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Abstract

Due to the high energy consumption associated with the building sector, several legal documents
with the aim of promoting energy efficiency have emerged in recent years, e.g. the Directive
2002/91/EC on the energy performance of buildings (EPBD) and its recast on 19 May 2010,
Directive 2010/31/EU. The EPBD led many countries to adjust their own building energy-related
regulations. The Portuguese thermal regulation for residential buildings, “Regulamento das
Caracteristicas do Comportamento Térmico de Edificios (RCCTE)”, is a part of the transposition of
the EPBD to Portuguese law.

The main objective of this paper is to analyse the RCCTE in order to study the influence of some
parameters considered important to the energy efficiency of buildings on energy performance and
on the final energy certification rating.

1. Introduction
In the last decades, our planet suffered severe changes that led the world to a serious environmental
crisis. Climate change, global warming, the growing emissions of greenhouse gases (GHG) among
other related problems have been a growing concern all over the world. The scientific community
has discussed the causes of these problems for a long time and nowadays it is a common agreement
that some of the main contributors to the increased emissions of the greenhouse gas (GHG) were the
production and usage of energy [1-4].

A publication by the Intergovernmental Panel on Climate Change (IPCC) [5] indicates that, in
2007, the largest growth in carbon emissions has come from electricity generation, transportation,
industry and, above all, from building operation.

Energy-related GHG emissions currently accounts for 77 % of total emissions in the EU-27 [6].
Nevertheless, the problems related to energy are not strictly environmental. One of the biggest
concerns of many countries is their high dependency on imported energy [7]. Figure 1 presents the
relation between the consumption, importation and production of energy in the European Union.
According to the Energy and Environment Report 2008 from the European Environment Agency
(EEA) [8] and to the Green Paper towards a European Strategy for the Security of Energy Supply
2000 [9], 54% of Europe’s primary energy is imported and this dependency is expected to rise to
70% by 2030.
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Figure 1 — Relation between energy consumption, importation and production in the EU [9].



The building sector is also an important contributor to the environmental problems. It is responsible
for the depletion of two-fifths of global raw stone, gravel and sand and one-fourth of virgin wood,
three billion tons of raw materials, turned into foundations, walls, pipes, and panels and 16% of
water. It is responsible for consuming approximately 40% of the final energy in Europe and for
nearly 50% of greenhouse gas emissions [10-12].

The European Union cannot easily change its supply condition and therefore it is important to
intervene on the energy demand [9], [13] since 20% of Europe’s energy consumption can be
reduced trough energy efficiency measures [14].

According to the Energy Efficiency Plan 2011, the greatest energy saving potential lies in
buildings [13]. In fact, despite the high environmental impact related to buildings, this sector also
presents great potential of reduction in GHG emissions through the application of cost-effective
technical and non-technical measures to existing building stock and new construction [15].

In Portugal, the building sector is responsible for the consumption of approximately 30% of the
final energy, but 50% of this consumption can be reduced through energy efficiency measures. This
can represent an annual reduction of 400 million tons of CO, [16].

2. European energy efficiency policies
Parameshwaran et al. [17] have pointed out that the energy challenges can be effectively tackled by
two means: the development of energy efficiency techniques and the implementation of strategic
policies and measures for addressing the growing energy security and environmental concerns.

Due to these concerns, in the last decade, a significant number of directives and laws related to
energy efficiency have emerged in the European Union [18]. Some of these directives are: Directive
2006/32/EC on the energy end-use efficiency and energy services [19]; Directive 2005/32/EC
establishing a framework for the setting of ecodesign requirements for energy-using products (EuP)
[20]; Directive 2004/8/EC on the promotion of cogeneration based on a useful heat demand in the
internal energy market [21]; Directive 2003/30/EC on the promotion of the use of biofuels or other
renewable fuels for transport [22]; and Directive 2002/91/EC on the energy performance of
buildings (EPBD) [23].

The objective of the EPBD is to promote the improvement of the energy performance of
buildings within the Community, taking into account outdoor climatic and local conditions, as well
as indoor climate requirements and cost-effectiveness. This Directive imposes the following
requirements to Member States: the application of a methodology for assessing the energy
performance of buildings; minimum requirements on the energy performance of new buildings and
large existing buildings subject to major renovations; the issuance of an energy performance
certificate when buildings are constructed, sold, or rented out; and regular inspections of boilers and
air conditioning systems in buildings [23].

The EPBD specifically tackles energy dependency via actions aimed at reducing consumption
and therefore has a direct effect on energy demand [24]. Mlecnik et al. [25] stated that, with some
adjustments and with greater involvement of companies, the Directive has the potential to increase
energy efficiency.

