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ABSTRACT 

The number of energy performance certificates (EPCs) of offices in Malta represent 

around 18.60% of the total stock of EPCs for non-dwellings between the period 2010 

and 2018, which is significant. Consequently, this dissertation aims to analyse these 

certificates in order to determine the overall statistical distribution and to identify the 

worst performing categories, in accordance with the updated EU Energy Performance 

of Buildings Directive (EU) 2018/844, and to propose pathways to improve their 

performance through deep renovation to near zero-energy status. 

Office buildings were categorised into four different groups based on total floor area 

which is in line with the National Cost Optimal Study of 2018 (≤250, ≤500, ≤1500 and 

>1500 m²). Results have shown that the primary energy rating and its corresponding 

Energy Class Rating of these office clusters are different in value, which justifies the 

categorisation by floor area. Statistical analysis has also revealed that most offices had 

Energy Class C or D, with the larger offices exhibiting more efficient tendencies 

(Classes B and C). A number of offices have been considered as outliers because they 

had EPC rating that were beyond the acceptable limits of statistical tests such as Box 

and Whiskers Plot, Residual Plots, One-Way ANOVA and Regression Analyses. 

The study on energy efficiency measures was divided into three main parts, namely the 

building envelope, the building energy systems and renewables (solar photovoltaics). 

It was found that the implementation of the optimum building envelope and building 

energy system measures have yielded an improvement ranging from 28% to 46% for 

the four office clusters, which is significant and in line with the EU “Energy Efficiency 

First” Principle, whereby one needs to reduce energy demand before applying 

renewable energy. With the addition of solar photovoltaics at roof level, all office 

clusters demonstrated a high potential of achieving a positive renewable energy 

building, which means that the office becomes a net energy producer. 

In conclusion, it was recommended that stronger control is needed to ensure quality 

EPCs. Results that are far from reasonable should clearly be justified or reviewed. 

Moreover, this study has identified the potential available for the office building sector 

to contribute towards its decarbonisation with clear and well defined stepped approach, 

which should help the policy maker to take informed decisions on the deep renovation 

approaches to be considered for office buildings. 
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CHAPTER 1: INTRODUCTION 

If one takes a look at the current situation of the renewable energy sector, one can 

easily glimpse that the trend of European and non-European governments is to rely as 

little as possible on fossil fuels and support a more sustainable world. 

In order to reach the 2050 targets of zero carbon emissions, which were set during the 

Paris Agreement [1], it is necessary for the European Union to focus on evaluating all 

possible alternatives to develop energy systems that are efficient and do not cost more 

than the systems to be replaced. 

In addition, the growing concern for the environment in today's 21st century society 

creates a strong incentive for governments in order to act in favour of the development 

and research of these alternative energy sources [3] [6]. 

One of the main solutions proposed by scientists is the intensification of wind farm 

constructions, while others advocate promoting the importance of solar photovoltaics 

in everyday life, which already accounts for “11,6%” of the share of electricity 

generation in Europe [1]. 

Furthermore, it is estimated that the EU Green Transition will have a great impact on 

society and economy of all Europeans, creating around 1.5 million jobs over the next 

three decades [1] [2]. 

In other words, one can be sure that there is no turning back and no alternative to the 

global energy transition led by countries such as Denmark, Norway or Sweden. 

For these reasons and with the aim of achieving the transition as soon as possible, 

governments and companies are working together on research and balanced 

development of the sector independently of the different economies belonging to the 

European Union, such as the German coordinated market economy (CME), outside the 

European Union, such as the English liberal market economy (LME) or the dependent 

market economy (DME) that arises mainly in the states belonging to Central/Eastern 

Europe [4]. 
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Overall, the energy consumption of public and private buildings in the EU amounts to 

40% of the total, also accounting for 35% of greenhouse gas and persistent organic 

pollutant (POP) emissions. For these very reasons, achieving energy efficiency in 

public and private buildings is fundamental to reaching the carbon neutrality set out in 

the European Green Pact by 2050 [5]. It is to be noted that in the context of the EU 

Energy Performance of Buildings Directive (EPBD) (EU) 2018/844 [8], industrial 

buildings are not included, because most of the energy consumption in factories is 

attributed to machinery. For that purpose, other directives apply for their efficiency. 

Various ways of achieving the expected level of energy efficiency can be found today. 

One of them, perhaps the simplest, is based on the construction of new buildings that 

are already efficient. However, the most pressing and also the most economical is 

based on identifying which existing buildings are efficient and which are not, with the 

intention of classifying them and subsequently seeking measures to improve their 

efficiency as far as possible, especially for the worst performing categories [7]. 

1.1 NEED OF THE DISSERTATION 

Before delving into the need for this study, it is important to first appreciate that the 

EU supports studies and researches on energy efficiency in buildings through Directive 

(EU) 2018/844 [8], which aims to be a guide on energy performance in buildings in 

the Union, and complementing the previous Directive 2010/31/EU of the European 

Parliament and Council [9]. This directive also links with the Renewable Energy 

directive (EU) 2001/2018 [9] and the Energy Efficiency directive (EU) 2002/2018 [9], 

which has replaced the 2012/27/EU [10]. Together, these directives are pushing the 

EU, a step forward to achieve carbon neutrality by 2050. 

This drive towards decarbonisation is also reflected in the form of new policy 

developments such as the latest Clean Energy for All Europeans (CEEA) packages or 

the COP 26 of the United Nations Climate Conference (UNCC), which was held in 

Glasgow in 2021 [2]. 
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Figures 1 and 2 show how energy consumption by the service sector in Europe took up 

to 13.7% of the total European share [11], being the third most important sector next 

to the industrial and residential sectors. The graphical data is shown in million tonnes 

of oil equivalent (Mtoe). 

 
Figure 1. Share of energy consumption for the main consuming sectors in the EU in 2019 (Mtoe) [11]. 

 

Figure 2. Final energy consumption by EU energetic sectors from 1990 to 2019 [11]. 
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In this work, buildings belonging specifically to the category of offices making part of 

the service sector will be studied. One of the approaches that is recommended by the 

EPBD is to statistically analyse the energy performance certificates (EPCs) of existing 

buildings to determine the extent to which they are efficient and to identify the worst 

performing levels. The EPC became mandatory for buildings that are already sold or 

rented out and for which the Planning Authority requires a building permit for any new 

construction or a change of use as of 1 June 2009 [12]. 

Also, one of the instruments of the new EPBD (EU) 2018/844 is for EU Member States 

to prepare a long-term renovation strategy for existing buildings (LTRS) for the period 

up to 2030. Malta’s draft LTRS is completely focused on dwellings and has not carried 

out sufficent analysis on non-residential buildings [14]. 

Therefore, this research will focus on offices being one of the most popular buildings 

in Malta, given that Malta’s economy is based on the services rather than on the 

manufacturing sector, which implies that most of the economic activities occur in 

offices. Once the energy performance analysis status quo is identified, one can carry 

out studies to determine the optimum energy efficiency measures that can sustainably 

improve their performance. The chosen measures should ideally add value and improve 

the energy efficiency of these buildings and of future buildings of the same 

characteristics on the long term. This justified the need for this dissertation early in this 

decade between 2021 and 2030. 
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1.2 STATISTICAL ANALYSIS OF EPCS 

An Energy Performance Certificate (EPC) is an official label similar to the labels on 

household appliances, which incorporate different scales that are differentiated by the 

amount of carbon emissions emanating from the building and its energy rating. 

In addition, the EPC includes advice and recommendations so that the owner is aware 

of how to improve the condition of their property [18]. As presented in Figure 3, there 

are different grades ranging from "G" to "A", with the first letter named being the least 

energy efficient and the last letter named the most energy efficient. In addition, there 

is an extra rating called "A+" for those properties that are not only energy efficient (A), 

but also produce more renewable energy than they consume (+). 

 

 

Figure 3. Energy Performance Certificate or EPC. 
 

It is important to clarify that the energy rating provided in the EPC depends on the total 

floor area of the building as it is measured in units of primary energy (total energy 

extracted from the fuel source) and expressed as kWh/ m2*year. Furthermore, primary 

energy is differentiated from energy used or end-use energy in that the first is the total 

energy found in fuel by nature and the second is the energy actually consumed by the 

end user. The ratio between them provides the overall efficiency or inefficiency of the 

global energy conversion process [7]. 
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Since 1 June 2009 all new, for sale or rented buildings as well as all public buildings 

must show their EPC or its copy in order to pass the inspection and be accepted. This 

EU requirement was transposed to Maltese legislation as shown in Regulation L.N. 47 

of 2018 [15], contained in Directive 2010/31/EU [9]. This inspection shall include 

assessments of the energy efficiency for main energy-consuming systems of the 

building. 

In Malta EPCs are generated by software, Energy Performance of Residential 

Dwellings Malta (EPRDM) for dwellings [19] and Simplified Building Energy Model 

(SBEM) for Energy Performance Certifications for Non-Dwellings [20]. 

As several authors concluded, the Energy Efficiency Certificates, whether old or 

renewed, can be used to study the growth of energy efficiency as well as help in the 

assessment of the effect on energy efficiency of the policy-making and procedures 

carried out by public administrations [18]. In fact, a number of cost optimal studies for 

different building categories have been carried out for Malta [16] and these include 

new office category. However, these studies were not done on the basis of statistical 

analysis of the total number of existing or new office buildings but on assumed 

reference building types. Therefore, the added value of this research will be to confirm 

or otherwise the conclusions attained in this study as well. 
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1.3 EU DIRECTIVES AND IMPLEMENTATION IN MALTA 

1.4 DISSERTATION AIMS AND OBJETIVES 

1.4.1 DISSERTATION AIMS 

The main objective of the thesis is to: 

 
Establish the statistical distribution of energy performance rating of offices in Malta 

based on the official energy performance certificates and prioritise energy efficiency 

measures that can effectively improve the primary energy of the worst performing 

offices. 

1.4.2 DISSERTATION OBJECTIVES 

In order to achieve the main aim of this work, the following objectives have been 

defined: 

1. Analyse the available EPCs of offices. 

 
2. Statistically calculate reference values for the offices and determine typical 

benchmarks. 

3. Apply energy efficiency measures to the worst performing category and determine 

a hierarchy of the most effective energy efficiency measures. 

1.4.2.1 JUSTIFICATION OF DISSERTATION OBJECTIVES 

When analysing data pertaining to energy rating of offices, it is important to first 

determine a typical office benchmark using statistical methods in order to be able to 

carry out additional studies on the energy efficiency of Maltese offices. 

As mentioned in previous sections of this chapter, the EU Directive 2018/844 [8] 

establishes a reference framework for all EU member States and commits them to 

implement a sustainable and decarbonised energy strategy. In addition, the Framework 

for Climate and Energy Action to 2030 [21] sets out new targets, policies and key 

measures to renew the EU's energy mix, as well as to complete the reduction of 

environmentally harmful gases emissions by at least 45% compared to the decade of 

the 90s and sets out its commitment to increase the share of energy consumed from 

renewable energy, as well as to energy savings and the renewal of energy systems 

across the EU. 
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In addition, as shown in Figure 4 [22], Directive 2018/844 also includes the emission 

of new European Structural and Investment Funds [8] that aim to improve capacities 

for the development of energy efficient systems: 

 

 

Figure 4. Cumulative global investment in energy efficiency analysed by sector of final consumption in the New 
Policies Scenario. [22]. 

 

Therefore, the need to meet the objectives set out in this dissertation is more than 

justified and supported by the new energy policies carried out in recent years by the 

governments of both European and non-EU countries, serving as a basis for further 

analysis, studies and projects on energy renovation. 

In addition, Malta’s Long Term Renovation Strategy (LTRS) did not delve deeply into 

the analysis of energy performance of non-residential buildings and therefore this 

research adds value to knowledge by providing significant advancement on the state 

of the technology with respect to the available information on the status quo of Maltese 

offices with respect to their energy performance rating. 
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1.5 STRUCTURE 

The structure to be followed during the completion of the thesis is as follows: 

 

Chapter 1: Introduction, definition of EPCs, aims and objectives of the dissertation, 

argumentation of the analysis and final structure of the dissertation. 

Chapter 2: Literature review and its relevance to this thesis, EU Directives and their 

adoption and implementation. 

Chapter 3: Methodology used in this dissertation. 

 
Chapter 4: Results of the statistical analysis and evaluation of the results obtained, 

possible measures to be taken for the improvement of energy efficiency in offices. 

Chapter 5: Conclusions and recommendations. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 CASE STUDIES AND FINDINGS 

2.1.1 EU CASE STUDIES 

In Trondheim, Norway, a large office building with digital monitoring and control 

systems was used as a case study [24]. Using the data collected by these systems, a 

statistical study was carried out to determine the electricity use in the whole building 

and its characteristics, analysing the consumption in corridors and the consumption in 

offices and rooms, as well as the electricity consumption based on the occupancy of 

the building by applying the polynomial regression method [23], as shown in Eq. 1. 

𝑦 = 𝑎0 + 𝑎1𝑥 + 𝑎2𝑥2 + ⋯ + 𝑎𝑛𝑥𝑛 
 

(Eq. 1) 
 

Where 𝑎0, … , 𝑎𝑛 are the parameters of the equation to be found and n is the degree of 

the polynomial, y is the electricity consumption and x is the occupancy of the office. 

In our study of energy efficiency in offices we could also use linear regression e.g. to 

study the relationship between the energy ratings of the EPCs in the database and their 

floor area. 

In Figure 5, the study building is shown. For the study, various devices (e.g. sensors, 

actuators) were installed to monitor both the environment and energy use and it was 

determined that 42.45% of all energy used was consumed directly by the offices, as 

shown in Figure 6. Also, it was found that as occupancy increases the consumption of 

electricity in the office areas also increases along a curve as shown in Figure 7 [24]. 

 

Figure 5. Building structure illustrated [24]. 
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Figure 6. Electricity consumption in the office building [24]. 

 

Figure 7. Electricity consumption of office vs occupancy [24]. 

 

 

 
As a conclusion of the paper, the results demonstrated the importance of energy control 

in offices buildings. The lack of control systems is identified as the cause of the large 

portion of energy wastage in these buildings. As an additional comment, the study also 

supports another statistical approach to reduce the energy use in public offices based 

on the calculation of the optimal stocking density, which other studies have found to 

be above the limit of 32 m2 per person at which up to fifty percent of energy can be 

saved in comparison with lower density office buildings [25]. 

In the European Union, public buildings account for about 12% of the total number of 

public buildings [26]. However, in Belgium, they represent more than 30% of all 

buildings and are a more sophisticated sector than residential constructions. 
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Moreover, 27% of the total primary energy consumption is to public, non-residential 

and commercial constructions. [27]. It was already established by the EU in the Energy 

Efficiency Directive (EED) and the Energy Performance of Buildings Directive 

(EPBD) that public and non-residential buildings would play an essential role for the 

2050 targets and energy efficiency [28]. 

For these reasons, an investigation of Energy Performance Certificates (EPC) was 

carried out in Belgium on the basis of the publication of the database of public 

buildings containing about 10,000 samples, with the aim to identify and classify by 

statistical and cluster analysis inefficient buildings and to prioritise their renovation. 

This research is very similar to the purpose of this dissertation, as both documents aim 

to classify the buildings under study in order to find the inefficient ones and then 

propose measures to improve their classification in the Energy Performance 

Certificates. 

In this research, it was proposed to define archetypes of non-residential building 

classifications in order to calculate their energy saving potential, focusing on offices, 

schools, hospitals, sports and cultural centres, and service buildings. 

