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EXECUTIVE SUMMARY 

This document covers the definition of reference multi-family buildings and the calculation of the corresponding energy 

demands to be used in the simulation framework developed in Task 1.3.  

The study targets two distinct scenarios: space heating (SH) dominated and space cooling (SC) dominated climates, 

corresponding to Northern/Central and Southern Europe, respectively. As a base for the energy demand calculations, two 

particular buildings representative of each zone were defined as reference cases. All the parameters, such as dwelling floor 

surface, insulation, etc. were set considering average values, resulting in the typical kind of construction that can be found 

in each zone. Additional parameters, such as number of occupants, use of appliances, etc. were also particularized so that 

the energy consumption is also representative of each case. 

Both reference cases were modelled using different simulation software. Then, several scenarios were tested in order to 

calculate the corresponding energy demands in various conditions. Mainly, new low-energy buildings (low space 

heating/cooling SH/SC demand with a significant share of domestic hot water DHW) and older SH/SC dominant buildings 

were simulated. The aim was to obtain different sets of conditions to further analyze the performance of the systems 

developed in the project when implemented in different kinds of buildings. In order to do that, relevant parameters, such as 

U-values or infiltration rate, were modified in the models to representative values. Reference values according to local 

regulations were considered when doing so.  

Additionally, different climatic zones were analyzed for each of the cases, so as to broaden the scope of performance and 

applicability studies that will be undertaken in other tasks (mainly within WP 7). For instance, the dual-source system, which 

is intended for Southern Europe, i.e. typically cooling dominant climates, will also need to provide heat (e.g. for the case of 

Madrid). For the purpose of providing the necessary data to assess such cases, the Southern European reference building 

was simulated also in a climate in which heating demand is significant: Bilbao. 

Apart from the heating and cooling demand, domestic hot water (DHW) and electric demands were calculated in order to 

simulate the complete system with the whole energy demand. Occupant behavior was taken into account in the calculation 

process. 

Consequently, the whole energy demand of different reference buildings was obtained for various climates. All the 

combinations result in energy data representative of a significant number of European buildings. This reference data will be 

used as an input for the design of the systems developed within the project as well as for the extrapolation to various 

conditions, maximizing the impact of the project. 

Finally, the preliminary design conditions were defined for each heat pump concept. These reference design points were 

defined taking into account the characteristics of each concept as well as nominal conditions derived from applicable 

standards.  
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LIST OF ACRONYMS 
 

ACPH  air changes per hour 

Bsk  semi-arid (steppe) climate 

Cfa  Humid subtropical climate 

Cfb  Oceanic climate without dry season and warm summers 

Csa  Hot-summer Mediterranean climate 

Dfa  Hot-summer humid continental climate 

Dfb  Humid continental climate without dry season and warm summers 

Dfc  Regular subarctic without dry season 

DHW  Domestic hot water 

ET  Polar climate/permanent ice and snow 

HP  Heat pump 

MFB  multi-family building 

nZEB  near zero energy building 

SC  Space cooling 

SH  Space heating 

TUD  Time Use Data 

U-value  thermal transmittance 
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1. INTRODUCTION 

The main objective of WP1 is to set the framework for the TRI-HP project. The progress obtained in this work package is 
fundamental, as it defines the boundary conditions that will later be used to design and assess the systems developed in 
the project. Task 1.1 represents the first steps within this goal.  
 
Reference energy demands (including SH, SC, DHW and electricity demand) are the basis for the system simulations of Task 
1.3. These simulations will then be used as a tool for the design, assessment and scaling/extrapolation of the two systems 
developed in the project (solar ice-slurry and dual-source heat pumps system). In order to ensure a wide approach that 
allows for a thorough study of the new concepts, different reference-cases are defined.  
 
The work undertaken along this task is clearly divided in two groups, corresponding to two distinct regions: Central and 
Northern Europe, and Southern Europe. The methodology that was followed for both cases is equivalent, but each of them 
has clearly distinguishable particularities, being that the reason for the separate treatment. 
 
