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RESUM 

Aquest estudi ha estat realitzat a Chalmers University of Technology, Göteborg, Suècia, i 

s’engloba en el projecte d’àmbit europeu Pathways to Sustainable European Energy 

Systems que té per objectiu trobar camins (patwhays) que permetin una transició entre 

els sistemes energètics actuals i sistemes energètics sostenibles.  

En aquest marc, aquest Projecte Fi de Carrera (PFC) és part d’un procés que té per 

objectiu desenvolupar una metodologia per descriure el parc d’habitatges europeu 

mitjançant edificis tipus, amb la finalitat d’identificar els potencials d’estalvi energètic. En 

aquest context el present PFC té dos objectius. Per una banda, desenvolupar una 

metodologia per estimar aquests potencials d’estalvi en edificis tipus representatius del 

parc d’edificis d’un país, i, per altra, avaluar si el software de simulació BV2 per al càlcul de 

la demanda energètica d’edificis pot resultar una eina apropiada per aquesta finalitat. Per 

a fer-ho, s’han simulat dos edificis tipus extrets d’un estudi de l’Institut Cerdà (IC)  

identificat durant la recerca bibliogràfica que es dugué a terme a l’inici del projecte.  

La informació en relació als edificis tipus disponible en l’estudi de l’IC resultà no ser 

suficient per a les simulacions amb BV2, amb la qual cosa va ser necessari completar-la 

amb dades provinents d’altres fonts i fer suposicions en aquells casos en què no fou 

possible trobar-ne. Gran part d’aquest estudi s’ha centrat en identificar possibles fonts 

d’informació per completar les dades necessàries per a les simulacions. Tanmateix, els 

resultats obtinguts divergeixen considerablement dels resultats trobats en altres estudis 

similars. . 

Per aclarir les possibles causes d’aquesta divergència es realitzà un estudi de sensibilitat, 

que demostrà que alguns dels paràmetres per als quals calgué fer suposicions degut a la 

manca de dades (temperatures a l’interior de l’habitatge i permeabilitat de l’edifici) tenen 

un gran impacte en la demanda per a climatització.  

Finalment, s’estudià l’impacte en la demanda per a climatització de l’adequació de 

l’envolvent de l’edifici al Codi Tècnic de l’Edificació.  

Una de les principals conclusions d’aquest estudi és que els resultats de les simulacions 

mitjançant BV2 són altament sensibles a alguns paràmetres per als quals no ha estat 

possible trobar dades i que són molt difícils de determinar per a simulacions amb edificis 

tipus. La metodologia per descriure el parc d’habitatges europeu en edificis tipus, així 

doncs, ha de ser més desenvolupada.  
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PREFACE 

This master thesis has been carried out at Chalmers University of Technology, Göteborg, 

Sweden, under the supervision of Professor Filip Johnsson, as part of the project 

Pathways to Sustainable European Energy Systems, a five year project with the overall 

aim of evaluating and proposing robust pathways, or bridging systems, towards a 

sustainable energy system with respect to environmental, technical, economic and social 

issues. The focus is on the stationary energy system (power and heat) in a European 

setting. Evaluations are be based on a detailed description of the present energy system 

and focus on how the system can be developed into the future under a range of 

environmental, economic and infrastructural constraints.  

The project is part of an international cooperation, the Alliance for Global Sustainability 

(AGS), in which companies such as Ford, Du Pont and Vattenfall are involved in research 

collaborations together with MIT (Massachusetts Institute of Technology), ETH (Swiss 

Federal Institute of Technology, Zurich), Tokyo University and Chalmers University of 

Technology, Göteborg.  

Thus, with the aim of identifying ways of making the transition from our present energy 

systems towards sustainable systems, the Pathways project is structured into 10 work 

packages, which address topics such as a description of the energy infrastructure, energy 

systems modelling, technology assessment of best available and future technologies, and 

international fuel markets. This master thesis is part of “Work Package 4: technology 

assessment of Best Available Technology (demand side).  
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1. INTRODUCTION 

Diverse factors such as climate change, security of supply and rising fossil fuels prices 

have made evident the need for a major improvement in energy management and energy 

efficiency. Intuitionally this has been recognised in many ways, including the coming into 

effect of the Kyoto protocol in February 2005. The European Union, as a signatory, has 

committed to reducing emissions of Greenhouse Gases (GHG) by 2020.  

In order to meet this target the European Union has set the objective of reducing 20% of 

its total primary energy consumption by 2020 [IP/07/29, 2007]. Energy efficiency 

measures are stressed as being a key tool in the meeting of this goal. The residential and 

services sectors, which account for 40% of the EU’s final energy consumption [Directive 

2002/91/EC], present great potential for energy savings. The same EU goal expects 

savings of at least 27% in these two sectors. 

1.1. Aim of this Master Thesis 

The aim of this Master Thesis is to develop a methodology to estimate savings that could 

accrue from applying certain energy saving measures to aggregated type buildings 

representing a building stock.  

A further aim is to evaluate the use of the BV2 simulation software tool for use in the 

simulation of energy saving measures in the same aggregated type buildings.  

The work is part of a process to develop a methodology to represent the European 

building stock by type buildings in order to identify the energy saving measures that could 

be applied.  

In the present work the methodology has been applied to two case studies based on two 

type buildings representing a portion of permanently occupied dwellings in Catalonia, 

Spain.  

1.2. Background  

Type buildings for the case studies for this work were taken from a study by Institut Cerdà 

that had divided Catalonian permanently occupied dwellings into 11 aggregated type 

buildings.  

Computer simulations were run using BV2, a software tool for calculation the energy 

requirements of buildings that has been developed by CIT Energy Management AB. The 

2003 version was used since the latest version (2007) is only available in Swedish.  

1.3. Structure of the Work 

In order to understand the framework in which the present master thesis has been 

carried out, an overview of the European and Spanish building stock and energy trends 
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therein is first presented, together with an outline of relevant legislation concerning 

energy efficiency in buildings. This is carried out in Chapter 2 

The literature survey presented in Chapter 3 introduces some basic concepts relating 

energy consumption in buildings to energy characterization of a building stock, there 

introducing the type building concept. Subsequently, it summarizes former studies that 

have used type buildings to divide a building stock. Studies found focusing on the Spanish 

building stock are described in more detail. 

Computer simulations were run for two type buildings found in one study by Institut 

Cerdà (IC) that had been identified in the literature survey. Data available from this study 

was not sufficient to run BV2 simulations. It was thus needed to complete missing input 

data with data from other sources, and to make some assumptions for input parameters 

for which no data could be found. This, together with an overview of the functioning of 

the simulation tool BV2, is presented in Chapter 4.  

Finally, in Chapter 5 results from simulations are presented, as well as results from 

applying certain upgrading measures. Since the results obtained from simulation differ 

substantially from results found in the IC study a sensitivity analysis was carried out in 

order to determine which parameters affected the heating and cooling demand in one of 

the simulated buildings, aiming at detecting possible causes of the deviation of simulation 

results.  
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2. OVERVIEW OF EUROPEAN AND SPANISH BUILDING STOCK  

In order to set the context in which the present master thesis has been developed, this 

chapter presents a general overview of the European and Spanish building stock and 

energy trends, together with an outline of relevant legislation concerning energy 

efficiency in buildings. 

2.1. Buildings Stock Structure 

[you say that I need to be consistent when using residential, tertiary, services…with 

tertiary and services, ok, but with residential and dwellings…also? I mean, isn’t the 

residential sector made of dwellings? You don’t say “the dwellings sector”, I mean…The 

residential and services sector (most part of which are buildings) account for more than 

40% of final energy consumption in the European Community. This figure is rising. 

[Directive 2002/91/EC .  

The residential sector is made up of constructed floor area mostly. (does this expression 

mean that most of floor area is for residential sector? Figure 2.1 shows share of floor area 

for the residential and service sector in Spain. 

Figure 2.1: Spanish building stock divided by use1 

 Thus, as seen in Figure 2.1, dwellings accounted for the largest part of building 

stock area. Their share of total constructed area has been increasing since 1990. In 2005, 

the residential sector accounted for 87% of constructed floor area in Spain. Its share of 

energy consumption is lower, being 61.5% for Spain in 2000 [ME, 2003a] and 63% in 

Europe [Balaras et al., 2007]. 

The following overview focuses on the European and Spanish residential sector.  

                                                            
1
 Elaborated by the author with data from  [MFom, 2007a], [MFom, 1999], [ME, 2003a]. No statistics of 

demolition rate disaggregated by sector have been found. This figure does therefore not take into 
consideration demolished m

2
. It must be pointed out that total demolition rate with respect to total building 

stock was on average under 0.3% between 2000-2006 [MFom, 2007b]. 
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Table 2.1 shows total size of the European building stock and distribution by countries, as 

well as average construction and demolition rate. [Balaras et al., 2007] 

Table 2.1: Existing dwellings in EU-25. Distribution by countries and average growth 

[Balaras et al., 2007] 

Distribution of existing dwelling stock in EU-25 

Total number of dwellings 196 milions 

Germany 18.6% 

Italy 13.8% 

UK 13.2% 

France 12.7% 

Spain 10.5% 

Poland 6.5% 

The Netherlands 3.5% 

Other countries in EU-25 21.2% 

Average growth of EU-25 building stock 

Average annual rate of construction of new dwellings as 
percentage of the size of existing stock 1.1% 

Annual demolition rate to size of the existing stock dwellings as 
percentage of the size of existing stock 0.07% 

 

As can be seen in Table 2.1, EU-25 building stock has approximately 196 million dwellings, 

of which almost 80% are concentrated in seven countries, one being Spain, which 

contains for 10,5% of European building stock.  

Table 2.1 also shows that the annual construction rate of new dwellings is higher than the 

annual demolition rate. The building stock in Europe is thus growing at an average rate of 

1,03%. This varies throughout Europe, being significantly higher in Spain. Currently in 

Spain, the annual rate of construction was in 2005 around 4% [MFom, 2007a] in 2005, 

while total demolition (including both services and residential sector) rate was 0,28% 

[Mfom, 2007b]. to an annual increase in the building stock higher than 3.5%. However, as 

is well known, construction rate in Spain has slowed down significantly since the end of 

2007.  

In relation to age of the building stock, more than 50% of existing residential buildings in 

the EU-25 were built before 1970, and about one third were built between 1970 and 1990 

[Norris and Shiels 2004] 

These figures are slightly different in Spain, as can be seen in the Spanish Population and 

household census from 2001 [INE 2001]. This is shown in Figure 2.2 
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As seen in Figure 2.2, 46% of existing dwellings in Spain were built before 1970, and 24% 

were built in the decade of 1970. The first building code in Spain came into force in 1979, 

which means that around 70% of Spanish building stock was built before any building 

code was in place. 

This has two principal consequences. First, in terms of energy consumption, as buildings 

built before the building code came into force are probably less energy efficient. Second, 

no data can be easily found concerning building envelope characteristics (U-values of 

façade, air leakage, etc.) of pre 1979 buildings. As it is, the minimum energy performance 

of buildings set in a building code usually becomes the standard for all newly constructed 

buildings. This allows estimation of certain parameters relating to the building envelope 

by using values set in the building code that was in force when the building was built.  

Finally, Figure 2.3  shows the split of the Spanish residential sector between permanently 

occupied, non permanently occupied and empty dwellings. 

 

As shown in Figure 2.3, 31% 

of Spanish dwellings are 

second residences or empty 

dwellings. This leads to an 

oversized building stock in 

relation to Spanish 

population, which has a 

major impact in terms of 

land use, embodied energy 

in construction materials, 

etc. However, since people 

are only at one place at a 

time the impact on end-energy consumption can be considered to be restricted to 
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electrical apparatus that are left plugged in when the building is left empty, i.e. 

refrigerators and freezers.  

2.2. End use energy consumption  

Energy consumption by end-use in Europe and in Spain can be seen in Figure 2.4, data 

from [Caixa Catalunya, 2007] and [MITyC, 2007] 

 

Figure 2.4: Distribution of energy consumption by end use in Spanish (left) and EU (right) 

households [Caixa Catalunya, 2007], [ME, 2003a] 

 

As can be seen in Figure 2.4, space heating (67,9%) is the dominant end use in Eu-15 

member states, followed by water heating (14%) and electrical appliances and lighting 

(14%).The share of total end energy use that is used for space heating varies across 

Europe, ranging from up to 70% in Germany and the Netherlands to between 50% and 

60% in Sweden and the UK. In Southern European countries the share of total end energy 

consumption used for space heating is lower due to their climatic conditions. It is only 

around 30% in Portugal [Balaras et al. 2007].  In Spain, Figure 2.4 shows that space 

heating represents around 40% of total.  

It can also be seen from the figure that energy consumption for space cooling in the EU is 

negligible, while in Spain it represents 0,4% of total end use energy consumption. 

However, energy consumption for cooling has been growing over the last number of 

years. Spain and Italy now account for more than 50% of the EU’s air-conditioned floor 

area [Balaras et al. 2007] 

In the case of Spain, this increase has a greater impact on the electricity peak load (which 

the grid occasionally has difficulty meeting) than on the actual overall yearly 

consumption. In 2000 Spanish air conditioning consumption was estimated to be 

23ktoe/year, while the total consumption for other appliances was 1848ktoe/year, and 

1130ktoe/year for kitchen. In 2003 the overall electricity consumption of air conditioning 

units in the Spanish residential sector was still negligible [ME, 2003a]. 
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In 1997, for example, Catalonian annual average consumption for air conditioning was 20 

kWh/dwelling [ICAEN, 1997]. Even though it increased by almost 500% in 8 years (99 

kWh/ dwelling in 2005), it was still negligible compared with consumption for space 

heating  4842KWh/dwelling [ICAEN, 2005]. This can be seen in Table 2.2.  

Table 2.2: Average consumption and penetration rates of air conditioning units in Catalonian 
permanently occupied dwellings [ICAEN, 1997], [ICAEN, 2005] 

Average consumption in Catalonia  1997 2005 

For space cooling [kWh/dwelling] 20 99 

For space heating [kWh/dwelling] 3169 3753 

Penetration rate of air conditioning units [%] 7.6 28 

 

This is due to two factors. First, the penetration rate is still relatively low: in 2005 only 

28% of Catalonian permanently occupied dwellings owned an air conditioning unit. 

Second, a relatively low energy consumption per apparatus, due to short operating hours 

in households [MITyC,2003a] .However, both the penetration rate and consumption per 

apparatus have continued to rise in the last years due to increasing living standards. This 

rise is expected to continue. 

2.3. Legislation concerning energy efficiency in buildings 

The most relevant legislation concerning energy performance of buildings at a European 

level is Directive 2002/91/EC on the Energy Performance in Buildings (EPBD) [Directive 

2002/91/EC], which requires member states to:  

- Prescribe a methodology for the calculation of the energy performance of buildings 
- Establish minimum requirements for the energy performance of both new 

buildings and large existing buildings that are subject to major renovation 
- Publish an energy performance certificate when buildings are constructed, sold, or 

rented out 
- Carry out regular inspection of boilers and of air-conditioning systems in buildings  

 

In Spain, this directive has been transposed within the framework of Spanish Energy 

Efficiency Strategy which relays on two action plans: Action Plan 2005-2007 [MITyC, 2005] 

and Action Plan 2008-2012 [MITyC, 2007] both of which contain packages of instruments 

that are to be implemented aimed at increasing energy efficiency  In Action Plan 2005-

2007, Directive 2002/91/EC on Energy Efficiency on Buildings was transposed by means of 

three Royal Decrees, these being [MITyC,2006]: 

- Royal Decree to approve the new Technical Building Code (Código Técnico de la 
Edificación, CTE) 

- Royal Decree to revise and approve the new Regulations on Building Heating 
Installations (Reglamento de Instalaciones Térmicas en los Edificios, RITE) 

- Royal Decree to approve the new procedure for Building Energy certification 
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As pointed out by Balaras [Balaras et al., 2007], a weak spot the EPBD is that it only 

applies to new buildings or large existing buildings that are subject to major renovation. 

However, given the low turn-over rate of buildings (lifetime from 50 years up to more 

than 100 years)  and the number of dwellings that are already built, the biggest potential 

for energy savings are in upgrading or retrofitting existing buildings in order to make 

them more energy efficient. 