However, some Member States had low ambitions upon defining their regulations and some did
not even complete the process of transposing the Directive to national law [24]. Thus, on the 19th
of May 2010, the Member States signed a recast to the 2002 EPBD, i.e., the Directive 2010/31/EU.
The challenge of this new document is to achieve a higher level of energy building performance,
even nearly zero energy, at a cost-optimal level [12].

The 2010 EPBD recast brought considerable progress to attain the EU energy efficiency
objectives, since it requires that beyond 2018 all public buildings should be near zero energy
buildings (NZEB), and in 2020 the same target should be achieved for all other new buildings and
major refurbishments [26].



3. EPBD and the Portuguese building thermal legislation
The first piece of Portuguese legislation regarding the energy performance of buildings was Decree
Law 40/90 of 1990 [27]. This regulation set the first Portuguese requirements related to the
implementation of energy efficiency measures in buildings. It also limited the heating and the
cooling energy needs, as well as the heat transfer coefficient (U) of the envelope walls and the Solar
Heating Gain Coefficient of the glazing solutions. However, the requirements of this regulation
were not very demanding. During two decades, the thermal comfort of buildings and their energy
efficiency were a matter of low importance to the Portuguese design teams.
In 2006 this reality has changed with the transposition of the 2002 EPBD to the Portuguese
legislation. This transposition has been performed through the following three legal documents:
- Decree 78/2006, which creates and defines the operational rules for the System for Energy
and Indoor Air quality Certification of Buildings (SCE) [28];
- Decree 79/2006, which sets the thermal regulation for service buildings (Regulation of Air
Conditioning Energy Systems in Buildings - RSECE) [29];
- Decree 80/2006, which sets the thermal regulation for residential buildings (Regulation of
the Characteristics of the Thermal Behaviour of Buildings - RCCTE) [30].
The RCCTE is the main focus of this study. It increases the minimal thermal requirements of
buildings, promotes the use of renewable energy and supports the use of certified materials [31].
The RCCTE’s calculation method allows us to determine the energy performance of buildings
and to assign a grade in a scale from A+ to G (Figure 2). This grade is obtained by an index (R),
which results from the ratio between the calculated annual primary energy needs (Ntc) and the
maximum annual primary energy needs (Nt).
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Figure 2. Portuguese building energy certification scheme. Adapted from [32]

According to the energy classification adopted by the SCE, the most efficient building (class
A+) may consume less than 1/4 of the energy consumed by a “reference building”, while the least
efficient (class G) can consume over 300% more than that [27].

The RCCTE imposes the following requirements to all new buildings and to existing buildings
subject to major renovations:

- Maximum heat transfer coefficients (U) for current envelope elements;

- Maximum solar factor for windows not facing north and with an area greater than 5% of the

serving room;

- The installation of solar systems;

- The issuance of an energy certificate with an energy class of, at least, B-.

As for existing buildings, the RCCTE requires that they have an energy certificate only when
subject to sale or rental operations.

When compared to Decree 40/90, the RCCTE 2006 has much more demanding requirements.
Due to this change, the building sector stakeholders were confronted with the need to adjust the way
of dimensioning the several elements that interfere with the new legal document. The regulation has
become more complex and its requirements much more restrictive.



Thus, it is important to perform an analysis on the present regulation in order to identify, in a
much clearer way, the main parameters that interfere with the calculation of the energy indexes and
with the building energy rating.

Several other studies have already been performed regarding the Portuguese thermal regulation
and the implementation of the EPBD in some European countries.

As far as the Portuguese thermal regulation is concerned, Ferreira and Domingos [27] have
conducted an analysis in order to determine if the Portuguese thermal regulations are consistent in
terms of energy efficiency and environmental performance. Ferreira and Pinheiro [26] have also
analysed the Portuguese energy certification system and regulation applied to the residential sector.
The authors have further examined the importance of bioclimatic measures in the Portuguese
implementation of the EPBD through comparison with the Passivehaus Norm applied to warm
countries in Europe.

Additionally, Pando et al. [43] have studied the performance of the RCCTE calculations related to
cooling energy needs when compared with the results obtained by dynamic simulation tools.
Concerning the EPBD, several studies have looked into its implementation in the European
countries, e.g. the study performed by Dascalacki et al [44] in Greece, by Tronchin and Fabbri [45]
in Italy or by Paul and Lees [46] in the UK. However, these studies have focused on the
implementation of the EPBD, the precision of the derived national regulations or the impact of the
Directive on the buildings’ energy use.