The first step for the energy demand calculation was to set the climates used for the simulations. Then, a typical reference 
building was defined for each case and all the relevant parameters defined considering case-dependent particularities. 
Finally, energy demands were calculated by means of energy simulation software.    
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2. CLIMATE DEFINITION  

As stated above, there is a clear distinction between the climates of the two reference regions. The main difference is found 
in the annual average temperature: northern climates are colder and thus the space heating demand is clearly dominant 
over cooling needs. Southern climates are typically characterized by the exact opposite.  
In this section, two particular climates are selected as a base for the energy demand calculations corresponding to each of 
the reference regions. Additionally, other climates are proposed for extrapolation purposes, in order to assess the 
performance of the systems in different regions and ensure the applicability throughout Europe.  
 
The climate selection is based on Köppen classification [1], as it is one of the most well-known climate classification 
systems: 
 
 

 

 
Figure 1. European climate zones according to Köppen classification [1] 

2.1 CENTRAL AND NORTHERN EUROPEAN CLIMATES  

In Central and Northern European climates, the demand for heating during the winter months is typically significantly higher 
than the cooling demand in summer. However, there are considerable differences among different types of climates as well 
as among the building types. Most of Central and Northern Europe is covered by the categories Cfb, Dfb, Dfc and ET as can 
be seen in Figure 3, Figure 4, Figure 5 and Figure 7 with the only exception being the areas close to the Danube river in the 
south east that fall into the category Dfa. Regions classified as Cfa are most of France, the Benelux Union, western Germany, 
the British Islands, Ireland as well as the south of Denmark. The category Dfb spans most eastern Germany, most of the 
eastern European countries, the northern part of Denmark, the southern part of Sweden as well as parts of both Norway and 
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Finland. Finally, regions that are classified as Dfc are in the Alps, in some low mountain ranges like the Ore mountains or 
the Massif Central as well as in Scandinavia. 
 
Switzerland is a country with various different climatic conditions. Since it is located at the Alpine main ridge there are 
regions on the south side of the Alps with mild winters as well as on the north side with colder climatic conditions. Therefore, 
according to the Köppen classification, locations in Switzerland representative for large parts of Europe in terms of 
temperatures and humidity can be chosen for the project. 
 
The most densely populated area of Switzerland is located in the Swiss Plateau that reaches from Geneva in the west to St. 
Gallen in the East and contains all of the country's major cities. A recent recalculation of the Köppen classification with 1-
km resolution that is shown in Figure 2 revealed that while most parts of the Swiss Plateau are classified as Dfb (Humid 
continental climate without dry season and warm summers) some areas close to lakes and rivers fall into the Cfb category 
(Temperate oceanic climate without dry season and warm summers) [2]. Areas in the Alps between 1450 and 2100 Meters 
are classified as Dfc (Regular subarctic without dry season) and mountain regions above 2100 meters fall into the ET (Polar 
climate/permanent ice and snow) category. The valleys south of the Alps exhibit warmer climatic conditions and are mainly 
classified in the oceanic climate group Cfb. Some areas are having the humid subtropical climate Cfa. 
 
As the main reference for the Central and Northern European climate the city of Zurich is chosen since it lies at the 
intersection of the two most dominant climatic conditions Cfb and Dfb. For extrapolation, the city of Bern is chosen to 
represent a typical Dfb climate, the city of Davos is chosen to represent a typical Dfc climate and the city of Locarno is 
chosen to represent the climatic conditions of southern Switzerland as well as northern Italy at the intersection of Cfb and 
Cfa. With these cities, all climatic conditions of Switzerland are represented except the very sparsely populated ET area. 
 
A limitation of this approach is that the Köppen classification does not consider both the yearly sum and the annual 
distribution of solar irradiance. This becomes most evident when comparing e.g. the Swiss Plateau with the south of 
Scandinavia. Both are classified as Dfb according to Köppen but show large differences in the availability of solar resources. 
In order to account for this, additional locations will be used for extrapolation. Warsaw will be studied as an example of a 
more pronounced continental. Oslo will be used to investigate the effects of high latitude solar irradiation. In addition, 
Vienna, Prague, Kopenhagen and Riga will be added to study the effect of latitude on solar gains during the heating period 
in more detail. A summary of all covered climate categories with the respective locations including the cases defined for 
Southern Europe in section 2.2 can be found in Table 1. 
 