European Commission intended initially to review EPBD in order to set the first-ever EU-

wide energy efficiency standards for buildings. However, it seems now (April 2008) that 

the European Commission may be backing away from this proposal. Public consultation 

relating this is now open until June 20th 2008 [ECEEE, 2008]. 

A number of EU directives related to energy certification of domestic energy consumption 

apparatus, such as hot water boilers and ballast and fluorescent lighting exist. Some 

examples of these directives are Directive 2005/32/EC establishing a framework for the 

setting of econ-design requirements for energy using products, 2003/66/EC Directive on 

energy labelling of refrigerators, freezers and their combinations or 2002/40/EC Directive 

relating energy performance of domestic ovens [De Alegría Mancisidor et al., 2007] 
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 3. LITERATURE SURVEY  

This chapter gives an introduction to some key concepts concerning the energy 

characterization of buildings and of a building stock, and introduces the type building 

concept. Subsequently, it summarizes former studies that have used type buildings to 

divide a building stock. Studies relating to the Spanish building stock are described in 

more detail.  

3.1. Energy Characterization of a Building Stock 

3.1.1. Energy Characterization of an Average Building 

End use energy in a building can be roughly divided into energy consumption for thermal 

comfort (space heating and cooling) and energy consumption for other purposes 

(appliances, cooking, lights and domestic hot water).  

The quantity of energy consumption for thermal comfort depends on both the apparatus 

used to cover the building’s energy requirements as well as on the thermal demand itself. 

In turn, demand depends on a number of factors such as the building’s envelope, outdoor 

climate, internal heat generation or life style factors, and on interactions between all of 

these factors.  These parameters are described graphically in Figure 3.1 

Figure 3.1: Parameters which determine energy consumption in an average Building 

 

Hence, in order to characterize a building in terms of its energy consumption all of the 

data relating to all of the categories shown in Figure 3.1 is needed. Some of these 

parameters are straightforward to determine, i.e. electricity use for lighting can be easily 

determined by collecting data relating the number and power of lights as well as hours of 
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use. On the other hand, other parameters are difficult to measure or to determine their 

impact on the overall energy consumption of a building. Two examples would be 

uncontrolled ventilation or U-value of the facades. Thus, to properly characterize a 

building in terms of its energy consumption some type of simulation tool is usually 

required, which must be tuned so that the result from simulation matches the energy 

consumption of the building (by comparison with its energy bill, for example). 

In addition to this, life-style factors have a high impact on overall energy consumption. 

The energy consumption of two very similar buildings may vary by a factor of around 2,5 

due to life-style-factors [Johansson et al., 2006]. 

3.1.2. Required Data for Characterization of a Building Stock  

Considering the difficulty in determining the energy consumption if a single building, the 

characterization of an entire building stock (usually made up of millions of buildings 

becomes an even more complex matter.  

To do this, buildings are usually divided according to their use, since this determines to a 

high degree their energy consumption. A first division is then between services sector 

buildings and residential buildings.  

The services sector comprises the non producing sector and includes a number of diverse 

business and welfare activities. It is a very diverse sector, which near that the buildings 

included in this category are also diverse. The sector can be further divided into service 

sector branches, such as commerce, hotels and restaurants, offices and administration, 

etc.  

The residential sector includes all type of dwellings, that is, places where people live, from 

single family dwellings or apartments to caravans and trailers. Dwellings can be 

permanently occupied throughout the year or occupied on a non permanent basis 

(vacation houses) [Gravalon, 2007]. This classification of residential and services sector 

buildings can be seen in Table 3.1 

Table 3.1: Classification of buildings in residential and services sector [Gravalon, 2007] 

Sector Includes Further classification 

Residential 
All types of 
dwellings  

- Permanently occupied 
- Non permanently occupied  

Services 
sector 

Buildings in non 
producing sector 

- Commerce 
- Hotels and restaurants 
- Offices and administration 
- Education 
- Health and social work 
- Other community social and personal service activities 

 Taking these categories into account, data found in Table 3.2 is needed to completely 

characterize a country building stock in terms of its energy consumption [Ó Broin, 2007] 
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 Table 3.2: Required data for analysis of energy use in the building stock [Ó Broin, 2007] 

 

 

Required parameters 
R

es
id

en
ti

al
 s

ec
to

r 

 
− Single family dwelling 

− Two family dwelling 

− Terraced dwelling 

− Multifamily dwelling low rise 

− Multifamily dwelling high rise 

− Holiday dwelling 

− Other dwelling 

Ty
p

e 
o

f 
b

u
ild

in
g 

 

Se
rv

ic
e 

se
ct

o
r 

 − Branch of the service sector as seen in Table 3.1 

B
u

ild
in

g 

d
at

a 

− Total floor area 

− Stock of buildings 

− Age distribution 

− Heating system 

− Fuels used in heating 

−  

B
u

ild
in

g 
in

su
la

ti
o

n
 

d
at

a 

− Floor insulation 

− Roof insulation 

− Wall insulation 

− Window type 

− Conductivity in W/m2·K for each of the above 

− Related thickness of material in cm for each of the above 

− Variable cost of the material in €/cm per square meter installed 

A
p

p
lia

n
ce

s − Stock of appliances 

− Annual growth rates (percentage per year increase in number of appliances) 

− Unitary consumption (kWh per year per appliance) of the average appliance in use 

− Average lifetime of the appliance 

− Average investment cost for an average appliance in Euro 

B
u

ild
in

g 
h

e
at

in
g 

p
ra

ct
ic

e
 

− Average internal temperature of heated buildings 

− Average external temperature during the periods when heating is used 

− Average difference between the internal temperature and the ground temperature 
during the heating period 

− Average number of hours per day and days per ear that heating is used 

− Average annual efficiency of the existing heating system by fuel type 

H
ea

t 

− Space heating 

− Hot water heating 

− Heat for cooking 

− Cooling  

B
u

ild
in

g 
e

n
e

rg
y 

e
n

d
 

u
se

 

P
o

w
er

 − Lighting 

− Ventilation and air conditioning 

− Appliances 

− Heating (electric resistance) 

M
ac

ro
d

at
a 

− Population 

− Gross Domestic Product 

− Income per capita 

− Number of people housed 

− Number of households 

− Average household size 

− Value added by service provided 

− Employees in each branch of service sector 

− Number of service businesses, average service sector business size 

− Degree days per year 

− Taxes on fossil fuels 

− Heat and electricity costs 
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However, one of the main problems when trying to characterize the building stock is the 

lack of detailed data available concerning some crucial parameters. For instance, neither 

Gravalon [2007] nor Ó Broin (2007) found any statistical data related to building shell 

characteristics for either sector  for in France in European or French sources. 

3.1.3. The Type Building Concept 

In addition to the lack of available data, it must also be taken into account, when dealing 

with the building stock, that it is composed of millions of units. Thus, even if all the 

information in Table 3.2 was available, running computer simulations for all building in 

the building stock for, i.e., estimating the energy savings that would accrue from a certain 

upgrading measures, would be nonviable.  

A possible approach to overcome this problem is to use the concept of type buildings: the 

available information describing the building stock in a country, a limited number of 

buildings are selected as representing the entire building stock. For each type building 

software is used to calculate the building’s present energy performance. Results must be 

tuned to national statistics to make sure that the total present end use consumption 

matches the overall consumption at a national level.  

The number of building types is a compromise between accuracy and feasibility: the 

bigger the number of building types the more precisely the building stock is described, 

but the longer it is to simulate. Too few buildings represented make simulations easier to 

work with, although with the risk that the building stock is not properly represented.  

3.2. Review of Studies Using Type Buildings to Divide a Building Stock 

Table 3.3 and Table 3.5 present a summary of some studies found that have dealt with 

the concept of type building to characterize a building stock and to study the impact of 

upgrading measures.  
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Table 3.3: Description of former studies dividing a building stock into type buildings (I) [Petersdorff, 
2002], [Petersdorff, 2004] 

Scope 
 

EU-15, EFTA countries end Turkey 
All buildings 

Number of type buildings: 36 (3 types buildings, 4 ages groups, 3 climate zones) 

Type of 

building   

  

1. Single family: Two storey terrace-end-house 
2. Multifamily: four storey apartment housea (smalla/largea)  
3. Service/commercial: four storey office buildingb (smalls/largea) Criteria to divide 

the building 

stock: Construction 

period    

1. Before 1975    
i. In their original conditions 

ii. Retrofitted 
2. 1975-1990 
3. After 1990 

Methodology:  
EURIMA (European Insulation Manufactures Association) made two studies 
through a German consulting company Ecofys.  The base for calculations is a 
data base that Ecofys has developed of the European building stock 

Upgrading measures focus on: Impact of better insulation on heating and cooling energy demand 
a in the second Ecofys study this was divided between small and large apartment houses  
b in the second Ecofys study this was divided between small and large office buildings 

Table 3.4: Description of former studies dividing a building stock into type buildings (II) [Balaras et al., 2007] 

Scope 
Greece 

Permanently occupied dwellings (68% of Greek building stock) 

Number of type buildings: 24   (2 types, 3 construction periods, 4 climate zones) 

Type of 

building   

  

1. Single family 
2. Apartment buildings 
 

Criteria to divide 

the building 

stock: Construction 

period    

1. Pre-1980 
2. 1981-2001 
3. 2002-2010 

Some elements considered to 

determine energy consumption in 

average buildings 

Level of building envelope thermal insulation, type and age of space heating 

installations, central space heating control systems, air conditioning 

equipment, solar collectors for sanitary hot water production, type of lighting 

Methodology:  

Computer simulations were run using data taken from National Statistics, 

which needed to be completed with some estimations. To verify estimated 

data the calculated total annual energy consumption was compared against 

energy balance of the actual annual electrical and thermal energy 

consumption reported by the Hellenic Ministry of Development. Different 

conservation scenarios and their impact were evaluated 

Upgrading measures focus on: See Table 3.7 
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Table 3.5: Description of former studies dividing a building stock into type buildings (III) [Clarke, J.A., et al, 
2004] 

Scope 
 

Scotland 
Residential sector 

Number of type buildings: 21 type buildings, 243 thermodynamic classes (see methodology in this table) 

Type of 
building   
  

1. Detached  
2. Semi-detached 
3. Terraced 
4. Tenement flat 

5. Four-in-a-block flat 
6. Conversion flat 
7. Tower/slab flat 

Criteria 
to divide 
the 
building 
stock: Construction 

period    
1. Pre-1965 
2. 1965-1982 
3. 1982-2003 

Methodology:  

A decision–support tool for use of policy makers addressing the needs of the Scottish 
domestic sector was developed. To develop it, buildings  were classified in 
thermodynamic classes (TC), according to their energy performance, disregarding 
architecture and construction characteristics. Considered governing parameters for 
energy use were and the values set fro each parameter were 

1.Window size (standard/large)                       4. Air permeability (poor/standard/tight)                                            
2.Insulation level (poor/standard/high)         5. Capacity position(inner/medium/outer) 
3. Thermal capacity level (low/medium/high) 

The range of designs to be processed were established as a unique combination of the 
aforementioned parameters, which led to 243 (35) possible combinations which 
characterised the “universe” of possible house (243 thermodynamic classes). Simulation 
were run for 30 of these. A representative model (in form of regression equations) was 
then formed for each simulated TC. Any real house may then be related to a TC through 
its design parameters. Regression equations of the simulation results for the set of 
representative type houses listed above defined the possible performance of the entire 
building stock, present and future. 
The methodology described was applied to estimate the energy reduction for space 
heating in the Scottish building stock. 

Upgrading measures 
focus on: 

Insulation, air infiltration 

 
Table 3.5 Description of former studies dividing a building stock into type buildings (IV) [Peacock, 2007] 

Scope 
 

UK 
Residential sector 

Number of type 
buildings: 

7 building variants 

Division  of  
building stock: 

1. 1945-1964 Semi detached. Masonry cavity wall. 50 mm cavity. Filled 
2. 1945-1964 Semi-detached Masonry cavity wall. 50 mm cavity. Clear 
3. 1900-1918 Mid-terrace. Solid wall construction 
4. 1980-1996 Semi detached Masonry construction. 75 mm. Partial fill 
5. 1980 -1996 Detached Timber frame. Compliant to 1992 UK Building Regulations 
6. 2002 Detached Masonry cavity wall. Compliant to 2002 UK Building regulations 
7. Pre 1900 Detached. Solid wall construction 

Methodology:  

The predominant end energy use in UK residential sector is space heating. A series of 
domestic building variants chosen to represent to describe the range of construction 
methods found in UK housing. Technological interventions, grouped by building fabric, 
ventilation, appliances and on-site microgeneation (for heat and power) were investigated as 
applied to the building variants. The interdependence of the technological interventions was 
also evaluated 

Upgrading measures 
focus on: 

Thermal insulation of external walls (exposed facades) for buildings without or inadequate 
insulation, thermal insulation of roofs (exposed side) for buildings without or inadequate 
insulation, Weather proofing opening  

  



 Energy Saving Measures in Spanish Buidlings. Two Catalonian Case Studies 

 

20 

Finally, a summary of the outcome of the study presented by Balaras et al. [2007] is 

reproduced in Table 3.7, as an example of which type of energy saving measures can be 

applied and the order of magnitude of energy savings that can accrue from each 

Table 3.7: Priorities for the implementation of energy saving measures in Greek permanently occupied 
dwellings [Balaras et al. 2007] 

Total annual energy savings in dwellings 
Energy conservation measure 

Thermala Electricalb 

1 Thermal insulation of external walls 49% space heating  

2 Weather proofing (sealing) of openings 20% space heating  

3 Double glazing 19% space heating  

4 Thermal insulation of roof 10% space heating  

5 
Maintenance of central heating 
insulation 

11% of space heating  

6 
Replacement of inefficient boilers with 
energy efficient oil-burners 

17% of space heating  

7 
Temperature balance controls for 
central space heating 

4% of space heating  

8 Space thermostats 4% of space heating  

9 
Replacement of inefficient boilers with 
energy efficient natural gas burners 

21% of space heating  

10 
Replacement of old and inefficient local  
air conditioning units 

 72% of cooling 

11 Ceiling fans  60% of cooling 

12 External shadings  15% of cooling 

13 Solar collectors for sanitary hot water  
68% of sanitary for 

hot water 

14 Energy efficiency lamps  60% of lighting 
a Percentage of total thermal energy consumption for the specific final use and for the buildings the 
measure is applied to as described in [Balaras et al. 07] 
b Percentage of total electric energy consumption for the specific final use and for the buildings the 
measure is applied to as described in [Balaras et al. 07] 

 

3.3. Studies Using Type Buildings to Divide the Spanish Building Stock 

Dividing Spanish building stock into aggregated type buildings is a complex task, 

considering both lack of statistical data related to the Spanish building stock, and because 

of the country’s diversity. A technician from the Spanish Institute for Energy 

Diversification and Saving (IDAE)  [García Mazos, 2007], told the author in private 

communication that a characterization of the building stock in Spain should take into 

account parameters as different climate zones defined by the Spanish building code, 

different construction periods, building codes enforced by different regional governments 

and different building traditions in different parts of the country. In addition to this, the 

high ratio of second and empty houses should be taken into consideration, given their 

share pf the building stock, which amounted to 30% in 2001 [INE, 2001]. In addition to 
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this their energy consumption differs substantially from energy consumption in 

permanently occupied dwellings. Finally, the impact of tourism should also be taken into 

account (58.5 million tourists visited Spain in 2006 [MITyC, 2006a]), both for their impact 

on energy consumption and for their distinct energy consumption pattern, which occurs 

mainly during the summer.  

Three studies were found that divided the Spanish building stock; one a city level study of 

Barcelona, one regional level study of Catalonia, and one country level study of Spain. All 

three studies have been carried out for the public administrations responsible for each 

respective area. 

The aim of this Master Thesis being to develop a methodology to estimate the savings 

that could accrue from applying some energy efficiency measuresDue to this complexity, 

it was decided to depart from former studies that had already divided  the Spanish 

building stock.  

3.3.1. Comparison between Studies  

In all of the studies found the building stock had been divided into type buildings, as a 

preliminary step to the estimation by computer simulation of the energy savings that 

could accrue from different scenarios constructed from applying certain measures and 

policies. However, the methodology used, as well as the actual division of the building 

stock differed for each study. 

