390.6 ± 28.7

	
30/366.0 ± 21.7

	
38/372.6 ± 19.8

	
44/375.8 ± 17.9

	
50/384.6 ± 16.8




	
* BU11

	
1/217.6

	
15/342.1 ± 26.8

	
28/314.5 ± 24.8

	
34/322.9 ± 23.9

	
45/323.8 ± 19.5

	
62/306.7 ± 16.4

	
80/310.5 ± 14.3

	
103/315.9 ± 12.6

	
120/312.5 ± 11.6




	
* BU12

	

	
1/355.1

	
4/287.9 ± 68.6

	
4/287.9 ± 68.6

	
6/286.4 ± 47.2

	
7/271.6 ± 42.5

	
11/273.0 ± 29.6

	
14/313.7 ± 37.7

	
16/311.6 ± 35.1




	
* BU13

	
3/10.3 ± 68.7

	
6/293.0 ± 33.9

	
10/289.6 ± 20.3

	
16/287.6 ± 17.1

	
24/287.6 ± 16.5

	
37/271.8 ± 13.6

	
55/262.3 ± 10.1

	
59/261.8 ± 9.6

	
69/257.8 ± 9.5




	
* BU14

	

	
26/298.6 ± 21.5

	
54/301.5 ± 14.0

	
77/297.9 ± 11.4

	
104/305.5 ± 10.3

	
150/308.5 ± 8.7

	
191/311.6 ± 7.9

	
234/318.4 ± 7.8

	
278/328.2 ± 7.6




	
BU15

	
3/1133.7 ± 68.8

	
34/1019.1 ± 48.4

	
54/979.8 ± 38.3

	
72/1001.2 ± 34.1

	
104/970.1 ± 27.3

	
130/977.7 ± 23.5

	
154/969.5 ± 22.2

	
217/1009.8 ± 21.4

	
244/1003.9 ± 20.6




	
BCIII

	
15/224.2 ± 27.3

	
150/176.8 ± 5.5

	
247/179.3 ± 4.6

	
381/187.3 ± 3.8

	
657/174.8 ± 2.8

	
840/171.1 ± 2.5

	
948/172.1 ± 2.3

	
1183/179.7 ± 2.2

	
1336/181.6 ± 2.1




	
* BU16

	
1/206.1

	
6/205.8 ± 34.6

	
13/167.5 ± 20.2

	
26/170.9 ± 15.3

	
59/166.1 ± 9.4

	
87/169.8 ± 9.0

	
99/165.9 ± 8.5

	
133/182.0 ± 8.2

	
152/177.6 ± 7.4




	
* BU17

	
13/186.0 ± 26.5

	
118/169.6 ± 5.7

	
154/169.2 ± 5.1

	
261/179.1 ± 4.5

	
491/169.1 ± 3.3

	
594/163.6 ± 2.9

	
650/164.3 ± 2.8

	
816/172.8 ± 2.7

	
898/172.0 ± 2.6




	
* BU18

	
1/290.8

	
10/252.5 ± 20.3

	
26/257.2 ± 21.6

	
31/251.0 ± 18.5

	
36/245.7 ± 16.9

	
59/253.6 ± 13.3

	
75/255.3 ± 11.4

	
91/254.1 ± 10.3

	
116/254.0 ± 8.7




	
* BU19

	

	
16/177.3 ± 15.4

	
54/158.9 ± 6.4

	
63/161.7 ± 6.6

	
71/162.3 ± 6.0

	
100/165.3 ± 5.6

	
124/162.9 ± 4.9

	
143/165.1 ± 4.5

	
170/167.2 ± 4.4




	
BCIV

	
10/793.5 ± 147.7

	
60/555.7 ± 44.1

	
145/551.6 ± 19.9

	
211/572.7 ± 20.4

	
302/571.4 ± 14.5

	
412/607.3 ± 13.3

	
545/607.2 ± 11.4

	
683/633.8 ± 10.2

	
796/657.8 ± 9.5




	
BU20

	
2/265.1 ± 19.1

	
3/471.7 ± 206.9

	
10/529.6 ± 63.7

	
25/592.0 ± 57.9

	
47/621.1 ± 40.5

	
65/650.0 ± 34.2

	
92/657.0 ± 28.0

	
129/673.4 ± 24.0

	
161/700.3 ± 21.1




	
BU21

	
1/245.6

	
17/460.1 ± 43.1

	
38/470.1 ± 29.0

	
57/464.3 ± 24.1

	
81/463.2 ± 17.9

	
112/456.8 ± 15.7

	
164/437.6 ± 11.9

	
203/448.5 ± 10.4

	
230/446.7 ± 10.1




	
BU22

	
4/993.8 ± 162.8

	
10/865.9 ± 90.1

	
31/815.8 ± 47.7

	
39/776.5 ± 41.6

	
48/747.1 ± 35.4

	
69/698.4 ± 33.5

	
86/721.6 ± 30.5

	
112/753.1 ± 26.1

	
119/757.1 ± 25.5




	
BU23

	
3/219.1 ± 23.7

	
30/248.3 ± 14.2

	
66/258.1 ± 10.8

	
90/257.7 ± 8.9

	
126/251.8 ± 8.2

	
166/247.2 ± 7.0

	
203/241.4 ± 6.5

	
239/245.5 ± 6.1

	
286/243.5 ± 5.6




	
BCV

	

	
5/560.4 ± 90.4

	
8/578.4 ± 72.8

	
8/578.4 ± 72.8

	
9/575.2 ± 64.3

	
10/558.2 ± 60.0

	
15/595.5 ± 43.3

	
19/586.4 ± 35.7

	
22/566.5 ± 35.0




	
* BU24

	

	
5/560.4 ± 90.4

	
8/578.4 ± 72.8

	
8/578.4 ± 72.8

	
9/575.2 ± 64.3

	
10/558.2 ± 60.0

	
15/595.5 ± 43.3

	
19/586.4 ± 35.7

	
22/566.5 ± 35.0




	
BCVI

	
43/327.0 ± 20.0

	
1006/423.7 ± 4.6

	
2792/429.2 ± 2.6

	
3576/427.3 ± 2.4

	
4017/419.1 ± 2.3

	
6351/428.6 ± 1.9

	
8555/432.7 ± 1.7

	
9876/443.2 ± 1.6

	
11564/453.4 ± 1.6




	
* BU25

	
9/250.9 ± 14.5

	
48/342.7 ± 15.1

	
120/363.9 ± 11

	
163/352.6 ± 10.4

	
191/344.7 ± 9.6

	
262/345.6 ± 8.1

	
354/348.6 ± 7.1

	
388/354.2 ± 7.0

	
435/354.6 ± 6.7




	
* BU26

	
34/378.8 ± 28.2

	
950/444.1 ± 5.1

	
2646/446.2 ± 2.9

	
3382/446 ± 2.6

	
3795/443.4 ± 2.4

	
6035/452.5 ± 2

	
8129/457.9 ± 1.8

	
9396/469.3 ± 1.8

	
11022/480.5 ± 1.8




	
BU27

	

	
5/568.4 ± 110.9

	
17/647.3 ± 45.5

	
20/656.4 ± 41.9

	
20/656.4 ± 41.9

	
29/666.5 ± 35.2

	
39/662.6 ± 28.9

	
46/711.0 ± 33.0

	
53/744.1 ± 34.3




	
BU28

	

	
3/511.4 ± 116.2

	
9/640 ± 63.1

	
11/624.5 ± 53.5

	
11/624.5 ± 53.5

	
25/593.6 ± 37.4

	
33/578.2 ± 32.8

	
46/601.8 ± 28.5

	
54/608.8 ± 27.0




	
BCVII

	
9/293.5 ± 42.5

	
251/335.3 ± 7.7

	
577/341.7 ± 5.0

	
769/338.5 ± 4.1

	
974/334.0 ± 3.7

	
1601/345.6 ± 2.8

	
2000/346.7 ± 2.5

	
2314/350.1 ± 2.4

	
2724/354.3 ± 2.3




	
* BU29

	
9/293.5 ± 42.9

	
249/335.2 ± 7.6

	
571/341.8 ± 5.3

	
762/338.5 ± 4.4

	
963/334.1 ± 3.9

	
1588/345.9 ± 3.2

	
1986/347.1 ± 2.9

	
2300/350.4 ± 2.8

	
2706/354.7 ± 2.6




	
* BU30

	

	
2/360.6 ± 87.8

	
6/334 ± 35.9

	
7/333.4 ± 30.3

	
11/322.3 ± 23.2

	
13/310.5 ± 22.8

	
14/299.5 ± 23.8

	
14/299.5 ± 23.8

	
18/303.5 ± 27.5








* BUs that have no DHW in the calculations according to the national regulation.
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Table 3. Time evolution of calculated average primary energy use for space heating for the different building categories and building uses in the NR Dbase.
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Consecutive Time Bands




	
BC

	
Upto2011

	
Upto2012

	
Upto2013

	
Upto2014

	
Upto2015

	
Upto2016

	
Upto2017

	
Upto2018

	
Upto2019




	
BU

	
EUIp,H ± Standard Error of the Mean (kWh/m2)






