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Abstract 

Energy consumption in homes produces CO2. In many countries, building regulations 

are being set to enable energy efficiency performance levels to be issued. In Spain, there 

is a regulated procedure to certify the energy performance of buildings according to 

their CO2 emissions. Consequently, some software tools have been designed to simulate 

buildings, and to obtain their energy consumption and CO2 emissions. In this paper, 

investment, maintenance and energy consumption costs are calculated for different 

energy performance levels and for various climatic zones in a single-family home. 

According to the results, for buildings to be more energy-efficient, higher construction 

and maintenance costs are implied, which are not compensated by lower energy costs. 

Therefore under current conditions, economic criteria do not support the improvement 

of a dwelling’s energy efficiency. Among the possible measures to promote energy 

efficiency, a price for CO2 emissions is suggested, including the social cost in the 

analysis. For this purpose, the cost-optimal methodology is used. In different scenarios 

for the discount rate and energy prices, various prices for CO2 are obtained, depending 

on climatic zone and energy performance level. 

 

I. Introduction 

Greenhouse gas (GHG) emissions have become a major problem, so governments are 

proposing different policies to reduce them (Linares and Labandeira, 2010). Buildings 

are responsible for the consumption of between 20% and 40% of the energy produced in 

developed countries (Pérez-Lombard et al., 2009). However, buildings are one of the 

sectors in which GHG emissions can be reduced more cost-effectively. Thus, they offer 

an excellent opportunity to reduce such emissions (La Roche, 2010; Fraunhofer Institute 

for Systems and Innovation Research ISI, 2012). 
 

In the European Union (EU), directives on the energy efficiency of buildings 

2002/91/EC and 2010/31/EU (Energy Performance of Buildings Directive, EPBD) aim 

to ensure higher energy efficiency in buildings.  

The implementation of the above-mentioned European directives was partly achieved in 

Spain with the introduction of the Technical Building Code (Código Técnico de la 

Edificación, or CTE in Spanish), as promulgated by Royal Decree (RD) 314/2006, of 19 

October, and its sections on energy saving and health (CTE-HE and CTE-HS, 
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respectively); and also through the Thermal Installation in Buildings Regulation (RITE), 

RD1027/2007, of 20 July, and RD 47/2007, of 19 January, which details the basic 

procedures to certify energy performance in new buildings. The transposition of the 

EPBD has been completed by RD 235/2013, which includes existing buildings. These 

regulations have led to the development of various simulation software systems that 

verify compliance with minimum requirements. They estimate the energy performance 

of buildings by calculating the expected value of primary energy consumed and its 

translation into kilograms of CO2. The use of simulation enables the implementation of 

measures in the design phase with a view to checking how energy performance is 

affected.  

According to Article 2 of the EPBD 2010, the cost optimal level is “the lowest cost 

determined by taking into account energy-related investment costs, maintenance and 

operating costs, including energy costs and savings, the category of the building 

concerned, and earnings from the energy produced”.  Different constructive solutions 

and facilities in a building, which determine its energy performance level, will be 

influential on the investment cost, but also on the maintenance and operation costs 

during its lifespan. This is considered strictly from a private point of view, so the sum of 

these costs is considered private costs.  

However from a societal viewpoint, the costs and benefits to society must be taken into 

account. In the building sector, this consideration has been taken from the cost-benefit 

analysis viewpoint (Verbruggen, 2012) and from the compromise-programming 

perspective to balance private and social aspects (Ruá and Guadalajara, 2013). Based on 

these considerations, we chose to include CO2 emissions in our analyses.  

Annexe III of the EPBD 2010 presents the need for the comparative methodology 

framework to identify cost-optimal levels of energy performance requirements for 

buildings and building elements. This was supplemented in 2012 by Commission 

Delegated Regulation (EU) No. 244/2012, of 16 January 2012, and the Guidelines 

accompanying the aforementioned Commission Delegated Regulation (EU) No. 

244/2012. This regulation supports the addition of the cost of CO2 when the global cost 

is calculated at the macroeconomic level, as we have proceeded in this work. However, 

this study was done in 2010 before the aforementioned regulation existed. 

In order to estimate the investment and maintenance costs, available data on a real 

development project have been used as a case study (measurements, constructive 

solutions, materials, facilities, etc.). Energy consumption and CO2 emissions have been 

estimated using the simulation software systems. Reaching a higher energy performance 

level may imply higher construction costs. However, the cost incurred by energy 

consumption will be lower. From the economic or private viewpoint, a rational 

purchaser would buy more economic dwellings, and possibly less energy-efficient ones. 

However, energy savings and reduced environmental pollution costs for society favour 

the promotion of energy-efficient dwellings (Ruá and Guadalajara, 2014).  

The objective of this paper is to calculate what CO2 prices should exist in Spain in order 

to stimulate building high energy performance class buildings. To do that, the total costs 

arising from the use of the building were estimated and, due as a market price for CO2 

emissions does not exist, the threshold prices that would permit the minimisation of the 

total costs in the best energy performances ratings were estimated. 
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The article is divided into six sections. The second section briefly describes the energy 

performance certification procedure in Spain. The third section presents the information 

sources, and describes the single-family dwelling selected as a case study, the 

preliminary study and the software systems used to obtain the values for the investment 

and operation costs of the house according to its energy performance, location and the 

CO2 emissions arising from the use of energy. The fourth section presents the 

hypotheses and the methodology suggested. The fifth section provides the results. 

Finally, the sixth section includes the conclusions and a discussion. 

 

II. The Spanish energy performance certification procedure  
 

Comparisons made of the national implementation of the EPBD have indicated 

differences among countries in terms of procedures and level of implementation (CA-

EPBD, 2008; Perez-Lombard et al., 2009; Andaloro et al., 2010; CA-EPBD, 2011; 

Annunziata et al., 2013). However, the EPBD recast in 2010 includes an objective of 

converging requirements.  

According to the reports of the Concerted Action for the EPBD (CA-EPDB), most 

countries employ the energy demand indicator (kWh/m2.year, or MJ/m2.year in The 

Netherlands), while others use the CO2 emissions indicator (kg CO2/m
2.year).The rating 

also differs from one country to another as so: while some use letters from A to F, 

others add numbers such as A1, A2, etc. 

The procedure for rating the energy performance of new residential buildings in Spain is 

detailed in the AICIA (2009). New buildings are assigned an energy performance score 

on a scale of five values indicated by letters A to E, with A being the best rating. Under 

RD 47/2007, which came into force in November 2007, new buildings are labelled to 

indicate their energy performance rating, which corresponds to this scale. These ratings 

are based on annual emission values in kg of CO2 per square metre and annual 

consumption of primary energy in kWh per square metre depending on: type of building 

(detached or semi-detached house or apartment building); thermal envelope; climatic 

zone; municipality in which the building is located; the minimum solar contribution to 

domestic hot water (DHW) required in the municipality and facilities to ensure inner 

thermal comfort (air conditioning and heating). Lower grades, F and G, can be used in 

existing buildings, but new buildings that meet the CTE must obtain an E grade, or 

above.  

While processing energy ratings, climate is a key factor as external conditions will 

greatly influence the calculation of the energy requirements for a building. In countries 

with significant climate variations among regions, distinct climate zones have to be 

defined, which is the case for Spain (see details below).  

The CTE divides Spain into 12 climatic zones, according to the limitation of the energy 

demand of buildings (Table 1). Each provincial capital is assigned a zone and the 

classification of the corresponding area reflects that of the provincial capital. However 

within the same province, different climatic zones may exist with altitudes that vary by 

more than 200 metres from that of the provincial capital (Appendix D.1, CTE-HE1).  