A general description of the three studies can be seen in Table 3.8 below.  
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Table 3.8: General description of studies dividing the Spanish building stock into type buildings 

 
City level: 
Barcelona 

Regional level: 
Catalonia 

Country level: 
Spain 

Title 
Base case Analysis and Diagnosis of 
the Energy flows in Barcelona [PMEB, 

2002] 

Contribution of dwellings in Catalonia to the reduction 
of emissions of  Greenhouse gases (GHG)

2
 [IC, 2006] 

Energy savings and Efficiency 
Strategy for Spain 2004-2012. 

“Building sector” document.  Annex 
III.[ME, 2003a] 

Abbreviation BAEB IC E4 

Author 
Barcelona Regional, a limited 
company whose shareholders 

represent different public bodies 

Institut Cerdà, institute that offers consultancy services 
to the private and public sector in different areas 

Industrial Engineering  School of 
Seville 

 
Contractor 

Barcelona City Council 
Ministry of the Environment and Housing, Government 

of Catalonia 

IDAE, Institute for Energy 
Diversification and Saving, attached 
to the Spanish Ministry of Industry, 

Tourism and Commerce 

Scope 

74 % of Barcelona’s built 
environment. Factories, car parks, 
warehouses, and miscellaneous 

minor uses are not included. 

Buildings mainly used as permanently occupied 
dwellings in Catalonia 

Entire Spanish building stock 

Reference year 
of study 

1999 2001 2001 

Context Barcelona Energy Improvement plan Reduction of GHG in Catalonia 
Spanish Energy savings and Energy 

Efficiency (E4) 2004-2012 

Focus 
Classification and characterization of 
buildings in order to determine their 

theoretical energy consumption 

Classification of the building stock into type buildings. 
Characterization of the type buildings in terms of their 
energy use profile. Analysis of the impact of different 

measures on the consumption of energy 

Estimation of probable reduction of 
end-use energy consumption by the 
application of some energy efficiency 

measures 

Data 
availability 

Information available on the 
methodology, not on the data used to 

do the computer simulation 
Most data available for public consumption 

Rough outline of the methodology 
used available 

                                                            
2
 “La contribució de l’habitatge de Catalunya a la reducció d’emissions de gasos amb afecta d’hivernacle [IC, 2006].This document is not available in English. All the 

translations relating to it found in this report have been carried out by the author.  
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There is a difference between the classification made by PMEB and IC, on the one hand, 

and E4, on the other. In the first two studies a lot of effort was put into defining type 

buildings in order to determine the energy consumption of the actual building stock. 

Furthermore, Barcelona is Catalonia’s major city, and accounts for 25.67% of its 

permanently occupied dwellings [INE, 2001]. Therefore some representative building 

types for Barcelona are also representative for the entire Catalan permanently occupied 

dwellings. 

On the other hand, due to the complexity of dividing Spanish building stock, the E4 study 

does not aim to characterize the building stock but, rather, determines the range the 

energy savings that could accrue from certain energy efficiency measures. 

3.3.2. Description of Spanish Studies 

3.3.2.i. City Level: Barcelona  

The division of the residential building stock in Barcelona according to BAEB is shown in 

Table 3.9. There are no single-family dwellings in this classification, Barcelona is a very 

compact city, where only 2,91% of dwellings are single-family dwellings . Most probably 

single family dwellings should be taken into account if the classification could refer to 

Barcelona’s metropolitan area and not only to the buildings within the city boundaries.  

Table 3.9: Classification of residential building types in Barcelona [PMEB, 2002] 

Type Construction period Description Height of the building 

1 3-6 storeys 

2 
Before XIX century 

Building in the old part of 
town 2 storeys 

3 3-8 storeys 

4 

Mid XIX century- civil 
war 

Pre Spanish civil war. 
Building in Eixample3 2 storeys 

5 5 storeys or more 

6 
Civil war-1970 

Building post-civil war 
 4 storeys 

7 1970-2000 
Building after 1979 
Spanish thermal 
regulation 

5 storeys or more 

 

The division of buildings in the service sector for Barcelona can be seen in Table 3.10 (* 

stands for hotel classification). 

                                                            
3
 Eixample is a neighborghood in Barcelona that was built to connect the old part of  the city with little villages 

around the city that nowadays belong to Barcelona. This was done with the urban plan “Pla Cerdà”, which 
determined the types of buildings, blocks, and streets for the new area that was built. It is a significant share of 
Barcelona’s built environment.  
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Table 3.10: Classification of service sector buildings in Barcelona [PMEB, 2002] 

Type Description 

1 Offices (> 500m2) 

2 Offices (≤500m2) 

3 Commercial (>500m2) 

4 Commercial (≤500m2) 

5 Hotels *, guest houses and motels (>500m2) 

6 Hotels *, guest houses and motels (≤500m2) 

7 Hotels ** and Hotels*** 

8 Hotels **** and Hotels ***** 

9 Restaurants  (>500m2) 

10 Restaurants (≤500m2) 

11 Sports centres with swimming pool  

12 Sports centres without swimming pool 

 

3.3.2.ii. Regional Level: Catalonia 

In Table 3.11 the division of Catalonia’s permanently occupied dwellings into aggregate 

categories undertaken by Institut Cerdà can be found. This classification took into account 

the following parameters: 

- Building period 
- Detached/semidetached 
- Location 
- Single/multi family dwelling 
 
Table 3.11: Classification of permanently occupied dwellings in Catalonia [IC, 2006] 

 
Construction 
period 

Use Type of dwelling 

% of stock of 
perm. 
occupied.dwell
ings  

1 single family Pre war house 4.2 

2 Old part of town building 7.4 

3 

before 1940  
Pre-civil war multifamily 

Eixample building 4.5 

4 Post war house 9.4 

5 
single family 

Mountain house 0.5 

6 Post-war building 50.8 

7 

1941-1980  
Post-civil war 

multifamily 
Mountain building 0.8 

8 single family Post 79 house 3.4 

Post 79 building. Detached 0.3 
9 

1981-1990  
Post ’79 Spanish 
build. Code 

multifamily 
Post 79 building. Semidetached 5.4 

10 single family After 87 house 4.3 

After 87 detached building 0.4 
11 

1991-2001  
Post ’87 Catalan 
thermal 
regulation[15] 

multifamily 
After 87 semidetached building 8.5 
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Even though this classification is done for the whole region of Catalonia, there are some 

similarities with the classification found in Table 3.9 for Barcelona and Table 3.11. As the 

Civil War resulted in long term social and technological setbacks and traditional building 

systems began to be used again, both divisions take into consideration the Civil War when 

defining building periods. Also, both define an Eixample building type, a type of building 

that is only to be found in the city of Barcelona. Eixample buildings are typically 4 or 6 

multifamily dwellings with a commercial space on the ground floor.  

3.3.2.iii. National Level: Spain 

The division of the Spanish building stock by E4 is seen in Table 3.12. This division defined 

3 types of buildings for each of the 3 most extreme climate zones in Spain.  

Table 3.12: Classification of the building stock in Spain according to E4 

Type 
Climate 
zone 

Type of building 

% of Spanish 
population living 
in a similar 
climate  

1 
Single-family dwelling, with adjacent 
buildings 

2 Multifamily dwelling: block building 

3 

“Seville” 

Service sector building: office building  

63% 

4 Single-family dwelling with adjacent buildings 

5 Multifamily dwelling: block building 

6 

“Burgos” 

Service sector building: office building  

3% 

7 Single-family dwelling with adjacent buildings 

8 Multifamily dwelling: block building 

9 

“Madrid “ 

Service sector building: office building  

34% 

 

For each type building shell characteristics and occupation and functional patterns were 

defined by choosing the most representatives patterns of the Spanish building sector by 

analyzing the information available in the 2001 Census. However, more detailed data is 

not available for this study.  

 3.3.3. Characterization of the Energy Consumption of Defined Catalonian 

Building Types 

Detailed information on the energy characterization of the Catalonian type buildings is 

only available for the IC study. In it, the type buildings have been characterized in terms 

of their energy use profile. To do so, the following parameters were considered to 

determine the demand for HVAC: 

- Building geometry 
- Type of building materials used and their thicknesses 
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Data from the Catalan Statistics Institute (IDESCAT) was used by IC to determine some 

parameters, such as net usable area, number of dwellings per building and number of 

floors above ground level. To obtain the other parameters, a field study was done 

comprising of 

- Interviews with municipal architects 
- Queries to other architects through the Architects Association 
- Study of other restoration and building projects by the Housing and 

Environment Ministry of Catalonian government.  
- Literature review. PMEB [2002] stood out among the studies consulted. 
 

This consultation made it possible to determine the parameters for which IDESCAT did 

not have data available. Finally, for each type building the parameters listed in Table 3.13 

were defined. 

Table 3.13: Parameters that characterize energy consumption for HVAC in permanently occupied 
dwellings according to IC 

 Parameter 

Net usable area 

Number of dwellings per building 

Floors above ground level 

Detached/ semi-detached 

Width of the street (if applicable)  

Height of the building 

G
e

n
e

ra
l 

Building shell 

Total area 

Area per floor 

Ceiling height 

Net usable area   A
re

as
 

Window area 

Façade 

Inner walls 

Floor structure 

Girder 

Building shell 

M
at

e
ri

al
s 

u
se

d
 

an
d

 t
h

ic
kn

e
ss

e
s 

Openings in facades 

 

To estimate the energy consumption for each type building, an estimation was first made 

of the demand for heating, cooling and domestic hot water (DHW), after which the 

energy demand could be calculated. Then, considering the equipment used to cover this 

demand, in terms of fuel used and equipment efficiency, the energy consumption for 

space heating and DHW was calculated. The total energy consumption was then 

determined as the sum of energy consumption for heating and cooling, DHW, lighting and 

appliances. This methodology is described in Table 3.14. 
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Table 3.14: Energy characterization of permanently occupied dwellings in Catalonia 

 Parameter Depends mainly on Estimate Source 

Volume of DHW 28 l/ person · day Catalan Energy Institute (ICAEN) 

DHW temperature 60ºC ICAEN 
DHW 

Temperature of cold water 
from the distribution network 

Depending on the region, 8-12 ºC ICAEN 

Climate zone 4 climate zones considered in Catalonia Catalan thermal norm 

Orientation of the building Mean between four different orientations of the main facade (N-E, N-W, S-E, S-W) 

En
e

rg
y 

d
e

m
an

d
 

Space 
heating and 
cooling Type of building 11 building types found in Table 3.11  

Demand 
Value calculated by IC in this study by using the official software LIDER, developed for the new Spanish 
building code. 

Share of equipment  (%) used 
to provide space heating and 
DHW 

Survey on energy consumption in 
households[19] (1997), by ICAEN 

Space 
heating and 
cooling and 
DHW 

Efficiency of the apparatus 
used 

Different values for the 11 type building defined 

Suppliers of HVAC apparatus 

Number and types of lights 
7 incandescent light bulbs: 500W 
2 fluorescent lights: 100W 

Lighting 

Hours of use 2,5 hours/day 

After a literature survey  (on 
studies done by ICAEN, SEDAC, 
SEDIGAS, HIADES, ENHER4) IC set 
its own value 

Energy consumption for 
cooking 

Mean value between the different types of kitchens in Catalonia, 
weighed according to their presence in Catalan households 

En
e

rg
y 

co
n

su
m

p
ti

o
n

 

Equipment 
Energy consumption for 
other equipment 

Mean value between penetration of different apparatus in Catalan 
households, weighed by their pattern use 

Literature survey, Ratio of 

possession of durable goods[16]by 
IDESCAT 

                                                            
4
 SEDAC: Socioeconomic Data and Applications Center. SEDIGAS: Spanish Gas association, HIADES: Proyecto Hiades: Criterios de cálculo de consumos energéticos en 

edificios”.  
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One of the aims of this literature survey was to find studies which could be used as a 

departure point to develop a methodology for estimating energy savings deriving from 

applying certain energy efficiency measures in a country’s building stock.  

Between the three studies described, E4 is the one which has the most similar approach 

and scope to what Pathways is trying to do. However, no detailed information is available 

for it and the values used for the simulations are not available to the public.  

Between IC and PMEB, which have more information available to the public, IC was 

selected as having a broader geographical scope 
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4. METHODOLOGY FOR CASE STUDIES SIMULATION 

It was decided to simulate the two type buildings from the Institut Cerdà (IC) study of 

Catalonian permanently occupied dwellings described in Section 3.3.2.ii which represent 

the highest percentage of Catalonian building stock. These two are type buildings 4 and 6 

in Table 3.11 (hereafter referred to as Tb4 and Tb6, respectively). Simulation focused on 

energy demand for thermal comfort (space heating and cooling).  

Computer simulations were run using the BV2 software, a tool for calculation the energy 

requirements of buildings developed by CIT Energy Management AB. Version 2003 was 

used since the latest version (2007) is only available in Swedish. An overview of the BV2 

simulation tool functioning and required input data can be found in Sections 4.1 and 4.2.  

The structure of this chapter and its relation to energy consumption in a building can be 

seen in Figure 4.1. This figure is used throughout the chapter to clarify the section in 

which the different parameters are explained.  

 

BV2 considers a building and its energy balance separately from any HVAC system the 

building might have. Energy consumption could thus be calculated in two steps. First, 

predicted demand for heating and cooling was estimated with BV2 simulations. Since data 

available from IC study was not enough to run the simulations, it was necessary to 
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complete the input data from other sources and to make some assumptions. All the input 

data used to run BV2 simulations are presented and discussed in Sections 4.3 and 4.4, as 

indicated in Figure 4.1. Second, having calculated the energy demand, it was possible to 

calculate energy consumption. was done using BV2 and data from Catalonian Institute of 

Energy (ICAEN). This is explained in Section 4.5. 

4.1. Overview of BV2 Simulation Tool 

In this overview of the BV2 simulation tool the key concepts needed to understand the 

relationship between heat balance of buildings and results from simulations are 

presented. Most information is taken from BV2 user manual [CIT, 2003] 

As discussed in Section 3.1, energy consumption for thermal comfort depends on a 

number of factors such as outdoor climate, internal heat generation or on building’s 

envelope characteristics. All of these factors affect the heat balance of the building, and, 

thus, the heat that must be added or removed to maintain a desired indoor temperature.  

The parameters affecting the heat balance of the building can be roughly divided into 

those which depend on outdoor climate and those which are independent of outdoor 

climate. This can be seen in Table 4.1. 

Table 4.1: Classification of element s affecting the heat balance in a building 

Dependant on outdoor climate Independent of outdoor climate 

- Heat transmission through the building 
envelope 

- Air leakage (uncontrolled ventilation) 
- Solar gains 

- Lighting 
- Equipment (refrigerators, TV, 

computers...) 
- Heat emitted by people inside the 

building 
- Domestic hot water heating  

 

Amongst the parameters listed in Table 4.1, those independent of outdoor climate are 

related to other energy uses in the building (not directly related to thermal comfort) but 

have an effect on the energy balance. For example, electricity for lights will ultimately 

transform into heat. The same can be said concerning electric equipment. In this case, 

however, some exceptions must be taken into account. For instance, the energy used by a 

washing machine is mainly used for heating water, which will leave the house (still hot) 

through the drain pipe. This is also true for energy used to heat domestic hot water.  

The way parameters listed in Table 4.1 affect the heat balance of the building and, thus, 

the heat that must be added or removed from the building to maintain the desired indoor 

temperature can be seen in  Figure 4.2 
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Thus, at a given moment, assuming that 

the building’s indoor temperature is 

constant: 

0int =−−++ leaktranssol QQQQQ &&&&&   (4.1) 

 

When the building is in thermal 

equilibrium with the environment 

leaktranssol QQQQ &&& −=+ int  (4.2) 

and 0=Q&   . No heat must be added or 

removed.  

Taking this into consideration, it is 

possible to determine the 

instantaneous power and energy requirements of the building for given time periods by 

using temperature reports, although in practice this is very difficult to do. In BV2, 

duration diagrams are used to do attempt this.  

In a duration diagram, outdoor temperatures for the whole year are sorted by duration. 

This is illustrated in Figure 4.3. 

 

If a building did not have any heat 

gain or loss, its indoor temperature 

would eventually become equal to 

outdoor temperature. To maintain 

indoor temperature at a given 

temperature Tind1 in  Figure 4.3, a 

certain amount of heat must be 

added. This amount of heat would 

be directly proportional to the 

shaded area in Figure 4.3, In this 

case, t1 would also be the amount 

of hours in which the heating 

system had been in operation. 