	
BCI

	
98.5 ± 19.2

	
70.2 ± 3.8

	
59.4 ± 2.2

	
60.2 ± 1.9

	
58.8 ± 1.8

	
61.7 ± 1.5

	
59.8 ± 1.3

	
57.7 ± 1.2

	
57.2 ± 1.1




	
BU1

	
228.5 ± 46.7

	
146.8 ± 12.2

	
143.2 ± 8.1

	
145.3 ± 6.8

	
140.7 ± 6.1

	
133.3 ± 4.7

	
136.5 ± 4.3

	
132.4 ± 3.8

	
132.5 ± 3.5




	
BU2

	
5.7 ± 0.6

	
8.1 ± 0.4

	
7.1 ± 0.2

	
7 ± 0.2

	
7 ± 0.2

	
7 ± 0.2

	
7.2 ± 0.1

	
7.2 ± 0.1

	
7.4 ± 0.1




	
BU3

	
126 ± 31.2

	
172.2 ± 10.8

	
177.4 ± 7.6

	
180.5 ± 7.2

	
177.6 ± 6.6

	
173.8 ± 5.6

	
170.2 ± 4.8

	
167.4 ± 4.4

	
168 ± 4.2




	
BU4

	
14.8 ± 6.6

	
9.5 ± 0.5

	
8.7 ± 0.3

	
8.4 ± 0.2

	
8.2 ± 0.2

	
8.2 ± 0.2

	
8.5 ± 0.2

	
8.5 ± 0.2

	
8.7 ± 0.1




	
BU5

	

	

	
503.4

	
284.1 ± 96.7

	
284.1 ± 96.7

	
284.1 ± 96.7

	
284.1 ± 96.7

	
258.5 ± 44.5

	
258.5 ± 44.5




	
BU6

	
376.7

	
187.7 ± 58.1

	
169.8 ± 33.7

	
159 ± 31.2

	
156.6 ± 28.9

	
195.8 ± 34.4

	
131 ± 15.8

	
136.8 ± 14.5

	
143.9 ± 13.4




	
BCII

	
259.1 ± 36.9

	
230.0 ± 6.2

	
210.0 ± 3.9

	
205.9 ± 3.5

	
199.6 ± 3.2

	
195.3 ± 2.7

	
192.3 ± 2.4

	
203.5 ± 2.3

	
206.6 ± 2.2




	
BU7

	
314.4 ± 57.1

	
273.3 ± 9.0

	
237.7 ± 5.7

	
233.6 ± 5.1

	
230.3 ± 4.8

	
227.5 ± 4.0

	
222.6 ± 3.5

	
229.8 ± 3.4

	
235.5 ± 3.3




	
BU8

	
463.9 ± 102.0

	
382.5 ± 15.1

	
347.1 ± 9.4

	
339.4 ± 8.5

	
336.5 ± 8.1

	
331.8 ± 6.6

	
330.2 ± 5.8

	
341.1 ± 5.7

	
353.5 ± 5.5




	
BU9

	
66.2 ± 30.9

	
106.1 ± 6.9

	
100.1 ± 4.9

	
98.3 ± 4.4

	
97.5 ± 4.3

	
98 ± 3.8

	
98.1 ± 3.6

	
101.4 ± 3.6

	
104.5 ± 3.6




	
BU10

	

	
124.5 ± 14.0

	
100.6 ± 13.4

	
107.5 ± 12.0

	
103.8 ± 12.0

	
94.1 ± 8.8

	
102.8 ± 10.6

	
102.8 ± 9.3

	
103.8 ± 8.3




	
BU11

	
31.5

	
93.1 ± 19.6

	
80 ± 11.6

	
83.6 ± 12.0

	
84.3 ± 9.4

	
79 ± 7.4

	
79.9 ± 6.8

	
79.7 ± 6.0

	
79.1 ± 5.3




	
BU12

	

	
70.9

	
49.3 ± 9.7

	
49.3 ± 9.7

	
57.2 ± 13.2

	
51 ± 12.7

	
58.8 ± 9.0

	
71.4 ± 13.2

	
71.3 ± 12.2




	
BU13

	
104.8 ± 34.3

	
87.2 ± 22.0

	
71.8 ± 14.9

	
75.4 ± 13.6

	
75.4 ± 10.9

	
71.9 ± 9.3

	
67.8 ± 7.0

	
68.1 ± 6.6

	
66.7 ± 6.0




	
BU14

	

	
81.7 ± 10.2

	
85.8 ± 7.7

	
84.5 ± 6.2

	
89.2 ± 5.6

	
92.6 ± 4.9

	
94.9 ± 4.6

	
100.8 ± 4.8

	
107.1 ± 4.8




	
BU15

	
138.1 ± 66.9

	
228.4 ± 25.3

	
208.2 ± 19.0

	
216.2 ± 16.6

	
212.5 ± 13.3

	
215.8 ± 12.2

	
216.8 ± 11.3

	
245 ± 11.3

	
241.4 ± 10.6




	
BCIII

	
105.9 ± 20.2

	
101.3 ± 5.4

	
96.9 ± 4.0

	
109.0 ± 3.7

	
103.5 ± 2.6

	
98.6 ± 2.3

	
98.7 ± 2.1

	
106.4 ± 2.1

	
105.1 ± 1.9




	
BU16

	
138.5

	
149.5 ± 36.7

	
117.8 ± 21.0

	
121.9 ± 15.3

	
113 ± 8.8

	
116 ± 8.4

	
112.3 ± 7.9

	
129.2 ± 8.0

	
123.8 ± 7.2




	
BU17

	
112.6 ± 24.9

	
104 ± 5.8

	
101.1 ± 5.1

	
115.4 ± 4.5

	
107 ± 3.3

	
100.6 ± 2.9

	
100.9 ± 2.9

	
108.8 ± 2.8

	
107.8 ± 2.6




	
BU18

	
93.5

	
72.1 ± 16.4

	
75.2 ± 9.8

	
71.8 ± 8.6

	
69 ± 7.6

	
78.3 ± 7.3

	
79 ± 6.4

	
84.2 ± 6.2

	
87.6 ± 5.5




	
BU19

	

	
85.3 ± 17.3

	
71.6 ± 6.5

	
74.7 ± 6.8

	
76.4 ± 6.2

	
79 ± 5.6

	
75.6 ± 4.9

	
77.3 ± 4.5

	
80.7 ± 4.4




	
BCIV

	
449.7 ± 102.9

	
253.5 ± 31.0

	
183.6 ± 13.5

	
194.1 ± 10.5

	
203.9 ± 7.7

	
199.3 ± 6.5

	
186.9 ± 5.5

	
206.0 ± 5.0

	
221.3 ± 4.8




	
BU20

	
133.7 ± 3.1

	
197.5 ± 63.9

	
150.3 ± 26.2

	
193.1 ± 27.9

	
219.9 ± 21.3

	
209.4 ± 16.8

	
196.5 ± 13.9

	
215.7 ± 12.5

	
234.1 ± 12.0




	
BU21

	
67.7

	
198.8 ± 40.2

	
191.7 ± 26.2

	
185.4 ± 20.1

	
177.1 ± 14.8

	
163.4 ± 12.7

	
141.3 ± 9.7

	
153 ± 8.8

	
154.8 ± 8.5




	
BU22

	
576.1 ± 133.0

	
421 ± 100.1

	
296.6 ± 41.5

	
281.4 ± 34.0

	
261.3 ± 28.6

	
233.4 ± 22.8

	
240.5 ± 20.7

	
254.4 ± 17.8

	
255 ± 17.5




	
BU23

	
67.2 ± 10.8

	
90.8 ± 11.1

	
98.6 ± 8.8

	
101.2 ± 7.1

	
103 ± 6.4

	
97.8 ± 5.4

	
94.3 ± 4.8

	
97.5 ± 4.5

	
95.7 ± 4.1




	
BCV

	

	
234 ± 42.8

	
263.8 ± 62

	
263.8 ± 62.0

	
246.3 ± 57.4

	
228.2 ± 54.5

	
190.9 ± 40.5

	
177.1 ± 33.0

	
160.6 ± 29.9




	
BU24

	

	
234 ± 42.8

	
263.8 ± 62

	
263.8 ± 62.0

	
246.3 ± 57.4

	
228.2 ± 54.5

	
190.9 ± 40.5

	
177.1 ± 33.0

	
160.6 ± 29.9




	
BCVI

	
118.5 ± 12.4

	
135.7 ± 3.1

	
126.1 ± 1.8

	
123.5 ± 1.6

	
118.7 ± 1.4

	
124.9 ± 1.2

	
127.0 ± 1.0

	
135.1 ± 1.1

	
143.2 ± 1.1




	
BU25

	
143.3 ± 22.6

	
92.8 ± 9.9

	
78.7 ± 5.9

	
68.1 ± 4.7

	
64.3 ± 4.1

	
63.9 ± 3.7

	
63 ± 3.2

	
63.8 ± 3.1

	
63.9 ± 2.9




	
BU26

	
101.6 ± 16.3

	
146.9 ± 4.0

	
140.1 ± 2.1

	
138.8 ± 1.9

	
137.8 ± 1.8

	
143.9 ± 1.5

	
148.1 ± 1.3

	
157.7 ± 1.3

	
167.1 ± 1.3




	
BU27

	

	
165.6 ± 37.7

	
127.9 ± 22

	
122.1 ± 19.2

	
122.1 ± 19.2

	
110.4 ± 16.9

	
101.1 ± 13.1

	
117.9 ± 13.7

	
138.0 ± 17.1




	
BU28

	

	
201.4 ± 63.1

	
250.6 ± 42.6

	
240.3 ± 37.9

	
240.3 ± 37.9

	
237.1 ± 27.5

	
220.7 ± 23.9

	
230.4 ± 20.3

	
239.6 ± 20.4




	
BCVII

	
110.5 ± 39.8

	
86.1 ± 3.8

	
85.9 ± 2.5

	
84.9 ± 2.2

	
84.1 ± 2.0

	
90.8 ± 1.6

	
93.2 ± 1.5

	
96.0 ± 1.5

	
100.7 ± 1.4




	
BU29

	
110.5 ± 39

	
85.7 ± 5.0

	
85.6 ± 3.4

	
84.6 ± 2.9

	
83.6 ± 2.6

	
90.6 ± 2.1

	
93 ± 1.9

	
95.9 ± 1.8

	
100.5 ± 1.8




	
BU30

	