Andaloro et al [24] have examined the implementation of the EPBD in the 27 EU Member States.
The implementation was analysed on the basis of two parameters: uniformity and excellence.
Uniformity assesses the degree of harmony of the individual Member States with regard to the
parameters laid down by the European Commission, and excellence allows for the Member States
to be appraised and the ‘‘best’” performers to be identified.

Besides the importance of these studies to the state of the art, the work presented in this paper is
innovative as it intends to study some RCCTE parameters that influence the energy efficiency of
buildings, calculating their relative importance. The study develops a methodology through
parametric analysis that can be applied to present-day regulations as well as future energetic
regulations that will result from the transposition of the requirements of the new 2010 EPBD to the
Portuguese legislation. Thus, it will be possible to understand the benefits in terms of energy
efficiency and rating that result from changing certain parameters, thereby allowing for the
comparison of different alternatives.

4. Methodology

For residential buildings, some parameters were chosen and a parametric analysis was carried out
based on a case study building in order to assess their influence on the building’s thermal

performance.
The analysed parameters were the following:
1) the heat transfer coefficient (U) of walls and slabs belonging to the exterior and interior
envelope, thermal bridges and windows;
ii) the number of indoor air changes per hour (Rph);
iii) the solar factor (g) of the windows;
iv) the shading factor (Fs) of vertical and horizontal windows;
V) the absorption factor () of the external walls;

vi) the efficiency of Domestic Hot Water (DHW) preparation systems (na);
vii) the contribution of solar systems to DHW preparation (Esolar);

viii)  the heating system efficiency (ni); and

iX) the cooling system efficiency (nv).



For each of the abovementioned parameters, alternative solutions to the conventional reference
solutions were investigated. The selected alternative solutions include at least one high-performance
solution, one low-performance solution and two other different solutions. In any case, all the
selected solutions are used and marketed in Portugal. The reference solutions of the case study were
chosen in order to be representative of a large number of solutions commonly used for detached
single-family houses in Portugal.

After selecting all the solutions to be simulated, the energy calculations were performed
according to the methodology of the Portuguese residential buildings regulation. Through the
variation of each energy index caused by the change in each parameter, the influence of each
parameter on the final building energy rating was discussed.

The influence of each parameter on the building’s final energy label will be demonstrated and
discussed below.

5. Case Study

The case study selected to perform the parametric analysis is a detached single-family house located
in the North of Portugal.

Figure 3 presents the building distribution according to geographic zones in Portugal. Portugal has
around 3.500.000 buildings and around 5.700.000 dwellings and the North is the geographic zone
with the largest number of buildings (around 1.200.000 buildings and 1.800.000 dwellings).
Detached houses are one of the most common types of constructions in Portugal and the vast
majority of buildings (90.7%) were structurally built to have 1 or 2 dwellings (INE 2011).
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Figure 3. Building and dwelling distribution according to geographic zones in Portugal.

The selected case study is indeed representative of a significant number of buildings in Portugal.
This case study concerns a four-room detached single-family house with a heated area of 271.57 m”.
It is located in Ponte de Lima (Northwest of Portugal) at an altitude of 74m and about 25km away
from the Atlantic Ocean coast. According to the Portuguese legislation, the climatic region of this
building is 12, V2 North (between the most severe, 13 V3, and the mildest, I1 V1, climatic regions)
and its thermal inertia is classified as strong (above 400 kg/m?).

The case study building, which will be referred to as the reference solution, observes all the
legislative thermal requirements and its energy label is B- (low thermal quality since B- is the
minimum label allowed for new buildings).

6. Results
The detailed analysis performed on the heat transfer coefficient of the exterior walls will be
explained as an example. The results obtained for the other studied parameters will only be
presented and discussed.



6.1. Heat transfer coefficient
To achieve energy efficiency in buildings, it is very important to reduce the heat transfer through
the building’s envelope [33], which is why the heat transfer coefficient is one of the parameters
analysed within the present study.
The heat transfer coefficient of an element is defined as the heat quantity per time unit that crosses a
surface of one unit area per unit of temperature difference between the environments separated by
the element [30].
As stated above, the RCCTE imposes a maximum value on the heat transfer coefficients of current
envelope elements.

6.1.1. Walls belonging to the exterior envelope
The solutions presented in Table 1 were used to carry out the analysis of the influence exerted by
the heat transfer coefficient of walls belonging to the exterior envelope. Two types of construction
solutions were studied: double walls and External Thermal Insulation Composite Systems (ETICS).
These two construction systems were chosen because they are the most widely used solutions in
Portugal nowadays.

