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0 Abstract 

The present Deliverable D4.44.a gathers the simulation boundary conditions and the results of 

the energy analysis carried out by means of numerical simulations for the Spanish demo 

building. This work aims to evaluate the energy necessities of the existing building and to 

define the base line consumption (heating and cooling) for quantifying the energy savings 

potential after the building renovation. 

The building model corresponds to a lumped parameter numerical model built in TRNSYS 

environment which is supplied of input data and parameters from: 

1. Geometric model built in Sketch Up 

2. Building envelope composition and thermo physical characteristics collected from 

Spanish partners.  

3. Occupancy, lighting and appliances heat gains profiles obtained from data collected by 

building owners as well as reference values for offices. 

4. Building and HVAC system operational parameters related to space heating and 

cooling, management, heating and cooling seasons, building usage, etc.  

5. HVAC component features and control strategies as currently used. 

The aim of this report is to provide to the reader the basic and essential information to: 

1. Know and understand the geometric, physical and operational characteristics of the 

building and its HVAC systems; 

2. Know and familiarize with all components of the model in order to then be able to 

implement and test the active technologies proposed by the BRICKER project. 

Chapter 1 provides an analysis of the local weather. This is essential in order to select the most 

representative weather file between average and extreme profiles and to foresee the 

consequent building behavior. 

Chapter 2 provides the building energy demand calculation in terms of heating and cooling 

demands. It reports the description of building geometry, envelope characteristics, internal 

gains, ventilation and infiltration rates and shadings. Particular care is given in the definition of 

thermal zones according to the HVAC system arrangement, building’s occupancy and 

orientation. At the end of this section the simulation results are provided in terms of energy 

demand and indoor comfort conditions. A final check is done for guaranteeing the compliance 

with local Spanish regulation in terms of occupant comfort conditions. 

In chapter 3 the description of the existing energy system and the hot water demand of the 

Spanish demo building are reported. Here it is also included the modelling and consequent 

simulation of the HVAC system. The aim of this section is to define the baseline of the existing 

energy system in terms of final and primary energy demand. 
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1 Weather analysis 

In order to obtain an average and reliable weather file to be used for simulations, a preliminary 

weather analysis was carried out. 

General criteria assumed for this analysis are the following: 

 To exclude those weather stations located in city centers. According to our experience, 

heat island effect can reflect in a net increase of the ambient temperature between 2-

3 K on a yearly basis. This will have an influence on the building loads. 

 To use Meteonorm v.7 because it includes a vast set of weather data and the 

possibility to define average and extreme year profiles. 

In Meteonorm, ambient temperature and global solar radiation have been averaged on a 

period of 2000-2009 and 1986-2005, respectively. Based on these time frames, an average 

weather profile has been derived as the “real” year that approximates the “fictive” average 

year. An extreme year has been further identified as the year adopting min/max solar radiation 

during the winter/summer season, whereas the contrary condition has been used for the 

ambient temperature. 

The results of the carried out analysis for Caceres are shown in following graphs where is given 

a comparison between these two profiles for the dry-bulb ambient temperature, the global 

horizontal solar radiation and the relative humidity. 

 

Figure 1. Comparison of the air temperature distributions between an average and an extreme 
weather file for the location of Cáceres (Spain). 
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Figure 2. Comparison of the global horizontal radiation distributions between an average and an 
extreme weather file for the location of Cáceres (Spain). 

 

 

Figure 3. Comparison of the air relative humidity distributions between an average and an extreme 
weather file for the location of Cáceres (Spain). 

 

It can be noted as an extreme weather file determines an unrealistic distribution of weather 

parameters. Typically this file is used in dimensioning system components, whereas an average 

file is suited for energy demand analysis. Because of this fact the average weather profile has 

been chosen for running the next simulations. Following tables show average parameters 

considered for simulation purposes. 
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Table 1. Geographic parameters of the city of Cáceres (Spain). 

Latitude [°] Longitude [°] Elevation [m] 

39.47 -6.333 405 m 

 

Table 2. Monthly average weather parameters. 

Month 
Tdb,av RHav Ig,h Ib,h 

[°C] [%] [kWh/m2] [kWh/m2] 

Jan 7.8 79.8 67.37 35.61 

Feb 9.6 73.0 90.45 60.45 

Mar 12.7 65.1 142.70 95.20 

Apr 14.0 64.6 168.34 110.43 

May 18.9 54.5 203.30 132.35 

Jun 24.8 43.5 223.30 155.33 

Jul 26.9 37.5 234.31 171.64 

Aug 26.8 40.4 206.35 148.86 

Sep 22.7 49.3 151.79 96.28 

Oct 17.4 66.2 105.19 62.09 

Nov 11.2 76.1 70.49 40.49 

Dec 8.3 79.7 53.27 25.74 

Year 16.8 60.7 1716 1134 

 

The maximum and minimum ambient temperature is 40.8 °C and -0.4°C, respectively. The 

heating degree days HDD12/20 are 1367 while the cooling degree days CDD are 983. 