	
178.2 ± 129.3

	
123.9 ± 41.2

	
120.3 ± 35.0

	
137 ± 27.2

	
125.5 ± 24.1

	
119.6 ± 23.1

	
119.6 ± 23.1

	
130.5 ± 26.2











[image: Table] 





Table 4. Time evolution of calculated average primary energy use for space cooling for the different building categories and building uses in the NR Dbase.
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Consecutive Time Bands




	
BC

	
Upto2011

	
Upto2012

	
Upto2013

	
Upto2014

	
Upto2015

	
Upto2016

	
Upto2017

	
Upto2018

	
Upto2019




	
BU

	
EUIp,C ± Standard Error of the Mean (kWh/m2)






	
BCI

	
111.0 ± 9.5

	
129.9 ± 2.6

	
124.4 ± 1.5

	
123.4 ± 1.4

	
122.7 ± 1.3

	
122.5 ± 1.1

	
123.4 ± 0.9

	
126.3 ± 0.9

	
129.5 ± 0.8




	
BU1

	
183.9 ± 33.8

	
151 ± 7.4

	
141.8 ± 4.7

	
140.2 ± 4.3

	
142.1 ± 4.0

	
139.8 ± 3.2

	
138.9 ± 2.8

	
140.9 ± 2.6

	
143.5 ± 2.4




	
BU2

	
80.7 ± 10.4

	
114.7 ± 4.7

	
111.9 ± 2.6

	
111.3 ± 2.3

	
109.2 ± 2.1

	
109.2 ± 1.9

	
113 ± 1.6

	
115.9 ± 1.5

	
120 ± 1.4




	
BU3

	
91.9 ± 1.0

	
136 ± 7.5

	
137.6 ± 4.2

	
135.8 ± 3.8

	
139.4 ± 3.8

	
137.1 ± 3.1

	
137.9 ± 2.8

	
143.3 ± 2.7

	
146.7 ± 2.5




	
BU4

	
130.4 ± 25.0

	
124.4 ± 4.4

	
125.3 ± 2.7

	
122.8 ± 2.4

	
122 ± 2.3

	
117.7 ± 1.9

	
117.7 ± 1.6

	
121.9 ± 1.5

	
123.3 ± 1.4




	
BU5

	

	

	
2.8

	
2.1 ± 0.2

	
2.1 ± 0.2

	
2.1 ± 0.2

	
2.1 ± 0.2

	
6 ± 2.1

	
6 ± 2.1




	
BU6

	
136.8

	
148.2 ± 53.0

	
152.8 ± 26.2

	
178.9 ± 25.8

	
161.6 ± 25.2

	
156.2 ± 19.5

	
132.4 ± 7.9

	
142.9 ± 7.8

	
152.2 ± 7.1




	
BCII

	
217.8 ± 23.7

	
263.7 ± 5.0

	
254.7 ± 3.3

	
251.6 ± 3.0

	
250.8 ± 2.8

	
245.1 ± 2.4

	
241.4 ± 2.1

	
255.1 ± 2.0

	
257.4 ± 1.9




	
BU7

	
256.8 ± 30.0

	
295.3 ± 7.0

	
276.2 ± 4.3

	
272.2 ± 3.8

	
270.2 ± 3.6

	
266.9 ± 3

	
263.8 ± 2.6

	
269.1 ± 2.4

	
272 ± 2.3




	
BU8

	
344 ± 51.2

	
321.4 ± 8.2

	
309.8 ± 5.3

	
309.1 ± 4.8

	
307.6 ± 4.5

	
306.4 ± 3.7

	
307.5 ± 3.3

	
315.7 ± 3.2

	
321.7 ± 3.0




	
BU9

	
128 ± 16.7

	
125 ± 6.9

	
120.2 ± 4.7

	
118.7 ± 4.3

	
119 ± 4.2

	
119.3 ± 3.6

	
120 ± 3.4

	
120.3 ± 3.3

	
121.1 ± 3.2




	
BU10

	

	
213.1 ± 12.6

	
169.3 ± 20.0

	
190 ± 17.7

	
185.3 ± 17.5

	
192 ± 13.6

	
197.4 ± 12.3

	
197.9 ± 12.1

	
206.6 ± 12.1




	
BU11

	
101.5

	
192.5 ± 16.4

	
181.3 ± 19.3

	
180.6 ± 17.6

	
175.3 ± 14.9

	
161.6 ± 12.3

	
164 ± 10.8

	
166.1 ± 9.3

	
166 ± 8.5




	
BU12

	

	
163.2

	
152.9 ± 52.3

	
152.9 ± 52.3

	
148.4 ± 34.4

	
139.2 ± 30.5

	
132.5 ± 21.8

	
134.7 ± 17.9

	
135.2 ± 17.2




	
BU13

	
81.7 ± 13.9

	
84.5 ± 11.9

	
91.2 ± 8.8

	
85.2 ± 8.1

	
93.3 ± 9.4

	
83.9 ± 6.9

	
79 ± 5.1

	
79.9 ± 4.9

	
77.7 ± 4.6




	
BU14

	

	
135.5 ± 16.0

	
132.9 ± 9.1

	
125.9 ± 7.3

	
129.9 ± 6.3

	
131.3 ± 5.5

	
129.8 ± 4.7

	
133.8 ± 4.4

	
138 ± 4.1




	
BU15

	
141 ± 15.9

	
368.7 ± 28.7

	
369.5 ± 22.1

	
373.2 ± 18.7

	
367.1 ± 14.5

	
374 ± 12.7

	
370.4 ± 11.6

	
380.4 ± 10.0

	
384 ± 9.8




	
BCIII

	
41.1 ± 8.8

	
12.9 ± 1.5

	
13.9 ± 1.1

	
11.5 ± 0.8

	
9.9 ± 0.5

	
10.6 ± 0.4

	
10.8 ± 0.4

	
11.0 ± 0.4

	
12.5 ± 0.4




	
BU16

	
10.1

	
5.7 ± 1.6

	
4.9 ± 0.9

	
3.9 ± 0.5

	
3.3 ± 0.3

	
3.8 ± 0.3

	
4 ± 0.3

	
3.9 ± 0.2

	
4.1 ± 0.2




	
BU17

	
18.2 ± 2.4

	
11.3 ± 0.7

	
11.1 ± 0.6

	
8.1 ± 0.4

	
7.7 ± 0.3

	
8.3 ± 0.3

	
8.4 ± 0.3

	
8.7 ± 0.2

	
8.8 ± 0.2




	
BU18

	
81.3

	
32.2 ± 6.9

	
35.3 ± 4.8

	
35.9 ± 4.1

	
35.6 ± 3.7

	
36.4 ± 2.9

	
37.3 ± 2.5

	
37.8 ± 2.3

	
40.4 ± 2.1




	
BU19

	

	
9.9 ± 1.7

	
11.2 ± 0.9

	
11.1 ± 0.8

	
10.4 ± 0.8

	
10.8 ± 0.7

	
11 ± 0.7

	
10.9 ± 0.6

	
10.9 ± 0.5




	
BCIV

	
152.8 ± 34.7

	
129.0 ± 11.6

	
170.3 ± 7.8

	
187.5 ± 10.3

	
177.9 ± 7.4

	
195.3 ± 6.6

	
200.5 ± 5.7

	
205.2 ± 4.8

	
212.3 ± 4.4




	
BU20

	
51.3 ± 3.3

	
137.7 ± 86.5

	
189.3 ± 30.6

	
206 ± 29.9

	
200.2 ± 18.7

	
217.6 ± 16.4

	
227.2 ± 13.7

	
225.5 ± 10.8

	
232.5 ± 9.6




	
BU21

	
13.2

	
113.1 ± 14.6

	
126.4 ± 11.9

	
124.5 ± 9.7

	
118.6 ± 7.4

	
121.8 ± 6.4

	
124.2 ± 5.0

	
122.7 ± 4.4

	
121.5 ± 4.1




	
BU22

	
191.4 ± 49.9

	
186.7 ± 27.1

	
220.2 ± 16.8

	
207.9 ± 14.4

	
204.7 ± 11.9

	
196.3 ± 12.3

	
199 ± 10.7

	
209.4 ± 8.9

	
208.4 ± 8.5




	
BU23

	
55 ± 18.1

	
66.4 ± 7.5

	
70.4 ± 5.2

	
67.6 ± 4.9

	
61.9 ± 4.0

	
62.8 ± 3.4

	
62.5 ± 3.0

	
62.9 ± 2.7

	
63.7 ± 2.4




	
BCV

	

	
110.6 ± 26.9

	
108.4 ± 18.2

	
108.4 ± 18.2

	
105.9 ± 16.2

	
107.9 ± 14.7

	
125 ± 12.7

	
128.7 ± 10.4

	
127.4 ± 10.1




	
BU24

	

	
110.6 ± 26.9

	
108.4 ± 18.2

	
108.4 ± 18.2

	
105.9 ± 16.2

	
107.9 ± 14.7

	
125 ± 12.7

	
128.7 ± 10.4

	
127.4 ± 10.1




	
BCVI

	
116.1 ± 13.1

	
147.1 ± 2.5

	
151.8 ± 1.4

	
152.0 ± 1.3

	
149.0 ± 1.2

	
151.5 ± 1.0

	
153.4 ± 0.9

	
157.0 ± 0.8

	
159.9 ± 0.8




	
BU25

	
88.4 ± 8.6

	
123.2 ± 8.6

	
136.5 ± 6.2

	
135.9 ± 6.4

	
131.7 ± 5.8

	
134 ± 4.8

	
139.8 ± 4.5

	
142.3 ± 4.3

	
141.7 ± 4.1




	
BU26

	
134.9 ± 19.1

	
153.3 ± 2.8

	
156.4 ± 1.7

	
156.5 ± 1.5

	
155.1 ± 1.4

	
157.1 ± 1.1

	
157.9 ± 1.0

	
161.7 ± 0.9

	
165.3 ± 0.9




	
BU27

	

