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1 GLOSSARY 

Energy Efficiency: Reducing energy use when applying measures, renovations and habits 

intended to decrease a building’s energy demand. 

 

Energy Demand: Amount of energy required by a building in order to maintain specific 

comfort conditions in habitable spaces (temperature, humidity, lighting, sanitary hot water 

supply, etc.). This information appears in the energy certificate expressed in units of kWh/m2 

year. 

 

Carbon Dioxide (CO2): Main greenhouse effect gas produced in all combustions and other 

chemical reactions. The energy rating on the certificate is based on an index expressed in 

CO2 kg emitted. To obtain the kilograms emitted, a conversion factor is applied. 

 

Energy rating index: Values, expressed in CO2 kg / m2, with which all buildings will be rated, 

both new and existing, according to the carbon dioxide emissions calculated. 

 

Energy efficiency rating scale: Rating scale of buildings according to the energy rating index 

expressed in values of CO2 kg / m2 which is obtained when applying the pertinent rating 

procedures. The possible values this energy rating index can assume are divided into 

intervals designated by letters, ranging from letter G (least efficient buildings and with the 

most emissions) to letter A (most efficient buildings and with the least emissions). 

 

Energy efficiency rating of a building or a part of it: Expression of the energy efficiency of a 

building or a part of it established according to the calculation methodology defined in the 

acknowledged document corresponding to the basic procedure and expressed with energy 

indicators by the energy efficiency label. 

 

Energy efficiency certificate of an existing building: Documents endorsed by the 

corresponding technician containing information on the energy characteristics and the energy 

efficiency rating of an existing building or a part of it. 

 

Building envelope: All the walls, windows, ceilings and flooring separating the interior from 

the exterior environment of a building. 

 

Part of a building: Unit, storey, dwelling or flat within a building or premises intended for an 

independent use or with a different legal title, designed or modified for independent use. 

 

SHW: Acronym for Sanitary Hot Water. 

 

Absorptivity: Fraction of the solar radiation that a surface absorbs. Absorptivity ranges from 

0.0 (0%) to 1.0 (100%). 

 

Biomass: Organic material derived from plants or animals, or resulting from its natural or 

artificial transformation, that can be used as a direct or indirect energy source. 
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Primary energy: They are found directly in nature and have not been subjected to any 

transformation. They can be divided into those that require processes to be consumed 

(uranium, oil, natural gas, coal) and those that do not (wood, water in reservoirs, sun, wind). 

 

Final energy: Way in which energy is used in consumption points (heat, electricity). 

 

EER: Energy Efficiency Rating of a cooling machine moved by electric engines when cooling. 

It is equal to the relationship between the cooling power delivered by the machine to the 

carrying fluid and the useful power absorbed. It is dimensionless. 

 

Habitable space: Space formed by one or several adjacent habitable areas with the same 

use and equivalent thermal conditions grouped for the calculation of energy demand. 

 

Non-habitable space: Space formed by one or several adjacent non-habitable areas with the 

same use and equivalent thermal conditions grouped for the calculation of energy demand. 

 

Solar factor: It is the quotient between the solar radiation at normal incidence that enters the 

building through the glazing and the radiation that would enter if the glazing were replaced by 

a perfectly transparent shaft. 

 

Shaft: It is any semitransparent element of the building envelope. It comprises the glazed 

windows and doors. 

 

KW/h: Symbol for the Kilo Watt-hour, electric energy unit in the International System of Units, 

equivalent to 3.6 million joules. It expresses the energy developed by a generating device, 1 

watt of power in one hour, or the energy consumed by a consuming device of the same 

power during the same time. Frequently used to measure electric consumption. 

 

Thermal bridge: Thermal bridges are the areas of the building envelope where there is a 

variation in the uniformity of the construction, which necessarily entails a decrease in the 

thermal resistance with respect to the rest of closings. 