A methodology subdivided into three different analyses was employed: to start with, a 

descriptive analysis of the database, following that, a cluster analysis which is used 

with the aim to divide the sample set of the database into homogeneous groups. Finally, 

the energy performances were benchmarked to calculate the energy savings. Table 1 

describes the statistics used from the database with their respective mean and variance, 

as well as the floor area as a function of their percentage and the percentage of 

buildings in each category in each classification: 
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Table 1. Descriptive statistics, Flemish non-residential buildings public database [29]. 
 

 

After applying the cluster analysis using the k-means method to all the building types 

present for each classification, the results in Table 2 show the optimal k values, the SC 

(silhouette coefficient, -1≤SC≤1) values and the centroids of the clusters formed in 

each category using the Z-Score and Min-Max methodologies. As can be seen, for the 

offices, several well separated clusters were formed as indicated by the SC value closer 

to 1 than -1. From the results obtained, the corresponding archetypes could be 

represented: 
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Table 2. Clustering results, Flemish non-residential buildings public database [29]. 
 

 

Table 3 concludes with the energy consumption results for each category, as well as 

their energy savings and floor area. From the results, it can be seen that educational 

and sports centres have the highest energy saving capacity due to their number and 

consumption respectively, while public services are more optimised. The energy 

saving capacity of each category is measured by the statistics: upper whisker, upper 

hinge, average, median, lower hinge. As the statistics increase, the energy saving 

capacity of the buildings increases. 

Table 3. Energy saving capacity of each category, Flemish non-residential buildings public database [29]. 
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In the northern central Italian region of Emilia-Romagna, a statistical analysis was 

carried out with the aim of developing a regional energy system associated with the 

awarding of Energy Performance Certificates (EPC) and to study the possible actions 

to be taken to lower the energy rating of the buildings under study. These objectives 

are closely related to those proposed earlier in Chapter 1 of this dissertation. 

The paper evaluates EPCs as a potential source of information to determine effective 

government policies and energy characteristics of buildings. With this goal, statistical 

approaches were carried out that helped to define EPCs as a statistical index of the 

energy rating of buildings from the regional database SACE (Sistema Accreditamento 

Certificatori Energetici) and then compared this energy index to the results obtained 

by bottom-up and top-down methods. These results would later be used to define 

different energy policies, applicable to different scenarios. 

Upstream and downstream methods are commonly used in the disciplines of urban 

planning and large-scale energy sequencing by the European Union. The top-down or 

downstream method is also used in energy consumption studies oriented towards 

economic studies (e.g. financing and investment), while the bottom-up or upstream 

method is commonly used in energy efficiency studies of buildings. 

In the Emilia-Romagna region, the energy performance certificate is expressed by the 

energy performance index or EPtot index, measured in primary energy (kWh/m2*year 

for dwellings or kWh/m3*year for other types of constructions), which is the 

pseudonym of the EPC scale used in Europe. As shown in Table 4, the EP scale in the 

Italian region differentiates between two main categories: residential buildings and 

non-residential buildings. 

Table 4. Emilia-Romagna Region EP scale, energy performance certifications [30]. 
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For the case study, it was decided to sample from the SACE database the buildings 

belonging to the city of Verucchio. Constructions were classified into eight different 

categories according to their use: (E1) dwellings, (E2) offices, (E3) hospitals, (E4) 

recreational centres, (E5) markets/shopping centres, (E6) sport centres, (E7) schools 

and (E8) production buildings. Their energy ratings were compared to regional average 

values and the buildings with no energy rating were discarded. Figure 8 shows the 

primary energy consumption data for each building category: 

 

Figure 8. Primary Energy Consumption by building category [30] 
 

In addition, the study considered that there might be a relationship between building 

category and the following variables: number of buildings with EPCs in each category, 

the average EPtot index rating (AIEPtot, Average Index EPtot) and volume (another 

different way of measuring floor area), so a graph was produced, Figure 9, where it can 

be seen how offices use a lot of primary energy per unit volume while 

markets/shopping centres, schools and production buildings are the most energy 

efficient. 
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Figure 9. Building efficiency comparison [30]. 
 

Subsequently, in section two of the Italian paper, five different scenarios (Table 5) 

were described to simulate and statistically verify that they could be used to measure 

the energy saving capacity and actual energy status of EPCs, further classified 

according to the number of EPCs appearing in each class (from A to G including the 

extra class, ND), Table 6, in order to visualise their percentage distribution. 

Table 5. Description of possible scenarios sharing new EPCs [30]. 
 

Scenario 1 New emission EPCs, distribution of energy categories equal to that of 

the database. 

Scenario 2 Accidental subdivision of energy categories. 

Scenario 3 Equal distribution of energy categories. 

Scenario 4 Worst Scenario. New EPCs that belongs to energy categories E, F, G, 

and the extra ND. 

Scenario 5 Best Scenario. New EPCs that belongs to energy categories A, B, C. 
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Table 6. Percentage distribution of EPCs belonging to each scenario according to their energy classification [30]. 

 
 

 

The final conclusion of the study summarises that, if the primary energy consumption 

of all constructions belonging to the shown categories need to be reduced in an 

effective way, then first of all, the factors and actors which affect the buildings must 

be studied in order to be able to propose realistic and efficient measures. 
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In the city of Novi Sad (Serbia), another study was carried out to determine if Energy 

Performance Certificates are relevant indicators of the actual consumption-savings of 

buildings. For this purpose, during the research, building stock certificates obtained 

from the District Heating System (DHS) database were compared with the results 

obtained from individual measurements of gas boilers in twenty buildings or Individual 

Gas Boiler (IGB) systems. 

The cause-effect relationships of the Certificates with the building sector were 

identified through statistical analyses of the attitudes of owners/consumers, residents' 

associations, authorities with their policy plans and strategies, and energy companies. 

It was deduced that the actions of the companies are a fundamental factor in the 

research, development and investment of energy efficiency measures, as well as being 

key in the image and impulse that they generate for the assumption of these measures 

in the rest of the social actors. 

In addition, a study of other implications derived from other research was carried out, 

where it was concluded that thanks to the EPCs, it is possible to monitor relevant 

aspects such as the health and well-being of the building's occupants, detect possible 

environmental impacts derived from the materials used during the construction period. 

The information from the Certificates corresponds to local socio-economic figures and 

could be used to identify areas at risk of fuel poverty. 

Of the total number of 4067 buildings in the DHS database in Novi Sad, only 749 were 

in the category of business buildings, while the rest were residential buildings, so it 

was decided to study mainly this category. 

The average total consumption data obtained from the DHS system (𝑄𝐷𝐻𝑆) was 

corrected to fit with the Energy Performance of Buildings Regulation (𝑄𝐷𝐻𝑆𝑐): 

 

𝑄𝐷𝐻𝑆𝑐 = 𝑄𝐷𝐻𝑆 ∗ 𝑓 
 

Where f is the correction factor calculated as: 
 

𝐻𝐷𝐷𝑎𝑐𝑡𝑢𝑎𝑙 
𝑓 = 

2679 

(Eq. 2) 

 

 

 
(Eq. 3) 

 

Where 𝐻𝐷𝐷𝑎𝑐𝑡𝑢𝑎𝑙 is the actual heating degree days, and as the energy efficiency 

rulebook for buildings orders, the number of degrees for Novi Sad per day is 2679. 
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Samples of buildings belonging to both methods (DHS, IGB) were statistically 

analysed and eight representative buildings were chosen for graphical comparisons. 

Figure 10 shows the representative comparison of energies consumed in heat during 

the years 2018, 2019 and 2020 for both groups of buildings, those calculated by DHS 

and those obtained by IGB: 

 
Figure 10. Comparison of energies consumed per heating during 2018, 2019 and 2020 for eight representative 

buildings [31]. 
 

As a conclusion of the analysis, both study groups show very different results in 

relation to actual energy consumption. The data obtained by the EPCs are lower than 

those measured by the energy metering system installed in the gas boilers. 
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Finally, this difference was attributed to changes in the design of the buildings during 

their construction that create differences between the actual surface to be heated and 

the previously assumed or theoretical surface to be heated. Therefore, the actual energy 

consumption of the buildings cannot be expected to be identical to the theoretically 

measured one and therefore the need to use metering systems in buildings as a measure 

to ensure efficient energy consumption becomes more evident. 

In 2018, in Switzerland, an evaluation of the heat performing status of domestic 

buildings was carried out by means of a statistical analysis of EPCs [32]. This was 

formulated in the framework of the Swiss Energy Strategy 2050 [33], which is directly 

linked to the EU Decarbonisation Strategy 2050. 

It was noticed that there was a need to decrease the energy consumption of buildings 

due to the fact that they consumed about 45% of all energy used in the country. For the 

analysis it was decided to take an evaluation methodology based on the characterisation 

of residential buildings from the outset into smaller sample groups through the 

statistical study of their EPCs and, for each of these groups, to define a residential 

building archetype on which to apply the simulations and consequent measures to 

improve energy efficiency. One takes note of this methodology as it can also be used 

for our analysis of Maltese offices. 

The objective was to find the unused energy saving capacity for the further renovation 

of the buildings. About 10,500 energy certificates from buildings all over the country 

were analysed. In addition, the study of building parts as walls, roofs, floors and 

windows was deepened investigated, as it is fundamental to calculate the thermal 

energy rating of the building. In the statistical analysis, the climate factor was included 

as a significant variable in the problem, because when sampling residential buildings 

from all parts of the country, the climatic zones to which each building belongs must 

also be considered. 
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Given the final outputs of the study, it was shown that the energy rating of three 

quarters of all buildings in the study was below the average of most newly constructed 

buildings of the last two decades, as shown in Figure 11. In this way, it was shown that 

buildings have a high, until then unexploited, capacity for reconversion and energy 

savings that needs to be exploited to achieve decarbonisation and zero emission targets. 

 

 

 

 
Figure 11. Unexploited capacity of saving energy of Swiss residential buildings [32]. 

 

 
 

2.1.2 CASE STUDIES OUTSIDE THE EU 

In 2020, the Ministry of Land, Transport and Infrastructure (MOLIT) of South Korea 

after reviewing the First National Plan [35]. In line with the targets set by other 

countries, it developed the Second National Green Building Plan [36], which included 

numerous policies to decrease energy use in domestic and non-domestic buildings. 

This study by South Korean researchers aims to analyse the building energy efficiency 

certificates (BEECs) of a sample group of almost 223,000 non-domestic edifices from 

the Korean National Database (KNDB) [34], owing to understand the effect of the 

energy efficiency and environmental policies implemented by the South Korean 

government in recent years. Table 7 and Figure 12 compare the values of the South 

Korean BEEC and Maltese EPC energy efficiency certifications for dwellings further 

clarification: 
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Table 7. Criteria for Buildings Energy Efficiency Certificate (BEEC) [34]. 

 

 

 

 

 

 
Figure 12. Criteria for Energy Performance Certificate (EPC) [37]. 

 

The study was carried out using a proprietary statistical methodology where initially 

the actual energy use index or EUI was compared with the EUI of the certificates. 

Given the results of this comparison, it was shown that the data obtained for the actual 

EUI was higher than that of the certificates. Moreover, as the degree of certification 

increased (improved) the difference was much more significant (e.g. the difference for 

a BEEC 2 energy rating was 15%, while for buildings with a BEEC 1+++ rating, the 

difference was more than 60%). 

A B C D E F G 
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In the second part of the paper, the same comparison was made, but between the EUI 

obtained from certified buildings and the EUI of non-certified buildings, revealing that 

certified buildings provided better data (up to 58% less energy consumption) which 

implies that Building Energy Efficiency Certification(BEEC) greatly supports the 

energy savings of certified buildings compared to non-certified ones, demonstrating 

that the technologies employed in energy savings pay off economically in the long term 

and are effective. 

Figure 13 below provides the comparison of the energy intensity consumed in certified 

constructions with non-certified cosntructions belonging to groups A (pre-2011 

buildings) and B (post-2012 or newly constructed buildings): 

 

 
Figure 13. The actual median value of the EUI for certified and non-certified buildings [34]. 
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In Australia, a study of a reference commercial office in Brisbane and Hobart was 

carried out using metaheuristics based on animal behaviour. Specifically, the 

researchers developed a new methodology based on the Ant Colony Optimisation 

Algorithm for Mixed Variables (ACOMV) [38], coupled with building simulation 

software, as these algorithms are seen to be able to continuously handle large amounts 

of compensations in the design of the model. The main problem one observes in the 

use of these algorithms for dissertation application is related to the complexity of the 

algorithm itself, the non-linear behaviour, the increase in time required to develop a 

suitable model and the high computational costs associated with solving building 

optimisation problems [39]. 

The office building optimisation problem was approached taking as a premise the 

uncertainty of the problem parameters themselves, since the energy consumption of 

the building involves many unknown or uncontrollable variables (e.g. the building's 

own construction materials, internal loads, building operation or changing climate). 

Therefore, the study assumes that, due to the dependence of energy consumption on 

the variables, any optimum actually found is sub-optimal given all actual parameters 

[38]. In other words, the performance gap already mentioned in several studies, where 

the theoretical optimal rendition of a building is compared to the real optimal 

performance obtained, would be observed again [40], [41]. For this reason, the 

Modified Ant Colony Optimisation Algorithm for Mixed Variables or ACOMV-M 

was created, with the objective of resolving as far as possible the uncertainty that 

belongs to the construction parameters and to reduce the computational cost of the 

analysis, increasing the search for the optimum in the final stages of the optimisation 

of the model. 

The new algorithm developed by the researchers was called ACOMV-M, or Modified 

ACOMV, and the simulations performed with this new mathematical method were 

compared with those performed with the ACOMV and PSOHJ (Particle Swarm and 

Hook Jeeves Hybrid Optimisation) methods commonly used in Building Optimisation 

Problems (BOP). 
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After performing the required experiments, the results of the three algorithms were 

compared in terms of energy used, as shown in Figures 14 and 15, demonstrating that 

the one developed by the researchers obtained better results by obtaining a higher 

energy saving in the last iterations to locate the optimum. In terms of convergence 

speed, it was shown that the modified algorithm was much more efficient than the other 

two, using up to half the number of simulations. 

 

 
 

Figure 14. Convergence solution for Brisbane Office Building [38]. 

 

 
 

Figure 15. Convergence solution for Hobart Office Building [38]. 
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The research was concluded with results in the range of [20-26] % energy savings for 

the Brisbane and Hobart office building model, respectively. 

Additionally, in terms of design parameters, it was concluded by the researchers that 

sacrificing this uncertainty provides optimal results with a performance gap not bigger 

than 5%, which compensates by avoiding the computational complexity, time 

expenditure and development of complex mathematical optimisation methodologies. 

However, it is true that energy savings can increase as more variables and parameters 

are taken into account when designing the model. 

 

 
2.1.3 CASE STUDIES IN MALTA 

In Malta, most of the residential and non-residential buildings were built during the 

colonial period under British control during the 1800s until its recent independence in 

1964 [42], which implies that the construction methodology of these buildings cannot 

be grouped into a single classification if they will be studied in terms of characteristics 

like the raw materials used for construction. Moreover, it is evident that the 

methodologies used to build these building stock are far from being equal to each other 

and also far from those used to construct the more modern and new buildings. 

It is also important and should be noted that after Malta's adhesion to the European 

Union in 2004, the Energy Performance of Buildings Directive, EPBD, was finally 

implemented as the other Member States [43], which means that all those buildings 

built before this point, in principle, are not in an optimal state under the eyes of the 

Directive because the legislation requirements such as minimum energy performance 

limits were not taken into account. 