	
175.9 ± 52.4

	
147.7 ± 23.4

	
147.6 ± 20.7

	
147.6 ± 20.7

	
146 ± 14.7

	
148.9 ± 12.2

	
165.1 ± 13.2

	
173.7 ± 13.3




	
BU28

	

	
116.4 ± 68.3

	
174.5 ± 31.3

	
167.4 ± 25.7

	
167.4 ± 25.7

	
135.5 ± 16.7

	
138.9 ± 14.2

	
153.8 ± 12.7

	
156.4 ± 11.4




	
BCVII

	
77.5 ± 20.4

	
120.6 ± 4.7

	
121.8 ± 3.4

	
118.4 ± 2.7

	
115.5 ± 2.3

	
117.6 ± 1.6

	
116.7 ± 1.4

	
119.4 ± 1.3

	
121.2 ± 1.2




	
BU29

	
77.5 ± 21.8

	
120.7 ± 4.6

	
121.8 ± 3.1

	
118.4 ± 2.5

	
115.6 ± 2.2

	
117.6 ± 1.7

	
116.8 ± 1.5

	
119.5 ± 1.5

	
121.4 ± 1.4




	
BU30

	

	
82.6 ± 36.7

	
129.3 ± 27.1

	
122.7 ± 23.9

	
103.9 ± 17.7

	
106.1 ± 16.6

	
103.8 ± 15.5

	
103.8 ± 15.5

	
99.7 ± 12.2
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Table 5. Time evolution of calculated average primary energy use for DHW for the different building categories and building uses in the NR Dbase.






Table 5. Time evolution of calculated average primary energy use for DHW for the different building categories and building uses in the NR Dbase.





	

	
Consecutive Time Bands




	
BC

	
Upto2011

	
Upto2012

	
Upto2013

	
Upto2014

	
Upto2015

	
Upto2016

	
Upto2017

	
Upto2018

	
Upto2019




	
BU

	
EUIp,DHW ± Standard Error of the Mean (kWh/m2)






	
BCI

	
62.4 ± 8.5

	
63.9 ± 2.1

	
46.8 ± 1.1

	
45.7 ± 1.0

	
44.3 ± 0.9

	
43.8 ± 0.7

	
41.9 ± 0.6

	
41.0 ± 0.5

	
40.5 ± 0.5




	
BU1

	
105.2 ± 25.9

	
90.5 ± 6.9

	
73.3 ± 4.2

	
75.1 ± 3.6

	
73.3 ± 3.2

	
71.3 ± 2.5

	
68.8 ± 2.1

	
69 ± 1.9

	
70.2 ± 1.7




	
BU2

	
50.3 ± 3.7

	
50.1 ± 1.9

	
34.9 ± 1.1

	
32.4 ± 0.9

	
30.6 ± 0.8

	
28.9 ± 0.7

	
26.7 ± 0.6

	
25.4 ± 0.5

	
24.2 ± 0.5




	
BU3

	
197.3 ± 8.9

	
85.6 ± 6.3

	
71.6 ± 3.7

	
69.2 ± 3.2

	
65.8 ± 2.9

	
61.5 ± 2.4

	
62.7 ± 2.0

	
64.2 ± 1.9

	
64 ± 1.7




	
BU4

	
60.3 ± 26.9

	
34.6 ± 2.1

	
26.3 ± 1.1

	
25.3 ± 0.9

	
25.6 ± 0.9

	
23.2 ± 0.7

	
22.7 ± 0.6

	
22.2 ± 0.5

	
22 ± 0.5




	
BU5

	

	

	
21.0

	
21.4 ± 5.5

	
21.4 ± 5.5

	
21.4 ± 5.5

	
21.4 ± 5.5

	
22.9 ± 2.8

	
22.9 ± 2.8




	
BU6

	
40.9

	
60.8 ± 18.1

	
45.9 ± 10.9

	
38.9 ± 9.2

	
38.7 ± 8.7

	
40.3 ± 9.0

	
69.9 ± 7.4

	
67.2 ± 6.6

	
63.4 ± 5.8




	
BCII

	
245.6 ± 35.7

	
119.2 ± 3.4

	
113.0 ± 2.1

	
111.0 ± 1.9

	
105.5 ± 1.7

	
99.4 ± 1.4

	
96.2 ± 1.2

	
102.8 ± 1.2

	
101.2 ± 1.1




	
BU7

	
217 ± 20.3

	
185.9 ± 3.4

	
175.4 ± 2.2

	
173.5 ± 2

	
171 ± 1.9

	
168.3 ± 1.6

	
166.7 ± 1.4

	
166.3 ± 1.3

	
165.8 ± 1.2




	
BU8

	
57.8 ± 3.4

	
52.3 ± 0.8

	
50.7 ± 0.6

	
50.4 ± 0.5

	
50 ± 0.5

	
49.8 ± 0.4

	
49.6 ± 0.4

	
49.7 ± 0.4

	
49.8 ± 0.3




	
BU9

	
56.7 ± 7.3

	
55.9 ± 1.4

	
53.9 ± 1.1

	
53.6 ± 1.0

	
53.7 ± 1.0

	
53.6 ± 0.8

	
53.4 ± 0.8

	
53.4 ± 0.8

	
53.5 ± 0.7




	
* BU10

	




	
* BU11

	




	
* BU12

	




	
* BU13

	




	
* BU14

	




	
BU15

	
698.8 ± 5.8

	
253.8 ± 34.4

	
236.8 ± 23.8

	
237.8 ± 19.0

	
207.1 ± 14.4

	
205.8 ± 12.0

	
198.7 ± 10.6

	
199.3 ± 8.4

	
196 ± 7.9




	
BCIII

	

	

	

	

	

	

	

	

	




	
* BU16

	




	
* BU17

	




	
* BU18

	




	
* BU19

	




	
BCIV

	
53.9 ± 10.2

	
41.2 ± 3.6

	
30.1( ± 1.6

	
29.0 ± 1.1

	
26.9 ± 0.9

	
27.5 ± 0.9

	
24.9 ± 0.7

	
26.4 ± 0.7

	
27.7 ± 0.6




	
BU20

	
7.9

	
27.5 ± 19.6

	
25.1 ± 6.5

	
29 ± 5

	
27.7 ± 3.3

	
27.6 ± 2.7

	
24.9 ± 2.1

	
27.2 ± 1.8

	
28.7 ± 1.8




	
BU21

	
41.8

	
19.1 ± 3.3

	
17.2 ± 1.9

	
15.7 ± 1.4

	
16.0 ± 1.1

	
16.3 ± 0.9

	
13.8 ± 0.8

	
13.5 ± 0.7

	
13.6 ± 0.6




	
BU22

	
63.9 ± 19.9

	
56.8 ± 11.3

	
44.1 ± 4.9

	
40.7 ± 4.5

	
38.9 ± 3.9

	
38.2 ± 3.8

	
39.6 ± 3.5

	
37.8 ± 2.9

	
37.6 ± 2.8




	
BU23

	
58.5 ± 7.0

	
34.2 ± 3.4

	
27.5 ± 2.1

	
25.9 ± 1.7

	
23.8 ± 1.4

	
22.7 ± 1.2

	
21.6 ± 1

	
21.5 ± 1

	
20.6 ± 0.8




	
BCV

	

	

	

	

	

	

	

	

	




	
* BU24

	




	
BCVI

	

	
1.0 ± 0.4

	
1.8 ± 0.4

	
1.6 ± 0.3

	
1.3 ± 0.3

	
1.5 ± 0.3

	
1.7 ± 0.2

	
1.7 ± 0.2

	
1.9 ± 0.2




	
* BU25

	




	
* BU26

	




	
BU27

	

	
120.7 ± 30.4

	
223.4 ± 26.0

	
231.2 ± 29.3

	
231.2 ± 29.3

	
245.1 ± 24.7

	
238.7 ± 21.7

	
261.2 ± 21.0

	
268.2 ± 19.1




	
BU28

	

	
70.3 ± 17.0

	
67.4 ± 6.1

	
67.4 ± 5.0

	
67.4 ± 5.0

	
66.4 ± 3.8

	
67.9 ± 3.1

	
68.2 ± 2.3

	
66.4 ± 2.4




	
BCVII

	

	

	

	

	

	

	

	

	




	
* BU29

	




	
* BU30

	








* BUs that have no DHW in the calculations according to the national regulation.
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Table 6. Time evolution of calculated average primary energy use for lighting for the different building categories and building uses in the NR Dbase.
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Consecutive Time Bands




	
BC

	
Upto2011

	
Upto2012

	
Upto2013

	
Upto2014

	
Upto2015

	
Upto2016

	
Upto2017

	
Upto2018

	
Upto2019




	
BU

	
EUIp,L ± Standard Error of the Mean (kWh/m2)