 

Thermal transmittance: It is the heat flux, during steady state operation, divided by the area 

and by the difference of temperatures of the media placed at each side of the element under 

consideration. 
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2 INTRODUCTION 

2.1 TFG Goals 

After the European Union established its “20/20/20” goals and the demand, before 10 years, 

to construct buildings with a zero energy balance, it has become apparent that if they only 

apply to new buildings, it would take many years to reach those goals. 

The international commitment to reduce greenhouse effect gas emissions is directly related 

to reducing the demand and to the energy efficiency improvement of the building stock. 

The Royal Decree by which the basic procedure is passed for the Energy Efficiency 

Certification of Existing Buildings is the first ruling that will affect the existing building stock, 

the real energy consumer, with the potential for real energy and money saving, given that 

buildings erected before the TBC comes into force have no or insufficient insulation. 

The imminent entry into force of the Royal Decree by which the basic procedure is passed 

for the Energy Efficiency Certification of Existing Buildings (CEEEX) involves a thorough 

analysis of the existing stock to obtain the corresponding certification. This demands a 

complex study and a systematic analysis of that stock. 

The goal of this paper is to find out the energy rating of 2 existing buildings, previous to the 

TBC, and to assess the measures of improvements needed to reduce their demand and 

increase their energy efficiency, ranging from an analysis to find their weak spots and correct 

them to the addition of passive systems and the improvement of construction elements, or 

the incorporation of more efficient and ecological active systems. 

 

2.2 Building Description 

2.2.1 Building 1 

Located in Terrassa, insulated multi-family building of 47 flats, rectangular shape, divided 
into three staircases: A, B and C with 18, 12 and 17 flats respectively. The building has a flat 
programme in the upper floors, except in the ground floor, with different uses. 

Basements -1, -2 and -3  Car park and storage 

Ground Floor    Commercial premises and accesses to staircases 

1st Floor    Flats 

2nd, 3rd and 4th Floors   Standard flats 

5th Floor    Flat 

6th Floor    Flats with open-air terraces 

The floors with flats are used for housing. On the ground floor, there are commercial 
premises and the accesses to the staircases. One part has no construction and forms a 
palaphitic area. On basements -1, -2 and -3 there are the car park and storage units. 

2.2.2 Building 2 

Located in Rubí, insulated 30-flat multifamily building, L-shaped, and divided into 6 5-flat 
staircases. The building has a flat programme in the upper floors, except for the ground floor, 
with different uses. 

Basements -1 and -2  Car park and storage 
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Ground Floor    Commercial Premises and accesses to staircases 

First Floor    Flats 

Second Floor    Flats 

Covered Floor    Flat (linked to 2nd floor) 

The floors with flats are used for housing, as well as the covered surface directly related to 
the second-floor flats. 

On the first floor we find two flats and a passing landing; on the second floor there are three 
flats on each landing: two duplexes linked to the covered surface and a flat that faces only 
the rear façade. 

On the ground floor there are commercial premises and the accesses to the staircases, and 
on basements -1 and -2, there are the car park and storage units. 

 

2.3 Work Methodology 

To obtain the energy ratings, we used the document acknowledged by the Ministry of 
Industry, Energy and Consumption, the CE3X simplified tool. 

To obtain the buildings’ data, we used the Executive Projects of the buildings themselves. 

 

2.4 Dissertation Content 

Firstly, we will conduct the energy rating report of the two buildings chosen with the 
document acknowledged by the Ministry of Industry, Energy and Consumption, with the 
CE3X simplified tool. Next, we will conduct energy rating reports of all the flats in each of the 
buildings. 

The next step will be to carry out improvements in the buildings, both in the envelope and in 
the premises, and they will, once more, be rated for energy efficiency with the CE3X 
simplified tool. These improvements will be assessed economically. 

Afterwards, we present the results of CO2 global emissions and the global consumption of 
primary energy of the buildings and their flats, before and after the improvement measures. 