Table 1. Solutions under study to analyse the influence of the exterior walls heat transfer coefficient.
Solution U (W/m*°C)

1 — Reference Solution: Double masonry wall 15+11(cm) 0.50
with 4cm of extruded polystyrene (XPS) )
1.1 - Double masonry wall 15+11(cm) with 3cm of XPS 0.58
1.2 - Double masonry wall 15+11 (cm) with 8cm of XPS 0.32
1.3 - Double masonry wall 22+22 (cm) with 8cm of XPS 0.28

1.4 - ETICS (15 cm) with 4cm XPS 0.58
1.5 - ETICS (15 cm) with 8cm XPS 0.35
1.6 - ETICS (22 cm) with 8cm XPS 0.33

The results obtained for the different exterior wall solutions are presented in Figure 4. In this
figure, the dark grey bar represents the maximum regulatory values for heating needs (Ni), cooling
needs (Nv) and primary energy needs (Nt). The light grey bars represent the heating needs (Nic),
cooling needs (Nvc) and primary energy needs (Ntc) of each solution.
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Figure 4. Results obtained for the analysed exterior wall solutions. a) Building’s heating needs (Nic). b)
Building’s cooling needs (Nvc). ¢) Annual primary energy needs (Ntc).
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Through the overall results obtained, it was possible to verify that the solutions that have better
performance in the heating season are those which have the worst performance in the cooling
season.

It was also verified that, with an increase in the insulation thickness, the influence on the
element’s U value decreases. At a certain point, the increase in the insulation thickness has very



limited influence on the element’s U value and on the corresponding contribution to the overall
heating needs (Nic value).

For the two types of construction solutions studied (double masonry walls and ETICS), it was
observed that both have similar performances although the double masonry walls have a slightly
better performance. The ETICS system can, however, be considered a viable alternative system to
the double walls regarding the building’s thermal behaviour.

All solutions comply with the minimum requirements of the RCCTE for the climate zone of the
reference solution. It was verified that a simple 15 cm thick masonry wall without any insulation
fulfils the requirements. Thus, the minimum requirements for the exterior walls for the 12 V2
climate zone are not very demanding.

Table 2 presents the results obtained for the solutions with high and low heat transfer
coefficients and the differences between both.

Table 2. Differences between solutions with high and low heat transfer coefficients (analysis of external
walls)

Nic | Nve | Nac Nte

(kWh/m”-year) (kgep/m*-year)
Umin=0.28W/m”C (Solution 1.3) 80.00 4.17 17.12 3.83
Umax=0.58W/m*C (Solution 1.1) 88.62 3.63 17.12 4.08
Variation of energy needs 8.62 0.73 0.00 0.25

The Nac index represents the DHW energy needs of the building. However, this index is not
influenced by this parameter.
It can be observed that the heat transfer coefficient of the exterior walls has a relevant influence on
the Nic value. The solutions with the highest and the lowest U values lead to a significant variation
of the Nic value.
It was further verified that the influence of these parameters regarding summer comfort conditions
is not negligible. The final energy label of the building is derived from an index which is directly
proportional to primary energy needs. Thus, as this parameter has a small influence in terms of
primary energy needs, it has also a small influence on the final rating of the building.

6.1.2. Walls belonging to the interior envelope
The walls belonging to the interior envelope (i.e., walls in contact with non-heated spaces) do not
have, in the reference solution, any influence regarding the energy indexes, since they are all in
contact with a non-heated space that, in this case, is at the same temperature as the building (20°C).
Therefore no heat losses are to be considered through them. However, any modification on their
constitution will have an impact on the thermal inertia of the building. Because of this, four
solutions were studied, which correspond to different thicknesses of the brick used. Nevertheless, it
was verified that the thermal inertia class did not change and hence these elements bear no influence
on the final energy label of the building under study.

6.1.3.  Slabs
The influence of the heat transfer coefficient of the slabs was studied by taking into consideration
the existing construction solution of the reference building. Four solutions were considered: three
with different insulation thicknesses and one where the position of the insulation was changed.
The results obtained with the different heat transfer coefficients considered are presented in Table 3.
This table shows three different situations: two correspond to floor slabs with different types of
coating (Uiy € Uqiz)) and one corresponds to a ceiling slab (Ugs)).



Table 3. Differences between solutions with high and low heat transfer coefficients (analysis of slabs)

Nic | Nvce | Nac Ntc
(kWh/m*-year) (kgep/m’-year)
U(Lllmin):0~20; U(lemin):0-32 € U(LSmin):O~34
(Slab with 8cm of XPS) 76.37 3.76 17.12 3.72
U(Lllmax):O~60; U(Ll2max):0'58; U(LSmax):O'67
(Slab with 3cm of XPS) 92.25 3.76 17.12 4.18
Variation of energy needs 15.88 0.00 0.00 0.46

The results presented in Table 3 illustrate the significant influence of this parameter on heating
demands and comfort conditions during the heating season.
However, these results may not be so expressive in other building types because they are related to
the large contact area of the ceiling slab with a non—heated space, which leads to substantial heat
losses.