Table 1 Main Köppen classifications of Europe with the respective locations chosen for the project (Bold: reference 
cities, Normal: cities used for extrapolation) 

Köppen classification City Latitude 

Cfa  Humid subtropical 
Venice 45.43° 

Locarno (Cfa/Cfb) 46.17° 

Cfb 
Oceanic with warm 

summers 

Bilbao 43.26° 

Zürich (Cfb/Dfb) 47.37° 

Csa 
Hot-summer 

Mediterranean 
Tarragona 41.12° 

Bsk Cold semi-arid Madrid 40.42° 

Dfb Humid continental 

Bern 46.95° 

Vienna 48.21° 

Prague 50.09° 

Warsaw 52.23° 

Kopenhagen 55.68° 

Riga 56.95° 

Oslo 59.91° 

Dfc Regular subarctic Davos 46.80° 
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Figure 2. Detailed view on Swiss climate zones according to Köppen classification [2]  

 

 
 

 
Figure 3. European Dfb climate zone, according to Köppen classification 
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Figure 4. European Dfc climate zone, according to Köppen classification 

2.2 SOUTHERN EUROPEAN CLIMATES  

In Southern European climates the cooling demand is typically dominant over heating needs. However, there are also 
locations in which winters are cold enough for the heating demand to become relevant, for example, Madrid.  
Spain is a good example of land with various climate conditions (as it can be observed in Figure 1), including regions with 
cold winters in spite of being at the southernmost part of Europe. In fact, the northern part of Spain is in the same climate 
zone as the United Kingdom or the Netherlands, as shown in Figure 5. This climate zone, named Cfb, is the temperate 
oceanic climate and is characterized by relatively cool summers, with an average temperature below 22 ºC in the warmest 
month. Therefore, the cooling needs are typically low. During winter, however, temperature does not drop to extreme values. 
In fact, the lack of extreme temperatures throughout the year is a characteristic of this kind of climate. Within this climate 
zone, Bilbao is selected as the reference location for the heating dominant region in Southern Europe.  
 

 

Figure 5. European Cfb climate zone, according to Köppen classification 
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Regarding the typical cooling dominant climate, Tarragona is defined as the reference location, belonging to hot-summer 
Mediterranean climate (Csa), as shown in Figure 6. This climate is characterized by hot and dry summers, with an average 
temperature above 22 ºC during its warmest month. It is considered the typical Mediterranean climate, covering an important 
area, including cities such as Rome or Athens.  
  
 

 

Figure 6. European Csa climate zone, according to Köppen classification 

 
Both proposed climates, in combination, cover a vast extension of European land, and thus are suitable as a base for the 
system simulations, as this implies that the performance of the system will be tested for an important part of the potential 
market.  
 
Regarding extrapolation, some more extreme climates are proposed, in order to assess the possible application in 
alternative zones. Such is the case of humid subtropical climate, particularly hot and humid (Cfa in Köppen classification, 
see Figure 7); and cold semi-arid climate, characterized by big temperature swings (BSk in Köppen classification, see Figure 
8). Venice and Madrid, respectively, are proposed as representative reference locations for each of the climate zones.  
 

 
Figure 7. European Cfa climate zone, according to Köppen classification 
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Figure 8. European BSk climate zone, according to Köppen classification  
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3. REFERENCE BUILDINGS AND HYPOTHESIS FOR DEMAND CALCULATION 

As a base for the energy simulations, a reference multi-family building was selected for each zone (Central and Northern 
Europe; Southern Europe). Both buildings are representative of their regions, as they have characteristic particularities 
derived from local factors, such as climate, country specific, laws, etc. 
 
A common feature is that both are new low-energy buildings, meaning that their high-performance constructive elements 
lead to low heating/cooling demands. As a result, they are referred as ǆEIX!epnjobou!cvjmejohtǇ even that depending on 
the climate, heating demand might still be higher than the DHW demand. In contrast, with the aim of testing the SH/SC 
dominant scenario, an alternative set of U-values was defined for the constructive elements in order to simulate an 
equivalent older building. 
 