This dissertation will be complemented with a series of annexes presenting the buildings’ 
necessary information and the different energy rating reports obtained. 
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3 ENERGY RATING 

3.1  BUILDING 1 

 

Insulated building with 47 flats, commercial premises, car park and storage units. 

Reinforced concrete structure and monolayer-coated façade. Interior brickwork walls. 

 

 

 

Figura 3.1: Southern main and eastern side façade 
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Figura 3.2: Northern main and western side façade. 

 

 

3.1.1 General data of building 1 

 

The general data needed of the building appear below: 

 

Table 3.1: General data of building 1 

Type of building Insulated block of flats with 3 staircases 

Year of construction 2006 

Thermal zone and location C1 Terrassa 

Habitable surface 3371.8 m2 

Floor free height 2.7 

Number of floors 3 Basements + Ground Floor + 6 Floors 

Number of flats 47 

Mass of concrete slabs and 
partitions 

Medium 

 

 



Study, analysis and improvement measures of energetic efficiency of two buildings. 7 

3.1.2 Construction Definition 

 

The construction data needed of each closing of the building envelope appear below: 

 

Table 3.2: Construction definition of exterior façade 

EXTERIOR FAÇADE 

Material Thickness 

Cement mortar (monolayer)   2 cm 

Perforated ceramic brick wall (gero) 14 cm 

PUR Hydrofluorocarbon projection (0,028 W/mK)   4 cm 

Air chamber 10 cm 

Double hollow brick wall   7 cm 

Plasterwork   1 cm 

 

Table 3.3: Construction definition of inverted gravel roof 

INVERTED GRAVEL ROOF 

Material Thickness 

Loose pebble gravel 16-32 mm diameter 10 cm 

EPS Expanded polystyrene (0.046 W/mK) 6 cm 

Cement mortar 2 cm 

Cellular concrete, resistance 2 Kg/cm2 10 cm 

Waffle slab 35 cm 

Plasterwork 1 cm 

 

Table 3.4: Construction definition of walkable roof 

WALKABLE ROOF 

Material Thickness 

Stoneware tile 2 cm 

Cement mortar 4 cm 

EPS Expanded polystyrene (0.029 W/mK) 4 cm 

Cement mortar sheet 2 cm 

Cellular concrete, resistance 2 Kg/cm2 10 cm 

Concrete slab 35 cm 

Plasterwork 1 cm 
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Table 3.5: Construction definition of first-floor flooring between flats and palaphitic area 

FIRST-FLOOR FLOORING BETWEEN FLATS AND PALAPHITIC AREA 

Material Thickness 

Stonework tile 2 cm 

Cement mortar 6 cm 

Concrete slab 35 cm 

MW Mineral Wool (0.05 W/mK) 4 cm 

Air chamber 20 cm 

Plasterboard 2 cm 

 

Table 3.6: Construction definition of horizontal interior partition between flats and premises 

HORIZONTAL INTERIOR PARTITION BETWEEN FLATS (1ST FL) AND PREMISES 

Material Thickness 

Stonework tile 2 cm 

Cement mortar 6 cm 

Concrete slab 35 cm 

 

Table 3.7: Construction definition of vertical interior partition between flats and staircase 

VERTICAL INTERIOR PARTITION BETWEEN FLATS AND STAIRCASE 

Material Thickness 

Plasterwork 2 cm 

Perforated ceramic brick wall (gero) 14 cm 

Plasterwork 2 cm 

 

Table 3.8: Shaft definition 

SHAFTS 

Aluminium work without thermal break 

Frame percentage 20% 

Setback 20 cm 

Colour Grey / White 

Air-chamber double glazing 6+6+4 
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3.1.3 System definition 

The systems’ data appear below: 

 

Table 3.9: Definition of heating systems and SHW 

HEATING AND SHW 

Equipment Heating mixed boiler and SHW 

Type of generator Themaclassic F 25 saunier Duval sealed boiler 

Type of fuel Natural gas 

Covered demand 100% 

Nominal power 24 kW 

Nominal performance 90.4% 

Accumulator YES 

 