6.1.4. Thermal bridges

A thermal bridge is a building element where a significant change in the thermal resistance,
compared to that of the envelope, occurs due to the presence of materials with a higher thermal
conductivity and due to the change in the geometry of the fabric, as in the case of the junction
between roofs, floors, ceilings and walls [34].

Heat losses through thermal bridges increase winter heat losses and summer heat gains [35] and
lead to building pathologies generated by moisture [36]. Thus, they are an important factor for
building energy efficiency and thermal comfort.

The heat transfer coefficient of the thermal bridges was analysed by considering different
thermal insulation thicknesses. Table 4 shows the results obtained for the solutions studied.

Table 4. Differences between solutions with high and low heat transfer coefficients (analysis of thermal
bridges)

Nic | Nve | Nac Nte
(kWh/m*-year (kgep/m*-year)
Umin=0.32W/m™C
(Plane thermal bridges with 8cm of XPS) 86.16 3.77 17.12 4.01
Umax=2.00W/m*C
(Plane thermal bridges without insulation) 86.86 3.73 17.12 4.03
Variation of energy needs 0.70 0.04 0.00 0.02

The values shown in the table indicate that the building energy needs are not significantly
influenced by the heat transfer coefficients of the thermal bridges. This is because, in the reference
solution, the thermal bridge area is small. Therefore, if other buildings have larger thermal bridge
areas, these elements might bear a greater influence.

In fact, the treatment of these elements is a matter of extreme importance, and several studies
[35] [37] have stated that they are highly influential concerning building thermal comfort.

6.1.5. Glazing
In this case different types of glass and window frames were analysed by taking into account some
window solutions described in the official publication ITES0 [38]. The results obtained for the
different analysed solutions are presented in Table 5.
The building comfort conditions in both heating and cooling seasons are influenced by this
parameter, as shown in Table 5.



Table 5. Differences between solutions with high and low heat transfer coefficients (glazing)

Nic | Nve | Nac Nte
(kWh/m”-year (kgep/m’-year)
E— % - -

Umln—Z W/m™C (Double glass, plastic window frames 8191 432 17.12 389
without thermal break)
Umax=4.1 W/m*C (Simple glass, metal window frames
without thermal break) 90.33 3.31 17.12 4.12
Variation of energy needs 8.42 1.01 0.00 0.23

With respect to energy efficiency, windows are an important element in buildings because they
can contribute substantially to the reduction of the heating and cooling demands [39]. As observed
in Table 5, the calculations of the RCCTE reflect this importance since this parameter has a
substantial influence both on building heating and cooling needs.

6.2. Number of indoor air changes per hour
The ventilation of a building is an important factor to provide adequate indoor air quality, as well as
to achieve energy efficiency. Misjudging the air infiltration can lead to an under or over
dimensioned ventilation system and to an inadequate demand of energy [40].
The study of the influence of the indoor air change rate (Rph) was performed by taking into
consideration the existence, or not, of three items: window frames labelled by EN12207, air
admission devices on the facade and mechanical ventilation.

Table 6. Differences between solutions with high and low number of indoor air changes per hour

Nic | Nve Nac Ntc
(kWh/m* year (kgep/m*-year)
Rph min=0.66 (mechanical ventilation) 74.35 6.52 17.12 3.69
Rph max=0.95 (Window frame without classification
and without air admission devices on the facade) 86.32 3.76 17.12 4.01
Variation of energy needs 11.97 2.76 0.00 0.32

Table 6 shows the significant influence this parameter has during heating and cooling seasons.
However, as regards energy labelling this influence is not so significant.

6.3. Solar factor of the windows
The solar factor of the windows is the ratio between the solar energy transmitted through the glass
and the solar energy incident upon it [30].
The thermal regulation calculations include different solar factors both for cooling and heating
seasons. The study for the summer solar factor consisted in the analysis of different kinds of glass
and external solar protections. The winter solar factor was studied through the analysis of different
types of internal solar protections.

6.3.1. Summer Solar Factor (Zsumme:)
The summer solar factor is dependent on the type of glass (30%) and on the type of external solar
protection (70%). Table 7 presents the results obtained in the analysis of the glass type, and Table 8
presents the results of the analysis of the external solar protection type.