	
BCI

	
127.5 ± 15.3

	
164.0 ± 3.5

	
177.1 ± 2.3

	
176.2 ± 2.0

	
175.3 ± 1.8

	
179.7 ± 1.6

	
179.9 ± 1.3

	
174.2 ± 1.2

	
170.3 ± 1.1




	
BU1

	
141 ± 29.0

	
216.7 ± 11.4

	
231.2 ± 7.5

	
221.3 ± 6.6

	
221 ± 5.9

	
221.3 ± 4.8

	
222.5 ± 4.4

	
210 ± 4.0

	
203.3 ± 3.6




	
BU2

	
129 ± 9.6

	
118.2 ± 4.7

	
140.5 ± 2.5

	
144.2 ± 2.2

	
144.4 ± 2.1

	
147.2 ± 1.9

	
148.2 ± 1.5

	
146.0 ± 1.4

	
143.9 ± 1.3




	
BU3

	
324.2 ± 214.9

	
214.9 ± 8.2

	
233.4 ± 6.0

	
234.2 ± 5.1

	
231.1 ± 4.8

	
231.0 ± 4

	
229.6 ± 3.4

	
226.7 ± 3.1

	
224.4 ± 3.0




	
BU4

	
110.3 ± 23.9

	
158.3 ± 5.5

	
167.3 ± 3.2

	
167.6 ± 2.9

	
165.2 ± 2.8

	
165.7 ± 2.2

	
165.2 ± 1.9

	
162.7 ± 1.7

	
159.7 ± 1.6




	
BU5

	

	

	
132.0

	
130.3 ± 0.6

	
130.3 ± 0.6

	
130.3 ± 0.6

	
130.3 ± 0.6

	
146.2 ± 9.2

	
146.2 ± 9.2




	
BU6

	
85.6

	
179.2 ± 24.4

	
229.8 ± 35.4

	
214.2 ± 29.2

	
203.8 ± 26.5

	
195.3 ± 18

	
230.8 ± 10.7

	
234.8 ± 9.5

	
238.6 ± 8.3




	
BCII

	
141.3 ± 11.8

	
128.3 ± 2.7

	
132.7 ± 2.0

	
134.4 ± 1.8

	
136.0 ± 1.7

	
133.2 ± 1.5

	
132.5 ± 1.3

	
133.9 ± 1.2

	
130.9 ± 1.2




	
BU7

	
180.8 ± 24.3

	
146.7 ± 4.6

	
155.3 ± 3.3

	
155.8 ± 3.1

	
155.1 ± 2.9

	
156.5 ± 2.6

	
154.1 ± 2.3

	
146.9 ± 2.1

	
140.2 ± 2.0




	
BU8

	
130.1 ± 23.9

	
163.3 ± 4.8

	
174.2 ± 3.4

	
175.5 ± 3.1

	
174.9 ± 2.9

	
175.5 ± 2.4

	
176 ± 2.2

	
175.4 ± 2.0

	
174.9 ± 1.9




	
BU9

	
35.8 ± 11.7

	
49.8 ± 4.3

	
49.8 ± 2.8

	
48.4 ± 2.6

	
48.4 ± 2.5

	
47.4 ± 2.2

	
46.4 ± 2

	
45.9 ± 1.9

	
45.4 ± 1.9




	
BU10

	

	
49.8 ± 12.9

	
74.9 ± 21.9

	
91.6 ± 19.0

	
101.5 ± 20.6

	
79.9 ± 14.8

	
72.4 ± 12.2

	
75.2 ± 10.9

	
74.3 ± 9.6




	
BU11

	
84.6

	
56.4 ± 8.8

	
53.2 ± 5.1

	
58.7 ± 5.8

	
64.2 ± 5.3

	
66.0 ± 4.3

	
66.7 ± 4

	
70.2 ± 4.1

	
68.1 ± 3.8




	
BU12

	

	
121.0

	
85.8 ± 13.8

	
85.8 ± 13.8

	
80.8 ± 9.3

	
81.4 ± 7.9

	
81.7 ± 8.4

	
107.6 ± 17.3

	
105.1 ± 15.2




	
BU13

	
123.8 ± 46.5

	
121.3 ± 22.4

	
126.6 ± 14.4

	
127.0 ± 11.4

	
119.0 ± 9

	
116 ± 6.4

	
115.5 ± 4.7

	
113.8 ± 4.5

	
114.4 ± 4.5




	
BU14

	

	
81.4 ± 6.4

	
82.8 ± 5.0

	
87.4 ± 4.5

	
86.5 ± 4.0

	
84.6 ± 3.3

	
86.9 ± 3.1

	
83.8 ± 2.7

	
83.1 ± 2.4




	
BU15

	
155.7 ± 19.7

	
168.1 ± 8.5

	
165.4 ± 6.6

	
174 ± 6.5

	
183.4 ± 6.1

	
182.4 ± 5.6

	
183.9 ± 5.7

	
185.3 ± 4.8

	
182.6 ± 4.6




	
BCIII

	
77.3 ± 9.1

	
62.5 ± 2.0

	
68.5 ± 2.4

	
66.8 ± 1.7

	
61.6 ± 1.1

	
62.1 ± 1.0

	
62.7 ± 1.0

	
62.4 ± 0.8

	
64.2 ± 0.8




	
BU16

	
57.5

	
50.6 ± 3.0

	
44.7 ± 3.2

	
45.2 ± 2.0

	
49.8 ± 1.9

	
50.0 ± 1.4

	
49.6 ± 1.4

	
49.0 ± 1.3

	
49.6 ± 1.3




	
BU17

	
55.2 ± 3.5

	
54.4 ± 1.3

	
57.0 ± 1.3

	
55.6 ± 1.0

	
54.5 ± 0.7

	
54.8 ± 0.6

	
55.1 ± 0.6

	
55.5 ± 0.6

	
55.6 ± 0.6




	
BU18

	
116.0

	
148.3 ± 8.2

	
146.7 ± 12.9

	
143.4 ± 11.2

	
141.1 ± 10.2

	
138.9 ± 8.2

	
139.1 ± 7.0

	
132.1 ± 6.2

	
126.0 ± 5.0




	
BU19

	

	
82.1 ± 7.8

	
76.1 ± 3

	
75.9 ± 2.7

	
75.4 ± 2.5

	
75.6 ± 2.2

	
76.2 ± 1.9

	
77.0 ± 1.9

	
75.9 ± 1.8




	
BCIV

	
137.1 ± 14.9

	
132.0 ± 10.0

	
167.8 ± 10.3

	
162.3 ± 5.5

	
162.9 ± 4.5

	
186.1 ± 3.7

	
195.6 ± 3.4

	
196.7 ± 3.0

	
197.0 ± 2.7




	
BU20

	
72.2 ± 19.2

	
109.0 ± 38.4

	
164.9 ± 30.6

	
163.9 ± 15.4

	
173.3 ± 10.8

	
196.1 ± 9.7

	
209 ± 8.9

	
205.7 ± 7.2

	
205.4 ± 6.5




	
BU21

	
122.9

	
129.2 ± 10.6

	
138.7 ± 8.1

	
141.3 ± 6.6

	
153.3 ± 5.7

	
156.6 ± 5.4

	
159.2 ± 4.2

	
160.1 ± 3.9

	
157.5 ± 3.6




	
BU22

	
162.4 ± 19.6

	
201.6 ± 17.9

	
254.8 ± 18.0

	
246.6 ± 14.9

	
242.3 ± 12.7

	
231.7 ± 10.9

	
243.6 ± 10.6

	
252.3 ± 9.2

	
256.9 ± 9.5




	
BU23

	
38.4 ± 10.5

	
56.9 ± 4.1

	
61.6 ± 2.9

	
62.9 ± 2.5

	
63.5 ± 2.0

	
64.2 ± 1.7

	
63.5 ± 1.6

	
63.9 ± 1.4

	
63.8 ± 1.3




	
BCV

	

	
215.8 ± 51.0

	
206.2 ± 35.1

	
206.2 ± 35.1

	
223 ± 35.3

	
222 ± 31.6

	
279.5 ± 33.8

	
280.6 ± 27

	
278.5 ± 24




	
* BU24

	

	
215.8 ± 51.0

	
206.2 ± 35.1

	
206.2 ± 35.1

	
223 ± 35.3

	
222 ± 31.6

	
279.5 ± 33.8

	
280.6 ± 27

	
278.5 ± 24




	
BCVI

	
92.4 ± 15.4

	
139.9 ± 2.0

	
149.6 ± 1.1

	
150.3 ± 0.9

	
150.1 ± 0.9

	
150.8 ± 0.7

	
150.7 ± 0.6

	
149.5 ± 0.6

	
148.6 ± 0.5




	
BU25

	
19.1 ± 16.3

	
126.7 ± 11.5

	
148.7 ± 6.5

	
148.5 ± 5.4

	
148.7 ± 4.9

	
147.6 ± 4.1

	
146.1 ± 3.3

	
148.3 ± 3.2

	
149.4 ± 3




	
BU26

	
142.3 ± 14.2

	
143.9 ± 1.8

	
149.8 ± 1.1

	
150.7 ± 1.0

	
150.5 ± 0.9

	
151.6 ± 0.7

	
151.9 ± 0.6

	
150.0 ± 0.6

	
148.3 ± 0.5




	
BU27

	

	
106.2 ± 16.1

	
148.3 ± 15.9

	
155.6 ± 15.6

	
155.6 ± 15.6

	
165.1 ± 12.4

	
173.9 ± 11.4

	
166.8 ± 10.2

	
164.1 ± 9.6




	
BU28

	

	
123.3 ± 17.1

	
147.4 ± 11.4

	
149.3 ± 9.5

	
149.3 ± 9.5

	
154.6 ± 7.8

	
150.7 ± 6.0

	
149.4 ± 6.4

	
146.3 ± 5.7




	
BCVII

	
105.5 ± 11.7

	
128.7 ± 2.6

	
134.4 ± 1.7

	
135.4 ± 1.4

	
134.8 ± 1.3

	
137.5 ± 1.0

	
137.2 ± 0.9

	
135.1 ± 0.9

	
132.8 ± 0.8




	
BU29

	
105.5 ± 12.3

	
128.8 ± 2.7

	
134.8 ± 1.7

	
135.8 ± 1.5

	
135.3 ± 1.4

	
137.9 ± 1.1

	
137.6 ± 1

	
135.4 ± 0.9

	
133.2 ± 0.9




	
BU30

	

	
99.9 ± 4.9

	
80.9 ± 7.2

	
90.5 ± 11.4

	
81.4 ± 9.2

	
78.9 ± 8.1

	
81.4 ± 7.9

	
81.4 ± 7.9

	
81.4 ± 6.5
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Table 7. Time evolution of calculated averageCO2 emissions intensity for the different building categories and building uses in the NR Dbase.