Table 3.10: Cooling system definition 

COOLING 

Equipment NONE 

 

Table 3.11: Definition of solar energy contribution system 

SOLAR ENERGY CONTRIBUTION 

Percentage demand covered 60% 

Deposits 11 units of 150 l, 18 units of 100 l and 18 units of 75 l 

High temperature 80ºC 

Low temperature 60ºC 

 

 

 

3.1.4 Energy rating of building 1 

Once all the building’s data were obtained, we entered them in the CE3X software and got 
the energy rating of building 1: 

 

Table 3.12: Energy rating of building 1 

ENERGY RATING OF BUILDING 1 

ELEMENT RATING GLOBAL EMISSIONS 

(KgCo2/m2 year) 

PRIMARY ENERGY 
GLOBAL CONSUMPTION 

(KWh/m2 year) 

BUILDING 1  E 24.72 119,64 
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3.2 BUILDING 2 

 

Insulated multi-family building with 30 flats, premises, car park and storage units. 

Reinforced concrete structure and bare brick façade. Interior brickwork walls. 

 

 

 

Figura 3.3: Eastern main and northern side façade 
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Figura 3.4: Southern main and western side façade 

 

3.2.1 General data of building 2 

 

The general data needed of the building appear below: 

 

Table 3.13: General data of building 2 

Type of building Insulated block of flats with 6 staircases 

Year of construction 2006 

Thermal zone and location C2 Rubí 

Habitable surface 2,180 

Floor free height 2.6 

Number of floors Ground Floor + 2 Floors + Covered Ground Floor 

Number of flats 30 

Mass of concrete slabs and 
partitions 

Medium 
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3.2.2 Construction Definition 

 

The construction data needed of each closing of the building envelope appear below: 

 

Table 3.14: Construction definition of exterior façade 

EXTERIOR FAÇADE 

Material Thickness 

Bare-side perforated ceramic brick wall 14 cm 

Cement mortar 2 cm 

PUR Hydrofluorocarbon projection (0.028 W/mK) 3 cm 

Air chamber 10 cm 

Single hollow brick wall 4 cm 

Plasterwork 1 cm 

 

Table 3.15: Construction definition of inverted gravel roof 

INVERTED GRAVEL ROOF 

Material Thickness 

Loose pebble gravel 16-32 mm diameter 10 cm 

XPS Expanded polystyrene with CO2 dioxide (0.034 W/mK) 6 cm 

Cement mortar 2 cm 

Cellular concrete, resistance 2 Kg/cm2 10 cm 

Waffle slab 35 cm 

Plasterwork 1 cm 

 

Table 3.16: Construction definition of walkable roof 

WALKABLE ROOF 

Material Thickness 

Stoneware tile 2 cm 

Cement mortar 3 cm 

Cellular concrete, resistance 2 Kg/cm2 10 cm 

XPS Expanded polystyrene with CO2 dioxide (0.034 W/mK) 3 cm 

Concrete slab 35 cm 

Plasterwork 1 cm 
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Table 3.17: Construction definition of horizontal interior partition between flats and premises 

HORIZONTAL INTERIOR PARTITION BETWEEN FLATS (1ST FL) AND PREMISES 

Material Thickness 

Stonework tile 2 cm 

Cement mortar 6 cm 

Concrete slab 35 cm 

 

Table 3.18: Construction definition of vertical interior partition between flats and staircase 

VERTICAL INTERIOR PARTITION BETWEEN FLATS AND STAIRCASE 

Material Thickness 

Plasterwork 2 cm 

Perforated ceramic brick wall (gero) 14 cm 

Plasterwork 2 cm 

 

Table 3.19: Shaft definition 

SHAFTS 

Aluminium work without thermal break 

Frame percentage 20% 

Setback 20 cm 

Colour Grey 

Air-chamber double glazing 6+6+4 

 

3.2.3 System definition 

The systems’ data appear below: 

 