The naming system for the climatic zone is composed of a letter and a number which 

indicate severity of winters and summers, respectively. The letter A indicates mild 
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winters and E denotes the coldest winters, while number 1 suggests cool summers and 4 

denotes the hottest summers. The severities of summer and winter are linked with the 

Cooling and Heating Degree Days (CDD and HDD), respectively, and also with solar 

radiation (CTE-HE1). As a result, progression from climatic zone A to E gives rise to an 

increased need for heating, while that from climatic zone 1 to 4 suggests an increased 

need for cooling. The cells in grey in Table 1 refer to nonexistent combinations. A 

representative city has been selected for each climatic zone. This nomenclature is 

applied to Spanish climatic conditions. All the cells of Table 1 show the climatic zone 

resulting from the letter and number combination, the selected city, HDD and CDD, 

considered a base temperature of 20ºC and the average temperatures for January and 

August for each city. For example, the HDD for the most extreme climates, A4 

(Almería, SE Spain) and E1 (Burgos, N Spain), are 1122 and 3360, respectively, while 

the CDDs are 690 and 233, respectively. The average temperature in January is 12.3ºC 

in Almería and 3.0ºC in Burgos. The average temperature in August is 25.6ºC in 

Almería and 19.2ºC in Burgos. 

 

By the energy certification procedure, the energy performance label is obtained for a 

new building in two different phases: the design phase, before construction starts, as 

confirmed by the designer; once the building has been delivered to ensure it achieves 

the designed energy performance, which must be checked by an external auditor. This is 

compulsory in order to obtain the occupation licence. From 1 June 2013, Spanish 

buildings to be sold or rented must exhibit the energy efficiency label to the purchaser 

or renter. In Spain, the certified building must be registered in the official Register, 

which is dependent on the local government for each region in Spain. Local registers are 

responsible for the external audit of certification (by architects, technical architects and 

industrial engineers). 

From the above, it can be concluded that the completed procedure is very recent. 

Therefore, the relationship between energy efficiency and economic factors is still a 

recent issue. Examining the possible interactions between the energy performance level 

and the economics of a given building will be useful to understand how labelling 

buildings can help achieve energy savings. In some countries, where procedures have 

already been implemented, the effectiveness of the measures to promote energy 

efficiency has been analysed by various studies and from different perspectives. Gram-

Hansen et al. (2007) compared the effectiveness of energy efficiency labels between 

Denmark and Belgium; despite the fact that the label in Denmark is mandatory, but not 

in Belgium, the results show that in both cases, investment in energy efficiency is not 

perceived as a priority in the everyday life of families. Kjaerbye (2008) studied the 

average labelling effect in terms of natural gas consumption in single-family houses in 

Denmark, and did not find significant differences when comparing A-, B- and C-

labelled houses. Amecke (2012) concluded that for existing residential dwellings in 

Germany, the influence of energy performance certificates on a private purchaser is 

limited.  

III. Information sources and methodology for technical and costs 

calculations 
 

III.1. Case study 

The energy certification methodology followed in Europe, and therefore, in Spain, is 

based on the EPBD, which distinguishes between single-family houses and apartment 
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buildings. Although apartment buildings are more common in Spain than single-family 

houses (30% of residential dwellings are single-family houses according to the 2001 

Spanish national census), this study was done using a single-family house because it is 

simpler to model for cost data and CO2 emissions. Besides, single-family houses are 

less energy-efficient because the thermal envelope is more exposed to external 

conditions (Gómez and Esteban, 2010; Garrido et al., 2011; Mercader et al., 2012). 

A single-family house has been selected as a case study to isolate the parameters which 

influence a house’s energy performance, these being the thermal envelope composition 

and the facilities that ensure thermal comfort (heating, air conditioning and DHW). 

These are the factors that can be varied to meet different energy performance levels for 

the same house configuration. The rest of the factors, which are linked to external 

conditions, are determined by climatic zone. Other factors such as orientation, influence 

of obstacles for solar radiation (near buildings, trees, etc.), and the geometry of the 

house, also influence energy performance. However, they are not considered in this 

study. 

The data required to do this study (measurements and plans) were available and can be 

considered representative of a standard single-family house. According to the Spanish 

National Statistics Institute (INE), average single-family houses in Spain cover between 

120 m2 and 150 m2. Specifically, the reference dwelling used for our case study is a 

terraced family house with a garage and utility installations in the basement, and ground 

and first floors for residential use. The surface area is 68.10 m2 on the ground floor and 

58.88 m2
 on the first floor. Table 2 shows the area of the envelope of the house, 

distinguishing among façades, party walls, windows and roof. The property is located 

on the end of a terrace and is orientated 25°N.  

III.2. Simulation software systems 

The official government computer programmes, which were available when this work 

was carried out (2010), were used for calculations: Lider v.01 for compliance with 

minimum limits on energy demand; Calener-VYP v1.0 (residential buildings) for 

energy performance (energy efficiency label as specified in RD 47/2007) and CO2 

emissions (IDAE, 2008, 2009).  

 

The software Lider v1.0 and Calener-VYP v.01 are the Spanish versions of DOE-2.2. 

These programmes simulate the real conditions of a building, although it has to be 

considered that real performance depends on the actual occupants’ use. Some countries 

have already made comparisons between theoretical and actual results regarding energy 

efficiency (Gram-Hansen et al., 2007; Majcen et al., 2013). In Spain, Jáber-López et al. 

(2011) proved that consumption predictions, calculated based on the simulation with 

Calener, were similar to the real consumption levels for two buildings in the 

Polytechnic University of Valencia (E Spain).  

 

According to the CTE, there are two options for certifying new buildings: simplified or 

general. The simplified option can be used provided that the building meets the 

minimum requirements, basically regarding the area of windows (under 60% of the 

façade contains openings and under 10% of the roof has skylights), or the non-existence 

of bioclimatic elements such as trombé walls and conservatories.  Moreover, simplified 

options do not allow an energy performance above D (i.e., C, B or A) to be obtained 

because of the simplifications assumed.  
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The general option must be applied to obtain a rating higher than D and is also required 

when certain physical characteristics of the building exceed given thresholds (over 60% 

of the façade contains openings and over 10% of the roof has skylights). The results 

obtained with the general option are more accurate and more favourable because not 

many simplifications are assumed. This means that a better rate can be obtained by 

using the general option. 

 

However, Calener-VYP is the only official tool for certifying new residential buildings 

according to the general option, so it was selected for this study. Table 3 briefly presents 

the inputs required and the outputs obtained when using the Calener-VYP and Lider 

programmes. 

 

III.3. Preliminary study 

 

In this study we analyse the cost of possible energy performance levels in different 

climatic zones. To obtain these starting combinations, a preliminary study was done in 

2010. Further details are found in Ruá and Lopez-Mesa (2012). Appendix 1 shows the 

procedure of the preliminary study, which was performed in three different stages. The 

three aforementioned stages are summarised as follows:  

First stage. Selection of 25 influential parameters on energy performance and prices 

estimation in each climatic zone:  

The 25 influencing factors on energy performance varied one from another, and were 

isolated from the rest in order to quantify their degree of influence.  

All the climatic zones were selected to quantify the influence on different external 

conditions. For example, a thicker insulation layer in walls proved more effective in 

cold than in mild weather, an influence which has already been reported by other 

authors (Al-Homoud, 2005; Laustsen, 2008; Ucar and Balo, 2009).  

This work led to 300 simulations (25 factors in 12 climatic zones). The energy 

performance level and, therefore, variation in CO2 emissions, were obtained from these 

simulations. Besides energy performance, the prices of the solutions were also analysed, 

and the ratio of variation in CO2 emissions per euro of investment was obtained.  

Second stage. Combination of parameters to reach E-rated energy performances in each 

climatic zone:  

The combination of the factors with the worst energy performance was used as the 

starting combinations, with the fulfilment of CTE requirements, in order to look for E-

rated energy performances. The main features of the starting combinations with the 

worst energy performance level, but one fulfilling CTE requirements, can be seen in 

Appendix 1.  

Third stage. Selection of final parameters and combinations reaching each energy 

performance from E to A:  

In the third phase of the preliminary study, some factors were discarded, such as 

orientation, which was fixed. Then the selected factors were changed one by one to 

improve energy performance from one level to the next upper level, and also from the 
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least costly to the most costly. These changes are found in Appendix 1. By way of 

example, if we consider climatic zone B4 from the worst energy performance E, we can 

obtain a D energy performance more cheaply by simply changing the thickness of the 

insulation mineral wool (MW) layer on the façade from 5 cm to 8 cm (these are 

standard thicknesses available on the market). Besides, two complementary measures, 

such as solar control glasses or back ventilated façades, are required to reach the highest 

energy performance levels in some configurations, so they were added. 