It has been shown in recent studies [44], that different specific measures have an 

influence on the Energy Performance Certificates (e.g. cooling systems, heating, 

implementation of photovoltaic systems, underfloor heating or/and water heating). 

Therefore, it is necessary to apply statistical analyses in order to reference the buildings 

properly as the current energy certificates are based on energy efficiency to declare the 

actual state of the building. 
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For any statistical analysis that evaluates the energy optimisation of new or renovated 

buildings, the main objective is based on obtaining results close to or equal to the zero 

energy status, in line with guidelines of the Energy Performance of Buildings Directive 

(EPBD). Therefore, benchmarks based on the current state of the construction are 

required owing to subsequently evaluate the possible applicable steps and improve the 

energy rating of the building, where they must also be studied from a financial 

profitability point of view. 

Another study carried out in the Mediterranean archipelago investigated the optimal 

energy cost rates for new office buildings following the Energy Performance of 

Buildings Directive, EPBD 2010/31/EU [45]. In this research carried out recently in 

2018, delivered and reviewed by the Malta Building Regulation Office, an attempt was 

made to define the minimum energy performance requirements taking as a reference 

the methodological framework to calculate the optimum cost pertaining to Regulation 

number 244/2012 [46]. 

The methodology used to define and classify offices into different categories or groups 

as representative and benchmark, with the aim of obtaining representative buildings 

for each of the categories, is shown below. This methodology will be important as it 

proposes a similar structure and working model to what is being looked for so it can 

be used as a reference in the dissertation. 

In Table 8 below, two reference buildings were selected based on typical existing 

models in Malta, each separated in three different categories by floor area. 

Table 8. Definition of Reference Buildings [45]. 

 

Reference Buildings Floor Area 

 

 
Detached Offices 

< 500m2 

500m2< / <1500m2 

>1500m2 

 

 
Terraced Offices 

< 500m2 

500m2< / <1500m2 

>1500m2 
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The fact that this study classifies the reference buildings into six new categories 

according to their floor area is a very interesting idea that will be noted for establishing 

the methodology and the statistical analysis of the dissertation since, as will be seen 

below, in the database provided by the University of Malta for the study. In fact, the 

main and almost unique characteristic by which the offices can be differentiated is the 

floor area. 

In addition, in accordance with the newly defined reference buildings, six building 

models were designed as similar as possible to real existing office buildings in order 

to achieve a statistically representative analysis and to meet the characteristics 

proposed above. These buildings are summarised below in Table 9. 

Table 9. New Reference Office Buildings with floor area, number of floors and total area [45]. 
 

New Office Buildings 

Reference Office 

Building 

Floor Area 

(m2) 

Number of Floors Total Area 

(m2) 

Detached Office 1a 112.5 2 225.0 

Detached Office 1b 450.0 2 900.0 

Detached Office 1c 821.0 2 1642.0 

Terraced Office 2a 123.0 2 246.0 

Terraced Office 2b 167.0 3 501.0 

Terraced Office 2c 493.0 4 1972.0 

 

 
To continue the analysis, specific energy efficiency measures and combinations of 

these measures were defined for each reference office building in order to achieve 

energy efficiency. The combinations were carried out with the measures in the 

following areas: heating systems, cooling systems, water systems and renewable 

energy systems. In total, 72 combinations were carried out. 

For each of these combinations the primary energy (kWh/m2*year) was evaluated 

using the software SBEM-mt (Simplified Building Energy Model for Malta). The 

overall costs (€/m2), the optimal costs (overall cost/primary energy) and different types 

of discount rates were applied. 



30  

Finally, after determining all the results of applying the different energy efficiency 

packages and their corresponding life cycle (global) costs, these were plotted to 

determine the least costing measures and the corresponding energy rating. Figure 16 

shows the result of the statistical analysis for the evaluated simulations belonging to 

the reference building Detached Office 1A. 

 
 

 
Figure 16. Optimal cost, global cost/ primary energy for New Detached Office Building 1A [45]. 

 

As final results, all optimal cost ranges for each reference office building were 

aggregated, as shown in Figure 17, which supports the new cost optimal and EPC 

classifications of the new offices. 
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Figure 17. Results obtained after evaluating the optimal cost of all proposed new offices reference buildings [45]. 
 

On the other hand, it was proposed to study from a macro-economic point of view the 

future optimum cost ratings to be used as reference values since they usually offer more 

insight into the impact on optimal primary energy caused by discount rates, price 

developments and the financial perspective itself, although in the authors' view this 

impact is minimal. In addition, results were attached which show the large gap between 

the optimal cost of office buildings with renewable energy systems and buildings 

without, with photovoltaics being the recommended energy source for national energy 

cost classifications. 

Furthermore, since the EU Cost Optimum Regulation dictates that it is the 

responsibility of the Member States to calculate the weighting of the reference factor 

relative to the importance of the reference buildings used in each country [47], as a 

recommendation of this paper it is suggested to use an energy efficiency benchmark 

for new offices based on the cost-optimal office building range: Terraced Office 2B. 
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In a different study carried out by the University of Malta as a final degree project by 

a student from Spain, Valladolid. A statistical analysis of EPCs was carried out with a 

focus on Maltese dwellings with the aim of determining possible options for improving 

the energy ratings of the different groupings or classifications of dwellings used for the 

analysis [48]. 

Following the first investigation, eight different types of dwellings were recognised 

into which the observations could be classified: 

1. Bungalow 

 
2. Duplex Flat 

 
3. Flat 

 
4. Full Detached Dwelling 

 
5. Semi Detached Dwelling 

 
6. Maisonette 

 
7. Penthouse 

 
8. Terraced house 

 
These are further classified according to the information in the database into two 

distinct groups: dwellings under design i.e. new and not yet built and asset or existing 

dwellings. 

This last type of classification is the same as the one that can be used in this 

dissertation, as in our database the main information besides the Floor Area to 

differentiate the offices is their categorisation as Building in Design or Asset. 

However, after analysing a cost-optimal study for dwellings in Malta [49] and 

comparing it with the documentation provided by the Government for the Zero Energy 

Plan [50], it was observed that there was no common classification for dwellings. 
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Therefore, a new balanced classification was made against both documents and against 

the initially submitted classification itself: 

1. Bungalows 

 
2. Ground floor flats 

 
3. Middle floor flats 

 
4. Top floor flats 

 
5. Full Detached dwellings 

 
6. Semi Detached dwellings 

 
7. Terraced house 

 
After carrying out the relevant statistical analyses and tests, very interesting results 

were obtained. It was shown that not all dwellings can be grouped into the same energy 

classification, but that it is necessary to study them separately and apply measures 

individually to each group in order to be able to make effective improvements in their 

classification. 

In addition, due to the large number of outliers omitted during the study, it was 

proposed that the quality control of the EPC data collection should be improved, as 

this would help to make faster progress in the energy evolution and adjustment of the 

country to the zero-energy plans initially proposed by the EU. 

Finally, as a main part of its objective (which coincides with the one proposed in this 

dissertation), as shown in Table 10, measures to improve energy efficiency were 

proposed: 
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Table 10. Accepted measures applied to flats to improve their rating in energy performance certificates [48]. 

 

 

 

In terms of research findings, it was observed that the total number of flats had the 

capacity to improve their energy rating to A levels (near zero emissions) within their 

respective category, implying that the benefits derived from the implementation of the 

energy plans for flats in Malta have the potential to be greater than initially expected. 

Furthermore, it was shown that the use of a reference building for each classification 

would greatly facilitate the statistical study of the different categories, as well as further 

economic studies that would also have an impact on the measures implemented for the 

improvement of EPCs [48]. 

Another research has been carried out in support of two main objectives for the 

successful inclusion of certificates in society: promoting their attractiveness and 

increasing control over their evaluation and improvement process [51]. For the 

attractiveness and social acceptability of certificates, other methods of providing 

information to the public were developed, e.g. colour assessment associated with 

energy performance certificates, where the greener means (colour associated culturally 

and psychologically in Europe with benefits) the better (lower) and the redder means 

(colour associated culturally and psychologically in Europe with harm) the worse 

(higher). 
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In another study carried out in Spain [52], the statistical cluster analysis methodology 

was implemented to analyse the EPCs of constructions belonging to the residential 

category. In this analysis, clusters were used as attributes for which their correlation 

was established by also applying the k-means term. In addition, the energy certificate 

benchmarking method of the Spanish rating procedure and associated Technical 

Building Code (TBC) [53] may also be used, adapting it to the needs of the dissertation. 

Moreover, in Spain the energy performance certificate ratings are the ratio between the 

stipulated rating for each category and the actual rating of the building. 

 

 
2.2 SUMMARY 

As one has noticed during the reading of Chapter Two on Literature Review, there are 

not many specific studies available on offices as most studies in the literature focus 

more on dwellings as they form a very large percentage of the total building stock. This 

difficulty has led to the need to investigate more deeply to find any studies on offices 

and after that focus the rest of the research on studies carried out on dwellings that 

could be useful for this dissertation. 

In summary, in Chapter II, various research studies both external and internal to the 

EU have been studied, in addition to those pertaining to Maltese territory. This 

intensive study has been carried out in order to obtain different conclusions from 

different studies that could help to enhance the quality of research and expand the 

background for the dissertation. The following are some of the main conclusions that 

have been obtained. 

As a main conclusion, we find the fact that controlling the energy consumption of 

homes, schools, hospitals, offices [24] ... is an imperative for Nearly-Zero Emissions 

targets set by the European Union and all member countries [28]. In the same way, 

consumers must know the energy status of their buildings and how they can actively 

participate in the improvement [51]. In addition, certified buildings provide better 

energy consumption data than non-certified buildings [34]. 
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However, in research that has been carried out to determine the efficiency of EPCs by 

comparing them with very accurate and real measurement systems of water and gas 

boilers (in the same buildings) [31], it has been shown that EPCs tend to give energy 

consumption results below real-time measurements. In these facts, the need for EPCs 

is demonstrated, but also the need to create a control system for certifications linked to 

their continuous improvement and inspection. 

According to the Energy Efficiency Directive (EED) and the Energy Performance of 

Buildings Directive (EPBD), non-residential buildings will contribute significantly to 

achieving the 2050 targets [28]. Furthermore, it is known that, of the non-residential 

buildings, the office category is paramount for Malta as it occupies a large part of the 

total stock [45]. However, no attention is usually paid to the study of energy efficiency 

in offices with most of the research being focused on dwellings. 

Finally, it was shown that the use of reference buildings to study the classifications or 

clusters greatly facilitates subsequent statistical analyses, as well as any subsequent 

economic study to be carried out, as well as the proposal of measures and 

recommendations to improve the ratings of the certificates [48]. 
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CHAPTER 3: METHODOLOGY 

3.1  STATISTICAL ANALYSIS OF EPC GUIDELINES AND 

METHODOLOGY 

Since the first EPCs were introduced on the market in 2009, both the energy rating 

criteria and the measures and recommendations proposed to improve these ratings have 

been improved and evolved. The process of developing these certifications has been 

continuously redesigned to offer the best possible support to Europe's energy plans 

[54]. 

The main method of analysing data pertaining to EPC certificates is based on initially 

removing outliers that may have been erroneously introduced into the base data to be 

used. Several studies agree on a specific methodology to detect these outliers in order 

to proceed to their elimination such as the: Box and Whiskers Plot [48], but there are 

other formal statistical methodologies that can also be used for the same aim. These 

methodologies will be presented below. 

Secondly, observations are usually grouped into clusters that share common 

characteristics, so that the number of similar observations and how they differ from 

each other can be easily differentiated [55]. In the case of this dissertation, the main or 

most important clusters to be carried out will be based on the type of energy certificate 

issued, with Asset Rating implying the building is in existence and Design Rating, 

which means that the building is not yet built. Moreover, clustering will be used based 

on the total floor area [56]. 

Finally, the first step will be to study if the office stock provided in the database is 

energetically efficient, i.e. if there is a higher number of offices with class A, B, C 

certifications or otherwise D, E, F, G (if the office stock is not energetically efficient). 

In this way, a broader view of the causes of inefficient offices will be obtained and 

finally, actions to get better the energy ratings of the stock can be studied. 
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3.1.1 GEOGRAPHIC LOCATION AND CLIMATE CONDITIONS. 

For this dissertation, it is assumed that all offices in Malta are subjected to the same 

outdoor climatic conditions. This is because of the small size of the country and the 

absence of significant physical changes such as topographical differences. The 

Republic of Malta is an archipelago of islands located in the centre of the 

Mediterranean Sea, south of Sicily and north off Libya, and its climate classification 

according to the Köppen-Geiger method is related to the colour yellow: Csa, which 

determines a climate of moderate temperatures, with generally moderate temperatures 

and rain in winters with hot dry summers [57]. 

3.1.2 DESCRIPTION OF OFFICES. 

An office is a local establishment, which usually belongs to a company or self- 

employed professional, where a large part of the total business, services or 

manufacturing activity is carried out. Offices, unlike other types of buildings, e.g. 

dwellings in Malta which are easily differentiated into bungalow, duplex flat, flat, villa, 

duplex, penthouse, townhouse or semi-detached house [48], can all be included in the 

same general category, and therefore, in this dissertation it will be proposed to 

differentiate them by two main characteristics: 

1. Separation according to their energy performance certificate type: 

 
a. Asset rating for existing offices. 

 
b. Design rating for new offices. 

 
2. Separation according to floor area. 

 
The second clustering has been proposed for two key reasons; the first reason is the 

inability to group all offices in the same cluster when they all differ enough in size 

from each other as the conclusions and results of the statistical analysis would not be 

significant for further studies. The second one is the need to apply a different method 

of differentiation and classification between groups of offices, as only having a 

classification based on whether the office exists or is new construction does not provide 

information about how the floor area variable affects the energy efficiency status of 

the offices. 
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Moreover, if measures to improve the energy efficiency of the office are subsequently 

implemented and any of these are directly or indirectly dependent on the office floor 

area or are not economically feasible for high floor area or low floor area offices, the 

information needed to justify these conclusions during the study would have been lost. 

One of the main differences between a large floor area office and a small floor area 

office is their floor layout. While small offices are usually distributed in small rooms, 

like a dwelling, larger offices, such as the one shown in Figure 18, are open plan with 

many desks distributed inside.  

 

Figure 18. Floor plan layout of a large office. 
 

 

As a final comment, other possible techniques should be recognized that might be 

more useful, depending on the office case to be analyzed as this dissertation argues 

that the offices to be analyzed fulfil only the role of offices and are all on one floor. 

Other types of clustering methodologies could be used if, for example, part of the 

offices to be analyzed serve only as offices while others are part of a conference 

room, if the office is a converted building (change of use) or is a new building, if 

there are offices with a larger number of floors or depending on the building 

materials. For each difference of characteristics that influence the statistical analysis 

and the parameters of the simulation software, own clusters should be created where 

appropriate comparisons between offices of the same type can be made. 
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3.2 METHODOLOGY APPROACH FOR THIS DISSERTATION 

The analysis of this work focuses on offices which form 18.594% out of a total of 3157 

EPC certificates covering twenty different non-dwellings categories, as obtained from 

the national EPC database of the Building and Construction Authority and covering 

the period 2009 to 2018. The database to be analysed contains a total of 587 Office 

EPCs, and the first step will be to subdivide them into smaller groups by classifying 

them according to their main characteristic, namely their Floor Area. After a detailed 

analysis of the Malta Nearly Zero Energy Plan [50], the only reference to a 

classification scale for offices together with their recommended primary energy for 

energy performance certificate values has been obtained, as shown in Figure 19 below. 