Table 3. Seasonal average weather parameters 

Season 
Lenght Tdb,av RHav Ig,h Ib,h 

[days] [°C] [%] [kWh/m2] [kWh/m2] 

Winter 122 8.8 76.20 318 180 

Summer 154 24.4 45.75 997 690 
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2 Building description 

The Spanish demonstrator in the BRICKER project is an administrative building placed in 

Cáceres province. The building is officially called “Edificio Administrativo de la Consejería de 

Agricultura y Medio Ambiente” and it is located in km 42.5 of the road from Cáceres to Trujillo 

N-521 (Avda. de la Universidad, Cáceres, near to street Arroyo de Valhondo). 

 

Figure 4. Spanish demo building aerial view. 

 

The building hosts public offices where 268 employees work. It comprises a total area of 8135 

m2 divided into 4 floors. It was built in 2006. Due to its relatively recent construction, the 

building presents very good conditions, both regarding structure and facilities. 

According to Spanish legislation, the corresponding energy performance certificate of the 

building is a mark of C. All energy services are covered by electricity. Annual energy 

consumption1 presents the following values: 

 Electrical consumption : 465.2 MWh/y – 57 kWh/(m2y); 

 Primary energy consumption : 1,210,857 kWh/y  – 149 kWh/(m²y) 

Due to the good conditions that the building presents currently, no actuations are expected for 

improving the thermal performance of the envelope. However, facilities are projected to be 

renovated. 

In the following subchapters a detailed introduction of the building (geometry, usage 

operation and HVAC systems) is provided. 

 

                                                           

1 Annual energy consumption extracted from energy bills of 2012 
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2.1 Geometry 

2.1.1 Building geometry 

It is an office building with H-shape. The orientation of the principal façade is Southwest, while 

largest façades are oriented to Southeast and Northwest respectively. The useful surface area 

is 8135 m2 distributed into four floors (basement, ground floor, first and second floor). Ground, 

first and second floor have the same shape and they are almost dedicated to administrative 

activities. Basement floor presents a slightly different plant from the others. An important 

portion of the basement is mainly used as garage. The rest of the floor is dedicated to host 

storing and cleaning dependencies, as well as few little offices. 

In general, the composition of the building per uses is office 5865 m2 (72%), common areas 

320 m2 (4%) and parking 1950 m2 (24%). The compactness factor of the building is 0.26 m2/m3. 

2.1.2 Building geometry simplification and thermal zone definition 

Although building geometry is very regular, some simplifications and assumptions are done in 

order to facilitate the thermal modeling of the demo. 

Regarding geometry, few adjustments had to be done due to the simple shape that presents 

the building. In this case just some irregularities at the corners are avoided in such a way that 

all the facades result totally aligned forming rectangular plants. 

 

Figure 5. Spanish demo building model geometry used for thermal simulations. 

 

For the energy simulation of the model, this geometry has been subdivided into thermal zones 

which are not necessary coincident with physical spaces. Since the zoning of the building could 

be done taking into account different criteria, a particular analysis has been performed to 

select present demo building thermal zones.  

Next are listed some of the most common strategies [1] normally used to define thermal zones 

and the specific application to demo building. 
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1. Activity criteria: This criterion suggests dividing the building into zones according to 

the diverse kind of activities developed in them, which normally are associated with 

different occupancy densities and specific metabolic rates. Taking into account this 

condition the following main different zones could be distinguished in the demo 

building: offices, toilets, technical rooms, garage, store rooms and staircases. 

2. HVAC system criteria: It consists in defining zones that represent different heating or 

cooling demands or zones that are supplied by different HVAC systems and control 

strategies. In the studied building, only offices are thermally treated. Small offices 

placed in the basement are provided with individual air conditioning equipments, 

whereas offices in main floors are covered by multizone direct expansion heat pumps. 

Each heat pump is controlled by a thermostat attached to a partial zone of the offices, 

in such a way that each floor is air conditioned by 8 equipments. In this situation, 

considering this criterion following different zones could be identified: 

o no thermally conditioned zones (garages, toilets, store and technical rooms, 

staircases); 

o zones conditioned by individual systems (basement offices); 

o zones conditioned by multizone systems (main offices). It could be one zone 

per equipment or it could be possible to merge zones taking into account that 

all equipments are equal and cover spaces with similar uses. 

3. Solar gains and daylight criteria: it implies the division into zones according to 

different solar gains rates or access to natural daylight. Because of the H shape of the 

building, internal facades are shaded by the building itself, therefore they also present 

less access to daylight than external ones. Besides, each orientation is exposed to 

different radiant intensity so solar gains deviations could be representative. According 

to this criteria, next approximations could be considered: 

o to divide zones according to the orientation of their external facades; 

o to distinguish zones between those with internal facades facing to courtyard 

from those with totally external open facades. 

4. Temperatures stratification criteria: According to the possibility of stratification of 

temperatures, staircases could be defined as one independent thermal zone. 