Of the 60 possible combinations for housing (5 energy performances and 12 climatic 

zones), only 50 were actually obtained. This was because a given combination of 

solutions based on commercial formats produced a D rating (i.e. it was not possible to 

obtain performance lower than D for some climatic zones) or it was impossible to 

achieve a B rating with the package of materials and utility installations used in this 

study. The 50 combinations obtained in the preliminary study are those that are used in 

the present study to perform the economic analysis linked to the level of energy 

performance. 

To make the changes required to achieve all 50 combinations of house ratings, the 

materials contained in the v.01 Lider programme database were used, as were the 

materials listed in the ‘Catalogue of Constructive Elements of the Technical Code’ 

(IETCC, 2010). The information published by manufacturers was used for any material 

that is not included in the database. Although there are numerous possible combinations 

of materials and building techniques, only those considered ‘standard’ (the most 

frequent options observed on the market) are used because they are more likely to be 

used under real conditions and to also reduce the number of simulations needed to a 

limited number; so the study is reasonably attainable. The analysis can be extended in 

the future to include other solutions, such as passive measures involving building 

orientation, ventilation, etc. 

 

III.4. Costs 

The construction, maintenance and energy consumption costs have been calculated in 

2010 prices for the 50 combinations resulting from the preliminary study explained 

previously in Section III.3.  

III.4.1. Construction cost  

The construction cost of the 50 combinations of house energy performance levels is 

obtained by budgeting the building materials and techniques required for the minimum 

fulfilment of the energy demand specified by the CTE (cost of materials, labour, and 

other costs, excluding VAT) (Ramirez de Arellano, 2004; Bertran, 2009). In response to 

the climatic characteristics of each zone, there are various specification options; e.g., 

insulation thickness, types of glazing, exterior carpentry, air conditioning systems, etc. 

In addition, the substitution and repair of facilities or of any other elements in the 

dwelling with a shorter service life than the whole building were considered after 

contemplated the year when they were carried out. 

 

In order to estimate the budget for each combination, we used Excel sheets. From a base 

budget, we made the necessary changes to calculate the total project cost for the 50 

combinations. Every budget, structured into 21 budget items, is seen in Table 4. Every 

section is formed by different construction works, whose costs sum the total amount per 
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budget item. The sum of the costs of all the budget items gives the total cost of the 

building.  

 

III.4.2. Annual maintenance cost  

For residential buildings in Spain, general planned maintenance is not that common and 

is usually carried out when needed because either a problem arises or the service life of 

an element has ended. However, preventative maintenance is slowly becoming more 

common and is widely employed in certain types of buildings: hotels, universities, 

schools, public buildings, etc.  Although for a single-family house this is not a common 

practice in the actual conditions, the maintenance costs considered in this section are 

those that would theoretically be necessary to maintain the building in perfect 

conditions, according to many sources. 

The maintenance cost for the type of house chosen for each energy rating and climatic 

zone has been calculated in accordance with the approaches suggested by various 

authors, Piper (1995), Brown (1996), Liska (2000), Kaiser (2001), Brathal and 

Langemo (2004), and with those suggested by recognised construction authorities: e.g.. 

the Catalan Institute of Technology (ITEC 1991a, 1991b, 1991c, 1991d, 1994, 1996, 

1997, 1999). 

Reference has been made to the maintenance detailed in the ‘Libro del Edificio’ 

[Building Book] and in current national and regional regulations (O.14/02/02, Murcia; 

D. 35/01, Balearic Islands; D. 38/2004, La Rioja; D.158/1997, Catalonia; D.F.322/2000, 

Navarre; D. 349/1999, the Madrid Community).  

Forty-five maintenance routines, each with a different periodicity, have been 

considered. Every maintenance budget is divided into 19 budget items, which cover the 

different works found in Table 3. Every budget item is formed by different maintenance 

works whose costs sum the total for the item. In this case, periodicity is also a factor to 

consider.  

For example, an annual check of sewage systems, recommended for late summer before 

autumn rains, and other less common tasks, such as varnishing woodwork, if any, 

should be done every 5 years, or façade cleaning and maintenance every 10 years. 

The prices to conform the construction estimates of both investment and maintenance 

costs were obtained from the Cype Company construction prices database, which is 

available on the Internet (http://www.generadordeprecios.info/) and permits the 

selection of different climatic zones since prices depend on the selected province. This 

construction database covers the average prices for 2010 and is commonly used in the 

construction sector. It also permits the adaptation of project characteristics in overall 

terms by adjusting general parameters such as total built area, built area per storey, 

number of storeys, number of basements, type of building (single-family or apartments), 

etc. Despite this adjustment, the provided prices are average market prices and actual 

ones would probably vary depending on the conditions agreed on between buyer and 

supplier, and also on the actual building conditions considered. However in order to 

compare different energy performances, all the budgets of combinations are based on 

the same source. 

III.4.3. Annual energy consumption cost  

Calener VYP permits the selection of the energy type for heating, cooling and DHW. 

Through simulation, annual consumption can be estimated. Alternatives are: electricity, 

natural gas, diesel, fuel oil, LPG, coal or biomass.  

http://www.generadordeprecios.info/
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According to the Final SECH-SPAHOUSEC Project Report1, the types of energy used 

mainly in Spain are natural gas (24.9%), electricity (35.1%) and renewable energies 

(17.7%, mainly biomass in its different forms, accounting for 94.2% of renewable 

energies). These data correspond to the whole building stock in Spain, with both new 

and existing buildings. Some differences are observed between single-family and 

apartment dwellings. For example when considering the Mediterranean region (E 

Spain), natural gas, electricity and renewable energies account for 9.1%, 28.4% and 

39.7%, respectively, in single-family houses. In the same region and for the same fuel 

sources, these figures are 34%, 54.9% and 0.1%, respectively, in apartments dwellings. 

Solar heating is considered a type of renewable energy. 

 

Three types of energy are considered for heating and hot water: electricity, natural gas, 

and biomass. Only electricity is used for cooling. Regarding solar energy, new 

buildings, according to the CTE, must cover a minimum percentage of DHW 

requirements. This percentage depends on climatic zone; for example, 70% is required 

in warm zones such as A4, while only 30% is required in cold zones such as E1, where 

there is less solar radiation. These minimum requirements are considered in this study. 

The electricity and gas rates were obtained from the Spanish Official State Gazette 

(BOE 31.12.09) and VAT was excluded. Given the absence of official rates, biomass 

prices, including delivery, were obtained from various suppliers as market price 

averages. These rates correspond to 2010 prices and have been assumed to be constant 

over the years to make calculations with constant prices and real interest rates since the 

future price trend is unknown. Estimated prices depend on many terms: energy power 

contracted, price per kWh and equipment rental, and taxes are excluded. Considering all 

the fuel sources and all the configurations (climatic zone-energy performance), the 

average price of energy is €0.063/kWh, with minimum and maximum values of 0.056 

and 0.079, respectively. Besides, a new scenario with a double energy price has been 

considered in order to estimate the influence of energy prices. 

 

 

III. 5. CO2 emissions 

According to the previous hypotheses, and after taking into account the thermal 

envelope, facilities and climatic zone (50 combinations), it is possible to simulate the 

building and to obtain CO2 emissions. To convert kWh into CO2 emissions, Spanish 

Ministry of Industry data have been taken (IDAE, 2008). Regarding biomass, the 

software considers it is a neutral fuel. This means that it is contemplated to not emit 

CO2 because, although emissions will occur, they are considered to be compensated by 

the CO2 emissions captured by the plant where the fuel comes from (Uzsilaityte and 

Martinaitis, 2010). This is not very realistic because the manufacturing and 

transportation of biomass entail CO2 emissions, as Ruá and López-Mesa (2012) 

previously warned. However, Calener-VYP considers zero emissions for this fuel 

source. Table 5 shows the conversion factors depending on fuel source. 