After the definition of the physical characteristics corresponding to the buildings, additional parameters (such as occupancy, 
consumption profiles, etc.) were set in order to complete the definition of all the hypothesis required for the calculation of 
the energy demands.  

3.1 REFERENCE BUILDING AND HYPOTHESIS FOR CENTRAL AND NORTHERN EUROPE 

The reference building used in the Central and Norther European Climates is an apartment small multi-family building (MFB) 
with six living units on three floors. The reference building meets the Swiss Minergie-Standard [3], that certifies buildings 
with an envelope of high energetic quality. The space heating demand of the building in Zurich is 30 kWh per heated surface 
area and year (30 kWh/(m2year)) and is called MFB30. Therefore, the reference building represents a new building with 
relatively high DHW demand shares, e.g. around 40 % in Zurich. The building characteristics correspond approximately to 
the average of a set of 65 apartment buildings in Switzerland that have been analyzed in a recent research project [4]. A 
detailed documentation of the building can be found in Annex 1. Its main features are: 
 

¶ 6 dwellings (divided in 2 floors + ground floor) 

¶ Basement with parking and cellar 

¶ 1396.1 m2 gross floor area 

¶ 1205.0 m2 heated/cooled floor area 

¶ 150.0 m2 average dwelling net floor area 

 
Figure 9. Reference multi-family building for Northern Europe 

The U-values of the main constructive elements are: 

¶ External wall to ambient: 0.18 W/(m2K) 

¶ External wall to ground: 0.39 W/(m2K) 

¶ Internal wall against not heated rooms: 0.34 W/(m2K) 

¶ Internal wall: 2.57 W/(m2K) 

¶ Ground floor: 0.27 W/(m2K) 
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¶ Floor against not heated rooms: 0.21 W/(m2K) 

¶ Floor between heated rooms: 0.66 W/(m2K) 

¶ Roof ceiling: 0.19 W/(m2K) 
 
The natural infiltration through other parts of the building skin than opened windows is neglected. The mechanical 
ventilation operates non-stop with a heat recovery efficiency of 80 %. If the moving 24 h average ambient temperature is 
higher than 18 °C, the ventilation system uses a bypass, in which the air from outside is directly transferred into the building 
without heat recovery. 
Natural ventilation due to window openings was derived from monitoring results [4]. In general, it was assumed that one 
window per apartment is open in the night from spring to autumn. The conditions for opening the windows are: 

¶ Time between 20.00 h to 07.00 h 

¶ Day between 1st of April to 30th of September 
 
In order to achieve significant cooling demands, the additional window opening during night time aimed at passive cooling 
during summer time that is defined in the reference building in Annex 1 was removed. 
 
Two types of shading where taken into account for the simulation. The fixed shadings due to e.g. balconies and the variable 
shadings like window blinds. All windows in the buildings are equipped with external blinds. When the blinds are activated, 
the window g-value is reduced (multiplied by 0.14), and the short-wave shading coefficient is reduced by a factor of 0.19. 
The U-value is not changed when the blinds are active. The blinds are activated, if following conditions are met: 

¶ Solar irradiation on corresponding façade is over 200 W/m2 

¶ Wind speed is less than 10 m/s 

¶ The moving average op. room temperature over 48 hours is comfortable 
 
The internal loads caused by occupants and appliances are calculated by using daily reference profiles for weekdays as 
well as weekends. For each hour, these profiles provide a factor that determines the fraction of the maximum load that is 
present. The maximum values are 1440 W for occupation and 7649 W for appliances. The daily profiles are given in Figure 
10. 

 
Figure 10. Daily profiles of occupation and appliances 

For the energy calculation, the heating room temperature set point is defined as 21 °C. The cooling set point was is defined 
as 26 °C. 
 