Table 7. Time evolution of calculated averageCO2 emissions intensity for the different building categories and building uses in the NR Dbase.





	

	
Consecutive Time Bands




	
BC

	
Upto2011

	
Upto2012

	
Upto2013

	
Upto2014

	
Upto2015

	
Upto2016

	
Upto2017

	
Upto2018

	
Upto2019




	
BU

	
CO2 ± Standard Error of the Mean (kg/m2)






	
BCI

	
131.1 ± 1.1

	
130.9 ± 0.1

	
127.9

	
127.3

	
126.5

	
129.6

	
129.5

	
127.9

	
127.9




	
BU1

	
181.9 ± 17.9

	
186.4 ± 7.0

	
183.9 ± 4.7

	
179.3 ± 4.2

	
178.8 ± 3.7

	
177.5 ± 3.0

	
178.1 ± 2.7

	
173.1 ± 2.5

	
172.9 ± 2.2




	
BU2

	
77.5 ± 4.8

	
88.5 ± 2.4

	
93.3 ± 1.4

	
94.2 ± 1.2

	
93.6 ± 1.1

	
94.4 ± 1.0

	
96.2 ± 0.8

	
96.3 ± 0.8

	
97.0 ± 0.7




	
BU3

	
236.7 ± 50.7

	
183.1 ± 5.3

	
190.9 ± 3.6

	
192.3 ± 3.4

	
191.2 ± 3.2

	
189.8 ± 2.8

	
189.0 ± 2.4

	
190.7 ± 2.3

	
191.1 ± 2.1




	
BU4

	
95.3 ± 8.1

	
101.0 ± 2.5

	
104.4 ± 1.6

	
104.1 ± 1.4

	
103.2 ± 1.3

	
102.0 ± 1.1

	
102.4 ± 1.0

	
103.5 ± 0.9

	
103.3 ± 0.8




	
BU5

	

	

	
177.5

	
123.7 ± 25.5

	
123.7 ± 25.5

	
123.7 ± 25.5

	
123.7 ± 25.5

	
128.5 ± 12.0

	
128.5 ± 12.0




	
BU6

	
175.9

	
175.8 ± 27.7

	
177.3 ± 16.8

	
178.9 ± 15.0

	
169.6 ± 15.2

	
182.6 ± 17.1

	
181.8 ± 8.0

	
188.2 ± 7.4

	
194.9 ± 7.1




	
BCII

	
233.6 ± 2.4

	
218.3 ± 0.1

	
216.7 ± 0.1

	
216.2

	
213.7

	
209.3

	
206.8

	
218.9

	
220.2




	
BU7

	
269.2 ± 29.4

	
260.5 ± 3.9

	
256.8 ± 2.6

	
255.3 ± 2.4

	
253.6 ± 2.3

	
253.5 ± 2.0

	
251.5 ± 1.7

	
254.9 ± 1.7

	
257.1 ± 1.6




	
BU8

	
266.9 ± 35.5

	
260.5 ± 5.0

	
261.8 ± 3.6

	
261.8 ± 3.3

	
260.8 ± 3.1

	
261.2 ± 2.5

	
261.8 ± 2.2

	
270.3 ± 2.3

	
277.6 ± 2.3




	
BU9

	
76.0 ± 8.6

	
100.9 ± 3.4

	
101.1 ± 2.4

	
100.2 ± 2.2

	
100.2 ± 2.1

	
100.8 ± 1.8

	
101.0 ± 1.7

	
102.3 ± 1.7

	
103.5 ± 1.7




	
* BU10

	

	
121.3 ± 10.0

	
108.0 ± 7.8

	
124.8 ± 10.8

	
125.7 ± 10.3

	
119.1 ± 7.5

	
122.2 ± 6.8

	
123.8 ± 6.2

	
126.8 ± 5.8




	
* BU11

	
69.6

	
112.0 ± 8.6

	
102.7 ± 8.0

	
105.3 ± 7.6

	
105.6 ± 6.3

	
100.3 ± 5.4

	
101.4 ± 4.6

	
103.4 ± 4.1

	
102.6 ± 3.8




	
* BU12

	

	
120.7

	
97.8 ± 23.6

	
97.8 ± 23.6

	
97.4 ± 16.2

	
92.4 ± 14.6

	
91.8 ± 10.2

	
105.0 ± 12.4

	
104.0 ± 11.5




	
* BU13

	
86.4 ± 19.8

	
89.2 ± 10.2

	
91.6 ± 6.4

	
92.4 ± 5.5

	
93.4 ± 5.4

	
89.1 ± 4.3

	
86.5 ± 3.2

	
86.5 ± 3.1

	
85.5 ± 3.0




	
* BU14

	

	
95.2 ± 7.3

	
96.5 ± 4.5

	
95.7 ± 3.7

	
98 ± 3.3

	
98.9 ± 2.8

	
100.2 ± 2.5

	
103.1 ± 2.5

	
106.9 ± 2.5




	
BU15

	
297.8 ± 13.9

	
309.5 ± 13.6

	
302.4 ± 11.4

	
312.4 ± 10.5

	
303 ± 8.5

	
307.3 ± 7.4

	
305.5 ± 7.0

	
319.6 ± 6.8

	
318.6 ± 6.6




	
BCIII

	
63.5 ± 1.9

	
52.1 ± 0.1

	
53.7 ± 0.1

	
54.8 ± 0.1

	
50.3

	
49.7

	
50.1

	
52.2

	
53.3




	
* BU16

	
54.3

	
57.6 ± 8.2

	
48.3 ± 5.4

	
47.5 ± 3.7

	
45.7 ± 2.2

	
47.7 ± 2.3

	
47.0 ± 2.3

	
51.3 ± 2.3

	
50.5 ± 2.0




	
* BU17

	
49.9 ± 6.6

	
49.3 ± 1.5

	
49.6 ± 1.4

	
51.1 ± 1.1

	
47.7 ± 0.8

	
46.6 ± 0.7

	
46.8 ± 0.7

	
49.2 ± 0.7

	
49.2 ± 0.7




	
* BU18

	
87.4

	
81.8 ± 5.8

	
83.6 ± 7.3

	
81.3 ± 6.2

	
79.9 ± 5.7

	
82.3 ± 4.4

	
83.0 ± 3.8

	
82.7 ± 3.4

	
82.7 ± 2.8




	
* BU19

	

	
57.3 ± 4.9

	
50.4 ± 2.1

	
50.9 ± 2.0

	
51.3 ± 1.8

	
52.4 ± 1.7

	
51.9 ± 1.4

	
52.8 ± 1.4

	
53.6 ± 1.4




	
BCIV

	
220.3 ± 10.1

	
164.2 ± 1.5

	
172.4 ± 0.5

	
179.9 ± 0.4

	
172.9 ± 0.3

	
188.2 ± 0.2

	
190.4 ± 0.2

	
198.1 ± 0.1

	
205.6 ± 0.1




	
BU20

	
76.2 ± 6.3

	
147.7 ± 71.6

	
172.5 ± 22.0

	
187.9 ± 19.2

	
187.5 ± 12.5

	
201.6 ± 10.9

	
206.2 ± 8.9

	
210.6 ± 7.6

	
218.9 ± 6.6




	
BU21

	
61.0

	
143.2 ± 12.9

	
143.8 ± 8.0

	
142.9 ± 6.9

	
143.2 ± 5.2

	
142.6 ± 4.6

	
138.5 ± 3.5

	
140.8 ± 3.1

	
141.3 ± 3.1




	
BU22

	
275.1 ± 42.3

	
249.1 ± 21.5

	
244.7 ± 13.5

	
234.1 ± 11.7

	
226.7 ± 10.0

	
215.4 ± 9.7

	
224.0 ± 9.1

	
234.1 ± 7.9

	
235.4 ± 7.7




	
BU23

	
66.5 ± 8.5

	
76.9 ± 4.2

	
79.8 ± 3.1

	
79.8 ± 2.7

	
77.7 ± 2.4

	
76.7 ± 2.1

	
75.3 ± 1.9

	
76.3 ± 1.8

	
75.9 ± 1.7




	
BCV

	

	
176.0 ± 32.7

	
177.9 ± 23.3

	
177.9 ± 23.3

	
178.2 ± 20.5

	
173.8 ± 18.9

	
189.8 ± 14.2

	
188.2 ± 11.6

	
182.6 ± 11.2




	
* BU24

	

	
176.0 ± 32.7

	
177.9 ± 23.3

	
177.9 ± 23.3

	
178.2 ± 20.5

	
173.8 ± 18.9

	
189.8 ± 14.2

	
188.2 ± 11.6

	
182.6 ± 11.2




	
BCVI

	
90.1 ± 1.1

	
133.6

	
137.1

	
136.8

	
134.5

	
137.6

	
139.0

	
143.4

	
147.6




	
* BU25

	
51.7 ± 3.2

	
107.9 ± 5.9

	
119.2 ± 4.0

	
116.4 ± 3.6

	
114.3 ± 3.3

	
115.1 ± 2.8

	
116.2 ± 2.4

	
118.4 ± 2.4

	
118.6 ± 2.3




	
* BU26

	
116.3 ± 8.9

	
140.3 ± 1.6

	
141.8 ± 0.9

	
141.9 ± 0.8

	
141.1 ± 0.8

	
144.1 ± 0.6

	
145.8 ± 0.5

	
150.8 ± 0.6

	
155.5 ± 0.6




	
BU27

	