However, as previously discussed, there are other elements that affect the heat balance 

of the building. This can be studied in a duration diagram as seen in  Figure 4.4 



 Energy Saving Measures in Spanish Buidlings. Two Catalonian Case Studies 

 

32 

 Figure 4.4 illustrates that for a 

given external temperature, 

the balance temperature of the 

building the temperature at 

which:  

leaktranssol QQQQ &&& −=+ int  (4.3) 

-and 0=Q&  is the temperature 

in which no heat must be 

removed from the building 

 

For any point on the timescale the amount of heat that must be removed/added to the 

building is proportional to the difference between the balance curve and Tout curve. 

Thus, the yearly heating and cooling requirements of a building are proportional to the 

area bound by  these two curves. This is illustrated in Figure 4.5, which shows a duration 

diagram as BV2 presents it 

 

It must be pointed out that internal heat (black arrow in the figure) reduces the heating 

requirement of the building, but increases the cooling requirements. Thus, the duration 

diagram seen in Figure 4.5 can be divided into three different zones, namely: 
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Tout<Te: heat needs to be added to the building. Total heat required over the 

year is proportional to area H in the figure 

Tout=Te: The building is in thermal equilibrium with the environment. No heat 

needs to be added nor removed to maintain indoor temperature at Tin 

Tout >Te : Heat needs to be removed from the building. Total yearly cooling 

demand is proportional to area C in the figure 

  

4.2. Required Input Data for the BV2 Simulation Tool 

Table 4.2 shows some of the most relevant input parameters for BV2. As seen in the 

table, these can be roughly classified into four main groups: climate data, building 

envelope, internal heat loads and HVAC system. Domestic heat water, as previously 

discussed, affects the energy consumption of the building, but not the heat balance and 

so it is not listed. An detailed list of input data used to BV2 simulations can be found in 

Appendix A. 

Table 4.2: Classification of main input data for BV2 

Main parameter Input data 

Climate Location of the building 

Ceiling height [m] 

Air leakage [1/h]. Number of air changes per hour 

Internal mass. Light (no or few interior walls). Medium. Heavy (interior walls 

made of concrete) 

General 

Orientation  

Facade area [m
2
] 

Mass of facade. Light (wood). Medium. Heavy (concrete, brick) Facade 

U-value of façade [W/m
2
 ºC] 

Window area per facade [m
2
] 

Windows 
U-value of window [W/m

2
 ºC] 

Area per floor [m
2
] 

Floors 
Number of floors 

Roof area [m
2
] 

Mass of  roof construction (light/medium/heavy) Roof 

U-value of roof [W/m
2
 ºC] 

B
u
il
d
in
g
 e
n
v
e
lo
p
e
 c
h
a
ra
c
te
ri
s
ti
c
s
 

Ground slab Floor area of ground slab [m
2
] 

Lighting Heat generation from lighting [W/m
2
] 

People Heat generation from people [W/m
2
] 

In
te
rn
a
l 
h
e
a
t 

lo
a
d
s
 

Equipment Heat generation from equipment [W/m
2
] 

System Type of system used to cover cooling demand  (Section 4.5) 

H
V
A
C
 

Indoor temp. Highest/lowest acceptable indoor temperature [ºC] 
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 4.3.  Sources for BV2 simulation tool input data for two Catalonian case studies 

A qualitative description of the simulated type buildings as can be found in IC study is 

shown in Table 4.3. 
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Table 4.3: Description of Tb4 and Tb6 found in IC 

Type building 4 Type building 6 

 

Figure 4.6 sketch of Tb4. Picture 
taken from IC (2006) 

 

 

 
Figure 4.7: Floor plan of Tb4 [IC, 2006] 
 

 

 

- Street width: 8m 
- Height of the building: 2 storeys 
- Roof: flat 
- Areas: 

- Total area: 108 m
2
 

- Area per floor: 54 m
2
 (8m x 6.75m) 

- Ceiling height: 2.8 m 
- Usable area per dwelling: 108 m

2
 

- Glass area: 8 m
2 
per floor (main and 

rear facades) 
- Doors: 

- Entrance door area: 2.5 m
2
 

 

 

 

 

 

Figure 4.8: sketch of Tb6. Picture 
taken from IC (2006) 

 

 

Figure 4.9: Floor plan from Tb6 [IC, 2006] 
 

 

- Street width: 10m 
- Height of the building: 4 storeys + shop ground 

floor  
- Sections per floor: 4 dwellings+ 2 light shafts + 

staircase 
- Roof: flat 
- Areas: 

- Total area: 1825 m
2
 

- Area per floor: 365m
2
 (20,3m x 18m) 

- Ceiling height: 2.8m (3,2m in ground floor) 
- Usable area per dwelling: 80m

2
 

- Staircase area: 15m
2
 

- Glass area in main and back facades: 30m
2 
per 

floor.  
- Glass area in light shafts: 2m

2
 per floor 

- Doors/openings: 
- Main facade: 2.15 m

2
 (dwellings) +2.15m

2
 

(shop)+ 6 m
2
 glass  

- Rear facade: 1x1m
2 
widow 

 

 For the two simulated type buildings it was necessary to obtain all input data needed for 

BV2. Available information from IC study comprised: 
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- Rough description of the buidling envelope as seen in Table 4.3 
- List of materials and thicknesses of the building envelope. This allowed the 

calculation of U-values for the building envelope as can be found in (in Catalan) in 
Appendix B 

- Sources IC had used to set: 
- Electrical consumption for lighting 
- Electrical consumption for equipment 

- Results from simulations 
- Heating and cooling demand 
- Heating and cooling consumption 

 

Data listed above was not enough to run the simulations. Institut Cerdà was contacted, 

but it turned out not to be possible to obtain all input data that they had used for their 

simulations. Thus, input data required for BV2 that was not available from IC study has 

been obtained from diverse sources, some of which are from different years. This may or 

may not have had a negative effect on the reliability of the results from the simulation. A 

summary of sources used can be seen in Table 4.4  

Table 4.4: Description of sources used for BV2 required input data 

Name of the source Abbreviation Main type of information used 
for 

Year 

“Contribution of dwellings in 
Catalonia to the reduction of 
emissions of Greenhouse effect 
gases”, by Institut Cerdà [IC, 2006] 

IC Building envelope description 
(shape and materials) 

2001 

Spanish building code in force [CTE, 
2006] 

CTE U-values for some individual 
materials of the building 
envelope, allowing the 
calculation of aggregated U-value 

2006 
 

Spanish building code.  Acceptance 

of alternative procedures [CTE-
LIDER, 2007] 

CTE-LIDER Internal heat generation from 
people, daily profiles  

2005 

Spanish building code from 1979, 
NBE-CT-79  [NBE-CT-79] 

NBE-CT-79 U-values for some individual 
materials of the building 
envelope, allowing the 
calculation of aggregated U-value 

1979 

“Energy consumption in households 
1997” survey by Catalonian Institute 
for Energy (ICAEN) [ICAEN, 1997] 

ICAEN survey Internal heat generation from 
equipment. Type and penetration 
rates of apparatus used to cover 
the heating and cooling demand.  

1997 

Meteonorm (embedded in BV2) Meteonorm Climate data 1961-
1990 

 

In order to be able to compare the results obtained with BV2 simulations with results 

found in the IC study, priority was given to sources that IC had used, such as PMEB (2002) 

and studies from ICAEN [ICAEN, 1997] in order to have an as close as possible match 
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between input data. Other relevant national sources used were the Spanish building 

codes from 1979, NBE-CT-79  and CTE from 2006. In particular, many assumptions were 

taken from “Document on acceptance of alternative procedures” [CTE-LIDER, 2007], in 

which the parameters used by the official software developed for CTE, LIDER, are to be 

found. These includes operational parameters for lighting and temperature settings for 

heating and cooling apparatus. 

Data on internal heat generation was taken from the same sources as IC even if more 

recent data was available. Figure 4.10 shows sources that have been used for the 

different input data parameters needed.  

 

4.4. Input Data Used for BV2 Simulation Tool 

This section describes the actual numerical values taken from the sources described in 

section 4.3 for simulations, as well as the assumptions considered to set these values. 

Table 4.6 summarizes the values and adds the assumptions used to set other values. 

Following this there is a detailed description of how these assumptions were arrived at 

for each input parameter.  

A more extended list of input data can be found in Appendix B.  
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Table 4.6: Input data used in the BV2 simulations. Tb4 and Tb6: refer to Type Building 4 and 6 (respectively) from [IC, 2006]. Description considering main facade facing South.  

    Parameter required Source/justification Tb4 Tb6 

  
  climate zone: Madrid Barajas Same climate zone as Lleida (climate zone 2 in IC study)  [CTE] Madrid (Barajas) Madrid (Barajas) 

Ceiling height [m] Average height 2,8 2,64 

Internal mass (heavy/light) IC Heavy 

Air leakage [1/h] [Clarke, J.A., et al, 2004] 1,5 

 General Orientation   2 orientations of the main façade: were simulated S, E 

U-Value of facade [W/m
2
 ºC] 

U value for party walls set to 0 (no heat loss through party walls ) 
Aggregated U-value for front and back facades was calculated 
considering materials and thicknesses found in IC. Materials 
conductivity taken from Spanish and Catalonian building codes 
CTE, NBE-CT-79, [NRE-AT-87] 

N/S (N/S facades): 1,56 
E/W (E/W facades): 0 

N/S: 1,6 
E/W:2,37 

Facade Facade area IC. Only exterior facades N/S: 44,8m2, E/W: 0 m2 E/W 237,6 N/S 55 m
2
 

Window area per facade [m
2
] IC N/S: 16m2, E/W: 0m2 N/S 60 m2, E/W 0m

2
  

U-Value of window[W/m
2
·K] 

Type and thickness of the glass from IC. U-value of the described 
glass type from BV

2
  N/S: 5,8 E/W:0 5,8 

Solar shading Hypothesis from CTE- LIDER See section 4.4.2.viii 

Windows Glass share [%] Assumed 100 

Number of floors IC 2 5 

Floors Area per floor [m
2
] IC 54 335 

U-value of roof[W/m
2
·K] See appendix B 1.45 1.63 

Roof Roof area [m
2
] IC 54 335 

Floor temperature [ºC] BV
2
 (from Meteonom) 13.52 13.52 

U-value of ground slab 
[W/m

2
·K] BV

2
 1.06 0.63 

Ground 
slab Floor area of ground slab [m

2
] Assumed to be same as floor area per floor. 54 335 

U value of door [W/m
2
·K] CTE-LIDER 2,2 N: 2.2, S: 5.8 

D
e
s
ig
n
 o
f 
th
e
 B
u
il
d
in
g
 

Doors Door area per façade [m
2
] IC S: 2.5 Others: 0 N: 4.3, S: 6m2 glass 

Lighting Lighting [W/m
2
]. Daily profile Lighting consumption per m

2
: IC. Daily profile: PMEB Lights on: 7-9h, 18h-24h. 2,04 W/m2. Rest of the day: off 

People 
Internal heat from people 
[W/m

2
]. Daily profile of people 

Heat generation from people and its daily profile taken from CTE-
LIDER, average for working and non working days See section 4.4.3 

In
te
rn
a
l 
h
e
a
t 

g
e
n
e
ra
ti
o
n
 

Equipme
nt 

Heat generation from 
equipment [W/m

2
] 

Yearly consumption for equipment: IC. Daily profile of consumption 
from CTE-LIDER See section 4.4.3 

type of 
system 

CAV / VAV  / Hydronic cooling 
system /Exhaust air system   Constant Air Volume (CAV) 

 H
V
A
C
  

Indoor 
temp. 

Lowest/highest acceptable 
indoor temperature [ºC] See section  19 17 
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 4.4.1. Climate and regional characteristics 

4.4.1.i. Climate 

The climate file used for simulation corresponds to Madrid, which is not in Catalonia but 

belongs to the same climate zone as Lleida, which is the capital of one of the four 

provinces of Catalonia. Therefore, using the definition found in CTE, the same building set 

in Madrid or in Lleida would have a reasonably similar demand for space heating and 

cooling.  

Lleida belongs to climate zone 2 in IC study (zone D3 in CTE). Hence, BV2 simulations run 

for a Madrid climate can be compared with results for climate zone 2 in IC study.  

The Lleida climate zone has large temperature differences between summer and winter. 

As can be seen in Table 4.7 its average monthly temperatures vary from 5ºC in January to 

24ºC in July.   

Table 4.7: Average temperatures in Madrid [MMA, 2002] 

  Jan Feb March Apr. May June July Aug Sept Oct Nov Dec Year 

Average 

 temperature  [ºC] 5 6.6 10 12.7 15.8 20.6 24.2 23.7 19.8 14 9 5.6 13.9 

 

4.4.1.ii. Ground temperature 

Ground temperature is usually the average outdoor temperature of the location, which is  

13,9ºC for Madrid as seen in Table 4.7. However, the value chosen for simulation was 

taken from the BV2 database, which is loaded from the Meteonorm climate data 

program. In it, ground temperature for Madrid is 13.52ºC. 

4.4.2. Building envelope: 

The IC study gives a general depiction of building envelopes for both type buildings as can 

be seen in Table 4.3, as well as materials and thicknesses for walls, roof and windows. 

This allows for calculating of U-values for the building envelope taking thermal 

transmission coefficients from CTE and NBE-CT-79. A calculation for the aggregated U-

values for walls and roof can be found in Appendix B   

4.4.2.i. Shape of the building 

While BV2 version 2007 (only available in Swedish) allows the user to define complicated 

building shapes, this option is not available in the 2003 version, which can only simulate 

buildings with simple (rectangular) floor plans. More complicated building shapes, such as 

Tb6, need either to be broken into different buidlings and simulated separately or to be 

adapted in order that heat exchanging areas (areas in contact with outdoor air) and 
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overall volumes in the simulated (rectangular) building match the real building’s 

exchanging areas and volumes.  

The latter option was chosen. Therefore for the simulation both type buildings were 

represented by single volume cube shaped.  

4.4.2.ii. Air permeability  

Air permeability (air leakage) is an important parameter relating the building’s envelope. 

It was not available from IC and no statistical data on typical values for air leakage in 

Spanish building stock has been found.  

Thus, the first option considered was to take values set in Spanish building code from 

1979, NBE-CT-79 this being the only Spanish source found. However, this source gave a 

very low value for air leakage (around 0.3 turnovers per hour) which can be considered to 

be an air tight building [Clarke et al, 2004]. It was assumed that this would not reflect 

reality, since the building was built before the code was implemented and in general old 

buildings have a high rate of air infiltration.  

Therefore it was considered necessary to take a higher value for air leakage. The value 

chosen was 1.5 turnovers per hour, which is a very permeable building [Clarke et al, 

2004].  

4.4.2.iii. Ceiling height 

In Tb6 different floors haved different ceiling heights. Ceiling height was set to the 

building’s average ceiling height. 

4.4.2.iv. Orientation 

Orientation was initially disregarded. However subsequently it was found that the 

building’s heating and cooling demands vary by more than 10% depending on the 

orientation of the main facade  

Since for both buildings opposite facades have almost identical characteristics only two 

different orientations were simulated: front facade facing south and front façade facing 

east. 

4.4.2.v. Facade area 

Facade area in BV2 only takes into account walls through which heat losses occur. 

Therefore, assuming that neighbouring buildings will have the same indoor temperature 

as the simulated building, area of party walls (those in contact with other buildings) must 

not be considered and their area must be set to zero.  
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For the same reason only wall area surrounding light shafts were considered for party 

walls in Tb6. 

4.4.2.vi. Roof area 

According to IC both buildings have flat roofs. Therefore roof area was considered to be 

the same as floor area per floor.  

4.4.2.vii. Facades and roof U-values 

The aggregated U-values of the facades and roof were calculated taking into account the 

materials and their thicknesses available from IC, considering the U-values for the 

individual materials in accordance with Spanish building codes CTE and NBE-CT-79, and 

Catalonian norm. Calculation of aggregated U-value is available in Appendix B.  

To test the consistency of the values obtained by calculations for façade and roof U-

values, they were compared (in terms of order of magnitude) with values found in the 

first Ecofys study [Petersdorff, 2002] (described in Section 3.2) for warm climate zones 

and the construction period corresponding to Tb4 and Tb6 construction period (1941-

1980). This can be seen in Table 4.8.  