 

 

 

                                                      
1 Eurostat European Commission, Instituto de Diversificación y Ahorro de Energía, Ministerio de 

Industria, Energía y Turismo. 2011. Proyecto SECH-SPAHOUSEC. Análisis del consumo energético del 

sector residencial en España. Informe Final. Madrid. 
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IV. Calculation method and hypotheses  

After analysing the impact of costs and emissions through variations in climatic zones 

and energy performance levels, the cost-optimal methodology was applied by taking 

into account the lifetime costs of the building, as suggested by the EPBD, 2010/31/EU 

and, more recently, by the Commission Delegated Regulation (EU) 244/2012.  

A simple analysis for a specific house was taken as a case study to estimate the NPV of 

the total costs for the building, public (social costs because of CO2 emissions) and 

private costs (investment, maintenance and energy consumption). Some authors 

(Audenaert et al., 2010; Popescu et al., 2012) have calculated the NPV only for 

investment in energy efficiency measures on the cost of energy savings. The NPV is 

calculated for the different climatic zones or locations, and for the amount of CO2 

emissions associated with each energy performance rate, according to the official 

simulation programme.                                                                    

 

For each building located in a country with an energy certification scheme, each 

climatic zone or location ‘z’ and each building solution‘s’ (for each energy performance 

for new buildings, from E to A, in Spain), the “optimal cost” in the cost-optimality 

methodology, defined in Delegated Regulation (EU) No. 244/2012, is: 

 

   (1) 

 

where: INVzs is the investment cost for climatic zone z and the building solution for 

energy performance level s; PMANzs is the maintenance cost for climatic zone z and the 

building solution for energy performance level s; PENzs is the energy cost for climatic 

zone z and the building solution for energy performance level s; and PCO2zs is the CO2 

emission cost for climatic zone z and the building solution for energy performance level 

s; r is the discount rate, so general inflation is not considered. Therefore, all the 

considered costs must be in real terms, which implies excluding general inflation and, 

besides, the real price increase of the cost component is taken as zero for this work. This 

avoids putting forward additional hypothesis about the rates for increasing the prices of 

the payments received and the payments made, and also the inflation rate.  

 
T corresponds to the service life of the building, if it is a new construction. When 

considering existing buildings, T is the remaining life. 

 

PCO2 is the result of the equation: PCO2 = KCO2 * VCO2 

where: KCO2 = kilograms of CO2 and VCO2 = the CO2 emission value  

 

Private costs are determined by the construction costs in year 0, and then by the 

maintenance and energy costs over the lifetime of the house, as calculated above.  

 
Social costs are given by the sum of the above private costs, plus the cost to society of CO2 

emissions (PCO2) for operating the house over its life time. This is in line with the 

macroeconomic perspective of the cost-optimality methodology, where the cost of CO2 

emissions has been included. Taxes and subsides have been excluded, except for electric energy 

prices that are calculated according to official rates, which includes the fees for installed power 
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and an electricity tax. Consequently for each climatic zone or location ‘z’, the social optimal 

building solution ‘s’ is that which offers the lowest discounted social costs, thus enabling 

society to achieve the best economic return, as seen in Expression (1). 

 

When it comes to calculating the value of public costs, represented by CO2 emissions, 

the problem is the non-existing market. The EU Emissions Trading Scheme (ETS) 

currently includes only the energy, aviation and industrial sectors. However, this market 

does not include emissions from buildings. Yet it is possible to obtain the threshold 

value, or a minimum CO2 emission value, which makes changing from one energy 

performance level to the next profitable.  

 

The minimum or threshold value of CO2 emissions (VCO2), along with each energy 

performance level, is given by Expression (2):  

 

 (2)  

 

When considering new buildings, the investment cost (INVzf and INVzi) corresponds to 

the construction cost in year 0 for a given combination (climatic zone z and energy 

performance, respectively for solutions i and f). Regarding existing buildings, if a 

similar model is used, the difference (INVzf - INVzi) corresponds to the investment cost 

for climate zone z for the refurbishment to improve the energy performance from i to f. 

This permits us to build threshold prices for CO2, one per climatic zone or z location.  

The hypotheses for the model to perform the analysis are summarised as follows: 

 

- According to the NPV methodology, receipts and payments are used instead of 

income or costs, and we assume that all payments are made in cash. Therefore, 

we simply refer to previous payments as costs.   

- Calculations for the payments made in constant values prices were taken from 

year 0, and they are affected by a real discount rate afterwards, as proposed in 

the Spanish ECO 805/03 legislative regulations for mortgage valuations, which 

was later supported by Commission Delegated Regulation EU No. 244/2012 

(Article 2). Therefore, prices are considered constant with no increases for 

energy, materials and rents prices (Drury, 2008). This eliminates the need for 

additional hypothesis price increases (ΔP) and inflation (α). To simplify 

calculations, VAT was excluded. Energy performance was not considered to 

influence rents (which was then taken to be constant for all the combinations 

tested).  

- The service life of the building was considered, but not its occupancy period. 

Different users can occupy the building during its service life. Considering the 

average occupancy period of a dwelling implies putting forward new hypotheses 

for selling prices once the period has finished. Besides, this selling price is given 

by the future income of the building until the end of its service life; thus, the 

building value considers all the cash flow until the end of its lifespan.  

- These calculations assumed a scenario where conditions were similar to current 

ones in terms of regulations, types of energy, etc. This is a very unlikely 
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scenario, but the future trend is unpredictable. It was assumed that buildings 

would be built according to current practices during the study period. This 

baseline scenario is called Business as Usual (BAU) (Tuominen et al., 2013). 

- Only the environmental impact (in terms of CO2 emissions) of the building 

during its operational phase was taken into account. In existing buildings, this 

phase constituted 80-90% of energy consumption (Ruiz and Romero, 2013). 

More energy-efficient buildings would represent a lower percentage. The impact 

of the materials involved in the construction phase (e.g., possible resource 

depletion) or space consumption were not taken into account since they are 

considered to be beyond the scope of the study. 

- Maintenance payments are necessary to maintain the energy rate of the building 

over its remaining life. 

- The dwelling’s operation conditions were considered for average users by taking 

four occupants for calculations. Energy consumption can differ under actual 

conditions, depending on the number of occupants and users’ habits.  
 

This work was applied to new buildings. We established a building lifetime of 100 

years. This is consistent with the age of buildings as revealed in a Spanish housing 

census conducted by the National Statistics Institute (INE) (Table 6) with various 

legislative regulations and scientific papers (RD 1777/2004, of 30 July, on regulating 

corporate tax, and a table of depreciation coefficients; Rudbeck, 2002; Johnstone, 

2001a, 2001b; Davies and Wyatt, 2004; and Article 19 ECO 805/2003). The 

maintenance costs to maintain the energy rate during the dwelling’s lifespan were 

considered, as was both the economic cost and the specific time when maintenance had 

to be done. For elements whose lifespan was shorter than that of the building, we 

assumed renewal every 15 years (for utility installations) and every 25 years (solar 

panels, sanitary ware, tiles and kitchen equipment, etc.), respectively.   

 

To obtain the real discount rate (r), we took a reference from the legislative regulation 

for mortgage valuations, ECO 805/03 of 27 March. As a risk-free nominal rate, we 

adopted the average rate of return for public debt in the secondary market, dated 

between 2 and 6 years for the 2003-2010 period (which was 3.18%, including inflation). 

In order to obtain the real term, inflation had to be deducted. To discount inflation, the 

consumer price index was obtained from the INE as an average value for the 2003-2010 

period (which was 2.66%). This resulted in a risk-free real discount rate of 0.5%. 

Various sources were consulted to determine the risk premium (depending on the 

intended use of the building), which are shown in Table 7. It must be taken into account 

that the regulations for mortgage valuations offer appropriate risk premiums, but only to 

apply the dynamic residual method in order to calculate land values only, thus higher 

values were acquired. These values ranged from 1% to 8% for main residences.  

 

The discount rate was a highly influential parameter for calculations and, moreover, it 

could differ for each investor depending on the financial sources used (loans, 

mortgages, own funds, etc.). Therefore, a sensitivity analysis was performed by 

considering three risk premiums for calculations: 1%, 3% and 5%. As a result, three 

different values for the real discount rate were used: 1.5%, 3.5% and 5.5%. These 

values were consistent with those employed in the literature (Audenaert et al., 2010). 

These rates could also be considered the minimum required internal rate of return (IRR). 