Table 7. Differences between solutions with high and low solar factor (glass type analysis)

Nic | Nvc | Nac Nte
(kWh/m?-year) (kgep/m’-year)
Zsummer MiN=0.43 (Double glass — reflective, coloured in 86.32 269 17.12 400
mass + clear glass (4mm+8mm)
Zsummer Max=0.59 (Simple Glass - clear glass 4mm) 89.53 | 4.16 | 17.12 4.11
Variation of energy needs 321 1.47 0.00 0.11

Table 8. Differences between solutions with high and low solar factor (external protection analysis)

Nic | Nve | Nac Ntc
(kWh/mz-year) (kgep/m2-year)
gsummer Min=0.25 (External light wooden
shutters and double clear glass) 86.32 143 17.12 3.99
Esummer Max=0.55 (Internal dark wooden
shutters and double clear glass) 86.32 366 17.12 4.03
Variation of energy needs 0.00 4.23 0.00 0.04

The variation of glass type has significantly influenced the cooling needs. As in previous studies,
Ntc variation is low, meaning that the influence of glass type on this index is small.
The influence of external solar protection on the Nvc value is even greater than the influence of
glass type. However, with regard to primary energy needs and to building energy label this
influence is reduced.

6.3.2.  Winter solar factor (Zwiner)
As shown in Table 9, the interior solar protection has little influence over the comfort conditions
during the heating season. However, as in many previous parameters, the Ntc index is slightly
influenced by these elements.

Table 9. Differences between solutions with high and low winter solar factor

Nic | Nve | Nac Ntc
(kWh/m*year) (kgep/m’-year)
EWinter MIN= 0.30 (Light wooden shutters (opaque) with 91.67 376 17.12 417
simple clear glass)
winter max=0.70 (Very transparent light curtains and 85.19 376 17.12 401
simple clear glass)
Variation of energy needs 6.48 0.00 0.00 0.16

6.4. Shading factor
The shading factor represents the reduction of solar radiation on windows due to permanent shading
caused by various obstacles [30].
The study of the influence of the shading factor was carried out by evaluating the effects of
horizontal and vertical shading elements. To do so, several shading elements with different sizes
were evaluated in the main building’s orientations.

6.4.1. Horizontal Shading (Fo)
As far as horizontal shading is concerned, Table 10 shows that these devices have an influence on
both Nic and Nvc indexes. However, this influence is greater in terms of cooling needs. It was
verified that the shading solutions that decrease the heating needs also increase the cooling needs.
For this reason, this parameter is not highly influential on the primary energy needs.
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Table 10. Differences between solutions with high and low o value (horizontal shading analysis)

Nic | Nve Nac Ntc

(kWh/m’-year) (kgep/m’-year)
Fo min (Without shading 0=0°) 85.72 4.32 17.12 4.00
Fo max (All windows shaded with a=60°) 89.32 2.07 17.12 4.08
Variation of energy needs 3.60 2.25 0.00 0.08

Note: a is the angle between the plane of the glass and the line joining the midpoint of the glass to the edge of the

horizontal shading device.

6.4.2. Vertical shading (FY)

The vertical shading devices have little influence on both cooling and heating needs. When it comes
to cooling needs, horizontal shading devices have a higher influence than vertical shading devices

(Table 10 and Table 11).

Table 11. Differences between solutions with high and low a value (vertical shading analysis)

Nic | Nvc Nac Ntc

(kWh/m’year) (kgep/m’-year)
Ff min (Without shading, B=0°) 85.15 3.78 17.12 4.01
Ff max (All vain shadows with f=60°) 88.47 3.30 17.12 4.07
Variation of energy needs 2.32 0.48 0.00 0.06

Note: B is the angle between the plane of the glass and the line joining the midpoint of the glass to the edge of the

vertical shading device.

6.5. Absorption coefficient (o) of the external walls
The absorption coefficient is dependent on the colour of the exterior walls. The influence of this
parameter was evaluated through the analysis of three kinds of paint colours — light, medium and

dark — as described in the regulation [30].

Table 12. Differences between solutions with high and low o value

Nic Nve | Nac Ntc

(kWh/m?year) (kgep/m’-year)
o min=0.4 (External walls with light colour finishing) 86.39 3.76 17.12 4.01
o max=0.8 (External walls with dark colour finishing) 86.39 5.05 17.12 4.02
Variation of energy needs 0.00 1.29 0.00 0.01

The comfort conditions in the cooling season are considerably influenced by this parameter, as
shown in Table 12. Moreover, the Ntc index is once again slightly influenced by the variation of a

single parameter.