Table 4.8: Façade and roof U-values. Comparison with data from Ecofys [Petersdorff, 2002] 

 Calculated from IC data ECOFYS. Warm climate zone 

Parameter upgraded Tb4 Tb6 
Built before 
1975 

Built from 
1975-1990 

N-S: 1.56 N-S: 1.6 U-value of façade 
(W/m2 ·K) E-W: 0 E-W 2.37 

2.60 1.20 

U-value of roof 
(W/m2 ·K) 1.45 1.63 

3.40 0.80 

 

As shown in Table 4.8, values calculated for the U-values of the facade and the roof are in 

the same range as values found in the Ecofys study. It was thus considered that U-values 

obtained through calculation were reasonable.  

4.4.2.viii. Windows 

Area and thicknesses for windows in front and rear facades were taken from IC. This 

allowed the calculation of U-values for the windows using scientific tables available from 

BV2.  

BV2 allows the setting of solar shading above certain temperatures, and the setting of the 

percentage of solar direct and diffuse radiation that enters the building through the 

windows. This is important, since, as it has been already been pointed out, solar gains are 

one of the parameters affecting the heat balance of a building. CTE-LIDER sets solar 

shading during summer to 30% for windows, which is equivalent to allowing in 70% of 
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available sunlight through all window areas. For the purposes of the study it was assumed 

that solar shading would be used for all temperatures above 23ºC. 

Solar shading can also be used to simulate windows in light shafts. Light shafts are narrow 

(5mx3m), so windows often do not get any direct sunshine, only diffused radiation. This 

can be simulated in BV2 using solar shading for these windows assuming 0% of beam 

radiation and 100% diffused radiation. 

However,  with BV2 it is not possible to set different solar shading parameters for 

different facades. It was therefore not possible to set solar shading above certain 

temperatures for front and rear facades and to simulate solar radiation through light 

shafts. A sensitivity analysis was then carried out, which showed that heat gains from 

diffuse radiation in light shafts resulted in a variation of heating and cooling demand 

lower than 1%, while solar shading for windows in the main facade had a greater impact 

in the resulting energy consumption. Therefore solar shading was used for main and rear 

facades.  To simulate that there were no solar gains through these windows, window area 

in light shafts was set to zero.  

Nevertheless, even if windows in light shafts do not result in any solar gains, they do have 

an impact on the U-value of the light shaft walls and, therefore, on the heat losses 

through that facade. In order to take this into account despite windows area there being 

set to zero, the U-value for the light shaft walls was changed to a weighted average 

between the U-values of windows of light shafts and walls.  

4.4.2.ix. Ground slab 

No information was available from IC relating to the ground slab for either of the 

buildings. It was assumed that the ground slab’s perimeter was the same as the building’s 

perimeter, and that it was not insulated. BV2 default values for non insulated ground slab 

were chosen. 

4.4.2.x. Ground conductivity:  

Ground conductivity was taken from CTE-LIDER. 

4.4.3. Internal heat generation 

As has been discussed, BV2 considers internal heat generation from three different 

sources; lighting, people and electric equipment. For all of these the software allows a 

daily profile to be set. Daily profile can be set different for summer and winter, but the 

software does not allow the setting of weekly variations in internal heat generation 

parameters.  

Heat generation from people (W/m2) was taken from BV2, considering the daily profile of 

people available from CTE-LIDER. CTE-LIDER which sets different profiles for working and 
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non working days. Values used for simulation are an average between these two . This 

can be seen in Figure 4.11 

  

Figure 4.11: Daily profile of heat generation from people as set in BV2 [CTE-LIDER, 2007] 

 

The assumption for average consumption (W/m2) for lighting was taken from IC, while 

daily profile was set as found in PMEB. This is illustrated in Figure 4.12 

 

  

Figure 4.12: Daily profile of heat generation from lighting as set in BV2 [PMEB, 2002] 

 

The average consumption of appliances and cooking is taken from ICAEN survey 1997, 

while its daily profile is taken from CTE-LIDER. This is illustrated in Figure 4.13 
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Figure 4.13: Daily profile of internal heat generation from equipment as set in BV2 [CTE-LIDER, 2007], 
[ICAEN, 19997] 

 

4.4.4. Maximum and minimum allowed indoor temperatures 

As has been discussed in Section 4.1, the heat that must be added or removed from the 

building by the HVAC system depends on the desired indoor temperature. When balance 

temperature of the building is greater than the maximum allowed indoor temperature 

heat must be removed from the building by the air conditioning system. In the same way, 

when the balance temperature of the building is lower than the minimum allowed indoor 

temperature heat must be added to the building by the heating system. Their value of 

these temperatures  depends mainly on energy management, since the desirable indoor 

temperature is set by the occupant of the dwelling. Therefore, they may vary from one 

dwelling to another.  

These temperatures have a great impact on the energy demand for thermal comfort. For 

instance, in Tb6 for each 0,5ºC increase in minimum allowed indoor temperature 

simulated, heating demand increases by 7%. For the same building a 0,5ºC decrease in 

the maximum allowed indoor temperature can represent up to a 17% increase in the 

cooling requirement. It is therefore important to set their values accurately. However, no 

information relating these parameters was found. The assumptions that were needed to 

be made to set the values for maximum and minimum allowed indoor temperatures are 

discussed in this section.  

According to the Spanish Regulations on Building Heating Installations [RITE, 1998] 

comfort temperatures must be set between 20 and 23ºC during winter and between 23 

and 25ºC during summer for some branches of the services sector. However these indoor 

temperatures are not mandatory for the residential sector and may not be a good 

indicator of real indoor temperatures in permanently occupied dwellings in Spain. No 

other statistical data has been found related to average indoor temperatures in Spain. As 
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such for this study values were taken from CTE-LIDER, which sets the temperature that 

LIDER, the official software for CTE, uses for “operating temperatures” in dwellings.  

CTE-LIDER sets minimum temperatures for heating (October until May) of 17ºC at night 

and 20ºC during the day. For cooling, it sets 27ºC for night (00h-7h), and 25ºC in the 

afternoon (16h-23h). No maximum temperature is set for the rest of the day (8h to 15h). 

These settings  can be seen in Table 4.9. 

Table 4.9a: High and low set values for HVAC apparatus [CTE-LIDER,2007] 
 

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Low temp 

(ºC) 
17 17 17 17 17 17 17 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 17 

High 

temp (ºC) 
27 27 27 27 27 27 27 - - - - - - - - 25 25 25 25 25 25 25 25 27 

 

BV2 does not allow such a detailed annual or daily profile of maximum and minimum 

indoor temperatures. Average temperatures for night and day were thus taken for this 

study,  as seen in Table 4.9b  

Table 4.9b: Set values for HVAC system in BV2, set as an average from values in Table 4.9.a 

 Average temperature used for BV2 
simulations 

Low temp [ºC] (minimum allowed indoor 

temperature in heated areas) 

19 ºC 

High temp [ºC] (Maximum allowed indoor 

temperatures in cooled areas) 

26ºC 

 

These minimum and maximum temperatures that are set in CTE-LIDER only apply to 

heated/cooled areas. Since BV2 does not allow the setting of different heating and cooling 

patterns for different parts of the building the minimum and maximum allowed indoor 

temperatures must be set as the average temperature for the entire building if the 

simulated building has areas that are not heated or cooled.  

This is the case for Tb6, which has two areas which show a distinctive heating and cooling 

pattern from the main building volume: the staircase and the shop in the ground floor. 

They represent, respectively, 4.5% and 24% of the building’s volume. It is assumed that 

the staircase does not have any HVAC system, while, for the shop, HVAC system will be on 

only during business hours which are assumed to be 9 hours a day, Monday to Friday. 

These differences are seen in Table 4.10 
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Table 4.10: Description of areas with a distinctive heating/cooling pattern in Type Building 6 

Area % of 
building’s 
volume 

Assumption 
relating HVAC 

Temperature 
during 
heating/cooling 
season 

Exterior 
environment 

Staircase 4.5 No HVAC Unknown Surrounded by 
heated/cooled areas 

Shop in 
the ground 
floor 

24 HVAC on 9 hours 
a day during day 
time 

Unknown Borders with outdoor 
air. Heat losses 
important 

Dwellings 71.5 Always on during 
heating season 

19ºC /26ºC  
(see Table 4.9b) 

Not relevant 

 

The average temperature in the building depends on the temperature in all the dwellings, 

the shop, and the staircase. However, it is not possible to determine the temperature in 

the latter two. The assumptions made to do so are presented in the following paragraphs, 

studying separately the impact of these two areas on the minimum and maximum 

allowed indoor temperatures was studied separately.  

First, the impact on the minimum allowed indoor temperature was estimated. It can be 

assumed that the temperature in dwellings would be 19ºC  in the dwellings.  

The staircase does not have a great impact in the minimum average temperature, both 

because it only represents 4,5% of the building’s volume and because it is surrounded by 

heated areas which will prevent its temperature from dropping too low. A temperature in 

the staircase up to 5ºC cooler than in the dwellings during the winter would only lower 

the minimum allowed indoor temperature in the building by around 0,2ºC, which would 

result in a decrease of  2,8% in the building’s heating demand.    

On the other hand, the shop has a major impact on the building’s average temperature, 

both because it represents a larger share of the building’s volume and because it borders 

with outdoor air. It is assumed that it will only be heated when the shop is open. During 

the rest of the day and during the night heat losses will occur through the facades due to 

heat transmission and air leakage which will result in significant indoor temperature drop 

(especially considering that heating will be off during nights, when the outdoor 

temperature is the lowest).  

Not knowing the exact heating patterns (temperatures, operating hours, etc) it is not 

possible to quantify exactly this temperature drop in the shop during closing times. 

Considering the outdoor temperature averages as shown in Table 4.7, and assuming the 

following 

- heating will be set at 20ºC 9 hours a day, and off during the rest of the day  

- heating will be off during nights, when outdoor temperature is the lowest 
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- heating will be off during weekends and holidays 

it was very roughly assumed that the average temperature in the shop could be from 5ºC 

to 10ºC colder than in the heated areas of the building, which corresponds to an indoor 

temperature between 9ºC and 14ºC in the shop during closing times in the heating 

season. This would result in a 1,2ºC to 2,4 ºC drop in the building’s minimum indoor 

temperature, and in a decrease of 16% to 31% in the building’s heating demand. Due to 

the great impact on the energy demand, the impact of the shop in the setting of 

minimum allowed indoor temperature must be taken into account.  

Taking the above assumptions into consideration, it was finally decided to set the 

minimum allowed indoor temperature for the building to 17ºC.  

The assumptions used to set minimum allowed indoor temperature are summarized in 

Table 4.11  

 
Table 4.11: Summary of assumptions relating average temperature during the heating season in the 
different areas of Tb6 and resulting average temperature in the building.  

Area Assumption on average temperature 

during the heating season 

Average temperature of the 

building  

Dwellings 19ºC 

Shop 9ºC / 14ºC 

Staircase 14ºC / 19ºC 

17.8ºC / 16.4ºC 

Building’s average minimum allowed indoor temperature:                           17 ºC                                

(value set for the BV2 simulation) 

 

Minimum allowed indoor temperature for the building for the BV2 simulations as set to 

17ºC as seen in Table 4.11.  

Finally, it must be pointed out that the rough assumptions that needed to be made to set 

minimum allowed indoor temperature may have a negative impact on the reliability of the 

results for heating demand. 

In relation to cooling demand, a similar procedure allowed roughly estimation of the 

maximum allowed indoor temperature during the cooling season. Thus, for the staircase 

it was assumed that the average temperature in the staircase would not be more than 

1ºC or 2ºC higher than the cooled areas, in which case the effect on cooling demand 

would be negligible.  

For the shop, making the same assumptions with relation to the functioning hours of the  

HVAC system, air conditioning will be on during the day, that is, during the hottest hours, 

and off during nights. Therefore it was very roughly assumed that temperature in the 
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shop would not differ substantially from temperature in the dwellings and that the shop 

does not influence the highest allowed indoor temperature.  

A summary of the assumptions made for maximum allowed indoor temperature for Tb6 

can be seen in Table 4.12. 

 Table 4.12: Summary of assumptions relating average temperature during the cooling season in the 
different areas of Tb6 and resulting average temperature in the building.  

Area Assumption on average 
temperature during the cooling 
season 

Average temperature of the 

building  

Dwellings 26 

Shop ≈26ºC 

Staircase 1 -2 ºC higher than cooled 
areas 

 
25.95ºC /25.9 ºC 

 

Building’s average minimum allowed indoor temperature:                                        

26 ºC                                 

(value set for the BV2 simulation) 

Maximum allowed indoor temperature for the building for the BV2 simulations was set to 

26ºC as seen in Table 4.12.  



Energy Saving Measures in Spanish Buidlings. Two Catalonian Case Studies  

 

 

49 

4.5. Heating, Ventilation and Air Conditioning  Apparatus 

As has been explained, once the demand had been calculated, by considering the type 

and efficiency of the apparatus used to cover the demand it is possible to estimate the 

energy consumption for space 

heating and cooling.  

This section explains the 

methodology used to set the type 

and efficiency of the apparatus 

used to meet the space heating 

and cooling requirements, which 

enabled the calculation of 

consumption for space heating 

and cooling. This is done 

separately for heating and cooling 

apparatus  

Figure 4.15 illustrates the 

parameters (amongst the 

parameters affecting the energy balance of a building) that this section focuses on.  

.  

4.5.1. Type and Efficiency of Heating Apparatus 

BV2 sets the apparatus used for heating as Hydronic heating system automatically. The 

methodology used to calculate the energy consumption departing from the energy 

demand was the same as could be found in IC study, a “theoretical” apparatus having the 

average efficiency of heating apparatuses in Catalonian permanently occupied dwellings 

was considered.  

In ICAEN’s survey [ICAEN, 1997] information is available on the penetration of different 

types of heating apparatus in Catalonian permanently occupied dwellings and their 

average efficiency. This information can be seen in Table 4.14, where  

- Building central heating  refers to buildings with a centralized heat producing 

apparatus that distributes heat to all the dwellings in the building (only applies to 

multifamily buildings) . 

- Dwelling central heating: this is the most common apparatus in Catalonia. Systems 

with one heat producing unit with a distribution system that distributes heat to all rooms 

in the dwelling.  The system regulates indoor temperature for all rooms in the dwelling 

(for example, with a thermostat or manual control). Examples of this type of apparatus 
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are gas boilers, sometimes also to produce DHW, electrical cisterns or systems based on 

solar energy.  

- Fixed modular: systems that have many heat producing elements, which can be 

turned on/off independently without any centralised regulation system. For example, 

electrical resistance heating, heat pumps, fire places or heat convectors. 

- Mobile modular refer to systems that are not fixed and that can be moved around 

the dwelling. These are mainly butane and electrical boilers. 

Table 4.14: Penetration and efficiency of heating apparatus in Catalonian permanently 

occupied dwellings  [ICAEN, 1997] 

  Penetration rate with 
respect to permanently 
occupied dwellings (%) 

 

Efficiency 

Penetration rate in  
perm.occ. buildings with 
some  type of heating 
apparatus (%) 

Building central heating 0.97 ηBc=0.82 PBc =0.99 

Dwelling central heating 62.41 ηDc=0.82 PDc= 63.91 

Fixed modular heating 11.96 ηFm=0.86 PFm=12.25 

Mobile modular 22.32 ηMm=0.92 PMm=22.85 

No heating system 6.7 - - 

Total 104.36%  100% 

Average efficiency 
MmMmFmFmDcDcBcBcaverage PPPP ·· ηηηηη +++= = 0.847     (4.Error! 

No text of specified style in document..1) 

 

As pointed out by Villar [Villar, 2008] penetration rates of heating equipment in 

permanently occupied dwellings add up to more than 100% because some dwellings own 

more than one type of apparatus (for example, one butane boiler and one electric boiler, 

or central heating system and heating boiler as a support, etc).  

To calculate the average efficiency of heating apparatus in Catalonia the penetration rate 

was changed, from penetration of heating apparatus in permanently occupied dwellings 

to penetration in permanently occupied dwellings owning some type of heating 

apparatus. Thus the average efficiency could  be calculated as seen in Formula 4.2 

Thus, knowing the demand for heating and the average efficiency of apparatus to cover 

this demand, it was possible to determine the average consumption for space heating in a 

building having some type of heating apparatus.  