In addition to the reference building with high insulation standards, a second building that represents an old building 
constructed in the period of 1950-1980 was defined. As a difference of the reference case used for new buildings, the case 
representing old buildings is not based on real buildings, but on an adaption of the new building to achieve realistic demands 
of low insulated buildings. The general shape of the older building is the same as in the base case building with only minor 
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changes. In order to take into account the lower insulation standard of the older building the U-values of the envelope have 
been changed as follows: 
 

¶ External wall to ambient: 0.68 W/(m2K) 

¶ External wall to ground: 3.91 W/(m2K) 

¶ Internal wall against not heated rooms: 3.23 W/(m2K) 

¶ Internal wall: 2.57 W/(m2K) 

¶ Ground floor: 1.14 W/(m2K) 

¶ Floor against not heated rooms: 1.03 W/(m2K) 

¶ Floor between heated rooms: 1.0 W/(m2K) 

¶ Roof ceiling: 0.48 W/(m2K) 
 
The space heating demand of the old building in Zurich is 90 kWh/(m2year) and is thus called MFB90. It has a constant 
infiltration of 225.7 l/s. There is no mechanical ventilation assumed for the older building. A second opened window was 
assumed whenever the specified conditions defined above are met. 
It is assumed that there are also older electrical devices with higher electricity demand compared to the new building. 
Therefore, the maximum reference load of appliances is increased to 9277 W. 

3.2 REFERENCE BUILDING FOR SOUTHERN EUROPE  

The building defined as a reference for Southern Europe has the characteristics of a new nearly Zero Energy Building (nZEB) 
multi-family building. A real building was taken as a reference for the base case. This building has been newly built in 
Santurtzi (Spain), and it is a reference in the H2020 AZEB project [5]. Its main features are the following: 

¶ 32 dwellings (divided in 4 floors + ground floor + 1 semi-basement) 

¶ 32 storage rooms in basement -1 

¶ 14 parking spots in basement -2 

¶ 18 parking spots in basement -3 

¶ 2885.5 m2 gross floor area  

¶ 2397.87 m2 heated/cooled floor area 

¶ 73.79 m2 average dwelling net floor area 

 

 
Figure 11. Reference multi-family building for Southern Europe 

The U-values of the main constructive elements are the following:  

¶ Windows: 1.09 ƿ 1.18 W/(m2K) 

¶ Façade: 0.23 W/(m2K) 

¶ Wall to dwelling: 0.29 W/(m2K) 

¶ Wall to stairs: 0.41 W/(m2K) 

¶ Ceiling to dwelling: 0.62 W/(m2K) 

¶ Roof: 0.23 W/(m2K) 
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The selected value for infiltrations, considering that the base case is a new low-energy building, is set at 0.05 ACPH (air 
changes per hour). 
 
The rest of parameters, which are more related to the usage, are set to typical values, meeting the requirements stablished 
by local regulations (in this case, cz!uif!Tqbojti!ǆD˪ejhp!Uˡdojdp!ef!mb!Fejgjdbdj˪oǇ-!DUF![6]). 
 
Mechanical ventilation is on continuously during the whole year, in order to ensure good indoor air quality, as required by 
CTE [6]. A heat recovery system is included to increase the efficiency of the building and keep energy demand low.  
 
Natural ventilation is set at 4 ACPH, from 1 h to 8 h, from June to September (inclusive), as defined in the usage profile 
established by the CTE [6]. It represents the ventilation caused by opening windows during nighttime in the summer. 
 
The aforementioned usage profile also defines the thermal loads caused by occupants, appliances and lighting as follows:  
 

Table 2. Usage profile and associated thermal loads 

Residential use 

24h profile 

1-7 8 9-15 16-18 19 20-23 24 

Occupation ƿ sensible heat 
(W/m2) 

Weekdays 2.15 0.54 0.54 1.08 1.08 1.08 2,15 

Weekends and holidays 2.15 2.15 2.15 2.15 2.15 2.15 2,15 

Occupation ƿ sensible heat 
(W/m2) 

Weekdays 1.36 0.34 0.34 0.68 0.68 0.68 1,36 

Weekends and holidays 1.36 1.36 1.36 1.36 1.36 1.36 1,36 

Lighting (W/m2) 0.44 1.32 1.32 1.32 2.20 4.40 2.20 

Appliances (W/m2) 0.44 1.32 1.32 1.32 2.20 4.40 2.20 

 
 
Occupancy is set to 2.7 inhabitants per dwelling, according to reference data from SECH-SPAHOUSEC [7] corresponding to 
multi-family buildings in Spain. 