6.6. Efficiency of DHW preparation systems

Several types of equipment with different efficiencies and fed by different fuels were studied in
order to evaluate the influence of the efficiency of DHW preparation systems (na).

The study demonstrated that the equipment with the worst efficiency is the one that leads to the
highest Nac index; it is not the one that leads to the highest primary energy needs. This fact is the
reason why the results of the parametric study performed for this parameter are presented in two

tables instead of one.

Through the results recorded in Table 13 and Table 14, the large influence of this parameter
becomes clear from both the Nac index and the primary energy needs.
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Table 13. Differences between solutions with high and low na

Nic | Nve | Nac
(kWh/m®-year)
na min=0.65 (Gas boiler) 86.32 3.76 17.2
na max=1.09 (Gas boiler) 86.32 3.76 6.21
Variation of energy needs 0.00 0.00 10.91

Table 14. Differences between solutions that lead to a high and low Ntc

Nte
(kgep/m*-year)
Ntc max (Electric heater n=1) 4.76
Ntc min (Gas boiler, n=1,09) 3.07
Variation of primary energy needs 1.69

6.7. Contribution of solar systems to DHW preparation

In the last few decades, many ideas and technologies have been tested in order to increase the
production of energy through renewable sources [3]. The energy efficiency by itself will not be
enough to face the energy problems. It will be necessary to increase substantially the amount of
renewable energy in the total energy production. This is in fact the principle behind the target “net
zero energy buildings” established by the 2010 EPBD. Solar energy is considered as one of the
most important forms of renewable energy [41]. The RCCTE requires the installation of solar
collectors in all new buildings and existing buildings subject to major renovations.

The contribution of solar systems to DHW preparation (Esolar) was assessed through the analysis of
different solar collectors. The analysed collectors were selected from the database of the official
SOLTERM 5.0 software [42], being the ones with the best and the worst circulation systems and
thermosiphon systems.

The results in Table 15 prove the high influence of the solar collectors both on the Nac index and on
primary energy needs.

Table 15. Differences between solutions with higher and lower Esolar

Nic [ Nve | Nac Nte
(kWh/m”.year) (kgep/m”-year)
Esolar min = 0 (Without solar collectors) 86.39 3.75 27.02 4.86
Esolar max = 2153kWh
(Collector “CPC ao Sol” — forced circulation) 86.39 3.75 17.12 4.01
Variation of energy needs 0.00 0.00 9.90 0.85

6.8. Heating system efficiency

The heating system efficiency (ni) study was performed through the analysis of several kinds of
equipment with different efficiencies and fed by different fuels.

The values recorded in Table 16 show that the heating system is one of the elements that most
influences the primary energy needs and the final energy rating of the building.

Table 16 — Differences between solutions with high and low ni

Nic | Nve | Nac Ntc

(kWh/m®-year) (kgep/m’-year)
ni max = 4.46 (Heat pump) 86.39 3.75 17.12 2.07
ni min =1(Electrical resistance) 86.39 3.75 17.12 4.01
Variation of energy needs 0.00 0.00 0.00 1.94
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6.9. Cooling system efficiency
To evaluate the cooling system efficiency (nv), different air conditioning systems were considered.
The results presented in Table 17 provide confirmation that the cooling system efficiency has
little influence on the Ntc index. This fact is due to the small value of the cooling needs and to the
high efficiency of all studied systems. However, only the most common types of equipment in
Portugal were studied.

Table 17. Differences between solutions with high and low nv

Nic | Nvc | Nac Ntc

(kWh/m? year) (kgep/m*-year)
nv Max (air conditioning systems with n=5.15) 86.32 3.76 17.12 4.01
nv min (air conditioning systems with n=3) 86.32 3.76 17.12 4.00
Variation of energy needs 0.00 0.00 0.00 0.01

7. Discussion

The study allows for the comparison between the best and the worst solutions for each parameter
and for each energy index. Those differences are presented in absolute and relative values in Figure
5.

The relative values presented in Figure 5 correspond to the ratio between the best and the worst
solution and the reference solution as presented in equation 1.