 

Figure 19. Classification of non-dwellings (offices) according to the Nearly Zero Energy Plan for Malta [50]. 
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In the same way, the cost optimal study for new offices in 2018 has followed a similar 

trend [45], by differentiating between Detached Offices and Terraced Offices, but 

applied different floor area ranges when creating the subgroups according to Floor 

Area. In other studies, analysing the whole spectrum of non-dwellings [58], offices 

were only classified according to whether the building was fully comprising of offices 

or whether it is a mixed use building with 50% or more of the floor area assigned to 

office space. 

However, as explained before, given that the information necessary to differentiate 

between Detached or Terraced Offices (or other different type of classification) is not 

available in the national database, this dissertation will not be able to take these 

categories into account and will therefore assume the classification based only by floor 

area for future simulations and statistical analysis. 

It has been decided to separate the total number of offices into four initial clusters, as 

shown in Table 11. 

Table 11. Initial division of office stock by floor area. 

 

Categories Floor Area (m2) Total Number of EPCs 

O1 (1 - 250] 354 

O2 (251-500] 63 

O3 (501-1500] 99 

O4 (1501+] 71 

 

 
As previously mentioned, the age of the building is not known or specified in the 

database, so these same categories will be subdivided according to the actual 

information obtained. In this case, the new subcategories will be Design or Asset 

Rating. In this way, eight differentiated clusters of offices will be obtained, as can be 

seen in Table 12 below. 
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Table 12. Secondary division of the office stock according to its Design or Asset Ratings. 

 

Categories Floor Area 
(m2) 

Total Number of 
EPCs 

Age Number of EPCs 

 

 

O1 

 

(1 - 250] 

 

354 
Design 91 

Asset 263 

 

O2 

 

 

(251 - 500] 

 

 

63 

Design 9 

Asset 54 

 

O3 

 

 

(501 - 1500] 

 

 

99 

Design 25 

Asset 74 

 

O4 

 
(1501+] 

 

 

71 

Design 24 

Asset 47 

 

 

 
 
 

3.2.1 OMISSION OF OUTLIERS 

Following the first phase of classification of the offices, the samples obtained from the 

database will be statistically analysed to control the introduction of outliers in the 

subsequent analysis. The presence of one or more outliers among the data can produce 

serious problems and distortions in the analyses of the model, especially the variance 

would be affected. In the large majority of situations, the introduction of outliers into 

the model is due to human error while performing calculations or introducing and 

coding the samples for the final database [59]. In the case of this dissertation it is most 

likely to be due to data introduction error, due to the fact that it is not planned to carry 

out statistical experiments as fitted models or simulate with response surfaces that can 

introduce outliers by other ways. During the dissertation, it will simply handle 

individualised offices data and apply statistical techniques like simple regressions. 
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To detect these "absurd" and unusual values, various formal statistical procedures can 

be applied, e.g. a rough outlier check can be performed by examining the standardised 

residuals [60], as shown in Figure 20, where any residual above ±3 or ±4 bands would 

be considered as a potential outlier. 

 

 

 
Figure 20. Plot of residuals vs. predicted values. 

 

In the case of the example in the figure, it is observed that there are no residuals 

exceeding the ±3 bands, therefore no outliers are considered to be present. 

Another common formal procedure in experiments where the variance is analysed is 

to use the normal probability plot, as shown in Figure 21, to detect any residual whose 

value is much higher than the others [60]. 
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Figure 21. Normal probability plot. 
 

In the case of the example in figure 21, it can be seen that there are no values of 

residuals that are much higher than the others, and there are no anomalies. Therefore, 

it is considered that there are no outliers present in this plot either. 

Another formal procedure for the detection of outliers is the use of Box and Whisker 

Plots, as shown in Figure 22, as they allow a simple detection of unusual values that 

are outside the range of their quartiles. The quartiles used by the diagram are equal 

divisions of the data every ¼ as the name indicates [60]. The inconvenience of this 

methodology is that it does not take into account the dependence between the two main 

factors to be analysed: primary energy and floor area, because as already observed 

above, the first factor depends on the second as it is given in units of kWh/m2*year, 

making it difficult to differentiate between a building with a high floor area, and 

therefore a high qualification, or an atypical value. 
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Figure 22. Box and Whiskers Plot. 
 

In the case of the example in the figure, it can be seen that there are values out of the 

whiskers so these observations must be treated as outliers. 

Finally, the last procedure for the detection and control of outliers is performed by X- 

Y Plot visualisation where both factors [48], Y primary energy and X floor area, are 

compared. 

In this simpler way than the previous ones, a quick visualisation of the set can be 

obtained for the subsequent exclusion of outliers. In this case, outliers would be 

considered as tiny or extremely exaggerated areas that may interfere with the 

construction of an archetypal building for its class. EPC certifications with negative 

primary energy as the target is nearly zero emissions (emissions below zero as negative 

EPC means that the office has a lot of renewable energy installed, so it is not strictly 

an outlier but has to be considered separately). Furthermore, correlations between the 

two factors that result in very high primary energy values and very high surface areas 

or the opposite would be treated as outliers, as this would be the opposite of their 

natural relationship between EPC rating value and floor area. Ultimately, any ratings 

that are already zero-emission should also be excluded, as they are not relevant data 

for the purpose of this dissertation. 

The proposed methodology will be applied in the next chapter together with the 

simulations and the presentation of the results plus recommendations. 
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3.2.2 CLASSIFICATION OF BUILDING CLASSIFICATION 

The methodology employed in this dissertation begins with the formation of the 

clusters seen previously according to the floor area variable. Secondly, the data will be 

reviewed to identify outliers by applying simple regression statistical techniques 

between the variables x and y (floor area and primary energy, respectively), 

complementing the study with the analysis of the residuals plot, probability plot, 

ANOVA table and plot of fitted model. The last analysis will allow to detect outliers 

easily and in a very visual way while also facilitating the verification of the simple 

regression as significant or not. 

All statistical tests will be carried out with the help of Statgraphics-19 x64 software 

[61], as it is an intuitive application to use while providing statistically relevant results. 

Moreover, it is the software used to carry out the exercises and examples in the globally 

referenced book on statistics and design of experiments, Montgomery [60]. 

Subsequently, after refining the observations, the histogram model will be applied to 

intuitively visualise which clusters are energy efficient and which clusters need 

measures to enhance their energy efficiency and to add percentages of each energy 

rating in order to know the real state of the EPCs. 

First, the complete histogram of all samples will be made without differentiating by 

clusters, which will allow us to have an overall view of how many EPCs of each type 

exist and how they are distributed among the respective energy ratings. After analysing 

the whole, the clusters will be analysed individually. 

In case a cluster is energy efficient, i.e. the percentage of A-rated EPCs is 95% or 

higher (for a maximum of 5% of non-energetically efficient EPCs), it will be noted and 

the next cluster will be analysed. 

In case a cluster is not energy efficient, the average of the energy ratings of the data 

within the cluster will be calculated taking into account the percentages of the 

histogram with the aim of proposing a reference building on which actions can 

subsequently be implemented to improve the energy efficiency of the group as far as 

possible. 
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Before the simulation starts, a reference building for each cluster must be developed 

using Statgraphics software to statistically analyze the offices in each group. By 

applying statistical cluster analysis techniques, the average floor area and primary 

energy will be obtained as results and assigned as reference parameters. 

Then, using the SBEM-mt software, different combinations of measures on the 

reference building of each group will be carried out. The results will be subsequently 

analyzed in Excel, as this tool allows us to directly copy the data from the software to 

its sheets, facilitating the transfer of information. 

During the simulations, the parameters of the standard office are varied, and this will 

allow us to determine which measures are more or less effective. The parameters to be 

considered may be categorized into three groups, as shown in Table 13: 

Table 13. . Parameters of energy efficiency measures to model in SBEM-mt software. 

 

 

 
 

 
Building envelope measures 

Wall U-value 

Glass U-value 

Glass shading 

Floor insulation 

Roof insulation (where relevant) 

 
Building energy systems measures 

Domestic hot water 

Air conditioners 

Renewable energy measures Photovoltaic systems 
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Figure 23 shows the flow chart of the methodology to be implemented in this 

dissertation. 

 
 

 
 

Figure 23. Methodology flow chart. 
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CHAPTER 4: ANALYSIS AND DISCUSSION OF THE ACHIEVED 

RESULTS 

4.1 ACHIEVED RESULTS 

4.1.1 RESULTS FOR ASSET RATING CLUSTERS 

4.1.1.1 RESULTS FOR ASSET RATING CLUSTER O1 

To start with, as shown in Figure 24, a simple regression is performed to observe the 

influence of the "floor area" variable, or x-axis, on the "primary energy" variable of 

the offices, or y-axis. 

This statistical analysis is performed for the first cluster Asset Rating and floor area 

from 1 m2 to 250 m2 (cluster called Asset Rating O1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 24. Plot of Residuals vs Predicted for cluster O1 Asset Rating. 
 

The plot of studentized residuals vs floor area in Figure 25 shows how the observations 

are located in the form of a band around the zero value. First, for the statistical analysis 

we have to treat the data so that points outside the bands [-2, 2] and [-3, 3] will be 

removed as they are outliers that impair the regression results. 
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Figure 25. Plot of Residuals vs Predicted for cluster O1 Asset Rating with outlier’s delimitation bands. 
 

A total of 11 observations were removed, Figure 26 shows the new simple regression 

obtained: 

 

 
Figure 26. Outliers from Plot of Residuals vs Predicted for cluster O1 Asset Rating. 
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The outlier elimination process is an iterative process, meaning that each time an 

outlier is eliminated, the plot is readjusted (keeping the outliers previously present, 

because outliers cannot become not outliers) and may show new outliers that were 

previously not clearly visible. 

Finally, Figure 27 shows the result obtained as the final regression plot, constructed by 

a total of 178 non-outlier observations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 27. Final Plot of Residuals vs Predicted for cluster O1 Asset Rating. 

 

The normality plot could also be analysed to observe any other problems present in the 

data, as the normality hypothesis but this is not important to this dissertation part. As 

shown in Figure 28, there is no problem with normality (the slightly deviated tails are 

not significant enough to determine any problem with the variance of the model), but 

the important thing is that there are no more outliers in the model. 
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Figure 28. Residual Probability Plot for cluster O1 Asset Rating. 
 

In the following, the clarification shown below is proposed for all regression plots of 

fitted models: 

 The points marked with red crosses are outliers that do not fit the model 

proposed for the regression and therefore exceed the limits proposed in the 

residual plots. 

 Points marked with blue squares are acceptable observations that continue to fit 

the model. 

 The green lines are the acceptance bands of the regression model. 

Finally, Figure 29 shows the final regression for the asset design type rating offices O1 

within the interval [1 - 250] m2 after removing the outliers outside the bands. Although 

the slope of the line does not vary much, it is observed that the value of primary energy 

decreases as the floor area increases. 
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Figure 29. Dispersion graph for cluster O1 Asset Rating. 
 

From now until the end of this part, the methodology carried out previously is 

maintained to analyse the data of the asset classification clusters (as well as the design 

rating clusters) O1 (carried out previously) to O4. The following cluster analyses will 

be presented as follows: 

1. Figures resulting from the omission of outliers by linear regression: plot of 

residuals vs predicted and residual probability plot. 

2. Figure of dispersion graph. 

 
3. Table of representative building characteristics. 
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4.1.1.2 RESULTS FOR ASSERT RATING CLUSTER O2 

This second statistical analysis is performed for the second cluster Asset Rating and 

floor area from 251 m2 to 500 m2 (cluster called Asset Rating O2), results are shown 

below in Figure 30. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 30. Plot of Residuals vs Predicted for cluster O2 Asset Rating. 

 

Finally, Figure 31 shows the result obtained as the final regression plot, constructed by 

a total of 48 non-outlier observations. A total of 16 observations were removed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 31. Final Plot of Residuals vs Predicted for cluster O2 Asset Rating. 
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As shown in Figure 32, there are no more outliers in the model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 32. Residual Probability Plot for cluster O2 Asset Rating. 
 

Finally, Figure 33 shows the final regression for the asset design type rating offices 

within the interval [251 – 500] m2 after removing the outliers outside the bands. 

Although the slope is not very steep, it is appreciated that primary energy value 

decreases as the floor area increases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 33. Dispersion graph for cluster O2 Asset Rating. 
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4.1.1.3 RESULTS FOR ASSERT RATING CLUSTER O3 

This third statistical analysis is performed for the third Asset Rating cluster whose floor 

area band takes from 501 m2 to 1500 m2 (cluster called Asset Rating O3). Results are 

shown below in Figures 34, 35, 36, 37. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 34. Plot of Residuals vs Predicted for cluster O3 Asset Rating. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

Figure 35. Final Plot of Residuals vs Predicted for cluster O3 Asset Rating. 
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As shown in Figure 36, there is no more outliers in the model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 36. Residual Probability Plot for cluster O3 Asset Rating. 
 

Finally, Figure 37 shows the final regression for the asset design type rating offices 

within the interval [501 – 1500] m2 after removing the outliers outside the bands. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 37. Dispersion graph for cluster O3 Asset Rating. 
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4.1.1.4 RESULTS FOR ASSERT RATING CLUSTER O4 

This fourth statistical analysis is performed for the fourth Asset Rating cluster floor 

area from 1501 m2 (cluster called Asset Rating O4), results are shown below in Figures 

38, 39, 40, 41. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 38. Plot of Residuals vs Predicted for cluster O4 Asset Rating. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

Figure 39. Final Plot of Residuals vs Predicted for cluster O4 Asset Rating. 
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As shown in Figure 40, there is no more outliers in the model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 40. Residual Probability Plot for cluster O4 Asset Rating. 
 

Finally, Figure 41 shows the final regression for the asset design type rating offices 

within the interval [1500+] m2 after removing the outliers outside the bands. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 41. Dispersion graph for cluster O4 Asset Rating. 
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4.1.2 ENERGY RATINGS FOR ASSET RATING CLUSTERS 

First of all, it will be studied if the total office stock provided by the database is energy 

efficient or not, as shown in Figure 42, then it will be studied for each of the four 

clusters (O1, O2, O3, O4) created according to the Floor Area: 

 

 

 
Figure 42. Energy efficiency histogram of the total office stock (asset and design rating). 

 

At first instance, it can be seen how most of the levels of the EPC certifications are 

between C and D grades, which is not overly efficient but not bad results. What can be 

interpreted from this histogram is that a large part of the offices are at medium 

efficiency levels with a higher tendency to be efficient than not. These results also 

indicate that, if appropriate energy improvement measures are implemented, more than 

half of the offices will be able to change their rating to A, or B Class. However, these 

data have to be studied in terms of the previously formed clusters as it is of more 

interest to know in which floor area ranges the offices are mainly inefficient or 

potentially efficient in order to implement measures accordingly. 
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According to the data type needed by Statgraphics software to create histograms from 

now to the end the EPC band is going to be numeric as shown below in Table 14. 

Table 14. EPC band numeric transformation. 

 

EPC BAND EPC BAND NUMERIC 

A, A+ 1 

B 2 

C 3 

D 4 

E 5 

F 6 

G 7 
 

 

For the first cluster (O1: asset rating), it can be seen in Figure 43 how the percentages 

remain similar to those of the histogram for the entire office stock, the main reason for 

this is that most of the offices in the stock belong to this cluster. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 43. EPC BAND Histogram for cluster O1 Asset Rating. 
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In Table 15 it is seen the relative frequency of each EPC band classification. 