Two decades ago, Sanstad et al. (1995) used higher nominal rates for investments in 
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energy efficiency, but new technologies have meant lower costs. Moreover, our study 

considered not only energy investments, but also construction and maintenance costs. 

 

Besides a new scenario was analyzed which contemplated energy prices that doubled 

those of 2010. 

 

 

V. Results 

 
Table 8 shows the private costs, which are the sum of the construction, maintenance and 

energy consumption costs, expressed in euros per m2 and per year. For private costs, 

generally the higher the energy performance level is, the more the private cost becomes. 

However there were some cases where this did not happen, i.e., in zones C1, C2, D1, 

D2 and E1, where rate C was slightly more costly than rate B in terms of private costs, 

and also in climatic zone C4 if we compared rates C and A. This has to do with the 

energy consumption cost, which sharply dropped in those cases when back-ventilated 

façades were used.  

Table 8 also presents the values of annual emissions per m2 in kg CO2 obtained with the 

Calener-VYP simulator for the house under study. The cells shown in grey indicate the 

limit values for single-family houses per zone and energy performance level, according 

to the methodology published by the Spanish Institute for Energy Diversification and 

Saving (AICIA, 2009), which were used by the Calener-VYP programme to define 

energy performance levels. These limit values are expressed in kg CO2/m
2 per year. As 

energy performance increased, the amount of CO2 emissions lowered. However, as 

these limit values depend on climatic area, it was not possible to relate the energy 

performance level to a specific value for CO2 emissions when considering the whole 

Spanish territory. 

Table 9 shows the results of the present-day private costs during the lifespan of the 

house in each zone and at all the energy performance levels. They were calculated for 

three different discount rates (1.5%, 3.5% and 5.5%) and for the 2010 prices. Besides a 

new scenario was added to perform a sensitivity analysis on the energy price, for an 

interest rate of 3.5%, where the energy consumption cost doubled the current one (2010 

prices), in order to see the influence on present-day costs. These values are provided in 

the grey cells of Table 9. According to these results, the total present-day cost generally 

increases to improve the private energy performance level, which indicates that 

increased maintenance and construction costs exceed the reduction in energy costs. For 

example, for climatic zone B4 and with an interest rate of 3.5%, the lowest private cost 

corresponded to energy rate E (€289,457) and increased as the energy rate improved to 

reach the highest cost for energy rate A (€345,469).  

For current prices, the opposite happened, but only in two cases, although differences 

were slight. Private costs decreased when comparing energy performances A (€291,788) 

and B (2€92,897) in climatic zone C1 with an interest rate of 5.5%. A similar trend was 

also noted when comparing energy rates C (474,381 €) and B (473,415 €) in climatic 

zone C2 with an interest rate of 1.5%, for which the reduced energy consumption was 

responsible.  
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For the “double price of energy” scenario (the average price of energy was €0.126/kW 

with minimum and maximum values of 0.112 and 0.158, respectively), present-day 

private costs increased compared with the 2010 prices scenario. This means that a 

higher energy price generally favours the promotion of better energy performance 

levels.  

Since private costs generally increase as the energy rate improves, it was feasible to 

suggest a threshold value for CO2 emissions for each zone to make the upgrade of an 

initial energy rating from ‘i’ to the next highest rating ‘f’ worthwhile. Table 9 also 

shows these values for CO2, which were calculated according to Equation (2). For the 

example of e climatic zone B4, mentioned above, they were 191, 80, 61 and €151/tCO2 

for changes in energy ratings E-D, D-C, C-B and B-A, respectively. See Figure 1, where 

zones C1, C2, D1 and D2 are also represented. In this case, the trend for the CO2 values 

was variable depending on climatic zone. CO2 values and costs depended on the 

discount rate adopted or the minimum return required. By increasing the discount rate, 

the NPV lowered, but the influence it would have on the CO2 value was not clear. 

For the 3.5% adopted discount rate, according to the 2010 energy prices, a lifespan of 

100 years and the building solutions and utility facilities available in this study, we 

obtained an average value of €100/tCO2 by considering an equal weight for each zone. 

For the double price of energy scenario, the average value was €90/tCO2. The 

hypothetical carbon price calculated by Equation (2) was also lower when the energy 

price doubled. For the 1.5% and 5.5% adopted discount rates, the average values were 

€78/tCO2 and €121/tCO2.  

We can see that they vary according to climatic zone and to the initial energy rating. On 

the whole, and after considering all the climatic zones, the values mostly fell within the 

interval between 0-200 euros per ton and year. However, some values can be considered 

outliers.  

By way of example, for the discount rate of 3.5%, the maximum value obtained was 

€642/tCO2 in zone B3, to improve the rating from B to A. This can be explained 

because the relation between the construction and operation costs, and the level of CO2 

emissions, was not linear. In this case, the slight difference in emissions can be 

explained because rating B came very close to the upper limit for rating A. The 

minimum value obtained in zone C1 to improve rating B to A was €8/tCO2. This can be 

explained by the large difference in emissions as the rating A obtained was well below 

the upper rating limit. This dispersion of values would be narrower if emissions fell 

within the intermediate values between the limits defining each energy performance 

rating. However, this was not possible as these values were conditioned by the building 

solutions and the actual building materials and facilities adopted. Thus, it was not 

possible to set the CO2 emission value because it is somewhere between the upper and 

lower limits.  

 

VI. Conclusions and discussion 

Recent European and Spanish regulations have aimed to encourage sustainable housing 

development in Spain. Energy labelling of dwellings permits energy performance 

ratings to be issued.  This means that it is theoretically possible to assign a rating to 
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each housing construction and to relate it to investment costs and annual operation costs 

during its lifetime. Thus, the Precost&E study (Universidad Politécnica de Madrid, 

2009) estimated the initial investment costs and the annual energy consumption for 

ratings E to B for a multifamily dwelling in climatic zone D3.  

This paper analyses in detail the costs for the combinations of the Spanish twelve 

climatic zones and the five energy performance ratings for new houses (from E to A). In 

addition to the initial investment costs and annual energy costs employed in the 

aforementioned Precost&E study, we included annual maintenance costs and renewal or 

replacement costs, for the 2010 prices, which would be incurred while the dwelling is 

being used. As in Precost&E, in most cases, the investment costs increased for better 

energy performances, while the energy costs fell at the same time, which also occurred 

in our case study for a single-family house.  

The NPV method was used to estimate the cost deriving from the house during its 

lifespan, just as the cost-optimal methodology states. This methodology implied 

estimating costs during the building’s service life, which was always a theoretical 

assumption, as stated in the hypothesis. The developed model is valid for new and 

existing buildings. In this study, in real terms, three different discount rates were used to 

perform a sensitivity analysis: 1.5%, 3.5% and 5.5%. The discount rates were 

considered in real terms, and the costs (energy, construction materials, salaries, etc.) 

data were also used in real terms. However, a sensitivity analysis was performed by 

considering another scenario where energy prices double the 2010 prices (Table 8). 

In each zone, improving energy ratings generally implied higher initial investments. In 

contrast, energy costs lowered as energy ratings improved, according to the simulation 

results using the software Calener-VYP.  

Better energy performance resulted in increased total private costs in each zone and, 

therefore, it was concluded that according to the current level of construction costs, 

maintenance and energy prices, the optimal energy rating from a private perspective 

was always the lowest (that is D or E).  

Therefore, the public costs represented by the CO2 emissions released from the using 

the house has been considered in the NPV and the cost-optimality methodology. As the 

CO2 emissions prices were lacking, this was a good opportunity to estimate a minimum 

price for CO2 emissions, which would favour the energy performance level 

improvement of buildings from the user viewpoint. An order of magnitude for that 

value was estimated from the single-family house selected as a case study.  