It must be pointed out that, knowing energy demand as predicted with BV2 simulations, 

the calculation of energy consumption for space heating did not involve any BV2 in any 

way.   
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4.5.2. Type and efficiency of cooling apparatus  

The procedure to calculate energy consumption for space cooling had to be different 

from that used to calculate energy consumption for space heating since no detailed 

information was found on the penetration rates of different types of cooling apparatus in 

Catalonia. In the case of cooling, energy consumption was calculated by using BV2, which  

gives four different options for apparatus to cover the cooling demand, these being (as 

listed in BV2 user’s manual [CIT, 2003]):  

VAV system (variable Air Volume), i.e. a system with airborne comfort cooling that varies 

the airflow rate as a function of the actual cooling requirement. When a VAV system is 

selected, the user has the option to vary the supply air temperature as a linear function of 

the outdoor temperature.  

CAV system (constant Air volume) i.e. a system with a constant supply airflow rate. 

Nevertheless, it is still possible to study a system with two different airflow rates, e.g. a 

higher airflow rate during daytime than during nigh time. The CAV system can be given 

variable supply air temperature as a function of the outdoor temperature.  

Hydronic cooling system, it is possible to examine HVAC systems containing strictly of a 

fan-coil system as well as a combination of water and airborne cooing systems. When 

hydronic cooling system is selected, a CAV system with eligible supply air temperature is 

used 

Exhaust air system is an HVAC system only with mechanical exhaust air. The supplied 

outdoor is not heated nor cooled, consequently the supply air is equal to the outdoor 

temperature.  

Non of these HVAC systems are common in Spain, where collective (for the entire 

building) heating and cooling systems are not common in the residential sector. In 2001 

only 9.44% of Spanish permanently occupied dwellings had some sort of central heating 

for the entire building [INE, 2001], while in Catalonia in 2005 only 0,97% of permanently 

occupied dwellings had this type of heating apparatus [ICAEN, 2005]. 

Discussions with BV2 developer [Sundström , 2008a] led to the decision to use CAV to 

emulate the most common space cooling apparatus in the Spanish residential sector, wall 

air conditioning units [Unión Fenosa, 2008]. It was decided to use CAV with two speed 

fan, setting the lower speed to zero airflow, to simulate that these type of air conditioning 

units are only used (in dwellings) when indoor temperature is above certain threshold 

temperature.  

Having set this, BV2 allows calculation of electricity consumption for space cooling by 

setting the Seasonal Performance Factor (SPF) when CAV system is selected. As explained 

in the BV2 user’s manual [CIT, 2003], the Seasonal Performance Factor is “the amount of 
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delivered cooling “kWh/year” divided by the amount of supplied electricity (kWh 

electricity /year)” , taking into account that the efficiency of a heat pump depends on the 

outdoor temperature and that, therefore, it will vary during the cooling system.  

As a reminder, Coefficient of performance (COP) of a heat pump is 

    
coldhot

cold

TT

T

W

Q
COP

−
==  (4.4) 

where 

COP:  Coefficient Of Performance  
Q : Useful heat supplied by the condenser  [W] 
W :  Work consumed by the compressor [W] 
Tcold :  Temperature of the cold heat reservoir [ºC] 
Thot Temperature of the hot heat reservoir [ºC] 

 
An average SPF for Catalonia was not found, but in private communication with 

technician from ICAEN [Villar, 2008] values that ICAEN sets as Coefficient of Performance 

(COP) for simulation of air conditioning units were obtained, which are between 2,5 and 

2,8. For this study SPF was thus set to an average level between those. 

Figure 4.14 shows the values set for the CAV system in Tb4. An explanation of the 

meaning of these parameters can be found in Table 4.13. 

  

Figure 4.14: CAV parameters for Tb4 as they appear in BV2 input interface. 
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Table 4.13: Explanation of CAV parameters for Tb4 in Figure 4.14 

(1) BV2 selects the airflow rate. The program selects the amount of air at the set 
temperature  (4) to maintain indoor temperature below the maximum allowed 
indoor temperature.  

(2)  Two speed fan. This is used to simulate that air conditioning will on only be 
when outdoor temperature is higher than 25ºC (4). For lower temperatures 
airflow is set to zero (3) 

(3) Low speed rate. Airflow when outdoor temperature is lower than 25ºC (4) 

(4) Airflow rate breakpoint. Temperature at which the fan changes from low speed 
airflow rate (3) to full airflow rate (1). That is, the temperature in which the CAV 
system will turn on.  

(5) Hygienic ventilation during nigh time. It is possible in BV2 to set a residual  
airflow in case fan is set to zero during night time. This option is of no use for the 
simulated buildings.  Set to zero.  

(6) Supply air temperature: Temperature of supply air when outdoor temperature is 
higher than (7) 

(8) Supply air temperature when outdoor temperature is lower than (9). 
Temperature in (9) is set to -20ºC so that it will never go on.  

(10) Specific fan power. How much power the air distribution system needs to 
transport an airflow rate [CIT, 2003].It was set to 20 

(11) Heat exchanger coefficient . Set to 100% 

(12) Cooling machine/district cooling. Set to cooling machine. (District cooling not 
common in Spain) 

(13) Seasonal performance factor. Set to 2,65 as an average of Coefficient of 
performance (COP) used by ICAEN in its simulations 

(14) Daily profile of use of CAV. As set in Table 4.9 [CTE-LIDER, 2007] 

 

It must be pointed out that many of the assumptions made to try to simulate an air 

conditioning wall unit using CAV proved to be wrong. This is discussed in Section 5.  

Finally, it must also be mentioned that CTE-LIDER also covers natural ventilation use and 

assumes that windows are open during certain hours a day during summer, which leads 

to an air leakage of 4 turnovers/hour during daytime in the summer. However, it was not 

possible to simulate this with BV2. Not taking this into account may result in a greater 

simulated need for space cooling.  
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5. RESULTS AND DISCUSSION  

This chapter presents and discusses results from the BV2 simulations for energy 

consumption for thermal comfort in two different scenarios: base case scenario and 

Spanish building code scenario. In base case scenario simulations were run with the input 

parameters for the type buildings as defined in Section 4.3. In Spanish building code 

scenario parameters relating the building envelope were upgraded to make them comply 

with the Spanish building code (CTE).  

As described in detail in Section 5.1, the results obtained differed substantially from those 

found in other studies. A sensitivity analysis was therefore carried out to estimate the 

parameters that had the largest impact on demand for space heating and cooling in the 

simulated buildings, in order to clarify possible causes for the aforementioned deviation 

of simulation results. The outcome of this sensitivity analysis is presented in Section 5.2. 

Simulations in the Spanish building code scenario are presented and discussed in section 

5.3  

5.1. Base Case Scenario 

As has already been mentioned, the base case scenario is defined as the scenario deriving 

from the assumptions described in Section 4.3 

5.1.1. Energy demand for space heating and cooling of simulated type buildings 

Simulation results for space heating and cooling demand in Tb4 and Tb6 can be seen in 

Figure  5.1 
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Figure 5.1 shows that the predicted heating and cooling requirements for both buildings 

are in the same order of magnitude, and that cooling demand is negligible compared to 

heating demand. 

Figure 5.1 also shows that stored heat is significant in Tb4, i.e. the building has more 

thermal inertia. This leads to a slower impact on indoor temperature from changes in 

outdoor temperature. Hence, heat that is stored in the building (walls, facades, floors, 

furniture etc..) during the day time is released during the night, when outdoor 

temperature is lower than the building’s temperature, thus lowering the heat 

requirement for the building. Correspondingly, thermal inertia leads to a decrease of 

cooling requirements during day time.   

Finally, it must be pointed out that in all cases indoor temperature goes beyond 

maximum allowed indoor temperature (red segment in Tind curve), which means that 

HVAC system is not able to keep indoor temperature under the set maximum allowed 

indoor temperature (which was set to 26ºC for both type buildings).  In discussion with 

BV2 developer [Sundström, 2008b] two possible causes for this were pointed out. First, 
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the fact that HVAC was designed (see Section 4.5.2) to turn on only when outdoor 

temperature is higher than 25ºC; for  outdoor temperatures lower than 25ºC HVAC does 

not work no matter what indoor temperature is. Second, the daily profile of use that was 

set for HVAC (turned off from 8h to 15h [CTE-LIDER, 2007]) also has an influence, since 

BV2 calculates the needed airflow considering that HVAC system is on 24h a day. It can 

thus be said that some of the assumptions made for the HVAC settings were not accurate. 

This is discussed in more detail in section 5.2.2. 

 

Table 5.1: Demand for space heating and cooling in base scenario. Simulation results and comparison 
with IC 

 

BV2 

[kWh/m2] 

IC  

[kWh/m2] Difference (%) 

Heating demand  

Tb4  145.2 41.0 254.0 

Tb6  71.5 24.0 197.9 

Cooling  demand  

Tb4  18.5 17.0 8.8 

Tb6 5.0 8.0 -38.1 

 

Table 5.1 shows that results for heating demand from BV2 simulation are significantly 

higher than those found in IC, while results for space cooling are reasonably similar. This 

is discussed in Section 5.2. 

5.1.2. Results for Energy Consumption for Space Heating and Cooling 

Results for energy consumption deriving from BV2 were compared to figures found in IC 

and ICAEN’s Survey on energy consumption in households 1997 [ICAEN, 1997]. Table 5.2 

shows data from ICAEN’s survey on average consumption for heating and cooling and 

penetration of heating and cooling apparatus, both for permanently occupied dwellings. 
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As 

Villar pointed out [Villar, 2008] figures concerning energy consumption in Table 5.2 are an 

average for all permanently occupied dwellings (POD) in Catalonia. This includes also POD 

which do not have any type of heating or cooling apparatus (and which, therefore, do not 

have any energy consumption for space heating or cooling). This has a major impact in 

the case of energy consumption for space cooling, since as shown in the table, 

penetration rate in 1997 of cooling apparatus was only 7.6%. This means that 92.4% of 

POD in Catalonia did not have any cooling consumption in 1997, which leads to an annual 

average consumption of only 20kWh/POD. 

Since results from BV2 simulations and found in IC study refer to POD having some type of 

HVAC apparatus, in order to compare them with figures shown in Table 5.2 they needed 

to be corrected to refer to average consumption in all permanently occupied dwellings in 

Catalonia. This was done in two different ways. First, taking into consideration 

penetration rates of heating and cooling apparatus. Second, referring them to an 

“average sized” dwelling. This is shown in Eq.5.1 

 

 

Eq. 5.1 enables comparison of the results from IC, ICAEN and BV2 simulations. Before 

doing so, however, it must be pointed out that ICAEN’s study refers to all Catalonian POD, 
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while figures in IC and BV2 refer only to POD in one particular Catalonian climate zone. 

This climate zone (climate zone 2 in IC study, D3 in CTE) is one of the coldest in Catalonia. 

It is therefore expected that both energy consumption for heating and penetration rate of 

heating apparatus will be higher in this particular climate zone than the average for the 

region. As an example, while the penetration rate of heating apparatus in Lleida was 

practically 100% in 2005, it was only 87.6% in Tarragona (a warmer climate zone) [ICAEN, 

2005]  Thus, it should be emphasized that due to this different geographical scope of the 

two studies, results from ICAEN, on the one hand, and from IC and BV2, on the other, can 

only be compared in terms of orders of magnitude.  

It should be recalled that, as discussed in Section 4.5, in the present work heating and 

cooling consumption were calculated differently: heating consumption was obtained by 

considering heating requirements as calculated by BV2 and taking an average efficiency 

for heating apparatus in ICAEN. Cooling demand, on the other hand, was calculated by 

BV2 choosing as HVAC system Constant Air Volume, as explained in Section 4.5.2  

Table 5.3 presents results for energy consumption from BV2 simulation, IC and ICAEN. 

 

 Table 5.3: Average consumption for space heating and cooling in Catalonian permanently occupied 
dwellings (referred to average sized dwellings). Simulation results and comparison 

   BV2 IC  ICAEN 

Heating consumption  [kWh/dwelling] 

Tb4  12192.4 3843.2   

Tb6  8105.2 2493.9   

Average  10148.8 3168.6 3169 

Cooling consumption [kWh/dwelling] 

Tb4  456.5 7.6   

Tb6  388.9 4   

Average  422.7 5.8 20 

 

Results for cooling and heating presented in Table 5.3 are discussed separately in the 

following paragraphs.  

Concerning the heating consumption, figures in Table 5.3 corroborate that the results for 

heating consumption from BV2 simulation are of a higher order of magnitude than those 

found in IC and ICAEN. It was thus considered necessary to compare the results from 

other sources, including with average consumption in Swedish households, in order to get 

a better idea of average figures for energy consumption for heating in dwellings. This is 

done in Table 5.4.   
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Table 5.4: Average consumption for heating per average sized dwellings. Comparison between 

different sources. 

Source Refer to  

Average 

consumption 

[kWh/dwelling] 

BV2  

Permanently occupied dwellings in 

climate zone D3 (from Table 5.3) 10148 

IC 

Permanently occupied dwellings in 

climate zone D3 (from Table 5.3) 3168.6 

ICAEN  

Permanently occupied dwellings in 

Catalonia 3169 

IEAa   All dwellings in Spain  5150.6 

Odysseeb All dwellings in Spain 5233 

IEAa All dwellings in Sweden  12699 

Odysseeb All dwellings in Sweden 14305 
a Calculated considering total energy consumption for residential  sector [IEA, 2007a], [IEA, 

2007b], total  floor area of residential sector and average dwellings size [HSEU, 2005] and ratio 

of  total energy consumption for space heating  for Spain [MITyC, 2007] and Sweden [Enerdata, 

2003]  
b [Enerdata, 2003] 

 

 Figures shown in Table 5.4 from Odyssee [Enerdata, 2004] are for 1997, while the figure 

from the IEA is calculated from three different sources;  total energy consumption in the 

residential sector in Spain from 2005 [IEA, 2007], average dwelling size in Spain from 2004 

[HSEU, 2005] and ratio of energy for space heating versus total end-use from 2000 

[MITyC, 2007]. As energy consumption for space heating and the penetration rate of 

heating apparatus has remained relatively constant since 1997 [ICAEN, 2005], 

comparisons using these data sources should be possible.  

As can be seen in Table 5.4, values for space heating found in ICAEN and IC are reasonably 

similar to values found in other studies for Spain. This is not the case for results deriving 

from BV2 simulations, which are closer to energy consumption in Sweden (which has 

twice as much degree days as Spain but at the same time much better insulated houses 

than Tb4 and Tb6)  than the average found in the above mentioned sources.  

In relation to consumption for cooling, Table 5.3 shows that cooling consumption as 

obtained from BV2 is of a higher order of magnitude (around 70 times higher) than results 

from IC study.  Against this, figures for energy consumption for cooling from IC and ICAEN 

are of a similar order of magnitude.  
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In contrast to what was done in the case of space heating, it is not possible to compare 

simulation results for space cooling (which refer to 1997) with other more recent studies, 

since as has already been mentioned both the energy consumption and penetration rate 

of cooling apparatus has increased drastically in the last few years. However, no data 

other than ICAEN and IC has been found concerning air conditioning consumption in 1997 

for Catalonia or Spain. 

Inasmuch results for ICAEN and IC are reasonably close, and they both come from official 

sources, their figures were taken as a reference, assuming therefore that results for space 

cooling from BV2 are wrong. This is discussed in the following paragraphs. 

As has already been discussed, BV2considers energy demand of the building separately 

from its HVAC system. The first depends on the heat that needs to be “removed” from 

the building to maintain the desired indoor temperature, and depends on the heat 

balance of the building. The type of HVAC system, on the other hand, determines the 

actual energy consumption. In other words, two buildings with the same energy demand 

may have different energy consumption depending on their HVAC system.  

From comparing Table 5.2 and Table 5.3 it can be seen that while cooling demand 

obtained through BV2 simulation was reasonably similar to IC’s cooling demand, this is 

not the case for cooling consumption.  

Taking all this into consideration, it can be said that the assumptions made for HVAC 

system (Section 4.5.2) were not accurate.  

In further discussion with BV2 developer [Sundström, 2008b] it was pointed out that the 

methodology used to set HVAC parameters could be improved. For instance, the 

procedure used to set maximum allowed indoor temperature as explained in Section 

4.4.4 can not be applied, since the efficiency of cooling apparatus is highly dependent on 

the difference between outdoor temperature and room temperature. Thus, setting the 

average temperature for the entire building as was done may not properly represent an 

air conditioning wall unit, which only cools the room where it is. Instead, power from all 

air conditioning units in the building should be added and set as the power of the 

equivalent cooling system (CAV, in the simulations run). Thus the resulting average 

temperature for the building could be calculated with BV2. 