 
Table 15. Frequency Tabulation for O1 Offices EPC Band 

 

Value=EPC 

BAND 

Frequency Relative 

Frequency 

Cumulative 

Frequency 

Cum. Rel. 

Frequency 

1=A, A+ 2 0.01 2 0.01 

2=B 30 0.11 32 0.12 

3=C 125 0.48 157 0.60 

4=D 71 0.27 228 0.87 

5=E 16 0.06 244 0.93 

6=F 3 0.01 247 0.94 

7=G 16 0.06 263 1.00 

 

 
In the following, Figures 44 and 45 show how clusters O2 and O3 take on a similar 

silhouette to the histogram presented above. The main difference of Cluster O2 lies in 

the non-existence of A-rated (efficient) EPCs while those of Cluster O3 focus on the 

opposite. In the histogram of the third cluster, it can be seen how there are no EPCs 

that present a serious energy inefficiency of their offices. It is a more neutral histogram 

with main rating in the C classification of the EPCs above the average of the total stock 

which indicates that with the right measures most of their offices can be placed at A or 

B levels of energy efficiency. 



63  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

Figure 44.  EPC BAND Histogram for cluster O2 Asset Rating. 
 

In Table 16 it is seen the relative frequency of each EPC band classification. 

 
Table 16. Frequency Tabulation for O2 Offices EPC Band 

 

Value=EPC 

BAND 

Frequency Relative 

Frequency 

Cumulative 

Frequency 

Cum. Rel. 

Frequency 

1=A, A+ 0 0.00 0 0.00 

2=B 7 0.13 7 0.13 

3=C 26 0.48 33 0.61 

4=D 16 0.30 49 0.91 

5=E 2 0.04 51 0.94 

6=F 1 0.02 52 0.96 

7=G 2 0.04 54 1.00 
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Figure 45. EPC BAND Histogram for cluster O3 Asset Rating. 
 

In the Table 17 it is seen the relative frequency of each EPC band classification. 

 
Table 17. Frequency Tabulation for O3 Offices EPC Band 

 

Value=EPC 

BAND 

Frequency Relative 

Frequency 

Cumulative 

Frequency 

Cum. Rel. 

Frequency 

1=A, A+ 3 0.04 3 0.04 

2=B 13 0.18 16 0.22 

3=C 44 0.59 60 0.81 

4=D 9 0.12 69 0.9324 

5=E 5 0.07 74 1.00 

6=F 0 0.00 74 1.00 

7=G 0 0.00 74 1.00 
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Finally, Figure 46 shows cluster O4 (offices with the largest surface area). It can be 

seen how the shape of this last cluster does not look like the previous ones, although it 

maintains the predominance of offices whose energy certifications are between levels 

B, C and D, it also presents a high number of offices whose EPCs have G and F ratings 

(very inefficient). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 46. EPC BAND Histogram for cluster O4 Asset Rating. 
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In the Table 18 it is seen the relative frequency of each EPC band classification. 

 
Table 18. Frequency Tabulation for O4 Offices EPC Band 

 

Value= 

EPC 

BAND 

Frequency Relative 

Frequency 

Cumulative 

Frequency 

Cum. Rel. 

Frequency 

1=A, 

A+ 

1 0.02 1 0.02 

2=B 11 0.23 12 0.26 

3=C 23 0.49 35 0.74 

4=D 5 0.11 40 0.85 

5=E 1 0.02 41 0.87 

6=F 1 0.02 42 0.89 

7=G 5 0.11 47 1.00 

 

 
When one looks at Tables 15, 16, 17 and 18 (Asset Rating) and Tables 24, 25, 26 and 

27 (Design Rating) it can be seen how, in general, smaller offices offer a higher 

percentage of worst performing EPC ratings (letters E, F and G). It is due to the fact 

that smaller offices tend to be older than larger ones as historically office construction 

in Malta was based on small buildings. Therefore, it is recommended to pay more 

attention to smaller floor area offices for the energy renovation of buildings. 
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4.1.3 REFERENCE BUILDINGS FOR ASSET RATING CLUSTERS 

The representative building in this category is simple to define at least in terms of floor 

area. It is assigned an average value and then the primary energy value is calculated. 

The results presented below in Table 19, Table 20, Table 21 and Table 22 have been 

obtained by performing a one-way ANOVA statistical analysis. 

From the statistical results for each group, the database was checked to identify an 

actual office certificate that had similar floor area parameters to the one obtained. The 

original assessor was contacted to provide the appropriate file that has the entire 

building database, such as zoning, building material, wall and roof characteristics, 

building energy system characteristics, etc., to be used as the input reference file for 

that office category. 

Table 19. Representative building parameters for cluster O1 Asset Rating. 

 

Primary energy 537.1 kWh/ m2*year 

Floor Area 104.128 m2 

EPC Band D 
 

 
Table 20. Representative building parameters for cluster O2 Asset Rating. 

 

Primary energy 460.949 kWh/ m2*year 

Floor Area 358.490 m2 

EPC Band C 
 

 
Table 21. Representative building parameters for cluster O3 Asset Rating. 

 

Primary energy 326.167 kWh/ m2*year 

Floor Area 864.239 m2 

EPC Band C 
 

 
Table 22. Representative building parameters for cluster O4 Asset Rating. 

 

Primary energy 317.981 kWh/ m2*year 

Floor Area 4451.432 m2 

EPC Band C 
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The next step is to use the same methodology applied previously to analyse the clusters 

that belong to the second category of offices, design rating or offices that have not been 

built yet. 

4.1.4 RESULTS FOR DESIGN RATING CLUSTERS 

4.1.4.1 RESULTS FOR DESIGN RATING CLUSTER O1 

To start with, as shown in Figure 47, a simple regression is performed to observe the 

influence of the "floor area" variable, or x-axis, on the "primary energy" variable of 

the offices, or y-axis. 

This statistical analysis is performed for the first cluster Design Rating and floor area 

from 1 m2 to 250 m2 (cluster called Design Rating O1). 

Outliers (at the first view) are labelled. 
 

 
Figure 47. Plot of Residuals vs Predicted for cluster O1 Design Rating. 
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Figure 48 shows the residual plot after removing the outliers. 
 

 
Figure 48. Final Plot of Residuals vs Predicted for cluster O1 Design Rating. 

 

As shown in Figure 49, it is proved that there are no more outliers in the model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 49. Residual Probability Plot for cluster O1 Design Rating. 
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Finally, Figure 50 shows the final regression for the design rating offices within the 

interval [1 - 250] m2 after removing the outliers outside the bands. It can clearly be 

seen by the slope of the simple regression that the primary energy value decreases as 

the floor area increases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 50. Dispersion graph for cluster O1 Design Rating. 
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4.1.4.2 RESULTS FOR DESIGN RATING CLUSTER O2 

This second statistical analysis is performed for the second cluster Design Rating and 

floor area from 251 m2 to 500 m2, results are shown below in Figure 51. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 51. Plot of Residuals vs Predicted for cluster O2 Design Rating. 
 

Figure 52 shows the residual plot after removing the outliers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 52. Final Plot of Residuals vs Predicted for cluster O2 Design Rating. 
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Given the lack of observations for this category, it is not possible to obtain a residual 

probability plot. 

Finally, Figure 53 shows the final regression for the asset design type rating offices 

within the interval [251 – 500] m2 after removing the outliers outside the bands. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 53. Dispersion graph for cluster O2 Design Rating. 
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4.1.4.3 RESULTS FOR DESIGN RATING CLUSTER O3 

This third statistical analysis is performed for the third Asset Rating cluster whose floor 

area band takes from 501 m2 to 1500 m2, results are shown below in Figure 54. 

 

 
Figure 54. Plot of Residuals vs Predicted for cluster O3 Design Rating. 

 

In this case, Figure 55, has been chosen the upper band [-3, 3] as the outlier acceptance 

band since otherwise we would end up with only two representative observations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 55. Final Plot of Residuals vs Predicted for cluster O3 Design Rating. 
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As can be seen in the normality plot, Figure 56, the observations deviate a little from 

the control line since, as previously mentioned, it has been decided to choose the upper 

limit of acceptance of outliers due to the scarcity of samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 56. Residual Probability Plot for cluster O3 Design Rating. 

 

Finally, Figure 57 shows the final regression for the design rating offices within the 

interval [501 – 1500] m2 after removing the outliers outside the bands. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 57. Dispersion graph for cluster O3 Design Rating. 
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4.1.4.4 RESULTS FOR DESIGN RATING CLUSTER O4 

This fourth statistical analysis is performed for the fourth Design Rating cluster floor 

area from 1501 m2, results are shown below in Figure 58. In this case, the upper band 

[-3,3] has been chosen as the outlier acceptance band due to lack of sufficient samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 58. Final Plot of Residuals vs Predicted for cluster O4 Design Rating. 

 

As shown in Figure 59, there are no more outliers in the model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 59. Residual Probability Plot for cluster O4 Design Rating. 
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Finally, Figure 60 shows the final regression for the design rating offices within the 

interval [1500+] m2 after removing the outliers outside the bands. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 60. Dispersion graph for cluster O4 Design Rating. 

Plot of Fitted Model 

Energy User Rating = 600,503 - 0,0975465*floor Area 

570 

470 

370 

270 

170 

2100 2500 2900 3300 3700 4100 

floor Area 

E
n

e
rg

y
 U

s
e
r 

R
a
ti

n
g

 



77  

4.1.5 ENERGY RATINGS FOR DESIGN RATING CLUSTERS 

To facilitate the reading of the dissertation, the EPC Band ratings and their numerical 

equivalents will be reminded once again as shown below in Table 23. 

Table 23. EPC band numeric transformation. 

 

EPC BAND EPC BAND NUMERIC 

A, A+ 1 

B 2 

C 3 

D 4 

E 5 

F 6 

G 7 
 

 

For the first cluster, results are shown in Figure 61. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 61. EPC BAND Histogram for cluster O1 Design Rating. 
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Table 24 shows the relative frequency of each EPC band classification. 

 
Table 24. Frequency Tabulation for O1 Offices EPC Band. 

 

Value=EPC 

BAND 

Frequency Relative 

Frequency 

Cumulative 

Frequency 

Cum. Rel. 

Frequency 

1=A, A+ 0 0.00 0 0.00 

2=B 1 0.01 1 0.01 

3=C 11 0.12 12 0.13 

4=D 61 0.67 73 0.80 

5=E 15 0.16 88 0.97 

6=F 3 0.03 91 1.00 

7=G 0 0.00 91 1.00 

 

 
In the following, Figure 62 the results of the frequency histogram analysis for the 

second cluster are shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 62. EPC BAND Histogram for cluster O2 Design Rating. 
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In the Table 25 is the relative frequency of each EPC band classification. 

 
Table 25. Frequency Tabulation for O2 Offices EPC Band 

 

Value=EPC 

BAND 

Frequency Relative 

Frequency 

Cumulative 

Frequency 

Cum. Rel. 

Frequency 

1=A, A+ 0 0.00 0 0.00 

2=B 4 0.44 4 0.44 

3=C 3 0.33 7 0.78 

4=D 2 0.22 9 1.00 

5=E 0 0.00 9 1.00 

6=F 0 0.00 9 1.00 

7=G 0 0.00 9 1.00 

 

 

Figure 63 shows the results of the frequency histogram analysis for the third cluster. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 63. EPC BAND Histogram for cluster O3 Design Rating. 
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In the Table 26 it is seen the relative frequency of each EPC band classification. 

 
Table 26. Frequency Tabulation for O3 Offices EPC Band. 

 

Value=EPC 

BAND 

Frequency Relative 

Frequency 

Cumulative 

Frequency 

Cum. Rel. 

Frequency 

1=A, A+ 0 0.00 0 0.00 

2=B 2 0.08 2 0.08 

3=C 10 0.40 12 0.48 

4=D 11 0.44 23 0.92 

5=E 1 0.04 24 0.96 

6=F 0 0.00 24 0.96 

7=G 1 0.04 25 1.00 
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Finally, Figure 64 shows cluster O4 (offices with the largest surface area). It can be 

seen how the shape of this last cluster shows that the samples are practically efficient. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 64. EPC BAND Histogram for cluster O4 Design Rating. 

 

In the Table 27 is seen the relative frequency of each EPC band classification. 

 
Table 27. Frequency Tabulation for O4 Offices EPC Band 

 

Value=EPC 

BAND 

Frequency Relative 

Frequency 

Cumulative 

Frequency 

Cum. Rel. 

Frequency 

1=A, A+ 0 0.00 0 0.00 

2=B 1 0.17 1 0.17 

3=C 5 0.83 6 1.00 

4=D 0 0.00 6 1.00 

above 0 0.00 6 1.00 
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4.1.6 REFERENCE BUILDINGS FOR DESIGN RATING CLUSTERS 

The representative building in this category is simple to define at least in terms of floor 

area. It is assigned an average value and then the primary energy value is calculated. 

The results shown below in Table 28, Table 29 and Table 30 have been gotten by 

performing a statistical One-Way ANOVA analysis. Due to the lack of samples the 

results shown in Table 31 have been calculated in Excel using the function Average. 

Table 28. Representative building parameters for cluster O1 Design Rating. 

 

Primary energy 433.630 kWh/ m2*year 

Floor Area 86.868 m2 

EPC Band C 
 

 
Table 29. Representative building parameters for cluster O2 Design Rating. 

 

Primary energy 346,575 kWh/ m2*year 

Floor Area 393 m2 

EPC Band C 
 

 
Table 30. Representative building parameters for cluster O3 Design Rating. 

 

Primary energy 468.247 kWh/ m2*year 

Floor Area 694.08 m2 

EPC Band C 
 

 
Table 31. Representative building parameters for cluster O4 Design Rating. 

 

Primary energy 324.512 kWh/ m2*year 

Floor Area 2829.333 m2 

EPC Band C 
 

 
Comparing the overall energy ratings obtained from both categories (asset and design 

rating) shows how the Asset rating is in general less efficient than the Design Rating 

and higher in floor area for offices O1 and O2 (lower floor area), e.g. the asset of Office 

O1 is 537 kWh/ m2*year and 104 m², while the Design Rating O1 is 433 kWh/ m2*year 

and 86 m². 

However, for the larger offices O3 and O4 they present more efficient values with 

larger floor areas, e.g. the asset of Office O3 is 326 kWh/ m2*year and 864 m², while 

the Design Rating O3 is 468 kWh/ m2*year and 694 m². 



83  

4.2 RESULTS OF THE REFERENCE BUILDINGS' ASSET OFFICES WITH 

DIFFERENT ENERGY EFFICIENCY MEAURES APLIED. 

The results for implementing different energy efficiency measures in reference office 

buildings have been obtained using the SBEM-mt software, which is the official 

software for issuing energy performance certificates of non-residential buildings in 

Malta. 

As a recap, four reference office buildings have been analysed. The SBEM models 

chosen were of offices that closely match the representative results obtained from the 

statistical analysis of the complete energy performance certificates database of existing 

office buildings, as provided by the Building and Construction Authority up to the year 

2018. 

The scope is to identify the most effective energy efficiency measures for each different 

existing office category by comparing the level of improvement in EPC Rating 

obtained after each simulation compared to the reference Aseet EPC Rating (without 

applying any measures). 

Table 32 shows all the energy efficiency measures considered for the building 

envelope. 

Table 32. Energy efficiency measures considered for the four office building categories. 