The CO2 value was monetised from the cost information for actual house development 

and for updated real prices. Estimating the cost of CO2 values was not only complicated 

and laborious, but had to be performed for each dwelling, and no general value was 

produced for all houses in Spain. The CO2 values provided in the case study depended 

on the zone, the dwelling’s energy rating and the investor’s financial conditions. For the 

3.5% adopted discount rate, based on the 2010 energy prices, a 100-year lifespan and 

the building solutions and utility facilities available in this study, we obtained an 

average value of €100/tCO2 by considering an equal weight for each zone. For the 

double price of energy scenario, the average value was €90/tCO2. For the 1.5% and 

5.5% adopted discount rates, the average values were €78/tCO2 and €121/tCO2, 

respectively. 
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The long-term analysis entailed a very large number of uncertainties, which were 

difficult to estimate. Therefore, further research must be done to diminish the 

aforementioned limitations. Some relevant issues for discussion are: 

1. Building typology: the values of costs and CO2 prices are applicable to the type of 

property analysed, and for the prices currently available on the market and the selected 

building solutions. This limits its general application. It would be interesting if future 

works analysed the private and social costs of an apartment building, which is more 

efficient from an energy standpoint. Moreover, only new buildings were analysed 

because regulations on existing buildings were still being developed when this study 

was carried out. 

2. Energy performance procedure: analysing the energy performance of a building is 

highly complex because there are many influential parameters. It entails a 

multidisciplinary task, and must bear in mind that many architectural and economic 

aspects are involved. First of all, more attention should be paid to the design phase of 

the building. Measures such as orientation, compactness, size, and passive measures 

such as shading, ventilation, etc., can improve the energy rating of a building at no cost, 

and would have an impact on the building’s later energy use (Verbruggen, 2012). 

In Spain, a comparison of the accuracy of the results obtained through simulation has 

still not been verified, as already done in other European countries (Majcen et al., 2013). 

Jáber-López et al. Moreover, the effectiveness of the certification scheme in 

encouraging people to improve the energy performance of their dwellings must also be 

verified. The results obtained in studies done in other countries vary and are not that 

optimistic (Gram-Hansen et al., 2007; Amecke, 2012; Popescu et al., 2012; Tuominen et 

al., 2013). 

 

3. CO2 data: the analysis carried out on CO2 emissions is based on the simulation 

programme being used in Spain as a result of the transposition of European Directives. 

This means that only CO2 emissions have been taken into account, which is the main 

form of emission from buildings, while there are more GHG that are influential on 

global warming. Furthermore, it has to be pointed out that the results are based on the 

simulation programme, and not on actual performance.  

The CO2 cost could be paid through a carbon tax. Currently carbon tax is not applied to 

Spanish households. However, carbon taxes have existed internationally for almost 20 

years and have been used before in different contexts. For example, Finland, Norway, 

Denmark and Sweden were the pioneers of this tax as they introduced carbon taxes in 

1990, 1991, 1992 and 1996, respectively. They have been placed on different sources, 

depending on the country, and mainly on gasoline, coal and natural gas. The amount to 

be paid ranges from a maximum in Sweden of $105 per metric ton of CO2 in 1991 to a 

minimum in California of $0.045 in 1998. The impact of this tax is difficult to 

determine separately from other factors. Besides there are no common evaluation 

practices, so it is difficult to compare effectiveness among different countries. For 

example, emissions lowered by almost 9% in Sweden (1990-2006) and by 15% per 

capita in Denmark (1990-2005) (Sumner et al., 2009). These values are not specific for 

the building sector, but are influential on reduced emissions. 

Carbon tax should be applied according to the particular circumstances of the 

considered country and the economical context. For example, Dresner and Ekins (2006) 
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proposed a theoretical targeted carbon tax to be implemented in 10 years time in the 

United Kingdom. The direct implementation would not be convenient because it would 

penalise low incomes, which usually correspond to less efficient houses. This scheme 

consists in a council tax depending on the price of the property and a stamp duty levied 

at the time of purchasing a property. Besides, compensation mechanisms would be 

applied so as not to disfavour low-income households (pensioners, households with 

children). 

In the building sector, besides the carbon tax, there is a combination of measures that 

aim to help this sector improve energy efficiency. Updated regulations such as building 

codes, together with more energy-efficient appliances or other types of measures, e.g., 

national and local government subsidies, aim to promote energy efficiency. It is difficult 

to check the effectiveness of every measure independently of the rest. In fact, the only 

study that we found where such work was done, which examines the effect of carbon 

taxes specifically on household emissions (Larsen and Nesbakken, 1997), found that 

CO2 emissions from oil lowered by 3% in 1991-1992. Other market-based measures can 

be analysed: subsidies, tax on energy consumption or tax exemptions (Rodríguez-

González et al., 2011). Even a combination of measures can be proposed. In fact, in the 

years after RD 47/07 came into force, aid was available for social housing with energy 

ratings of A, B and C in national and regional housing programmes. However, the sums 

offered were rather small and they have been since cut due to the economic recession. 

4. Methodology: this analysis was done after considering costs for private investors and 

social costs. The NPV methodology implies estimating costs during the building’s 

service life, which is always a theoretical assumption, as stated in the hypothesis. As,  

CO2 prices are lacking, one way of estimating a possible threshold CO2 value is 

proposed to promote better energy performances of buildings. 

Despite the fact that this work was done in 2010, it is partly in line with the cost-optimal 

methodology that appeared later, in 2012, in Commission Delegated Regulation (EU) 

No. 244/2012, of 16 January 2012 (Article 2), and in the Guidelines accompanying 

Commission Delegated Regulation (EU) No. 244/2012, which suggested this 

methodology for global cost estimation. It establishes a comparative methodology 

framework for calculating cost-optimal levels of minimum energy performance 

requirements for buildings and building elements. This methodology permits 

calculations from two different perspectives: financial and macroeconomic calculation. 

In this work, the methodology is in line with the macroeconomic perspective, which 

states that: 

1. The global cost calculation must consider: initial investment cost, maintenance 

cost, replacement cost, energy cost, residual value and CO2 emissions. We have 

included them all. 

2. The NPV methodology must be used. This is the methodology that we have 

followed. 

3. Taxes must be excluded. In this work, taxes and subsides have been excluded, 

except for electric energy prices, which are calculated according to official rates, 

which includes the fees for installed power and an electricity tax. 

4. At least two different discount rates must be used, expressed in real terms. Three 

different discount rates, in real terms, have been used in this work. 
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According to Article 6, Member States are required to report to the Commission all the 

input data and assumptions used for calculations and the results of those calculations. 

The Report on cost optimal calculations and comparison with the current and future 

energy performance requirements of buildings in Spain, version 1.0, presents the 

calculations from financial and macroeconomic perspectives. In both cases, a sensitivity 

analysis has been performed.  

 

When calculating from the macroeconomic perspective, two discount rates have been 

used (3% and 4%). Regarding CO2 prices, Spain has adopted the minimum lower 

bound, which is the projected ETS carbon prices in the Commission reference scenario 

up to 2050 (€18.60/ton CO2 during the 2012-2020 period and €56.30/ton CO2 during the 

2046-2050 period, which means an average increase of 3% per year). In reference to the 

energy price, it takes into account the fuel and electricity price development trends as 

provided by the European Commission on a biannually updated basis. The considered 

2012 prices are: biomass is €0.038/kWh and it remains constant in the following years; 

electricity price is €0.173/kWh and increases about 0.5% per year; and the natural gas 

price is €0.056/kWh and increases 3.5% per year. These prices are in the same order of 

magnitude as those used in the study, in both the original energy price scenario (average 

price of €0.053/kWh) and the double energy price scenario (average price of 

€0.126/kWh). 

 

The remaining considered costs are believed constant (investment and maintenance), 

which implies excluding general inflation and, besides, the real price increase of the 

cost components is taken as zero for this work. Despite the sensitivity analysis 

performed, the report shows that changes in energy and CO2 price development do not 

generally influence the cost-optimal results that much for financial scenarios. 