Table 3.20: Definition of heating systems and SHW 

HEATING AND SHW 

Equipment Heating mixed boiler and SHW 

Type of generator Themaclassic F 25 saunier Duval sealed boiler 

Type of fuel  Natural gas 

Covered demand 100% 

Nominal power 24 kW 

Nominal performance 90,4% 

Accumulator NONE 
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Table 3.21: Cooling system definition 

COOLING 

Equipment NONE 

 

Table 3.22: Definition of solar energy contribution system 

SOLAR ENERGY CONTRIBUTION 

Percentage demand covered NONE 

 

 

3.2.4 Energy rating of building 2 

 

Once all the building’s data were obtained, we entered them in the CE3X software and got 
the energy rating of building 2: 

 

Table 3.23: Energy rating of building 2 

ENERGY RATING OF BUILDING 2 

ELEMENT RATING GLOBAL EMISSIONS 

(KgCo2/m2 year) 

PRIMARY ENERGY 
GLOBAL CONSUMPTION 

(KWh/m2 year) 

BUILDING 2 E 22,25 106,66 

 



Study, analysis and improvement measures of energetic efficiency of two buildings. 15 

4 IMPROVEMENTS IN THE BUILDING ENVELOPE 

4.1 BUILDING 1 

4.1.1 Insulation improvements in the envelope of building 1 

For the insulation improvements in the building envelope, we considered the same materials 
used originally but increasing their thickness and/or their thermal conductivity. 

 

Table 4.1: Thermal insulation in base building envelope 1 

 BASE BUILDING 1  

ENVELOPE AREA INSULATION THICKNESS 

Façade PUR Hydrofluorcarbon Projection(0.028 W/mK) 4 cm 

Gravel inverted roof  EPS Expanded Polystyrene (0.046 W/mK) 6 cm 

Flooring palaphitic area MW Mineral wool (0.05 W/mK) 4 cm 

Flooring on premises - - 

Walkable roof EPS Expanded Polystyrene (0.029 W/mK) 3 cm 

  

Table 4.2: Thermal insulation of envelope of improved building 1 

IMPROVED BUILDING 1 

ENVELOPE AREA INSULATION THICKNESS 

Façade PUR Hydrofluorcarbon Projection (0.028 W/mK) 6 cm 

Gravel inverted roof EPS Expanded Polystyrene (0.029 W/mK) 8 cm 

Flooring palaphitic area MW Mineral wool (0.031 W/mK) 10 cm 

Flooring on premises MW Mineral wool (0.031 W/mK) 10 cm 

Walkable roof EPS Expanded Polystyrene (0.029 W/mK) 6 cm 

 

 

4.1.2 Shaft improvement 

For the shaft improvement, the original windows have been replaced by class 4 windows, 
with 4+20+6 low-emission double glazing and 12-mm major thermal-brake frames. 

Table 4.3: Shafts base building 1 

BASE BUILDING 1 

ALUMINIUM WORK NO THERMAL BREAK 

GLAZING 6 + 6 + 4 
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Table 4.4: Shafts improved building 1 

IMPROVED BUILDING 1 

ALUMINIUM WORK THERMAL BREAK > 12 mm 

GLAZING 4 + 20 + 6 LOW EMISSIONS 

WINDOW CLASS 4 

 

4.1.3 Cost of improvements in building envelope 1 

 

The budget for the improvements of the envelope, insulation and shafts appears below: 

 

Table 4.5: Cost of improvements of envelope of building 1 

COST OF IMPROVEMENTS OF ENVELOPE OF BUILDING 1 

IMPROVEMENT MEASURE BUDGET SERVICE LIFE 
YEARS 

Increasing insulation envelope 26,000  50 

Increasing aluminium work with RPT and 
low-emission glazing 

107,300 25 

 

Data for economic assessment: 

- Natural Gas:   0.057 €/kWh (prices October 2013) 
- Electricity:    0.13   €/kWh (prices October 2013) 
- Yearly increase price of energy: 3% 
- Type of interest: 2.1% 