In addition to that, instead of designing the HVAC system to maintain a certain indoor 

temperature, the degrees (ºC) by which outdoor temperature is lowered by the HVAC 

apparatus should be taken into account. 

In the same manner, it was pointed out that Variable Air System (VAV) could be a more 

accurate way to simulate wall air conditioning units, since these vary their airflow in 

accordance to the cooling need for a given moment. 
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To conclude, the most plausible reason for the enormous difference is the complexity 

involved in simulating air conditioning units with the options available for BV2. This is 

obviously and area which requires further exploration.  

5.2. Sensitivity analysis 

In order to clarify possible causes for the deviation in simulation results concerning 

energy demand a sensitivity analysis was carried out to estimate which parameters affect 

chiefly the demand for space heating and cooling in the simulated buildings. The present 

sensitivity analysis, therefore, only focuses on parameters which affect the heat balance 

of the building  (determining the energy demand for space heating and cooling). No 

parameters relating HVAC system other than the temperature settings were analysed.   

The analyzed parameters in the sensitivity analysis related building envelope and indoor 

temperature settings. These simulations were only run with Tb4, for front façade facing 

south and east. Results presented in this section are an average of both orientations.   

Figure 5.2 shows graphically the structure of this section and the parameters relating the 

energy consumption of a building that were considered in the sensitivity analysis.  
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5.2.1. Building envelope 

For the sensitivity analysis of parameters related to the building envelope, two 

simulations were run for each parameter. In the first simulation, each parameter was 

given 90% of its value relative to the base scenario, in order to detect if heating/cooling 

demand was highly sensitive to a slight variation.  

For the second simulation each input parameters were reduced to 50% of their original 

value. It must be pointed out that this 50% reduction still led to plausible values for input 

parameters. As an example, 50% of air leakage for base scenario led to 0.75 turnovers per 

hour, which is still similar to a building with medium permeability [Clarke et al, 2004]. In 

the same manner, a reduction of 50% on facades’ U-values led to façade’s U-values of 

0.78W/m2•K, which is still higher the maximum allowed heat conductivity for facades in 

the Spanish building code [CTE, 2006]. Therefore, in all the cases values used were 

realistic.  

Values used for key parameters in the sensitivity analysis are presented in Table 5.5. 

Table 5.5: Values taken for sensitivity analysis of parameters of the building envelope in the BV2 
calculations 

Parameter Parameter value 

 -10% a  -50%  a 

U value of ground slab [W/m2 ·K]] 0.945 0.525 

U value of windows [W/m2 ·K] 5.22 2.9 

Facade area [m2] 40.32 35.84 

Air leakage [turnovers/hour] 1.35 0.75 

U value of façade [W/m2 ·K] 1.404 0.78 

U value of roof [W/m2 ·K] 1.305 0.725 

Internal heat generation [W/m2] 

(equally apportioned day and night) 

4.158 2.31 

Windows area [m2] 14.4 12.8 
a with respect to value from base case scenario described in Section 4.4 
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5.2.1.i. Space heating requirements 

Results for this sensitivity analysis are presented in Table 5.6, where parameters are 

sorted by their impact on heating demand with respect to a base case scenario.  

Table 5.6: Sensitivity analysis. Reduction in demand for heating in BV2 calculations and corresponding 
effect on the BV2 results 

-10% of input parameter -50% of input parameter 

Parameter 

Impact on 

demand Parameter 

Impact on 

demand  

U value of Windows  -6% U value of Windows -30.2% 

Facade area -5.2% Air leakage -24.3% 

Air leakage -5% U value of Façade -14.5% 

U value of Façade -3.0% U-value of Roof -13% 

U-value of Roof -2.7% Facade area -8.6% 

U-value of Ground slab -1.1% U-value of Ground slab -5% 

Windows area +1.8% Windows area  +3.9% 

Internal heat generation  +1.9% 

Internal heat 

generation  +7.9% 

 

First of all, it must be pointed out that no parameter was found for which heating 

demand was highly sensitive, since for a 10% decrease in input parameters heating 

demand decreased at the most by 6,20%. This decrease corresponds to a reduction of the 

U-value of the windows by 10%. 

When input parameters were set to 50% of their original value, the U-value of windows is 

also the parameter which when reduced reduction has the highest impact on heating 

demand, reducing it by 30.24%. In this case air leakage and U-value of façade are the 

second and third parameters with the highest impact.  

However, heating demand increases when internal heat generation and windows area 

decrease, although this increase is less than 8% . 
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5.2.1.ii. Space Cooling Requirements 

Results for the sensitivity analysis on cooling demand are shown in Table 5.7. 

Table  5.7: Sensitivity analysis. Reduction in demand for cooling in BV2 calculations and corresponding 
effect on the BV2 results 

-10% of input parameter -50% of input parameter 

Parameter 
Impact on 

demand [%] 
Parameter 

Impact on 

demand [%] 

Windows area -12.61 Windows area -25.08 

Internal heat generation  
-1.51 

Internal heat 

generation  -7.32 

U-value of Roof +0.54 Facade area -3.73 

U value of Facade +0.62 U-value of Roof +2.92 

Air leakage +0.86 U value of Façade +3.32 

Facade area +0.89 Air leakage +4.62 

U value of Windows +1.38 U value of Windows +7.30 

U-value of Ground slab +1.68 U-value of Ground slab +7.92 

 

Table 5.7 shows that the U-value of the façade has a different effect on demand 

depending on its variation with respect to its original value: it increases the cooling 

demand when reduced by 10%, and decreases it when reduced by 50%. However, it must 

be recalled that cooling only represents around 10% of Tb4 total demand. Thus a slight 

variation in cooling requirements will have an even smaller impact on the overall 

requirement of the building. Hence, as the increase in the first case is less than 1%, it 

represents less than a 0,18 kWh/m2 decrease in  demand for cooling and can therefore be 

neglected.  

The same applies to all other input parameters except for window area, which has a 

notable impact on cooling demand.  

It can also be seen, from comparing Table 5.6  with Table 5.7 that: 

- heating demand is more sensitive to the variation in input parameters than cooling 
demand 

- for the same variation of input parameter, when heating demand increases cooling 
demand decreases, and vice versa 

Table 5.8 shows a summary of the effect the analysed input parameters have on the 

demand for heating and cooling 
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Table 5.8. Effect of reduction of some input parameters in the building’s demand for heating and cooling.  

Parameter reduced Effect on heat balance of the building  

U value of ground slab 

U value of windows 

Facade area 

U value of facade 

U value of roof 

If the U-value or area of any of these parameters decreases, so 

will heat losses due to heat transmission and, thus, the energy 

demand for heating. However, since less heat will be removed 

from building through heat losses, the cooling demand can 

increase 

Window area 

If window area decreases less heat transmission losses will 

occur through the windows, but solar gains will also decrease.  

Air leakage 

Heat losses decrease when air leakage decreases. Less heating 

demand, but cooling demand increases.  

Internal heat generation  

Heat not supplied by internal heat generation must be supplied 

by heating apparatus to maintain the same indoor 

temperature. Heat demand increases.  

 

5.2.1.iii. Overall Requirements for Thermal Comfort 

Finally, the net impact of the above mentioned variations in input parameters on the 

overall energy demand for the Tb4 was studied. This can be seen in Table 5.9.  

 
Table 5.9: Net impact on the overall energy requirements from the BV2 results from variations in input 
parameters 

-10% of input parameter -50% of input parameter 

Parameter 
Impact on 

demand [%] 
Parameter 

Impact on 

demand [%] 

U value of Windows -5.35 U value of Windows -25.99 

Facade area -4.52 Air leakage -21.03 

Air leakage -4.30 U value of Facade -12.53 

U value of Facade -2.59 U-value of Roof -11.16 

U-value of Roof -2.32 Facade area -8.10 

U-value of Ground 

slab -0.82 

U-value of Ground 

slab -3.51 

Windows area +0.19 Windows area +0.62 

Internal heat 

generation  +1.48 

Internal heat 

generation  +6.17 

 



 Energy Saving Measures in Spanish Buidlings. Two Catalonian Case Studies 

 

66 

From Table 5.9 it can be seen that 

- Overall demand in Tb4 is not extremely sensitive to any slight variation of any of 
the analysed input parameters 

- A 50% reduction of U-value of windows and air leakage has a high impact on the 
overall building’s demand. 

- U-value of façade and U-value of the roof have similar impacts, around 10%.  
- U-value of ground slab has very little impact on the energy requirements for 

thermal comfort.  
 

Conclusions for this sensitivity analysis are discussed in more detail in Section 5.2.3 

5.2.2. Set Indoor Temperatures 

To analyse the impact of the set indoor temperatures in the energy consumption of the 

building, values for minimum and maximum allowed indoor temperatures were set to 1ºC 

over and below the set temperatures for the base scenario. Thus, simulations were run 

setting  each temperature shown in Table 5.10. 

 

Table 5.11. shows results for this sensitivity for HVAC with temperature settings seen in 
Table 5.10. 

 
Table 5.11: Sensitivity analysis for HVAC set temperatures. Impact on heating and cooling demand 

Difference with respect to base scenario -1ºC  +1ºC  

Heating demand with respect to base case scenario [%] -15.8 +17.0 

Cooling demand with respect to base case scenario [%] +16.8 -50.6 

 
Table 5.11 shows that a difference of 1ºC on the setting of HVAC has a major impact on 

the demand. This impact ranges from around 16% to up to 50%.  

5.2.3. Conclusions for the sensitivity analysis 

This sensitivity analysis showed that by changing input parameters relating set indoor 

temperatures the predicted energy demand for Tb4 could decrease by up to 50%, while 

by decreasing some input parameters from the building envelope the demand could be 

reduced by 30%. The parameters that have the highest impact on the building energy 

demand are set indoor temperatures, followed by U-values of the windows and air 

leakage. To a lower extent, the U-values of the roof and of the facades also have a 

notable impact on the energy requirements of the building.  
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It has also been detected that some of the parameters that needed to be assumed due to 

the lack of available data have a major impact on the building heating and cooling 

requirements. In particular, set indoor temperatures and air leakage, for which no 

available data was found, have proved to be two of the parameters with the highest 

impact on the thermal comfort energy requirements of Tb4.  

Furthermore, in discussion with BV2 developer [Sundström, 2008b] it was pointed out that 

U-values of all parameters of the building envelope were considerably high for both 

simulated buildings. Although they are reasonably similar to estimated  U-values found in 

other studies for Spain (see section 4.4.2.viii), it is also possible that the aggregate U-

values calculated were not accurate enough, since available data from IC proved to be in 

too little detailed.  

It can thus be said that the divergence of results from simulations from results found in 

other studies may be due to the high sensitivity of simulation results to the variation of 

input parameters, and the lack (total or partial) of detailed reliable data relating these 

input parameter.  

In this sensitivity analysis no simulations were carried out combining reductions for 

different factors. However, in the light of the savings that could result for 50% reduction 

of some input parameters (which, as has already been pointed out, would still lead to 

plausible values for input parameters) it can only be inferred that by combining 

reductions of different parameters, results for BV2 simulations could become similar to 

results found in other studies.  

5.3. Spanish Building Code Scenario  

This section presents the results from applying some energy efficiency measures relating 

the building envelope, and the resulting energy savings. Since the upgrading measures 

only focus on the building envelope, presented results only relate to energy demand (not 

considering, therefore, the apparatus used to cover the demand). 

A Spanish building code scenario (CTE scenario) was defined, in which building envelope’s 

parameters for both type buildings (Tb4 and Tb6) were set to  comply with the Spanish 

building code in force, CTE. Simulations were run using BV2.   

Comparison between values for the analysed parameters in the base scenario (without 

any energy conservation measures) and in the CTE scenario can be seen in Table 5.12 
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Table 5.12: Comparison between values for base scenario and CTE scenario 

 Tb4 Tb6 

Parameter upgraded Base scenario CTE scenario Base scenario CTE scenario 

Air leakagea  

[turnovers/hour] 1.5 0.52 1.5 0.23 

N-S: 1.56 N-S: 0.66 N-S: 1.6 N-S: 0.66 U-value of façade 

[W/m2 ·K] E-W: 0 E-W: 0 E-W 2.37 E-W: 0.66 

U-value of windows 

[W/m2 ·K]] 5.8 3.5 5.8 3.5 

U-value of roof 

[W/m2 ·K]) 1.45 0.38 1.63 0.38 

U-value of ground slab 

[W/m2 ·K] 1.06 0.49 0.63 0.49 
a  air leakage is set to 27 m3 /h m2 with an overpressure of 100 Pa. Values are calculated using  
UNE-EN-13465:2004. considering a pressure of 5Pa  
 

 

As can be seen from Table 5.12, all parameters analysed decrease significantly from base 

case scenario to CTE scenario. It must be pointed out that air leakage is set to different 

values in Tb4 and Tb6 due to the fact that CTE sets air leakage to 27m3/h·m2. Therefore, 

the number of turnovers per hour depends on the façade’s area and the building’s 

volume.  

Figure 5.3 and Figure 5.4 show the heat balance of Tb4 and Tb6, respectively, according 

to the simulations, both for base scenario and for CTE scenario.  
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From the comparison of results from both scenarios shown in Figure 5.3 and Figure 5.4 it 

can be seen that 

- heating requirements decrease significantly in CTE scenario, while cooling 
requirements increase. 

- stored heat increases in CTE scenario for both buildings, being particularly relevant 
for Tb4 . 

- indoor temperature increases in CTE scenario, reaching in some cases to more than 
30ºC. 

 

As explained in Section 4.1, heat balance of a building depends on heat gains from solar 

radiation and internal heat generation and heat losses due to air leakage and 

transmission. This determines the total amount of heat that must be added or removed 

to maintain the desired indoor temperature (heating or cooling demand). As a reminder, 

Figure 5.5 illustrates this. In the CTE scenario Qleak and Qtrans are reduced (due to  

decreased air leakage and improved U-values), while Qsol and Qint remain the same as in 

base case scenario.  
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Therefore, in the CTE scenario less 

heat needs to be removed from the 

building when outdoor temperature is 

lower than desired indoor 

temperature and heating demand 

decreases. Reversely, when outdoor 

temperature is higher than allowed 

indoor temperature more heat 

needs to be removed by the HVAC 

system because heat losses are 

lower. Cooling demand increases.  

In the same manner, if heat losses 

decrease, the heat stored in the 

building “remains” longer time in 

the building. Stored heat increases.  

This also affects the indoor 

temperature. If heat is not removed from the building by heat losses, the HVAC system 

must remove it, leading to an increase for the demand for air conditioning. However, 

HVAC system, as has already been mentioned, was set in a manner that it would not 

function for outdoor temperatures under 25ºC.  

If the building has little heat losses, indoor temperature can become higher than outdoor 

temperature, but HVAC does not remove the “extra heat” until outdoor temperature 

reaches 25ºC . In the buildings for CTE scenario this leads to indoor temperatures above 

30ºC.  

There is no need to say that these figures are not realistic. First, because in a real building 

(particularly in a residential building) indoor temperature could probably be prevented 

from raising that high even if the building did not have any type of air conditioning 

system, by using natural ventilation, for example. As a matter of fact, as has already been 

pointed out, CTE-LIDER sets natural ventilation during summer time, but this was not 

possible to simulate with BV2.  

Second, because in the case no natural ventilation could be used (as in the simulated 

buildings) air conditioning should prevent indoor temperature from rising so high. In 

discussion with BV2 developer [Sundström, 2008b] it was pointed out that a different 

methodology should be used to set the temperature in which air conditioning started 

working.  

Again, the difficulty of simulating air conditioning wall units was thrown into relief.  
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Table 5.13 summarizes the result values for both scenarios, while Table 5.14 presents the 

savings of CTE scenario with respect to base case scenario.  

 

 

 

Table 5.13 shows that in CTE scenario, with respect to base case scenario:  

- heating demand decreases significantly for both type buildings 

- on average, cooling demand decreases slightly 

- cooling demand decreases in Tb4 and increases in Tb6, but in both cases to a minor 

extent than heating demand.  