 

Energy Efficiency 
Measure 

Description Details of Measure 

 

 

 

 

 

 

 
 

Building Envelope 

 
External Wall 

Insulation 

1 cm insulation with conductivity 

(k = 0.035W/m*K) 

2.5 cm insulation 

(k = 0.035 W/m*K) 

 
 

Roof insulation 

7 cm insulation 

(k = 0.035 W/m*K) 

10 cm insulation 

(k = 0.035 W/m*K) 

 

 

 

Glazing 

Improvement 

Double-glazed 4mm-6mm-4mm 

uncoated glass, air filled, and metal 

frame with no thermal break 

Double-glazed 4mm-6mm-4mm low-e, 

air filled, metal frame with thermal 

break and thermally improved spacer 
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While the iterations took into consideration individual improvements of the above 

improvements as well as the combination of different measures. The choice of best 

energy efficiency options was based on an appreciation of both the resulting energy 

efficiency improvement and the projected investment to be made. For example, if a 

thinner wall insulation has yielded a specific improvement in the energy performance 

rating of the existing office, while a thicker wall insulation only slightly improves it  

further, then the obvious choice is to choose the thinner material, as it would be cheaper 

and the loss in energy efficiency benefits would only be minor. 

Table 33 shows the energy efficiency measures applied for the building energy systems 

of the four office categories. Given that each office had a different type of air- 

conditioning systems, the improvements were carried out separately for each office 

category, separately. 

Table 33. Details on energy efficiency for building energy systems measures. 

 

Energy Efficiency 

Measure 
Description Details of Measure 

 

 

 

 

 

 

 

 

 

 

 
Building Energy Systems 

 

 

 

 

 

 

 

 
Air conditioners 

 

Efficient COP values. 

COPHEATING= 4. 

 

Efficient COP value. 

COPCOOLING= 5. 

 

Activate Local Time 

Control and Local 

Temperature Control 

options for all rooms. 

 

Change AC type from 

Single Duct VAV to 

Indoor Package Cabinet 

VAV. 

 

 
Lighting 

 

T5 Fluorescent – 

triphosphorous - coated - 

high frequency ballast 

(lower consumption). 
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Depending on each reference building, the measures applied to analyse the effects of 

AC (air conditioning) systems on the EPC Rating of the offices were: 

104 m2 Reference Building: 

 
Single inefficient air conditioning. Added efficient COP values (COPHEATING=4, 

COPCOOLING=5) and Local Time Control and Local Temperature Control options for 

all rooms that were deactivated. 

382 m2 Reference Building: 

 

Single inefficient air conditioning. Added efficient COP values (COPHEATING=4, 

COPCOOLING=5) and Local Time Control and Local Temperature Control options for 

all rooms that were deactivated. In addition, the AC type was changed from Single 

Duct VAV to Indoor Package Cabinet VAV. 

800 m2 Reference Building: 

 

Single inefficient air conditioning. Added efficient COP values (COPHEATING=4, 

COPCOOLING=5) and Local Time Control options for all rooms that were deactivated. 

4199 m2 Reference Building: 

 
Two air conditioners. Only one of the two devices is modified as the other one is energy 

efficient, adding the values of the other energy efficient device: COPHEATING=4.1, 

COPCOOLING=5.3. 

The next step was to analyse the results after modifying the lighting in each zone of 

each reference building by changing the lighting to T5 Fluorescent – triphosphorous - 

coated - high frequency ballast (lower consumption). But in the case of 104 m2, the 

optimum lighting is already inputted in the reference case, so no changes are expected 

for lighting. 

The methodology further combined the identified optimum improved building 

envelope measures with the optimum air conditioner and lighting options to produce 

the final combined optimal result for each office category. 
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Finally, photovoltaic (PV) systems were applied to the four reference offices to observe 

how they affect the EPC Rating of the simulated buildings. The resulting primary 

energy data after applying PV systems was checked by calculating the difference 

between the primary energy of the reference building when applying all measures but 

excluding photovoltaics and the primary energy result when applying all measures and 

photovoltaics. A double check was also made, as the difference should also be equal 

to the primary energy generated by the PV system divided by the efficiency of the 

electrical grid system of 0.2898. 

Table 34 shows the size of the PV system capacity for each office. This was calculated 

based on filling 50% of the total roof area available, and this takes into consideration 

the need for some roof space to place other services such as water tanks and to avoid 

cross shading between the PV rows. The inclination of the PV modules was assumed 

to be 30° and the modules were assumed to be facing South. 

Table 34. Peak power applied for PV Systems depending of each reference building office. 

 

Floor Area 104 m2 382 m2 800 m2 4199 m2 

Peak Power 9 kWp 27 kWp 85 kWp 480 kWp 

 

 
The following are the results of the simulations. 
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4.2.1 RESULTS FOR 104 m2 REFERENCE BUILDING. 

The first image, Figure 65, shows the results obtained (EPC Rating) for the reference 

building without applying any kind of measures. 

 

 
Figure 65. EPC Rating results for walls in 104 m2 Reference Building without any energy efficiency measures, 

SBEM-mt. 
 

After applying insulation to the walls (named as 780 LS and 900 LS) in Excel, (Table 

35 and Table 36), the results obtained by simulating in SBEM-mt for the EPC Rating 

are shown below in Figure 66 and Figure 67: 

Table 35. Iterations for wall type 780 LS for 104 m2 reference building office. 
 

104 m2  780LS    

 Description Thickness, x conductivity, k   

 

Rse 
External surface 
resistance 

   

0.060 
 

m2K/W 

Element 1 
 

0 0.18 0.000 m2K/W 

Element 2  0.76 1.1 0.691 m2K/W 

Element 3  0 0.18 0.000 m2K/W 

Element 4 Insulation 0 0.04 0.000 m2K/W 

Element 5  0 0.18 0.000 m2K/W 

Element 6  0 0 0.000 m2K/W 

Air gap resistance Air gap x x 0.000 m2K/W 

 

Rsi 
Internal surface 
resistance 

   

0.100 
 

m2K/W 

 
Total resistance 

    
0.851 

 
m2K/W 
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Calculated U- 

value 

   
1.175 

 
W/m

2
K 

 
Element 4 

 
Insulation 

 
0.01 

 
0.04 

 

Total resistance 
    

Calculated U- 

value 

   

0.908 
 

W/m
2
K 

 
Element 4 

 
Insulation 

 
0.025 

 
0.04 

 

Total resistance 
    

Calculated U- 

value 

   
0.678 

 
W/m

2
K 

 

 

Table 36. Iterations for wall type 900 LS for 104 m2 reference building office. 

 

104 m2  900LS    

 Description Thickness, x conductivity, k  

 
Rse 

External surface 
resistance 

   
0.060 

 
m2K/W 

Element 1 
 

0 0.18 0.000 m2K/W 

Element 2  0.84 1.1 0.764 m2K/W 

Element 3  0 0.18 0.000 m2K/W 

Element 4 Insulation 0 0.04 0.000 m2K/W 

Element 5  0 0.18 0.000 m2K/W 

Element 6  0 0 0.000 m2K/W 

Air gap resistance Air gap x x 0.000 m2K/W 

 

Rsi 
Internal surface 
resistance 

   

0.100 
 

m2K/W 

 
Total resistance 

    
0.924 

 
m2K/W 

Calculated U- 

value 

    
1.083 

 
W/m

2
K 

 
Element 4 

 
Insulation 

 
0.01 

 
0.04 

  

Total resistance 
     

Calculated U- 
value 

    
0.852 

 
W/m

2
K 

 
Element 4 

 
Insulation 

 
0.025 

 
0.04 

  

Total resistance 
     

Calculated U- 

value 

    

0.646 
 

W/m
2
K 
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Figure 66. EPC Rating results with wall insulation of 0.01 m for the 104 m2 Reference, SBEM-mt. 
 

 
Figure 67. EPC Rating results with wall insulation of 0.025 m for the 104 m2 Reference, SBEM-mt. 

 

 
The following table, Table 37, shows the results obtained when simulating with roof 

insulation. The fact that the EPC Rating, Figure 68 and 69, do not vary with respect to 

the reference building without insulation may be due to two factors: firstly, the roof of 

the reference building taken for the simulations were already insulated or secondly, it 

is an office with floors above it and therefore not affected. 
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Table 37. Iterations for roof from 104 m2 reference building office. 

 

104 m
2
      

 Description Thickness, x conductivity, k   

 

Rse 
External surface 
resistance 

   

0.040 
 

m2K/W 

Element 1 
 

0.004 0.23 0.017 m2K/W 

Element 2  0.08 0.41 0.195 m2K/W 

Element 3  0.08 0.8 0.100 m2K/W 

Element 4  0.15 2.5 0.060 m2K/W 

Element 5  0.012 0.04 0.300 m2K/W 

Element 6 Insulation 0.04 0.035 1.143 m2K/W 

Air gap resistance Air gap x x 0.180 m2K/W 

 

Rsi 
Internal surface 
resistance 

   

0.140 
 

m2K/W 

 
Total resistance 

    
2.175 

 
m2K/W 

Calculated U-value    0.460 W/m
2
K 

 
Element 6 

 
Insulation 

 
0.07 

 
0.035 

 
2.000 

 
m2K/W 

 

  Calculated U-value  

    

0.330 

 

  W/m
2
K   

Element 6 Insulation 0.1 0.035 2.857 m2K/W 

  Calculated U-value  
   

0.257   W/m
2
K   

 
 
 

 

 
Figure 68. EPC Rating results for roof for 104 m2 Reference Building after applying insulation with 0.07 thickness, 

SBEM-mt. 
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Figure 69. EPC Rating results for roof for 104 m2 Reference Building after applying insulation with 0.01 thickness, 
SBEM-mt. 

 

The results obtained in SBEM-mt after modifying the type of glazing and frame of the 

reference office are shown below, Figure 70 and Figure 71. 

 

 
Figure 70. EPC Rating results for glazing type 4-6-4 uncoated glass and frame type metal frame no thermal break 

thermally improved spacer for 104 m2 Reference Building, SBEM-mt. 
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Figure 71. EPC Rating results for glazing type 4-6-4 low-e air-filled and frame type metal frame thermal break 
thermally improved spacer for 104 m2 Reference Building, SBEM-mt. 

 

In the following, Figure 72, the results of combining the optimum building envelope 

measures are shown, where “EPC rating ref” and “primary energy ref” are the reference 

values and “primary energy sim” and the detailed results below are the values after 

applying the energy efficiency measures. 

 

 

Figure 72. EPC Rating results for walls, roof and glazing for 104 m2 Reference Building after applying the best 
percentage improvements measures, SBEM-mt. 
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Figure 73 below shows the results of simulating improving the energy efficiency of air 

conditioners for both heating and cooling. 

 
Figure 73. EPC Rating results for air conditioner for 104 m2 Reference Building, SBEM-mt. 

 

The results for improved lighting is shown in Figure 74 below. 

 
In this case, as noted earlier at the beginning of the chapter, there is no difference with 

respect to the reference since all the lights were already inputted as T5 Fluorescent - 

triphosphorous - coated - high frequency ballast. 

 

 
Figure 74. EPC Rating results for lighting for 104 m2 Reference Building, SBEM-mt. 

 

Up to now, the individual measures do not have a great impact on the primary energy 

or the energy efficiency rating (EPC rating) of the office in question. However, it will 
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be shown that by applying the measures together and subsequently with the support of 

a photovoltaic system, a combined higher impact can be achieved. 

Figure 75 below shows the results after applying the combined energy efficiency 

measures. It can also be seen how the primary energy and EPC rating of the office is 

significantly improved. 

 

 
Figure 75. EPC Rating results for all measures less PV systems for 104 m2 Reference Building, SBEM-mt. 

 

Figure 76 shows the additional improvement to the energy performance rating after 

including the 9 kWp photovoltaic system. The EPC rating has turned down from 112 

(class C) to -93 (class A+) pointing that not only the construction has become 

energetically efficient but also it produces more green energy than it consumes. 
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Figure 76. EPC Rating results for all measures and PV systems for 104 m2 Reference Building, SBEM-mt. 
 

The EPC rating has turned up from 112 (class C) to -93 (class A+) pointing that not 

only the construction has become energetically efficient but also produces more energy 

that it consumes. 
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4.2.2 RESULTS FOR THE 382 m2 REFERENCE BUILDING. 

The first image, Figure 77, shows the results obtained (EPC Rating) for the reference 

office without any energy efficiency measures. 

 

 
Figure 77. EPC Rating results for walls in 382 m2 Reference Building without any energy efficiency measures, 

SBEM-mt. 
 

After applying insulation to the two walls (Double Façade and Single External) in 

Excel (Table 38 and Table 39), the results obtained by simulating in SBEM-mt for the 

EPC Rating are shown below in Figure 78 and Figure 79. 
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Table 38. Iterations for wall type Double Facade from 382 m2 reference building office. 
 

382 m
2
 Double_facade      

 Description Thickness, x conductivity, k Fraction   

Rse 
External surface 
resistance 

    

0.06 
 

m2K/W 

Element 1 Insulation 0 0.018 x 0.000 m2K/W 

Element 2  0.15 1.1 x 0.136 m2K/W 

Air gap 

resistance 

 

Air gap 

 

0.05 

 

x 

 

x 

 

0.18 

 

m2K/W 

Element 3  0.15 1.1 x 0.136 m2K/W 

Element 4 Insulation 0 0.018 x 0.000 m2K/W 

Rsi 
Internal surface 
resistance 

    

0.1 
 

m2K/W 

Element 5 Bond stone 0.35 1.1 0.1 0.318 m2K/W 

 

Resistance R1 
     

0.613 m2K/W 

Resistance R2     0.478 m2K/W 

Resistance 

Rupper 

     
 

0.596 

 
 

m2K/W 

Resistance 

Rlower 

     
0.572 

 
m2K/W 

Total resistance 
    

0.584 m2K/W 

Calculated U- 

value (with 

bond stone) 

     
 

1.730 

 

W/m
2
K 

 
Element 1 

 
Insulation 

 
0.01 

 
0.04 

 
x 

 
0.250 

 
m2K/W 

Element 4 Insulation 0 0.018 x 0.000 m2K/W 

 

Total resistance 
     

0.582 m2K/W 

Calculated U- 

value (with 
bond stone) 

     
 

1.719 

 

W/m
2
K 

 
Element 1 

 
Insulation 

 
0.025 

 
0.04 

 
x 

 
0.625 

 
m2K/W 

Element 4 Insulation 0 0.018 x 0.000 m2K/W 

Total resistance 
    

0.958 m2K/W 

Calculated U- 

value (with 
bond stone) 

     
 

1.044 

 

W/m
2
K 

 

 
Table 39. Iterations for wall type Single External from 382 m2 reference building office. 
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382 m
2
 Single_external  

Description Thickness, x conductivity, k   

External surface 
Rse resistance 

  

0.060 
 

m2K/W 

Element 1 0 0.18 0.000 m2K/W 

Element 2 0.18 1.1 0.164 m2K/W 

Element 3 0 0.18 0.000 m2K/W 

Element 4 Insulation 0 0.04 0.000 m2K/W 

Element 5 0 0.18 0.000 m2K/W 

Element 6 0 0 0.000 m2K/W 

Air gap 
resistance Air gap x 

 

x 
 

0.000 
 

m2K/W 

Internal surface 
Rsi resistance 

  

0.100 
 

m2K/W 

 

Total resistance 

  

0.324 

 
m2K/W 

Calculated U-value  3.090 W/m
2
K 

Element 4 Insulation 0.01 

 

0.04 

  

Total resistance 
   

 
Calculated U-value 

  
1.743 

 
W/m

2
K 

Element 4 Insulation 0.025 
 

0.04 

  

 

Total resistance 

  Calculated U-value  1.054 W/m
2
K   
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Figure 78. EPC Rating results for walls in 382 m2 Reference Building after applying insulation with 0.01 thickness, 
SBEM-mt. 