Relative difference _ Best solution Va!ue—‘Wor‘s[ Solution Value % 100 (D
Reference Solution Value
Parwmeter
KWh/m'.ano % Vo

Heal trapsfer voeffical of exterior walls 86 10 0.5] 14 0o e 02 6
Hieal tramséer coefiicint of nkxior vals Y o | oo o 0n e 09 o
Heal iranser coeflicient of slhibs 139 18] o0 o o0 ¢ 035 11
Heat transfer coefficient of fhermal bridges 0,7 1 00 1 00 o 00 o
T irameer coefiicion! of glzing g4l 10 10| 2 0o o 02| &
[Nimidser of indoor air chumges per hour 12,0 14 28] 713 o] e 03] 3
Sunmmer Solor Factor (Ghizing analysis) 32 4 13] 32 0o o6 01] 3
Sonmer Solar Factor (External profection analvsi) 0o o 42| 113 00 o oo 1
Winter Solar Factor 65 8 00| o 09 o 02| 4
Shading Gvior (Fovizontal shading) 36 4 23| oo o0 o 01| 2
Shading factor (Veriical shading) 23] 3 03] 13 00 o 1] 2
| Absoiplion cosflicient {u) 0o o 13| 34 0o ¢ [T
DHW prepamtion syskns efficiacy ([a) 00 o 00| o 109 & 17| a2
Centribution of solor systems to DITW prepamtion 0o o | o0l o 99 [HE
Heating system efficiency (1) 00 o | 00] o 00 o 19| &
Cooling system efficiency (I]¥) 00 o | 00] o 09| ¢ | 0ol o

Figure 5. Differences between solutions with the best and worst performance regarding each studied
parameter

Through the study it was possible to verify that the parameters which have a greater influence on
heating energy needs were the heat transfer coefficient of slabs, external walls and glazing and the
indoor air change rate. However, the window solar factor also had a relevant influence on these
needs.
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The heat transfer coefficient of the slabs has, in this case study, a great influence on the heating
energy needs. The relative difference between the best and worst solutions analysed for this
parameter was 18%. This is due to the large slab area that is part of the building envelope, which
increases the losses through these elements.

Concerning the cooling needs, the most influent parameters were the windows’ solar factor, the
indoor air change rate and the shading factor (especially horizontal shading devices).

It was verified that the shading factor has significant influence on the heating and cooling needs.
However, the shading devices decrease the cooling needs but increase the needs during the heating
season. Thus, it is necessary to study carefully the solutions for these devices in order to find the
best alternative for both seasons.

Only two of the studied parameters interfered with the DHW energy needs and both have a huge
influence on them: the contribution of solar systems to DHW preparation (with a relative difference
of 64% between the best and worst solution) and the DHW preparation system efficiency (with a
relative difference of 58%).

In reference to the primary energy needs, the most influential parameters were the heating system
efficiency, the contribution of solar systems to DHW preparation and the efficiency of DHW
preparation systems. The relative difference obtained for these parameters regarding the primary
energy needs was 48%, 21% and 42% respectively, while the fourth parameter with the highest
influence (heat transfer coefficient of slabs) had a relative difference of 11%.

Although the heat transfer coefficient of slabs and external walls and the indoor air change rate have
some influence on the primary energy needs, the parameters associated with the heating and cooling
needs have less influence on the Ntc index than the parameters related to the DHW energy needs.
Thus, in order to change the building energy rating, this last parameter and the system’s efficiency
are those which should be changed. However, parameters such as heat transfer coefficient, indoor
air change rate, shading devices and solar factor should be carefully analysed because they are
important for building comfort.

8. Conclusions

The methodology adopted in the study can be applied to other buildings located in other Portuguese
geographic zones, while taking into account the future regulation that will arise from the
transposition of the requirements of the new 2010 EPBD.

The study allows some conclusions to be drawn regarding the influence of RCCTE parameters on
the final energy rating of a single-family detached house located in the North of Portugal.

It was observed that the parameters with the highest influence on the cooling and heating needs
(heat transfer coefficient and solar factor) do not have a significant influence on the primary energy
needs. On the other hand, the parameters with the highest influence on the Nac index are very
influential on the primary energy needs. In fact, due mainly to political reasons, which translate into
the regulation calculations, the parameters related to DHW preparation have a huge influence on the
primary energy needs, and hence on the energy label, as opposed to the cooling and heating needs
provoked by the envelope. For this reason, the importance of envelope-related parameters is low.
However, some parameters do not exert a substantial influence on the buildings’ energy needs but
are very important for heating and cooling needs. Thus, it was important to study each parameter
not only to achieve a good certification rating but also to improve the comfort of the buildings’
occupants.

Through the analysis, it is possible to conclude that the RCCTE assigns great relevance to cooling,
heating and DHW preparation systems, as well as solar systems to the detriment of some important
parameters for building comfort (i.e. heat transfer coefficient and glazing). It was observed that, if
these systems have a good efficiency, it would be easier to obtain a good certification rating,
regardless of the solution adopted for the other parameters. This situation should be carefully
reviewed because, although the systems are the most energy-consuming parts of the buildings, a
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piece of building thermal legislation should not overlook the comfort-related parameters nor the
passive solutions for energy efficiency.
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