- air leakage is the parameter that has the greatest impact on heating demand 
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Thus, in comparison with base case scenario, in CTE scenario demand for heating 

decreases around 90% in both type buildings simulated, while cooling demand decreases 

around 30% in Tb4 and increases up to 76% in Tb6. It must be pointed out that this 

relatively high impact on the cooling demand is partly due to very low cooling demand 

from the base scenario. 

The total energy savings (considering both heating and cooling) that could derive from 

CTE scenario can be seen in Table 5.15. 

 

 

Table 5.15 shows that the energy savings that CTE scenario could bring about are 

between 81% and 93%. With respect to individual upgrading measures, air leakage is the 

parameter that could lead to the highest energy savings. The second parameter with the 

highest impact depends on the building. On average, however, upgrading the U-values of 

the facades, the windows or the roof would bring about similar energy savings. On the 

other hand, U-value of ground slab has a minor effect on the overall energy consumption 

of the building.  

Air leakage is the parameter which has the highest impact on the demand in the CTE 

scenario, while in the sensitivity analysis it was found that U-values of the windows was 

the parameter with the highest impact. This can be explained by the fact that in CTE 

scenario air leakage was reduced by 65% and 84% (in Tb4 and Tb6 respectively), while in 

the sensitivity analysis it was only reduced by 50% from its value in base case scenario.   

U-values of the windows, on the other hand, are only reduced by 39% in CTE scenario 

It must also be pointed out that the extraordinary savings for CTE with respect to base 

case scenario are further evidence that the input data is in all likelihood wrong (see 

section 5.2.3).  

Finally, it must also be noted that if results from CTE scenario simulations were to be used 

to prioritize upgrading measures to be implemented, in addition to the energy savings 

that could accrue from the particular measure it should also be taken into account the 

practicality of implementing it. For instance, sealing of openings (decreasing thus air 
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leakage) can be considered a reasonably easy to implement measure given the low first 

cost [Balaras et al., 2007], while insulation of the façade is considered in some cases 

difficult to implement due to its expensiveness [Veerbeeck and Hens, 2004]. All this 

should be taken into account when establishing a hierarchy in retrofit measures to be 

implemented. However, due to the inaccuracy of the input data in the simulated 

buildings, it is not t possible to set a hierarchy for retrofit measures in the cases studied.  

5.4. Discussion 

After comparing results from BV2 simulations with results from other studies, it can be 

assumed that results from BV2 simulations are inaccurate. In particular, results for energy 

consumption for space cooling and for energy demand for space heating differed 

substantially from figures found in other studies.  

With respect to results for energy consumption for space cooling, it has been pointed out 

that the most plausible cause for the divergence of the results is the inaccuracy in the 

settings for HVAC apparatus. A possible cause for this is the difficulty to simulate the most 

common HVAC system which is to be found in Spanish dwellings with the default HVAC 

systems built into BV2.  

On the other hand, divergence of results for space heating demand are probably due to 

the high sensitivity of the simulation response to some input parameters that needed to 

be roughly assumed due to the lack of available data.  

Results from CTE scenario, in which savings with respect to base case scenario are as high 

as 93% in one of the type building simulated, corroborated the assumptions relating the 

inaccuracy of certain input parameters. It was therefore not possible to recommend a 

hierarchy of retrofitting measures to implement.  
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6. CONCLUSIONS 

A methodology has been developed to estimate savings that could accrue from applying 

some energy saving measures to type buildings that represent a country’s building stock. 

The work performed is part of a process to develop a general methodology to represent 

the European building stock by type buildings in order to make the task of simulating 

energy efficiency measures across the European building stock easier. Type buildings are 

necessary to simplify the overall task which otherwise would be inordinately complex.  

As part of the methodology this work evaluates the use of the BV2 simulation software 

tool for use in the simulation of energy saving measures in two type buildings in Spain. 

Within the scope of this work it was not possible to investigate a full set of type buildings 

that would represent the entire Spanish building stock. Partly, this was due to the lack of 

statistical data concerning the Spanish building stock and partly due to the time 

constraints of a Master Thesis.  

Three studies dividing the Spanish building stock were identified, and a simulation was 

run using input data available for one of them. However it was not possible to obtain all 

necessary input data relevant to this one study and as such assumptions had to be made 

regarding the missing data. The divergence in the results obtained from the simulations 

compared to the results from reference studies proved that some of the assumptions 

made were not correct. In addition, a sensitivity analysis carried out proved that some of 

input data parameters (indoor temperatures, air leakage and U-values of the windows) 

strongly affect building heating and cooling requirements and thus in particular the 

assumptions regarding these parameters could be the most problematic.  

A conclusion from this work is that results for building energy demand from BV2 

simulations are highly sensitive to certain input parameters where values have not been 

able to be set with a high degree of accuracy. The heat balance of a building is by its 

nature complex and involves a large number of variables. It is perhaps then too difficult to 

hope to use input data to accurately represent a building’s heat balance given the range 

of variables. This has proven to be the case in this work. To properly characterize type 

buildings in terms of their energy consumption a different approach needs to be taken. 

This could for example involve a lateral approach where known energy demand averages 

for buildings are used to tweak input data until a match is found between simulated 

results and relevant building energy use statistics.  

A second conclusion is that the software used to run the simulations, BV2, was shown to 

be user-friendly, with and easy graphical user interface and a short computation time. 

Against this some simplifications in the program proved to be a limitation for the present 

work, e.g. not allowing the setting of different heating and cooling patterns for different 

parts of the building, or only allowing the HVAC systems to be set dependant on outdoor 

temperature. As well as this, it was difficult to simulate the most common HVAC system 

which is to be found in Spanish dwellings with the default HVAC systems built into BV2.
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7. FURTHER WORK  

During the development of the present work certain limitations have been identified 

which are outlined as follows  

- Simulations were run for only two type buildings, representing permanently 

occupied dwellings in Catalonia. A methodology could be developed to include non-

permanently occupied and service sector buildings to estimate the potential for energy 

savings in a country’s entire building stock.  

- Expected energy consumption for space heating in the simulated dwellings has 

proven to be of a higher order of magnitude than energy consumption found in all other 

studies. The present Master Thesis has pointed out certain possible causes for the 

deviation of simulation results (Section 5.2.3).  A more throughout analysis could be 

carried out to determine the possible causes  

- The present work has identified that focusing on input data may still lead to non 

reliable results from simulations. A methodology to describe a country building stock in 

type buildings should therefore be developed. This could include an iterative procedure, 

adjusting input parameters in a manner that simulation results get as close as possible to 

results for energy demand found in literature.  

- Assumptions made for HVAC system have proven to be wrong, due to the 

difficulty of matching the most common air conditioning units in Spanish permanently 

occupied dwellings to available HVAC systems from BV2. A more detailed analysis relating 

HVAC and how to simulate air conditioning wall units should be carried out. 

- A methodology should also be developed to estimate the parameters that have 

proven to have the major impact on a building energy requirements for space heating and 

cooling, namely, HVAC temperature settings and air leakage.  

- Energy saving measures analysed only concern end-use energy consumption. 

However, due to the high rate of empty and secondary dwellings in Spain energy 

consumption attributable to the construction of the building (embodied energy) has a 

major impact. If a dwelling is only used few days a year, most of its life cycle energy 

consumption is due to the manufacturing of building materials and the construction of 

the dwelling itself. 

- This Master Thesis has estimated the energy savings that could accrue from 

applying  certain energy conservation measures in the two type buildings simulated 

representative of the Catalonian building stock (Section 5.3). By multiplying the results for 

energy savings for the representative type buildings by the number of buildings they 

represent, it should be possible to scale the energy savings for the entire region. A 

methodology to do this could be developed.  
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8. BUDGET 

This section presents the budget for this project. Since it is an academic project, it only 

considers two aspects, namely, staff, office supplies.  

8.1. Staff  

Staff concerns the cost related to the time that people involved in this project have spent 

on it. Namely, supervisors (two supervisors in Sweden, one in Spain), experts consulted ( 

BV2developers, architects), and the engineer in charge of the project and author of this 

report. The hours and cost per hour for all of them can be seen in Table 8.1 below. 

8.2. Office Supplies 

Office supplies include amortization of the computer used to run the simulations and 

write the present report as well as the software used and the printers, in addition to 

fungible office material and international calls, all of which has been provided by 

Chalmers.  

8.2.1. Computer 

The following elements have been considered to calculate the hourly cost for the 

computer 

- Hourly cost of the computer. Considering a unitary cost of 1500€, and a 5 years 

amortization with an interest rate of 15%. Thus, the annual cost of acquisition of the 

computer can be calculated as seen in Eq. (8.1). 

-

 Maintenance. It is estimated that the maintenance cost is around 5% of its initial 

value, which leads to a yearly cost of around 60€.  

- Repairs, electrical consumption can be estimated as 200€ 

- Technical support; considering  a salary of 33.600€/year (4 hours a day) for the 

technician providing technical support, and assuming that he/she devotes 2% of his/her 

time to this project, the yearly cost of technical support can be estimated on 672€/year.  

Thus, the yearly cost for the computer can be calculated as seen in Eq. 8. 

Costcomputer= 358€/year + 60€/year +200€/year+672€/year = 1290€/year (8.2) 

 

  
(8.1) 358€/year 
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Estimating that the computer on average 8 hours a day, 5 days a week, 40 weeks a year, it 

can be said that the hourly consumption can be calculated as seen in Eq. 8.4 

 
 

 

8.2.2. Office Material 

This includes fungible material of all sort, paper, pens, notebooks, as well as electricity 

(except for electricity for the computer). It has been estimated to be 100€. 

8.2.3. International Calls 

The project has required a number of international calls, most of them to Spanish 

institutes (IDAE, INE, IC, ICAEN), Ministries (Ministerio de la Vivienda, Ministerio de 

Industria, Turismo y Comercio) and consultancy from experts from Universitat Politècnica 

de Catalunya. The total time for these international calls is estimated as being 15 hours.  

8.3. Total Budget 

Table 8.2 shows the budget for this project.  

Table 8.2: detailed budget for the project 

 Time [h] Unit cost [€/h] Cost[€] 

Staff costs       

Supervision. Experts consulted    

Supervisor in Spain 30 60 1800 

First supervisor in Sweden 40 60 2400 

Second supervisor in Sweden 100 50 5000 

Engineers,  BV2
 developers 60 60 3600 

Engineer in charge       

Familiarization with the project, literature 

survey 100 16 1600 

Literature survey, Search for input data 300 20 6000 

Familiarization with  BV2
 150 20 3000 

BV2
 simulations 200 20 4000 

Sensitivity analysis, results proving 300 20 6000 

Coordination meetings 100 20 2000 

Total staff cost     35400 

Office supplies       

Computer 1000 0,806 806 

Office material  -  - 100 

International calls 15 3,6 54 

Total office supplies     906 

Total cost of the project     36360 

(8.3) €/hour 
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9. ENVIRONMENTAL ASSESSMENT 

The environmental assessment of the present work must take into account two elements.  

First, it must be said that, since the present Master Thesis is mainly an academic work, 

based on computer simulations, it has had no direct impact on the environment. 

However, materials used to carry it out should be considered (mainly office material, such 

as paper, pens, etc…as well as computer).  

However, indirectly related to the development of the present master thesis are the 

flights taken between Barcelona and Göteborg by the author (6 flights in total). Even 

though this is not directly related to the development of the work, it is indirectly so, and 

CO2 emissions due to these should be taken into account.  

Finally, it should also be taken into account that the overall aim of the present work is to 

estimate energy savings in buildings.  
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Appendix A. Input Data for BV2 in base case scenario 

 

 

 

  

Figure A.1. Input data for TB4 in the base scenario 
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Figure A.2. Input data for TB4 in the base scenario 
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APPENDIX B Calculation of building’s envelope U-values 

Table B.1. Calculation of U-values for the building envelope of TB4 

    material [IC, 2006] 

gruix 
[IC, 
2006] 

λ 
(W/m2 · 
K) R 

Justificació del valor de lambda o de la resistència 
pres 

U de la façada [W/m2·K] 
   1.6 

  
Ri 0   0,110     

  
arrebossat exterior 
(morter de calç) 0,02 0,87 0,023 

  
NBE Pastas, morteros y hormigones, mortero de cal y 
bastardos 

  
paret ceràmica maó 
perforat 0,14 0,76 0,184 

  
[NBE-CT-79] 

  cambra d'aire 0,08   0,140 
[NBE-CT-79] aquest valor és de càmara d'aire de 
10cm.  

  envà de maó buit 0,035 0,49 0,071 [NBE-CT-79] 

  enguixat interior 0,015 0,30 0,050  [NBE-CT-79] 

  Re    0,060  [NBE-CT-79] 

  Rtot    0,639     

U de la paret mitgera [W/m2·K] 
  2,32 

  Ri     0,110 [NBE-CT-79] 

  maó massís 0,14 0,87 0,161 [NBE-CT-79] 

  enguixat interior 0,015 0,3 0,050  [NBE-CT-79] 

  Re     0,110 
  
[NBE-CT-79] 

  Rtot     0,431     

U de la coberta [W/m2·K] 1.54 

  Ri     0,090   [NBE-CT-79] 

  
paviment 3 capes 
rajola 0,06 1 0,06 

[NBE-CT-79] CTE pg. 186 Cerámicos: plaqueta o 
baldosa cerámica 

  Rc-cambra ventilació     0,16 

  
[NRE-AT-87]  para cam d'aire medianamente 
ventilada (taula 4.3) 

  capa de compressió 0,035 1,63 0,26 
  
[NRE-AT-87] 

  
revoltó prefabricat 
ceràmic 0,18     

  
[NRE-AT-87] resistencia térmica per solució 
constructiva, segons taula  

  cel ras escaiola i canyís 0,02 0,3 0,067 

  
[NBE-CT-79] camara ventilada horizontal flujo 
ascendente, [PMEB, 2002] 

  Re     0,050     

Ty
p

e
 b

u
ild

in
g 

4 

  Rtot     0,687     
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  Table B.2. Calculation of U-values for the building envelope of TB6 

 
 material [IC, 2006] 

gruix 
[IC, 
2006] 

λ 
(W/m2 · 
K) R 

Justificació del valor de lambda o de la resistència 
pres 

U value of the facade [W/m2·K] 1.6  

  Ri     0,11 

  
NBE-CT 79 separación con espacio exterior 
cerramiento vertical flujo horizontal 

  
arrebossat exterior 
(morter de ciment) 0,02 1,40 0,014 

  
[NBE-CT-79] Pastas morteros y hormigones, mortero 
de cemento 

  totxo perforat 0,14 0,76 0,184 
  
[NBE-CT-79] fábrica de ladrillo perforado 

  cambra d'aire 10 0,1   0,14 

  
[NBE-CT-79]camaras de aire no ventiladas. Suposició 
que no ventilada correcta? 

  totxo foradat 0,04 0,49 0,081 
  
[NBE-CT-79] fábrica de ladrillo hueco 

  enguixat interior 0,01 0,30 0,033 
  
[NBE-CT-79] enlucido de yeso 

  Rext    0,06 

  
NBE-CT 79 separación con espacio exterior 
cerramiento [NBE-CT-79]vertical flujo horizontal 

  Rtot    0,62 
  
  

U de la paret mitgera  [W/m2·K]  2.28 

  Ri     0,11 
  
[NBE-CT-79] separación con otro local 

  totxo perforat 0,14 0,76 0,184 
  
[NBE-CT-79] 

  enguixat interior 0,01 0,3 0,033 
  
[NBE-CT-79] 

  Rext     0,11 
  
NBE-CT-79 separación con otro local 

  Rtot     0,44     

U de la coberta [W/m2·K]  1.6 

  Re     0,09 
  
[NBE-CT-79] 

  
paviment de rajola 
ceràmica 0,04 1 0,04 CTE cerámicos plaqueta o baldosa cerámica 

  tela asfàltica 0,005 -   ignorat, tela asfàltica és per impermeabilitzar 

  formigó de pendents  0,1 0,5 0,2 
fOrmigó de pendends:del momento;: una mezcla de 
cascotes (0,4) con mortero (0,87) 

  forjat ceràmic 0,22 0,946 0,23 

CTE FORJADOS forjados reticulare>forjado con piezas 
entrevigadas cerámicas canto 300 (per ser el valor 
que està en mig) 

  Re     0,05 [NBE-CT-79] 

Ty
p

e 
b

u
ild

in
g 

6
 

  Rtot     0,61     
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