 

4.1.4 Energy rating of building 1 with improved envelope 

Once the building’s data were improved, we entered them into the CE3X software and 
obtained the energy rating of the improved building 1: 

 

Table 4.6: Energy rating of building 1 with improved envelope 

IMPROVEMENT OF ENVELOPE OF BUILDING 1 

ELEMENT RATING EMISSIONS 

(KgCo2/m2 year) 

CONSUMPTION 

(KWh/m2 year) 

DEMAND 
SAVING 

BASE BUILDING 1 E 24.72 119,64  

IMPROVED 
BUILDING 1  

D 20.85 100,83 20% 
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4.2 BUILDING 2 

4.2.1 Insulation improvements in the envelope of building 2 

For the insulation improvements in the building envelope, we considered the same materials 
used originally but increasing their thickness and/or their thermal conductivity. 

 

Table 4.7: Thermal insulation in base building envelope 2 

BASE BUILDING 2 

ENVELOPE AREA INSULATION THICKNESS 

Façade PUR Hydrofluorcarbon Projection (0.028 W/mK) 3 cm 

Gravel inverted roof  XPS Expanded with CO2 dioxide (0.034 W/mK) 3 cm 

Flooring on premises - - 

Walkable roof  XPS Expanded with CO2 dioxide (0.034 W/mK) 3 cm 

  

Table 4.8: Thermal insulation of envelope of improved building 2 

IMPROVED BUILDING 2 

ENVELOPE AREA INSULATION THICKNESS 

Façade PUR Hydrofluorcarbon Projection (0.028 W/mK) 6 cm 

Gravel inverted roof XPS Expanded with CO2 dioxide (0.034 W/mK) 6 cm 

Flooring on premises MW Mineral wool (0.031 W/mK) 10 cm 

Walkable roof XPS Expanded with CO2 dioxide (0.034 W/mK) 6 cm 

 

 

4.2.2 Shaft improvement 

For the shaft improvement, the original windows have been replaced by class 4 windows, 
with 4+20+6 low-emission double glazing and 12-mm major thermal-brake frames. 

Table 4.9: Shafts base building 2 

BASE BUILDING 2 

ALUMINIUM WORK NO THERMAL BREAK 

GLAZING 6 + 6 + 4 

 

Table 4.10: Shafts improved building 2 

IMPROVED BUILDING 2 

ALUMINIUM WORK THERMAL BREAK > 12 mm 

GLAZING 4 + 20 + 6 LOW EMISSIONS 

WINDOW TYPE 4 
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4.2.3 Cost of improvements 

 

The budget for the improvements of the envelope, insulation and shafts appears below: 

Table 4.11: Cost of improvements of envelope of building 2 

COST OF IMPROVEMENTS OF ENVELOPE OF BUILDING 2 

IMPROVEMENT MEASURE BUDGET SERVICE LIFE 
YEARS 

Increasing insulation envelope 29,150  50 

Increasing aluminium work with RPT and 
low-emission glazing 

68,500 25 

 

Data for economic assessment: 

- Natural Gas:   0.057 €/kWh (prices October 2013) 
- Electricity:    0.13   €/kWh (prices October 2013) 
- Yearly increase price of energy: 3% 
- Type of interest: 2.1% 

 

4.2.4 Energy rating of building 2 with improved envelope 

 

Once the building’s data were improved, we entered them into the CE3X software and 
obtained the energy rating of the improved building 2: 

 

Table 4.12: Energy rating of building 1 with improved envelope 

IMPROVEMENT OF ENVELOPE OF BUILDING 2 

ELEMENT RATING EMISSIONS 

(KgCo2/m2 year) 

CONSUMPTION PE 

(KWh/m2 year) 

DEMAND 
SAVING 

BASE BUILDING 2 E 22,25 106,66 - 

IMPROVED BUILDING 2 D 16,26 75,06 62% 

 

 

 

 

 