 
Regarding heating/cooling systems temperature setpoints, the following profiles are defined: 

¶ Heating mode - Winter set points (October to May): 18 ºC during night (24-7) / 21 ºC during day (8-23) 

¶ Cooling mode - Summer set points (June to September): 26.5 ºC (9-24) 
 
The nZEB building described above corresponds to a DHW dominant scenario, since its heating / cooling demands are low 
due to proper insulation, heat recovery system, etc., as evidenced by the specified values. Based on that scenario, a new set 
of parameters was defined by modifying some relevant variables in order to reproduce the characteristics of an older 
building, so as to obtain a SH/SC dominant scenario. The modifications that led to such scenario are the following: 
 
The U-values of the main constructive elements were set according to reference data [8] for a building built between 1975 
and 1990 (SH/SC dominant scenario):  

¶ Windows: 4.20 W/(m2K) 

¶ Façade: 1.20 W/(m2K) 

¶ Floor: 0.80 W/(m2K) 

¶ Roof: 0.80 W/(m2K) 
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¶ Wall between dwellings: 2.2 W/(m2K) 

¶ Wall between dwellings and corridors: 2.5 W/(m2K) 

¶ Floor between dwellings and garages/storage rooms/hall: 1.3 W/(m2K) 

 

Likewise, window solar factor was increased to 0.7, which is a realistic value for an older building. 

 
Additionally, mechanical ventilation was set to zero, as older buildings did not include such systems.    
 
On the contrary, a combined value for infiltrations + ventilation was set to 0.7 ACPH.  
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4. METHODOLOGY FOR ENERGY DEMAND CALCULATION  

In all cases, energy demands were calculated based on all the parameters corresponding to each case, as well as the 
assumptions and hypothesis defined in the previous section. However, the energy simulation software used was different 
for each kind of demand. 
 
For the heating and cooling demand of Central and Northern European reference case, the building simulation software IDA 
ICE v.4.8 was used. The simulations were done with climate data of Zurich, Switzerland and under the assumptions of ideal 
heaters. A detailed 3D-model of the building that incorporates all the boundary conditions and building characteristics 
defined above was implemented for the simulation. The use of IDA ICE allows to take into account detailed phenomena of 
the energy balance in the building such as partial window shading due to balconies or heat bridges in the building structure. 
 
The electricity as well as the hot water consumption profile for the Central and Northern Europe was defined using the 
software LoadProfileGenerator [9]. The LoadProfileGenerator uses households that consist of archetype users to construct 
a yearly load profile. The consumption profiles together with the building occupancy are coherent from each other. Due to 
constraints in the profile import of IDA ICE only a single reference day profile for weekdays as well as weekends could be 
used. 

On the other hand, for the reference case corresponding to Southern Europe, DesignBuilder was used. DesignBuilder is a 
simulation software aimed principally at building design and assessment. It offers additional functionalities allowing 
detailed parameter specification (e.g. detailed HVAC design) and comprehensive simulation results.  
 
First, the Southern European reference multi-family cvjmejoh!xbt!ǆesbxoǇ!jo!uif!dpsf!4-D modeler, as shown in Figure 12: 

 
 

  
 

Figure 12. Southern Europe reference case representation in DesignBuilder 



 

 

16 

 

Deliverable D1.1 

At this building modelling stage, all the constructive elements were defined taking into account their U-value, according to 
the data stated in the previous section.  
 