	
161.8 ± 36.6

	
196.7 ± 13.9

	
201.6 ± 13.2

	
201.6 ± 13.2

	
207.8 ± 11.6

	
207.7 ± 9.4

	
225.6 ± 11.4

	
237.0 ± 11.9




	
BU28

	

	
130.4 ± 38.7

	
187.7 ± 21.4

	
185.5 ± 17.6

	
185.5 ± 17.6

	
183.6 ± 11.4

	
182.2 ± 10.2

	
194.5 ± 9.4

	
195.7 ± 8.9




	
BCVII

	
86.4 ± 11.4

	
108.6 ± 2.4

	
172.4 ± 0.5

	
109.7 ± 1.4

	
108.3 ± 1.2

	
111.8 ± 1

	
112.2 ± 0.9

	
113.6 ± 0.9

	
115.4 ± 0.8




	
* BU29

	
86.4 ± 11.4

	
108.6 ± 2.4

	
110.8 ± 1.6

	
109.8 ± 1.4

	
108.4 ± 1.2

	
111.9 ± 1

	
112.3 ± 0.9

	
113.7 ± 0.9

	
115.5 ± 0.8




	
* BU30

	

	
106.4 ± 17.2

	
104.8 ± 9.9

	
104.7 ± 8.4

	
96.6 ± 6.7

	
94.2 ± 6.5

	
92.5 ± 6.3

	
92.5 ± 6.3

	
94.9 ± 7.1








* BUs that have no DHW in the calculations according to the national regulation.
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Table 8. Results of the applied statistical tests and failure coding (F-codes) for the various energy use intensities and emissions for BU2–hotel (summer), across the eight pairs of time bands.
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Pairs of Consecutive Time Bands *




	
BU2

	
T1

	
T2

	
T3

	
T4

	
T5

	
T6

	
T7

	
T8






	
EUIp

	
t-test/p

	
−1.22/0.22

	
−0.35/0.73

	
−0.10/0.92

	
0.74/0.46

	
−0.23/0.82

	
−0.76/0.45

	
0.20/0.84

	
−0.33/0.74




	
M–W/p

	
−1.91/0.06

	
−0.94/0.35

	
−0.11/0.91

	
−0.98/0.33

	
−0.51/0.61

	
−1.00/0.32

	
−0.30/0.76

	
−0.25/0.80




	
Levene’s/p

	
1.25/0.26

	
7.18/0.01

	
0.05/0.83

	
0.00/1.00

	
0.48/0.49

	
0.72/0.39

	
0.31/0.58

	
0.16/0.69




	
Conover/p

	
−1.98/0.05

	
−2.40/0.02

	
−0.07/0.94

	
−0.18/0.86

	
−0.68/0.50

	
−0.74/0.46

	
−0.27/0.78

	
−0.55/0.58




	
K–S/p

	
1.44/0.03

	
1.01/0.26

	
0.23/1.00

	
0.64/0.81

	
0.46/0.98

	
0.82/0.52

	
0.31/1.00

	
0.26/1.00




	
F-codes

	
011

	
010

	
000

	
000

	
000

	
000

	
000

	
000




	
EUIp,H

	
t-test/p

	
−3.14/0.00

	
2.14/0.03

	
0.46/0.64

	
−0.12/0.90

	
0.08/0.94

	
−0.82/0.41

	
−0.08/0.94

	
−1.28/0.20




	
M–W/p

	
−2.41/0.02

	
−1.55/0.12

	
−0.62/0.54

	
−0.55/0.58

	
−0.12/0.9

	
−1.25/0.21

	
−0.54/0.59

	
−1.44/0.15




	
Levene’s/p

	
8.71/0.00

	
9.83/0.00

	
0.00/0.98

	
0.24/0.62

	
0.00/0.99

	
0.00/0.99

	
0.69/0.41

	
0.62/0.43




	
Conover/p

	
−3.49/0.00

	
−4.60/0.00

	
−0.01/1.00

	
−0.52/0.60

	
−0.45/0.65

	
−0.19/0.85

	
−0.94/0.35

	
−1.11/0.27




	
K–S/p

	
1.40/0.04

	
1.10/0.18

	
0.79/0.55

	
0.59/0.87

	
0.27/1.00

	
0.95/0.33

	
0.62/0.84

	
0.88/0.42




	
F-codes

	
111

	
110

	
000

	
000

	
000

	
000

	
000

	
000




	
EUIp,C

	
t-test/p

	
−2.76/0.01

	
0.54/0.59

	
0.18/0.86

	
0.66/0.51

	
0.01/1.00

	
−1.56/0.12

	
−1.33/0.18

	
−1.96/0.05




	
M–W/p

	
−3.61/0.00

	
−0.08/0.94

	
−0.16/0.88

	
−0.59/0.55

	
−0.21/0.84

	
−1.52/0.13

	
−1.43/0.15

	
−2.01/0.04




	
Levene’s/p

	
3.16/0.08

	
2.62/0.11

	
0.15/0.69

	
0.41/0.52

	
0.24/0.62

	
0.43/0.51

	
0.48/0.49

	
1.11/0.29




	
Conover/p

	
−2.61/0.01

	
−1.71/0.09

	
−0.21/0.84

	
−0.86/0.39

	
−0.48/0.63

	
−0.64/0.53

	
−0.74/0.46

	
−1.14/0.26




	
K–S/p

	
2.49/0.00

	
0.98/0.29

	
0.27/1.00

	
0.59/0.88

	
0.32/1.00

	
0.69/0.73

	
0.82/0.52

	
0.94/0.34




	
F-codes

	
111

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
EUIp,DHW

	
t-test/p

	
0.03/0.98

	
7.18/0.00

	
1.67/0.09

	
1.47/0.14

	
1.52/0.13

	
2.24/0.03

	
1.67/0.09

	
1.56/0.12




	
M–W/p

	
−0.13/0.89

	
−7.04/0.00

	
−1.48/0.14

	
−1.39/0.16

	
−1.57/0.12

	
−2.07/0.04

	
−2.02/0.04

	
−1.78/0.07




	
Levene’s/p

	
2.95/0.09

	
0.01/0.90

	
3.19/0.07

	
2.18/0.14

	
1.67/0.20

	
4.46/0.03

	
0.30/0.58

	
0.81/0.37




	
Conover/p

	
−1.53/0.13

	
−0.41/0.68

	
−2.36/0.02

	
−1.97/0.05

	
−2.14/0.03

	
−2.58/0.01

	
−1.01/0.31

	
−1.67/0.09




	
K–S/p

	
0.81/0.52

	
3.89/0.00

	
0.99/0.28

	
0.85/0.47

	
0.79/0.55

	
1.10/0.18

	
0.96/0.31

	
0.76/0.61




	
F-codes

	
000

	
100

	
010

	
010

	
010

	
110

	
100

	
000




	
EUIp,L

	
t-test/p

	
0.88/0.38

	
−4.46/0.00

	
−1.11/0.27

	
−0.07/0.94

	
−1.01/0.31

	
−0.41/0.68

	
1.06/0.29

	
1.08/0.28




	
M–W/p

	
−1.46/0.15

	
−5.91/0.00

	
−0.94/0.35

	
−0.15/0.88

	
−1.00/0.32

	
−0.60/0.55

	
−1.52/0.13

	
−1.36/0.17




	
Levene’s/p

	
3.42/0.07

	
3.17/0.08

	
0.17/0.68

	
0.11/0.74

	
0.23/0.63

	
1.25/0.26

	
0.51/0.47

	
0.08/0.77




	
Conover/p

	
−2.98/0.00

	
−1.53/0.13

	
−1.10/0.27

	
−0.35/0.73

	
−0.49/0.62

	
−0.86/0.39

	
−0.82/0.41

	
−0.10/0.92




	
K–S/p

	
1.90/0.00

	
3.17/0.00

	
0.74/0.64

	
0.48/0.97

	
0.51/0.96

	
0.92/0.37

	
0.99/0.28

	
0.83/0.49




	
F-codes

	
011

	
101

	
000

	
000

	
000

	
000

	
000

	
000




	
CO2

	
t-test/p

	
−2.04/0.05

	
−1.78/0.08

	
−0.55/0.59

	
0.41/0.68

	
−0.55/0.58

	
−1.43/0.15

	
−0.05/0.96

	
−0.67/0.50




	
M–W/p

	
−1.97/0.05

	
−2.27/0.02

	
−0.56/0.58

	
−0.69/0.49

	
−0.81/0.42

	
−1.75/0.08

	
−0.04/0.97

	
−0.55/0.58




	
Levene’s/p

	
4.97/0.03

	
3.77/0.05

	
0.00/1.00

	
0.00/0.99

	
0.24/0.63

	
0.18/0.67

	
0.43/0.51

	
0.36/0.55




	
Conover/p

	
−2.86/0.00

	
−1.93/0.05

	
−0.23/0.82

	
−0.19/0.85

	
−0.44/0.66

	
−0.22/0.82

	
−0.32/0.75

	
−0.77/0.44




	
K–S/p

	
1.31/0.06

	
1.50/0.02

	
0.42/1.00

	
0.57/0.90

	
0.60/0.86

	
1.05/0.22

	
0.27/1.00

	
0.41/1.00




	
F-codes

	
110

	
101

	
000

	
000

	
000

	
000

	
000

	
000








* T1:upto2011-upto2012, T2:upto2012-upto2013, T3:upto2013-upto2014, T4:upto2014-upto2015, T5:upto2015-upto2016, T6:upto2016-upto2017, T7:upto2017-upto2018, T8:upto2018-upto2019 
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Table 9. Failures coding (F-codes) for primary energy uses and CO2 intensities, for the different building uses in the NR Dbase.
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Pairs of Consecutive Time Bands