 

In this work, the CO2 price which makes improving the energy performance rate 

profitable, as applied to the case study, has been estimated. It is in line with the 

methodology proposed by Commission Delegated Regulation (EU) No. 244/2012 which 

suggests using a price for CO2 in the macroeconomic perspective calculation. However, 

while the Spanish Report takes one value for CO2, applied to the whole of Spanish 

territory and for all the climatic zones (€18.60/ton CO2 in 2012), the CO2 value in this 

study has been calculated for each climatic zone and each energy performance. Besides 

three discount rates and two energy prices have been used in the sensitivity analysis. As 

a result, 140 values for CO2, which makes it worthwhile increasing the energy 

performance, have been obtained, which has implied 127 cases of over €18.60/ton. 
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TABLE 1 

Climatic zones and representative cities. Climatic data: HDD and CDD (based on a 

temperature of 20ºC) and average temperatures in January and August (ºC) 
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WINTER SEVERITY 

       Min                                                                              Max 

 A B C D E 

1 

 

 

C1 

Santander 

1,999/86 

10.6/20.3 

D1 

Pamplona 

2,907/301 

5.4/21.1 

E1 

Burgos 

3,360/233 

3.0/19.2 

2 

 

 

C2 

Barcelona 

1,666/299 

8.4/23.7 

D2 

Logroño 

2,658/389 

5.9/22.2 

 

3 

A3 

Málaga 

1,217/697 

12.0/26.0 

B3 

Castellón 

1,463/695 

10.6/26.0 

C3 

Granada 

2,387/725 

5.8/25.1 

D3 

Madrid 

2,597/646 

5.2/25.1 

 

4 

A4 

Almería 

1,122/690 

12.3/25.6 

B4 

Seville 

1,092/863 

10.8/27.9 

C4 

Badajoz 

1,897/779 

8.1/26.0 

  

Source: The authors’ own from CTE and Technical Guide “Condiciones climáticas 

exteriores de proyecto”, by the IDAE 

 

TABLE 2  

Geometrical characteristics of the case study  

Area (m2) Ground level First floor 

Façade  63.02 53.98 

Windows  20.41 16.20 

Party wall 25.00 22.45 

Roof 76.43 
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TABLE 3  

Input and output data from Lider and Calener VYP 

INPUT DATA OUTPUT DATA 

LIDER 

Climatic zone For the building and for the different rooms 

modelled: 

Fulfilling or not the CTE requirements 

 

Orientation  

Building typology: Dwellings, selecting single-

family or apartment buildings or Commercial 

Buildings 

Use intensity: 

Residential  

Commercial (low, medium, high use and select 8, 

12, 16 or 24 h occupancy) 

Hygrometric class: 

3 (HR 55%, T 20ºC): dwellings 

4 (HR 62%, T 20ºC): restaurants, sport centres 

5 (HR 70%, T 20ºC): swimming pool, laundry 

(Section 3.1.2 DB-CTE-HE-1). 

Air renovation:  m3air/hour (calculated according 

to DB-CTE-HS-3 CTE). 

Constructive technical solutions for the thermal 

envelope: thickness of layers (m), conductivity 

(W/mK) thermal resistance (m2K/W), etc. 

Geometry of the building: definition of shape, 

areas, windows and doors location in the 

envelope, etc. 

 

CALENER VYP 

DHW demand: according to the CTE-HE4 Label with energy performance: 

A, B, C, D or E. 

Heating and air conditioning demand (kWh/m2 

and  kWh/year). 

Final consumption (total and split in heating, air 

conditioning and DHW) (kWh/m2 and kWh/year). 

Primary energy consumption (total and split in 

heating, air conditioning and DHW) (kWh/m2 and 

kWh/year). 

CO2 emissions (total and split in heating, air 

Contribution of thermal solar energy to domestic 

hot water (DHW): calculated according to CTE-

HE4 

Heating and air conditioning facilities definition: 

type of energy, boiler type, air conditioning 

equipment characteristics, etc. 
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conditioning and DHW) (kWh/m2 and  

kWh/year). 

 

 

TABLE 4 

Budget items considered in the estimates for investment and maintenance costs 

 

Budget items 

Investment tasks Maintenance Tasks 

1- Groundwork 1- Drainage 

2- Drainage  2- Walls and floor in contact with soil 

3- Foundations 3- Façades 

4- Structure 4- Carpentry 

5- Walls and partitions 5- Garage door maintenance 

6- Roofing 6- Blinds 

7- Carpentry 7- Glass works 

8- Iron works 8- Lattice walls 

9- Glass works 9- Audio-visual equipment 

10- Flooring and ceiling works 10- DHW and heating 

11- Plumbing 11- Air conditioning system 

11- Electrics and audio-visuals 12- Solar energy system 

12- Solar energy 13- Electrics 

13- Air conditioning and heating 14- Plumbing 

14- Ventilation system 15- Specific natural gas revisions 

15- Painting 16- Ventilation system 

16- Quality control 17- Roofing 

17- Protection against fire 18- Flooring. Painting works 

18- Safety and health 19- Protection against fire 
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19- Kitchen  

21- Waste treatment  

TABLE 5 

Grams CO2 emitted per kWh for different fuels 

Fuel Grams CO2/kWh 

Electricity 649 

Natural gas 204 

Biomass 0 

 

TABLE 6 

Number of residential buildings in Spain according to year of construction 

Period Residential buildings % 

Before 1900 901,299 10.45 

1900-1920 426,872 4.95 

1921-1940 497,039 5.76 

1941-1950 539,425 6.26 

1951-1960 886,544 10.05 

1961-1970 1,090,319 12.64 

1971-1980 1,504,984 17.45 

1981-1990 1,360,191 15.77 

1991-2001 1,417,202 16.43 

TOTAL 8,623,875  

Source: The authors’ own from the national population and the 2001 building census 
(INE). 

TABLE 7  

Risk premium (RP value) 

 ATASA TINSA ECO 805/03 
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Use of building Differential RP max RP min  RP min 

Main residence 1.00 5.00 2.85 8.00 

Secondary residence 4.00 8.60 5.40 12.00 

Offices 2.50 8.25 4.80 10.00 

Shops  3.20 8.70 4.95 12.00 

Warehouses 4.50 12.00 6.40 14.00 

Garages  2.20 7.30 3.75 9.00 

Hotels 4.20     

Residencies: 4.50    

OTHERS: 4.50   12.00 

Rustic 1.00    

Social housing  4.50 2.35  

Source: prepared from the data supplied by ATASA (Spanish National Association of 

Corporate Valuation), Tinsa (a Spanish property valuation company) and mortgage 

valuation regulations. 

 

 

 

TABLE 8 

Sum of the private costs (construction, maintenance and energy consumption) measured 

in Euro/m² per annum and the simulated value of CO2 emission for the selected house in 

kg of CO2/m² per annum. Value of CO2 emission range measured in kg of CO2/m² per 

annum in new built terraced houses (grey cells)  

Climatic 

zone  
 Per m2 and per annum 

Energy efficiency performance  

Rating A Rating B Rating C Rating D Rating E 

A3 

Private cost 26.10 25.60 24.16 22.33 -- 

Modeled house emissions  4.30 7.00 14.60 23.30 -- 

Limit of emissions <4.6 4.6-8.9 8.9-14.9 14.9-24 >24 

A4 

Private cost 27.44 26.55 24.30 22.38 -- 

Modeled house emissions 4.30 7.90 14.00 22.50 -- 

Limit of emissions <4.4 4.4-8.3 8.3-14 14-22.6 >22.6 

B3 

Private cost 26.50 26.09 24.64 22.93 -- 

Modeled house emissions 5.40 6.00 16.70 27.50 -- 

Limit of emissions <5.4 5.4-10.4 10.4-17.4 17.4-28 >28 
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B4 