As the goal with this software is to calculate the space heating and cooling demands. Relevant parameters besides the U-
values that need to be defined are:  

¶ Location (and associated parameters such as climate zone) 

¶ Occupancy  

¶ Temperature setpoints for both the heating and cooling systems 

¶ Heating and cooling system working hours 

¶ Appliance usage profile 

¶ Infiltrations 

¶ Mechanical ventilation (and heat recovery efficiency) 

¶ Natural ventilation rate and profile 

 

All the relevant parameters were adjusted accordingly for each simulated case. Those parameters are the inputs for the 
energy simulations that are carried out by means of EnergyPlus simulation engine. Energy plus is tightly integrated within 
DesignBuilder (which provides the user interface) and performs all the thermal calculations to obtain the resulting heating 
and cooling loads.  

Several parameters were selected as output for comparison and validation purposes. The outputs of all the simulated cases 
were compiled in a spreadsheet and analyzed in detail. Once the outputs were validated by comparing them with the ones 
obtained through other simulation tools (e.g. Herramienta Unificada LIDER- DBMFOFS-!ǆIVMDǇ [10]) heating and cooling 
demands were selected as the main results. They are shown in the following section 5.  
 
As for the DHW demand calculation, the software DHWCalc v2.0 [11] was used. This program distributes DHW draw-offs 
throughout the year with statistical means, according to a probability function. Reference conditions for the draw-offs (flow 
rates, draw-off periods, etc.) and reference conditions for the probability function (daily probabilities for draw-offs etc.), can 
be set by the user, as well as general profile parameters like time step period and mean daily draw-off volume. The program 
can be downloaded free of charge at the web page of the University of Kassel.  

Finally, electricity demand was estimated by means of a stochastic electricity profile generator developed by IREC. This 
model relies on two main sources of information, the Spanish Time Use Data (TUD) and the SECH-SPAHOUSEC study  [7]. 
 
The TUD survey is a harmonized European survey that describes what people are doing during the day. The TUD used to 
develop the model was carried out in 2009-2010 in Spain by the Spanish Statistical Office. It is made out of 19,295 
participants living in total of 9,541 dwellings. Respondents were asked to document their daily activities within 10 minutes 
intervals.  
 
The SECH-SPAHOUSEC project characterizes the energy consumption of the residential sector in Spain, including detailed 
information about the equipment stock and the main energy uses. 
 
Based on the TUD, the model stochastically establishes in a 10 minutes interval the number of occupants in each dwelling, 
as well as the activities undertaken (if any). Each activity has a probability duration (quantified based on literature review) 
and an associated use of equipment. The availability and the power consumption of each electrical device for a dwelling is 
based on the information taken from the SECH-SPAHOUSEC study and other sources. Figure 13 shows the workflow of the 
electric load generator used. 
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Figure 13. Overview of the stochastic electric load generator. Source: IREC 
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5. RESULTS. ENERGY DEMANDS 

This section collects the energy demand results obtained from the previously described calculation process. 

5.1 ENERGY DEMANDS FOR THE CASES DEFINED IN CENTRAL AND NORTHERN EUROPE   

For the chosen reference location of Zurich the MFB30 showed a calculated heating demand of 36 270 kWh/year which 
corresponds to 30.1 kWh/(m2,year). The detailed monthly heat balance is shown in Figure 14. It can be seen that due to 
assumed window opening behavior that starts in April the heating demand in April exceeds the one from March. In addition, 
the defined building showed only a very small cooling demand in summer for Zurich. 

 
 

Figure 14. Monthly energy (heat) balance corresponding to the MFB30 defined for Central and Northern Europe in Cfb 
climate (Zürich) 

Monthly energy demands of MFB90 are shown in Figure 15. The older building showed an increased heating demand of 
104 594 kWh/year which corresponds to 86.8 kWh/(m2year). Due to the generally higher heating demand, the effect of the 
window opening behavior is less pronounced in the old building. Like in the MFB30, the MFB90 has only negligible cooling 
demands in Zurich. 
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Figure 15. Monthly energy (heat) balance corresponding to the old case multi-family building defined for Central and 

Northern Europe in Cfb climate (Zürich) 

 
Results for the base case building in the climatic conditions in Locarno are shown in Figure 16. In comparison to Zurich, due 
to the warmer and more sunny weather in Locarno, the building has a lower heating demand of 16.9 kWh/m2 and a higher 
cooling demand of 7.1 kWh/m2. 




