	

	
T3

	
T4

	
T5

	
T6

	
T7

	
T8

	
T3

	
T4

	
T5

	
T6

	
T7

	
T8

	
T3

	
T4

	
T5

	
T6

	
T7

	
T8

	
T3

	
T4

	
T5

	
T6

	
T7

	
T8

	
T3

	
T4

	
T5

	
T6

	
T7

	
T8

	
T3

	
T4

	
T5

	
T6

	
T7

	
T8




	

	
EUIp

	
EUIp,H

	
EUIp,C

	
EUIp,DHW

	
EUIp,L

	
CO2






	
BU1

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
101

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU2

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
100

	
010

	
010

	
010

	
110

	
100

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU3

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU4

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
110

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU5

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
010

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
010

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU6

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
100

	
000

	
000

	
000

	
000

	
000

	
010

	
000

	
000

	
000

	
000

	
000

	
110

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU7

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
010

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
010

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
101

	
101

	
000

	
000

	
000

	
000

	
000

	
000




	
BU8

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
010

	
000

	
010

	
010

	
010

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
110

	
110




	
BU9

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU10

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	

	
000

	
000

	
010

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU11

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	

	
000

	
000

	
000

	
000

	
010

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU12

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU13

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU14

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU15

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU16

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU17

	
000

	
100

	
000

	
000

	
100

	
000

	
100

	
000

	
000

	
000

	
110

	
000

	
101

	
010

	
000

	
000

	
000

	
000

	

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
100

	
000

	
000

	
100

	
000




	
BU18

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU19

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU20

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU21

	
000

	
010

	
010

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
010

	
000

	
000

	
000

	
000

	
000

	
010

	
110

	
000

	
000

	
000

	
010

	
010

	
000

	
000

	
000

	
000

	
010

	
010

	
000

	
000

	
000




	
BU22

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU23

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU24

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU25

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU26

	
000

	
000

	
110

	
100

	
111

	
111

	
000

	
000

	
110

	
110

	
111

	
111

	
000

	
000

	
000

	
000

	
110

	
110

	

	
010

	
000

	
010

	
010

	
111

	
111

	
000

	
000

	
110

	
000

	
111

	
111




	
BU27

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU28

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000




	
BU29

	
000

	
000

	
100

	
000

	
000

	
000

	
000

	
000

	
110

	
000

	
000

	
010

	
000

	
000

	
000

	
000

	
000

	
000

	

	
000

	
000

	
010

	
000

	
101

	
101

	
000

	
000

	
100

	
000

	
000

	
010




	
BU30

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000

	
000








T3:upto2013-upto2014, T4:upto2014-upto2015, T5:upto2015-upto2016, T6:upto2016-upto2017, T7:upto2017-upto2018, T8:upto2018-upto2019; Empty cells refer to BUs that have no DHW in the calculations according to the national regulation.
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Table 10. Stabilization status for all building uses.
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BU

	
Specific Parameters

	
Overall




	
EUIp

	
CO2

	
EUIp,H

	
EUIp,C

	
EUIp,DHW

	
EUIp,L






	
BU1

	
S

	
S

	
S

	
S

	
S

	
NS

	
NS




	
BU2

	
S

	
S

	
S

	
NS

	
NS

	
S

	
NS




	
BU3

	
S

	
S

	
S

	
S

	
S

	
S

	
S




	
BU4

	
S

	
S

	
S

	
S

	
NS

	
S

	
NS




	
BU5

	
S

	
S

	
S

	
AS

	
S

	
AS

	
AS




	
BU6

	
S

	
S

	
NS

	
AS

	
NS

	
S

	
NS




	
BU7

	
S

	
S

	
AS

	
S

	
AS

	
NS

	
NS




	
BU8

	
S

	
NS

	
S

	
S

	
NS

	
NS

	
NS




	
BU9

	
S

	
S

	
S

	
S

	
S

	
S

	
S




	
BU10

	
S

	
S

	
S

	
S

	

	
AS

	
AS




	
BU11

	
S

	
S

	
S

	
S

	

	
AS

	
AS




	
BU12

	
S

	
S

	
S

	
S

	

	
S

	
S




	
BU13

	
S

	
S

	
S

	
S

	

	
S

	
S




	
BU14

	
S

	
S

	
S

	
S

	

	
S

	
S




	
BU15

	
S

	
S

	
S

	
S

	
S

	
S

	
S




	
BU16

	
S

	
S

	
S

	
S

	

	
S

	
S




	
BU17

	
NS

	
NS

	
NS

	
NS

	

	
S

	
NS




	
BU18

	
S

	
S

	
S

	
S

	

	
S

	
S




	
BU19

	
S

	
S

	
S

	
S

	

	
S

	
S




	
BU20

	
S

	
S

	
S

	
S

	
S

	
S

	
S




	
BU21

	
AS

	
AS

	
S

	
AS

	
NS

	
AS

	
NS




	
BU22

	
S

	
S

	
S

	
S

	
S

	
S

	
S




	
BU23

	
S

	
S

	
S

	
S

	
S

	
S

	
S




	
BU24

	
S

	
S

	
S

	
S

	

	
S

	
S




	
BU25

	
S

	
S

	
S

	
S

	

	
S

	
S




	
BU26

	
NS

	
NS

	
NS

	
NS

	

	
NS

	
NS




	
BU27

	
S

	
S

	
S

	
S

	
S

	
S

	
S




	
BU28

	
S

	
S

	
S

	
S

	
S

	
S

	
S




	
BU29

	
NS

	
NS

	
NS

	
S

	

	
NS

	
NS




	
BU30

	
S

	
S

	
S

	
S

	

	
S

	
S








Empty cells refer to BUs that have no DHW in the calculations according to the national regulation.
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Table 11. Failures coding (F-codes) for primary energy uses and CO2 intensities, for the different building categories in the NR Dbase.
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Pairs of Consecutive Time Bands




	
BC

	
T3

	
T4

	
T5

	
T6

	
T7

	
T8

	
T3

	
T4

	
T5

	
T6

	
T7

	
T8

	
T3

	
T4

	
T5

	
T6

	
T7

	
T8

	
T3

	
T4

	
T5

	
T6

	
T7

	
T8

	
T3

	
T4

	
T5

	
T6

	
T7

	
T8

	
T3

	
T4

	
T5

	
T6

	
T7

	
T8




	

	
EUIp

	
EUIp,H

	
EUIp,C

	
EUIp,DHW

	
EUIp,L

	
CO2






	
BCI

	
00

	
00

	
00

	
00

	
00

	
00

	
00

	
00

	
00

	
01

	
00

	
00

	
00

	
00

	
00

	
00

	
10

	
10

	
00

	
01

	
00

	
11

	
00

	
00

	
00

	
01

	
01

	
01

	
10

	
10

	
00

	
00

	
00

	
00

	
00

	
00




	
BCII

	
00

	
00

	
10

	
00

	
11

	
00

	
00

	
00

	
00

	
00

	
10

	
00

	
00

	
01

	
00

	
00

	
10

	
00

	
00

	
10

	
11

	
00

	
10

	
00

	
00

	
00

	
00

	
00

	
01

	
00

	
00

	
00

	
00

	
00

	
11

	
00




	
BCIII

	
00

	
10

	
00

	
00

	
10

	
00

	
11

	
01

	
00

	
00

	
11

	
00

	
01

	
00

	
00

	
01

	
11

	
11

	

	
01

	
11

	
01

	
00

	
00

	
00

	
00

	
11

	
00

	
00

	
10

	
00




	
BCIV

	
01

	
01

	
00

	
00

	
00

	
00

	
00

	
01

	
00

	
00

	
10

	
10

	
01

	
01

	
00

	
00

	
01

	
01

	
01

	
00

	
01

	
10

	
00

	
00

	
00

	
01

	
11

	
01

	
00

	
00

	
01

	
01

	
10

	
00

	
01

	
00




	
BCVI

	
00

	
10

	
11

	
00

	
11

	
11

	
00

	
10

	
10

	
01

	
11

	
11

	
01

	
00

	
00

	
00

	
10

	
10

	
00

	
00

	
00

	
01

	
01

	
01

	
00

	
00

	
00

	
00

	
00

	
00

	
00

	
10

	
10

	
00

	
11

	
11




	
BCVII

	
00

	
00

	
10

	
00

	
00

	
00

	
00

	
01

	
10

	
00

	
00

	
10

	
01

	
00

	
01

	
00

	
00

	
00

	

	
00

	
00

	
00

	
00

	
00

	
00

	
00

	
00

	
11

	
00

	
00

	
00








T3:upto2013-upto2014, T4:upto2014-upto2015, T5:upto2015-upto2016, T6:upto2016-upto2017, T7:upto2017-upto2018, T8:upto2018-upto2019; Empty cells refer to BUs that have no DHW in the calculations according to the national regulation; BCV was not included in the analysis, since it includes only the buildings of BU24.
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Table 12. Stabilization status for all building categories.






Table 12. Stabilization status for all building categories.















	BC
	EUIp
	CO2
	EUIp,H
	EUIp,C
	EUIp,DHW
	EUIp,L
	Overall





	BCI
	S
	S
	AS
	NS
	NS
	NS
	NS



	BCII
	NS
	NS
	NS
	NS
	NS
	AS
	NS



	BCIII
	NS
	NS
	NS
	NS
	
	NS
	NS



	BCIV
	AS
	NS
	NS
	NS
	NS
	NS
	NS



	BCVI
	NS
	NS
	NS
	NS
	NS
	S
	NS



	BCVII
	NS
	NS
	NS
	AS
	
	S
	NS







Empty cells refer to BUs that have no DHW in the calculations according to the national regulation. BCV was not included in the analysis, since it includes only the buildings of BU24.
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