Private cost 27.51 26.30 24.98 23.55 23.16 

Modeled house emissions 6.20 10.00 17.50 27.70 28.20 

Limit of emissions <6.3 6.3-11 11-17.9 17.9-28.1 >28.1 

C1 

Private cost 28.38 27.42 27.84 27.25 25.74 

Modeled house emissions 4.50 12.70 19.50 22.20 33.50 

Limit of emissions <7.8 7.8-12.7 12.7-19.8 19.8-30.4 >30.4 

C2 

Private cost 29.20 27.22 27.73 26.69 25.77 

Modeled house emissions 4.50 12.70 20.10 21.90 32.30 

Limit of emissions <7.9 7.9-13 13-20.2 20.2-31 >31 

C3 

Private cost 28.14 -- 26.31 25.38 -- 

Modeled house emissions 7.00 -- 22.90 36.20 -- 

Limit of emissions <8.2 8.2-14 14.4-23.2 23.2-36.6 >36.6 

C4 

Private cost 24.12 -- 24.54 23.55 -- 

Modeled house emissions 6.50 -- 20.00 31.10 -- 

Limit of emissions <7 7-12.4 12.4-20 20-31.5 >31.5 

D1 

Private cost 31.82 29.31 29.86 27.47 26.68 

Modeled house emissions <13.2 13.2-20.2 20.2-30.2 30.2-45.2 >45.2 

Limit of emissions 3.10 19.40 28.60 44.90 46.00 

D2 

Private cost 30.54 28.57 29.19 28.47 26.94 

Modeled house emissions 4.50 17.80 27.70 42.60 43.60 

Limit of emissions <10.9 10.9-17.8 17.8-27.8 27.8-42.6 >42.6 

D3 

Private cost 30.75 -- 29.17 27.06 -- 

Modeled house emissions 5.90 -- 25.20 37.60 -- 

Limit of emissions <10 10-16.4 16.4-25.4 25.4-39.1 >39.1 

E1 

Private cost 29.62 27.61 27.87 26.63 -- 

Modeled house emissions 2.00 24.70 32.10 51.80 -- 

Limit of emissions <16.9 16.9-25.9 25.9-38.7 38.7-57.9 >57.9 

Source: The authors’s own from AICIA 2009 and data of CO2 emissions obtained with 

Calener VYP v.01. 

 

TABLE 9  

Values discounted in Euros for private costs (C) and the VCO2 in Euros/ton CO2 

  E  D  C  B  A 

Zone r C (€) VCO2E-D C (€) VCO2D-C C (€) VCO2C-B C (€) VCO2B-A C (€) 

A3 1.5   383,546 75 417,943 60 441,775 109 457,281 

 3.5   281,673 101 306,825 66 321,167 201 336,731 

 3.5*   299,038 90 321,520 60 334,583 182 348,658 

5.5   241,921 130 263,487 73 274,106 301 289,655 

A4 1.5   387,264 76 421,260 113 457,659 131 482,454 

 3.5   286,370 95 309,530 143 334,581 199 355,159 
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 3.5*   303,187 85 323,825 136 347,608 207 368,975 

5.5   247,018 117 265,958 166 285,322 275 304,200 

B3 1.5   392,370 80 425,940 42 449,598 349 460,630 

 3.5   287,782 81 312,815 46 326,836 642 337,869 

 3.5*   307,603 69 328,879 43 341,938 641 352,670 

5.5   246,939 105 268,673 50 278,856 963 289,890 

B4 1.5 395,459 203 400,808 56 430,936 55 452,975 103 473,499 

 3.5 289,457 191 292,329 80 315,836 61 329,039 151 345,469 

 

3.5* 309,788 173 312,273 68 332,206 55 344,116 186 364,399 

5.5 248,273 181 249,998 108 270,940 68 280,619 204 295,430 

C1 

1.5 432,647 43 458,235 93 471,499 1 471,921 20 483,007 

3.5 312,457 47 327,764 145 338,969 21 343,089 8 345,453 

3.5* 335,804 37 347,624 122 357,099 -2 356,752 9 359,294 

5.5 265,566 52 276,862 202 287,320 43 292,897 -5 291,788 

C2 

1.5 439,057 40 461,109 140 474,381 -2 473,415 57 498,177 

3.5 321,457 44 334,175 211 345,073 14 347,980 48 359,152 

3.5* 343,842 34 353,857 185 363,414 -9 361,578 66 377,046 

5.5 275,140 48 284,651 291 294,657 32 299,111 37 304,859 

C3 

1.5   418,759 26 437,119    469,998 

3.5   297,297 31 309, 236    332,270 

3.5*   322,143 19 329,265    352,091 

5.5   249,927 37 259,378    278,482 

C4 

1.5   393,134 35 413,652    453,751 

3.5   281,761 47 296,682    329,488 

3.5*   303,691 35 314,796    343,687 

5.5   238,285 60 251,037    280,941 

D1 

1.5 466,399 188 477,256 17 491,490 2 492,379 38 525,089 

3.5 330,495 172 335,915 20 345,106 22 350,928 37 368,014 

3.5* 361,172 151 365,942 7 368,977 0 368,936 52 393,066 

5.5 277,484 159 280,815 23 288,081 44 295,872 35 306,717 

D2 1.5 446,418 403 467,643 18 482,418 1 482,978 44 513,550 
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3.5 320,450 364 330,890 21 340,230 22 346,109 41 361,788 

3.5* 349,718 345 359,614 9 363,511 -2 363,047 57 384,838 

5.5 271,338 326 277,566 24 284,821 46 292,824 38 302,555 

D3 

1.5   456,210 56 493,265    518,589 

3.5   331,042 68 355201    370,565 

3.5*   356,797 56 376,758    392,071 

5.5   282,194 81 301,452    312,764 

E1 

1.5   433,265 26 460,516 14 466,019 18 487,763 

3.5   306,594 35 326,301 44 335,695 11 342,560 

3.5*   340,674 21 352,504 22 357,185 19 369,836 

5.5   257,096 45 273,931 77 284,878 2 285,095 

*Values when considering double price for energy 

 

 

 

 

Figure 1. Threshold VCO2 in euros/ton CO2 for different climatic zones after considering 

a discount rate of 3.5% 
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Appendix 1 

 

 

FIRST STAGE 
Isolated Factors+ 25 prices P1 to P25 * 12 climatic zones  
F1: natural gas (NG) standard boiler  
F2: NG low temperature boiler  
F3: NG condensation boiler 
F4: electric boiler 
F5: diesel boiler 
F6: biomass boiler (+pellets storage) 
F7: heating system by split heat pump 
F8: heating system by water heaters 
F9: solar contribution to DHW minimum CTE 
F10: solar contribution to DHW minimum CTE + 15% 
F11: solar contribution to DHW minimum CTE + 30% 
F12: orientation N-S 
F13: orientation E-W 
F14: orientation NW-SE 
F15: orientation NE-SW 
F16: brick cavity wall façade with insulation MW 5 cm 
F17: brick cavity wall façade with façade insulation MW 8 
cm 
F18: brick cavity wall façade with insulation MW 10 cm 
F19: aluminium window frames 
F20: polyvinyl chloride (PVC) window frames 
F21: wooden window frames 
F22: percentage increase of sunscreen blinds 
F23: glass thickness (4-6-6 and 4-6-4) 
F24: glass thickness (6-12-4 and 6-12-8) 
F25: low emissivity glass 
 
Results: 300 simulations 
Percentage of variation in CO2 emissions and the ratio of 
variation per euro of investment 

SECOND STAGE 
Worst combinations fulfilling CTE per climatic zone 

 

 Climatic zones 

 A-B C D-E 

DHW, heating and cooling F4+ F7 F4+ F7 F4+ F7 

Solar energy contribution to DHW F9 F9 F9 

Façade F16 F16 F16
* 

Window frames F19 F19
** F19

** 

Glazing F23 F23 F24 

   * CTE requires vapor barrier to avoid condensations  

** Required thermal bridge breakage in the windows frame 

 

Results: energy performance E for climatic zones B4, C1, C2, D1 and 
D2 and energy performance D for climatic zones A3, A4, B3, C3, C4 
and E1 

THIRD STAGE 
Selection of solutions 
Results: in 12 climatic zones to get all the energy performance levels: 50 final combinations obtained 

Climatic zone 
A3 A4 B3 B4 C1 C2 C3 C4 D1 D2 D3 E1 

Energy 
performance level 

Solution 

D 

F3 + F8                         

F6                         

F10 - F11                         

F17                         

F18                         

F21                         

F22                         

F24                         

F25                          

F26                         

F27                         

C 

F3 + F8                         

F6                         

F10 - F11                         

F17                         

F18                         

F21                         

F22                         

F24                         

F25                          

F26                         

F27                         

B 

F3 + F8                         

F6                         

F10 - F11                         

F17                         

F18                         

F21                         

F22                         

F24                         

F25                          

F26                         

F27                         

A 

F3 + F8                         

F6                         

F10 - F11                         

F17                         

F18                         

F21                         

F22                         

F24                         

F25                          

F26                         

F27                         

 