 

 
Figure 79. EPC Rating results for walls in 382 m2 Reference Building after applying insulation with 0.025 

thickness, SBEM-mt. 
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The following table, Table 40, shows the results obtained when simulating with roof 

insulation, Figures 80 and 81. 

Table 40. Iterations for roof from 382 m2 reference building office. 

 

382 m
2
      

 Description Thickness, x conductivity, k   

 

Rse 
External surface 
resistance 

   

0.040 
 

m2K/W 

Element 1 
 

0.004 0.23 0.017 m2K/W 

Element 2  0.08 0.41 0.195 m2K/W 

Element 3  0.08 0.8 0.100 m2K/W 

Element 4  0.15 2.5 0.060 m2K/W 

Element 5  0.012 0.04 0.300 m2K/W 

Element 6 Insulation 0.04 0.035 1.143 m2K/W 

Air gap 
resistance 

 
Air gap 

 
x 

 
x 

 
0.180 

 
m2K/W 

 

Rsi 
Internal surface 

resistance 

   

0.140 
 

m2K/W 

 
Total resistance 

    
2.175 

 
m2K/W 

 

Calculated U-value 

   

0.460 

W/m
2
 

K 

Element 6 Insulation 0.07 0.035 2.000 m2K/W 

 
Calculated U-value 

   
0.330 

W/m
2
 

K 

 
Element 6 

 
Insulation 

 
0.1 

 
0.035 

 
2.857 

 
m2K/W 

 
Calculated U-value 

   
0.257 

W/m
2
 

K 
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Figure 80. EPC Rating results for roof in 382 m2 Reference Building after applying insulation with 0.07 thickness, 
SBEM-mt. 

 

 
Figure 81. EPC Rating results for roof in 382 m2 Reference Building after applying insulation with 0.01 thickness, 

SBEM-mt. 
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The results obtained in SBEM-mt after modifying the type of glazing and frame of 

the reference office are shown below, Figure 82 and Figure 83. 

 

 
Figure 82. EPC Rating results for glazing type 4-6-4 uncoated glass and frame type metal frame no thermal break 

thermally improved spacer in 382 m2 Reference Building, SBEM-mt. 
 

 
Figure 83. EPC Rating results for glazing type 4-6-4 low-e air-filled and frame type metal frame thermal break 

thermally improved spacer in 382 m2 Reference Building, SBEM-mt. 
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Figure 84 shows the combined improvement achieved for building envelope optimum 

energy efficiency measures, where “EPC rating ref” and “primary energy ref” are the 

reference values and “primary energy sim” together with the detailed results show the 

final outcome of building envelope combined improvements. 

 

Figure 84. EPC Rating results for walls, roof and glazing in 382 m2 Reference Building after applying the best 
percentage improvements measures, SBEM-mt. 

 

Figure 85 below shows the results of simulating improved air conditioners for both 

heating and cooling. 

 

 
Figure 85. EPC Rating results for air conditioner in 382 m2 Reference Building, SBEM-mt. 
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The results of improved lighting is shown in Figure 86 below. 
 

 
Figure 86. EPC Rating results for lighting in 382 m2 Reference Building, SBEM-mt. 

 

When looking at the above results, individual improvements of measures do not 

significantly reduce energy consumption. However, it will be shown that by applying 

the measures together and subsequently with the support of a photovoltaic system, the 

expected results can be achieved. 

Figure 87 below shows the results after applying the best building envelope measures, 

increased energy efficiency of the AC and lighting. It can also be seen how the primary 

energy and EPC rating of the office is significantly improved. 

 

 
Figure 87. EPC Rating results for all measures less PV systems in 104 m2 Reference Building, SBEM-mt. 
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Figure 88 shows how after applying all the measures to improve the energy efficiency 

of the office and subsequently adding a 27 kWp photovoltaic system very promising 

results were achieved. The EPC rating has improved from 364 (class G) to -8 (class 

A+) pointing that not only the construction has become energetically efficient but the 

office will also produce more green energy that it requires. 

 

 
Figure 88. EPC Rating results for all measures and PV systems in 382 m2 Reference Building, SBEM-mt. 

 

From the four cases studied, this one is remarkably the most appropriate to demonstrate 

the potential for improving the energy efficiency of offices. As can be seen, by 

correctly studying each case and applying efficient measures for each reference 

building, offices with the worst possible energy classification (G) can achieve an 

unbeatable energy classification (A+). 
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4.2.3 RESULTS FOR 800 m2 REFERENCE BUILDING. 

The first image, Figure 89, shows the results obtained (EPC Rating) for the reference 

office with no energy efficiency interventions. 

 

 
Figure 89. EPC Rating results for walls in 382 m2 Reference Building without energy efficiency measures, 

SBEM-mt. 
 

The office had four different types of external walls named Franka 230, Franka 360, 

Franka 800, Franka 900, for which two levels of insulation were applied as shown in 

Table 41, Table 42, Table 43 and Table 44. The results obtained by simulating in 

SBEM-mt for the EPC Rating are shown below in Figure 90 and Figure 91. 
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Table 41. Iterations for wall type Franka 230 from 800 m2 reference building office. 

 

800 m
2
 F_230  

 Description Thickness, x conductivity, k   

 

Rse 
External surface 
resistance 

   

0.060 
 

m2K/W 

Element 1 
 

0 0.18 0.000 m2K/W 

Element 2  0.23 1.1 0.209 m2K/W 

Element 3  0 0.18 0.000 m2K/W 

Element 4 Insulation 0 2.3 0.000 m2K/W 

Element 5  0 0.18 0.000 m2K/W 

Element 6  0 0 0.000 m2K/W 

Air gap 
resistance 

 

Air gap 
 

x 
 

x 
 

0.000 
 

m2K/W 

 

Rsi 
Internal surface 
resistance 

   

0.100 
 

m2K/W 

 
Total resistance 

    
0.369 

 
m2K/W 

Calculated U-value 
  

2.709 W/m
2
K 

 
Element 4 Insulation 

 
0.01 

 
0.04 

  

Total resistance 
    

Calculated U-value 
  

1.615 W/m
2
K 

 
Element 4 Insulation 

 
0.025 

 
0.04 

  

Total resistance 
    

Calculated U-value 
  

1.006 W/m
2
K 
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Table 42. Iterations for wall type Franka 360 from 800 m2 reference building office. 

 

800 m
2
 F_360  

 Description Thickness, x conductivity, k   

 

Rse 
External surface 
resistance 

   

0.060 
 

m2K/W 

Element 1 
 

0 0.18 0.000 m2K/W 

Element 2  0.38 1.1 0.345 m2K/W 

Element 3  0 0.18 0.000 m2K/W 

Element 4 Insulation 0 0.04 0.000 m2K/W 

Element 5  0 0.18 0.000 m2K/W 

Element 6  0 0 0.000 m2K/W 

Air gap 
resistance 

 

Air gap 
 

x 
 

x 
 

0.000 
 

m2K/W 

 

Rsi 
Internal surface 
resistance 

   

0.100 
 

m2K/W 

 
Total resistance 

    
0.505 

 
m2K/W 

Calculated U-value 
  

1.978 W/m
2
K 

 
Element 4 Insulation 

 
0.01 

 
0.04 

  

Total resistance 
    

Calculated U-value 
  

1.324   W/m
2
K   

 
Element 4 Insulation 

 
0.025 

 
0.04 

  

 

Total resistance 

  Calculated U-value  

 
  W/m

2
K   0.885 
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Table 43. Iterations for wall type Franka 800 from 800 m2 reference building office. 

 

800 m
2
 F_800  

 Description Thickness, x conductivity, k   

 

Rse 
External surface 
resistance 

   

0.06 
 

m2K/W 

Element 1 
 

0 0.18 0.000 m2K/W 

Element 2  0.8 1.1 0.727 m2K/W 

Air gap 

resistance 

 

Air gap 

 

0.05 

 

0.18 

 

0.18 

 

m2K/W 

Element 3  0 0.04 0.000 m2K/W 

Element 4 Insulation 0.01 0.055 0.182 m2K/W 

 
Rsi 

Internal surface 
resistance 

   
0.1 

 
m2K/W 

Element 5 Bond stone 0.85 1.1 0.773 m2K/W 

Resistance R1 
   

1.249 m2K/W 

Resistance R2    1.115 m2K/W 

 
Resistance Rupper 

   
1.234 

 
m2K/W 

Resistance Rlower   1.208 m2K/W 

Total resistance 
  

1.221 m2K/W 

Calculated U-value (with bond 
stone) 

   

0.819 
 

W/m
2
K 

 
Element 4 Insulation 

 
0.01 

 
0.04 

  

Total resistance 
    

Calculated U-value 
  

0.688   W/m
2
K   

 
Element 4 Insulation 

 
0.025 

 
0.04 

  

 

Total resistance 

  Calculated U-value  

 
  W/m

2
K   0.557 
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Table 44. Iterations for wall type Franka 900 from 800 m2 reference building office. 

 

800 m
2
 F_900  

 Description Thickness, x conductivity, k   

 

Rse 
External surface 
resistance 

   

0.06 
 

m2K/W 

Element 1 
 

0.01 0.055 0.182 m2K/W 

Element 2  0.9 1.1 0.818 m2K/W 

Air gap 

resistance 

 

Air gap 

 

0.05 

 

0.18 

 

0.18 

 

m2K/W 

Element 3  0 0.04 0.000 m2K/W 

Element 4 Insulation 0.006 0.18 0.033 m2K/W 

 
Rsi 

Internal surface 
resistance 

   
0.1 

 
m2K/W 

Element 5 Bond stone 0.95 1.1 0.864 m2K/W 

Resistance R1 
   

1.373 m2K/W 

Resistance R2    1.239 m2K/W 

 
Resistance Rupper 

   
1.359 

 
m2K/W 

Resistance Rlower   1.332 m2K/W 

Total resistance 
  

1.345 m2K/W 

Calculated U-value (with bond stone) 
  

0.743 W/m
2
K 

 
Element 4 Insulation 

 
0.01 

 
0.04 

  

Total resistance 
    

Calculated U-value   0.633   W/m
2
K   

 
Element 4 Insulation 

 
0.025 

 
0.04 

  

 

Total resistance 

  Calculated U-value  

 
  W/m

2
K   0.520 
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Figure 90. EPC Rating results for walls in 800 m2 Reference Building after applying insulation with 0.01 thickness, 
SBEM-mt. 

 

 
Figure 91. EPC Rating results for walls in 800 m2 Reference Building after applying insulation with 0.025 

thickness, SBEM-mt. 
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The following table, Table 45, shows the results obtained when simulating with roof 

insulation, Figures 92 and 93. 

Table 45. Iterations for roof from 800 m2 reference building office. 

 

800 m
2
      

 Description Thickness, x conductivity, k   

 

Rse 
External surface 
resistance 

   

0.040 
 

m2K/W 

Element 1 
 

0.004 0.23 0.017 m2K/W 

Element 2  0.08 0.41 0.195 m2K/W 

Element 3  0.08 0.8 0.100 m2K/W 

Element 4  0.15 2.5 0.060 m2K/W 

Element 5  0.012 0.04 0.300 m2K/W 

Element 6 Insulation 0.04 0.035 1.143 m2K/W 

Air gap 
resistance 

 
Air gap 

 
x 

 
x 

 
0.180 

 
m2K/W 

 

Rsi 
Internal surface 

resistance 

   

0.140 
 

m2K/W 

 
Total resistance 

    
2.175 

 
m2K/W 

Calculated U-value   0.460 W/m
2
K 

Element 6 Insulation 0.07 0.035 2.000 m2K/W 

 

  Calculated U-value  

   

0.330 

 

  W/m
2
K   

Element 6 Insulation 0.1 0.035 2.857 m2K/W 

  Calculated U-value  
  

0.257   W/m
2
K   
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Figure 92. EPC Rating results for roof in 800 m2 Reference Building after applying insulation with 0.07 thickness, 
SBEM-mt. 

 

 
Figure 93. EPC Rating results for roof in 800 m2 Reference Building after applying insulation with 0.01 thickness, 

SBEM-mt. 
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The results obtained in SBEM-mt after modifying the type of glazing and frame of 

the reference office are shown below, Figure 94 and Figure 95. 

 

 
Figure 94. EPC Rating results for glazing type 4-6-4 uncoated glass and frame type metal frame no thermal break 

thermally improved spacer in 800 m2 Reference Building, SBEM-mt. 
 

 
Figure 95. EPC Rating results for glazing type 4-6-4 low-e air-filled and frame type metal frame thermal break 

thermally improved spacer in 800 m2 Reference Building, SBEM-mt. 
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In Figure 96, the combined results of all optimum building envelope energy efficiency 

measures are shown, where “EPC rating ref” and “primary energy ref” are the reference 

values and “primary energy sim” as well as the detailed results after applying the 

measures and simulating. 

 

Figure 96. EPC Rating results for walls, roof and glazing in 800 m2 Reference Building after applying the best 
percentage improvements measures, SBEM-mt. 

 

Figure 97 below shows the results of simulating improving the energy efficiency of air 

conditioners for both heating and cooling. 

 

Figure 97. EPC Rating results for air conditioner in 800 m2 Reference Building, SBEM-mt. 
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The results of simulating improving the energy efficiency for artificial lighting are 

shown in Figure 98 below. 

 

 
Figure 98. EPC Rating results for lighting in 800 m2 Reference Building, SBEM-mt. 

 

Figure 99 below shows the combined results after applying the optimum insulation 

measures, increased energy efficiency of the AC and lighting. It can also be seen how 

the primary energy and EPC rating of the office is significantly improved. 

 

 
Figure 99. EPC Rating results for all measures less PV systems in 382 m2 Reference Building, SBEM-mt. 
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Figure 100 shows how after applying all the measures to improve the energy efficiency 

of the office and subsequently adding an 85 kWp photovoltaic system very promising 

results were achieved. The EPC rating improves from 174 (class C) to -100 (class A+) 

pointing that not only the construction has become energetically efficient but also 

produces more green energy that it consumes. 

 

 
Figure 100. EPC Rating results for all measures and PV systems in 382 m2 Reference Building, SBEM-mt. 
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4.2.4 RESULTS FOR 4199 m2 REFERENCE BUILDING. 

Figure 101, shows the results obtained (EPC Rating) of the walls after simulating only 

with the reference building without applying any energy efficiency measures. 

 

 
Figure 101. EPC Rating results for walls in 4199 m2 Reference Building without energy efficiency measures, 

SBEM-mt. 
 

After applying insulations to the different walls (named as Franka 30, Franka 460 and 

Franka Single), as detailed in Table 46, Table 47 and Table 48 the results obtained by 

simulating in SBEM-mt for the EPC Rating are shown below in Figure 102 and Figure 

103 for two different levels of insulation thickness. 
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Table 46. Iterations for wall type Franka 30 from 4199 m2 reference building office. 

 

4199 m
2
 franka_30cm     

 Description Thickness, x conductivity, k  

 

Rse 
External surface 
resistance 

   

0.060 
 

m2K/W 

Element 1 
 

0 0.18 0.000 m2K/W 

Element 2  0.3 1.1 0.273 m2K/W 

Element 3  0 0.18 0.000 m2K/W 

Element 4 Insulation 0 2.3 0.000 m2K/W 

Element 5  0 0.18 0.000 m2K/W 

Element 6  0 0 0.000 m2K/W 

Air gap resistance Air gap x x 0.000 m2K/W 

 

Rsi 
Internal surface 
resistance 

   

0.100 
 

m2K/W 

 
Total resistance 

    
0.433 

 
m2K/W 

 

Calculated U-value 

    

2.311 
W/m

2
 

K 

 

Element 4 Insulation 
 

0.01 

 

0.04 

 

0.250 

 

m2K/W 

Total resistance 
   

0.683 m2K/W 
 

Calculated U-value 

    

1.465 
W/m

2
 

K 

 

Element 4 Insulation 
 

0.025 

 

0.04 

 

0.625 

 

m2K/W 

Total resistance 
   

1.058 m2K/W 

 
Calculated U-value 

    
0.945 

W/m
2
 

K 
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Table 47. Iterations for wall type Franka 46 from 4199 m2 reference building office. 

 

4199 m
2
 franka_46cm     

 Description Thickness, x conductivity, k   

 

Rse 
External surface 
resistance 

   

0.060 
 

m2K/W 

Element 1 
 

0 0.18 0.000 m2K/W 

Element 2  0.46 1.1 0.418 m2K/W 

Element 3  0 0.18 0.000 m2K/W 

Element 4 Insulation 0 0.04 0.000 m2K/W 

Element 5  0 0.18 0.000 m2K/W 

Element 6  0 0 0.000 m2K/W 

Air gap resistance Air gap x x 0.000 m2K/W 

 

Rsi 
Internal surface 
resistance 

   

0.100 
 

m2K/W 

 
Total resistance 

    
0.578 

 
m2K/W 

Calculated U-value    1.730 W/m
2
K 

 

Element 4 Insulation 
 

0.01 

 

0.04 

  

Total resistance 
     

Calculated U-value 
   

1.207 W/m
2
K 

 

Element 4 Insulation 
 

0.025 

 

0.04 

  

Total resistance 
     

Calculated U-value    0.831 W/m
2
K 
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Table 48. Iterations for wall type Franka Single from 4199 m2 reference building office. 

 

4199 m
2
 franka_single     

 Description Thickness, x conductivity, k  

 

Rse 
External surface 
resistance 

   

0.060 
 

m2K/W 

Element 1 
 

0 0.18 0.000 m2K/W 

Element 2  0.23 1.1 0.209 m2K/W 

Element 3  0 0.18 0.000 m2K/W 

Element 4 Insulation 0 0.04 0.000 m2K/W 

Element 5  0 0.18 0.000 m2K/W 

Element 6  0 0 0.000 m2K/W 

Air gap resistance Air gap x x 0.000 m2K/W 

 

Rsi 
Internal surface 
resistance 

   

0.100 
 

m2K/W 

 
Total resistance 

    
0.369 

 
m2K/W 

Calculated U-value    2.709 W/m
2
K 

 
Element 4 

 
Insulation 

 
0.01 

 
0.04 

  

Total resistance 
     

Calculated U-value 
   

1.615 W/m
2
K 

 
Element 4 

 
Insulation 

 
0.025 

 
0.04 

  

Total resistance 
     

Calculated U-value 
   

1.006 W/m
2
K 
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Figure 102. EPC Rating results for walls in 4199 m2 Reference Building after applying insulation with 0.01 
thickness, SBEM-mt. 

 

 
Figure 103. EPC Rating results for walls in 4199 m2 Reference Building after applying insulation with 0.025 

thickness, SBEM-mt. 
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Table 49 shows the results obtained when simulating with roof insulation, Figures 104 

and 105. 

Table 49. Iterations for roof from 4199m2 reference building office. 

 

4199      

 Description Thickness, x conductivity, k   

 

Rse 
External surface 
resistance 

   

0.040 
 

m2K/W 

Element 1 
 

0.004 0.23 0.017 m2K/W 

Element 2  0.08 0.41 0.195 m2K/W 

Element 3  0.08 0.8 0.100 m2K/W 

Element 4  0.15 2.5 0.060 m2K/W 

Element 5  0.012 0.04 0.300 m2K/W 

Element 6 Insulation 0.04 0.035 1.143 m2K/W 

Air gap 
resistance 

 
Air gap 

 
x 

 
x 

 
0.180 

 
m2K/W 

 

Rsi 
Internal surface 

resistance 

   

0.140 
 

m2K/W 

 
Total resistance 

    
2.175 

 
m2K/W 

Calculated U-value   0.460 W/m
2
K 

Element 6 Insulation 0.07 0.035 2.000 m2K/W 

 

  Calculated U-value  

   

0.330 

 

  W/m
2
K   

Element 6 Insulation 0.1 0.035 2.857 m2K/W 

  Calculated U-value  
  

0.257   W/m
2
K   
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Figure 104. EPC Rating results for roof in 4199 m2 Reference Building after applying insulation with 0.07 
thickness, SBEM-mt. 

 

 
Figure 105. EPC Rating results for roof in 4199 m2 Reference Building after applying insulation with 0.01 

thickness, SBEM-mt. 
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The results obtained in SBEM-mt after modifying the type of glazing and frame of 

the reference office are shown below in Figure 106 and Figure 107. 

 

 
Figure 106. EPC Rating results for glazing type 4-6-4 uncoated glass and frame type metal frame no thermal break 

thermally improved spacer in 4199 m2 Reference Building, SBEM-mt. 
 

 
Figure 107. EPC Rating results for glazing type 4-6-4 low-e air-filled and frame type metal frame thermal break 

thermally improved spacer in 4199 m2 Reference Building, SBEM-mt. 
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Figure 108 shows the combined optimum building envelope energy efficiency 

measures, where “EPC rating ref” and “primary energy ref” are the reference values 

and “primary energy sim” and the detailed results refer to the results after applying the 

measures and simulating. 

 

 
Figure 108. EPC Rating results for walls, roof and glazing in 4199 m2 Reference Building after applying the best 

percentage improvements measures, SBEM-mt. 
 

Figure 109 below shows the results of simulating improved air conditioners for both 

heating and cooling. 

 

 
Figure 109. EPC Rating results for air conditioner in 4199 m2 Reference Building, SBEM-mt. 
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The results of simulating improved artificial lighting are shown in Figure 110 below. 
 

 
Figure 110. EPC Rating results for lighting in 4199 m2 Reference Building, SBEM-mt. 

 

Figure 111 below shows the results after applying the combined building envelope 

energy efficiency measures, increased energy efficiency of the AC and lighting. It can 

also be seen how the primary energy and EPC rating of the office is significantly 

improved. 

 

 
Figure 111. EPC Rating results for all measures less PV systems in 4199 m2 Reference Building, SBEM-mt. 
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Figure 112 shows how after applying all the measures to improve the energy efficiency 

of the office and subsequently adding 480 kWp photovoltaic system very promising 

results were achieved. The EPC rating has turned up from 119 (class C) to -138 (class 

A+) pointing that not only the construction has become energetically efficient but also 

produces more green energy than it consumes. 

 

 
Figure 112. EPC Rating results for all measures and PV systems in 4199 m2 Reference Building, SBEM-mt. 
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4.3 SUMMARY OF RESULTS 

In this new section, the effect of the measures on each reference office will be evaluated 

by means of histogram plots based on the primary energy values obtained after 

simulations with the SBEM-mt software. 

4.3.1 REFERENCE OFFICE 104m2 

Figure 113 shows the histogram with the results as a function of primary energy for 

the first office, 104 m2 floor area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 113. Histogram of the results of the SBEM-mt simulations for the 104m2 office. 

Measurements apllied for 104 m2 reference building 
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4.3.2 REFERENCE OFFICE 382 m2 

Figure 114 shows the histogram with the results as a function of primary energy for 

the second office, 382 m2 floor area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 114. Histogram of the results of the SBEM-mt simulations for the 382 m2 office. 

Measurements apllied for 382 m2 reference building 
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4.3.3 REFERENCE OFFICE 800m2 

Figure 115 shows the histogram with the results as a function of primary energy for 

the third office, 800 m2 floor area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 115. Histogram of the results of the SBEM-mt simulations for the 104m2 office. 

Measurements apllied for 800 m2 reference building 
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4.3.4 REFERENCE OFFICE 4199m2 

Figure 116 shows the histogram with the results as a function of primary energy for 

the fourth office, 4199 m2 floor area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 116. Histogram of the results of the SBEM-mt simulations for the 104m2 office. 

Measurements apllied for 4199 m2 reference building 
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4.3.5 ANALYSIS OF HISTOGRAMS 

First of all, as can be seen in Table 50 for the different offices the primary energy rating 

of a specific energy class (e.g. Class C) is different, with smaller area offices having 

higher values. This behaviour justifies the proposed clustering of offices based on their 

floor area. 

Table 50. Average primary energy required for Class C depending on the asset rating office floor area. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

0 
AR_O1 AR_O2 AR_O3 AR_O4 

Class C 551.7669084 465.2125926 352.2076712 349.1904348 

 

The fact that the slope of all histograms of Figures 113, 114, 115, 116 is decreasing 

shows in a clear and simple way how the applied energy efficiency improvement 

measures have satisfactory results on the primary energy, and consequently the EPC 

energy rating, of the analysed offices. 

Regarding the measures related to the building envelope, as shown in Table 51, the 

office with floor area 4199 m2 has the highest potential for improvement. 

Table 51. Percentage of improving with envelope measures. 

 

 

Floor Area 
Percentage of improving with 

Envelope Measures 

4199 10.715% 

800 5.398% 

382 8.027% 

104 4.241% 
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Of all the measures applied (excluding PV), it can be seen in Table 52 how the control 

of the performance of the AC systems alone has a greater impact on the EPC rating, 

greatly reducing the building's consumption. 

Table 52. Percentage of improving with optimum COPs values for AC systems. 

 

 

Floor Area 
Percentage of improving with 

optimum COPs values for AC systems. 

4199 14.562% 

800 32.104% 

382 15.885% 

104 31.532% 

 

 
In the case of lighting control shown in Table 53, the percentages are also high showing 

that it is an important factor in its own right when assessing the energy efficiency of a 

building and as an improvement. The fact that the office with the smallest floor area 

has no improvement is because it already had the optimal fluorescent lamps applied. 

Table 53. Percentage of improving with lighting measures. 

 

 

Floor Area 
Percentage of improving with Lighting 

Measures. 

4199 15.892% 

800 28.199% 

382 8.155% 

104 0.000% 

 

 
As can be seen below in Table 54, all the offices can achieve higher energy efficiency 

without PV but specially the office with floor area 800 m2 has the best potential of 

improving. 

Table 54. Percentage of improving without PV systems. 

 

 

Floor Area 

 

Percentage of improving without PV 

4199 38.705% 

800 46.754% 

382 28.726% 

104 33.200% 
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Assuming that only one of these three measures can be implemented, as can be seen in 

Tables 50, 51 and 52, the improvement of air-conditioning systems (heating and 

cooling) would score first as it provides higher savings than the other measures alone. 

For all cases, PV has the best chance to make the offices zero energy. 
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS 

5.1 CONCLUSIONS 

This dissertation has produced a number of important results concerning the database 

of offices EPCs in Malta. First, the overall office energy rating of the whole stock was 

mostly around Energy Classes C and D, which meant that there is potential for 

improvement for all office clusters. 

Offices were divided into four clusters according to the total floor area as follows: 

O1: 0 m2<Floor area≤250 m² 

O2: 250 m²<Floor area≤500m² 

O3: 500 m²<Floor area≤1500 m² 

O4: 1500 m²<Floor area 

In addition, each of these clusters was further subdivided into two other groups 

depending on whether they belonged to offices already built (asset rating) or to be built 

(design rating). 

A problem was encountered when it was observed that a higher number of the expected 

buildings listed in the database stock behaved statistically as outliers for their defined 

category. This may be because they are either outliers in which case the method of 

entering and cataloguing the sample (offices) in the database would have to be revised, 

or that some were not outliers but the floor area bands to differentiate between 

categories or clusters are not sufficiently narrow for all samples to fit within so that 

new intervals would have to be recalculated and more or less clusters would have to 

be created depending on the floor area. 

Secondly, when comparing the Asset Rating offices to the Design Rating offices for 

the four categories defined above, it was found that the median values for the Design 

Rating offices were slightly smaller than the Asset Rating and their energy 

performance was better. 
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Third, the use of four representative existing office files in SBEM-mt to simulate 

different energy efficiency measures for the building envelope, the building energy 

systems and solar photovoltaics yielded very positive results, with all offices achieving 

an A+ energy rating, when combined energy efficiency measures and solar 

photovoltaics are implemented. The most surprising result was that the office in the 

800 m² reference building, which started out completely inefficient, ended up with the 

best possible EPC rating. The study has only focused on improving the existing offices 

rather than analysing the new office designs, because the number of existing offices 

far exceed the construction of new ones and would need to be given a priority. 

Fourth, although building envelope improvements had potentially the smallest 

contribution, it is not justified that these are ignored, because without them the overall 

energy rating would not be as efficient and also because the principle of the “Energy 

Efficiency First” is to be respected. In other words, it is important to improve the indoor 

comfort levels through insulation and shading before applying renewable energy to the 

office building. 

Fifth, when comparing the potential of improving the energy rating for building energy 

systems, it was demonstrated that improvement in air conditioning system performance 

has the highest impact followed by lighting. 
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5.2 RECOMMENDATIONS 

First, to avoid the possibility of entering erroneous data or outliers in the databases to 

be used for the statistical studies of EPCs, the data entry process should be strengthened 

with an initial analysis of the offices to verify if the data entered are correct. At a later 

stage, the possibility of studying offices with different floor area bands, smaller or 

larger than those used in this dissertation, should be considered to verify if it favours 

the adaptability of the data to the clusters to which they are assigned, thus further 

reducing the number of outliers in the process. In other words, an optimisation exercise 

can be carried out to determine the best floor area limits to be introduced for the four 

categories, in order to fit as many EPCs as possible within the acceptable limits rather 

than leaving them out as outliers. 

The standardisation of this methodology is also a necessary point for both Malta and 

the European Union so that information on the results obtained can be shared on the 

basis of a common methodology to favour the advancement of energy efficiency in 

buildings, making this process faster and less costly in terms of searching for references 

and information. 

Although during the study the percentage of improvement and the assumption of using 

the cheapest option in case of no significant difference have been taken into account, 

later on, the purpose of this dissertation should be re-evaluated by calculating new 

results from an economic point of view in order to facilitate the implementation of the 

measures in a fully optimal way. Therefore, it is recommended to complete the study 

with a new study of the optimum cost of the measures applied. 

In addition, the causes for the existence of some inefficient offices as was shown in 

Tables 24 to 27 (the worst performers in Classes D, E, F and G) must be investigated 

by carrying out a statistical analysis of consumption in these offices, for example by 

studying individual consumption in areas of interest such as lighting, heating, cooling, 

auxiliary and hot water consumption. 
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Furthermore, educating the public about EPCs should be a strength of any nation or 

population in the European area as sharing with the owner of a private home or business 

building information about how they can improve their property energy-wise, 

recommended measures, the benefits of these measures, consequences of not 

implementing these measures in the long and medium term, and supporting the 

individual or family financially to implement the recommended measures will 

potentially increase the public's knowledge about it and interest in implementing these 

improvements. The redesign of EPCs should also be considered, to produce a clearer, 

more attractive and simpler design for the customer and for the owner. 

In short, as more people become aware of the existence of EPCs and their real value, 

easier the transition towards the proposed objectives will be. 

Last but not least, any process of improving quality, performance, efficiency must be 

simple and continuous. The principles of continuous improvement usually used in 

operational processes should be applied to design a standard, transparent, modern and 

easy to carry out process that results in high quality analysis of EPCs and greatly boosts 

the transition towards efficient building and construction. 
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