According to mentioned criteria different zoning solutions could be proposed. It is necessary to 

select a final solution that covers as much zoning criteria as possible without increasing 

computational effort. Next are described the assumptions taken and the definitive solution 

implemented. 

1. Basement 

 The basement is composed by spaces dedicated to very different uses. Most of 

these spaces are non-conditioned areas, including the garage, which represents an 

important percentage of the total floor area. The basement also hosts few small 

conditioned offices. However, for simulation purposes, basement offices will be 

finally considered as non-conditioned areas and the consumption of their 

corresponding individual HVAC systems are not treated in the building simulation. 
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Therefore, HVAC systems located in the basement are not included for energy 

estimation. These assumptions are considered taken into account following factors 

that allow discarding this zone from conditioned total area. 

o Offices in the basement are characterized by low occupancy and the use is 

not so regular comparing to the offices in the main floors. 

o The total conditioned area in the basement only represents 5% of the total 

conditioned area of the whole building.   

o The conditioning installed power in the basement only represents 5% of 

the total installed power in the building. Besides, basement HVAC units do 

not work continuously during workday as HVAC main system does. 

o The renovation of the basement is not included in the scope of the 

BRICKER project. 

 Basement occupancy and internal gains are defined by adding total number of 

persons, lights and appliances of each individual physical space. 

2. Staircases 

 Staircases in each corner of the building are considered as vertical spaces defining 

one non-conditioned zone per staircase. 

 These areas are not continuously occupied because of their nature of passing 

spaces, so it could be considered an irrelevant occupancy. 

 Although they are slightly irregular, in order to simplify geometry, rectangular 

shape is assumed. 

3. Toilets 

 All the physical spaces in each floor used as toilet or similar are joined in one 

thermal zone. These areas are considered as non-conditioned zones. 

 As occurs with staircases, persons spend little time in the toilets, therefore no 

occupancy is assumed. 

4. Main offices (F0, F1 and F2) 

 Office area in each floor is divided into 8 equal zones, each of them controlled by 

one thermostat. Different internal divisions in the office area are avoided, 

considering them under capacitance property. 

 According to facilitated information by the owners, real number of persons, lights 

and office equipment are slightly different between floors. However, in general 

similar rates per m2 are shown so the effect of these differences in each zone 

could be considered irrelevant. In order to simplify the model, average rates are 

assumed as equal for all offices. These values are calculated in such a way that 

total quantities are invariable. 

Taking into account mentioned assumptions, the following base case scenario is proposed. The 

zoning is made according to different uses and in those zones with same activity another 

subdivisions are made to differentiate controlled zones by each thermostat. In that case, areas 

with different orientations are also separated. This zoning strategy results in a total of 45 
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thermal zones, where 21 of them are non-conditioned spaces. Connections between real 

physical spaces and model simplified zones are indicated in Annex 1. 

The nomenclature used to name the resulting zones is a code composed by characters in the 

form FX_YYYY. For instance, the acronym “F1_OFF3” refers to the office 3 situated in the first 

floor. Annex 2 gathers a summary of the resulting zones with their main characteristics. 

Floor (FX)  Space type (YYYY) 

-1 (B0)  Offices (OFF) 

0 (F0)  Halls (HALL) 

1 (F1)  Toilet (TL) 

2 (F2)  - 

 

Figure 6. Basement thermal zones in the simulation base case. 

 

Figure 7. Main floor (F0, F1 and F2) thermal zones in the simulation base case. 
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2.2 Internal gains 

2.2.1 Occupancy 

Real occupancy density is very similar in all offices areas in the ground, first and second floor, 

varying from 72 to 96 persons per floor plus visitors. In order to simplify the model, as 

mentioned before, average values of occupancy are estimated for offices. The summary of 

total number of persons in offices areas matches with real occupation data facilitated by 

building owners which reaches to 268 employees and an average value of 220 visitants per 

day2. 

In the halls and toilets, due to their respective use, occupancy is intermittent with small 

periods of time of occupancy. Therefore, occupation in these zones could be considered as 

irrelevant. 

Regarding the basement, according to information provided by the owners, total occupancy 

for the basement could be estimated adding a total of 17 persons. In order to introduce this 

value into the model, occupancy is assumed to be distributed through basement’s zones 

identified as offices. 

The same approximation is taken for the rest of elements. 

Table 4. Maximum occupancy profile for each thermal zone. 

Type of zone Type of persons Persons/zone Total persons 

Office in the basement (x10) Employees 1.7 17 

Office in the main floors (x24) Employees 10.46 251 

Office in the main floors (x24) Visitors 0.61 15 

Halls (x9)  - - 

Toilets (x3)  - - 

TOTAL   283 

 

Depending on the type of activity carried out in each zone, a specific metabolic rate is assigned 

according to the Standard ISO 7730 [2]. Convective fractions are obtained from ASHRAE 

recommendations [3]. 

Table 5. Metabolic gains according to [2] and [3]. 

Zone type Activity 
Total Latent Sensible Convective 

fraction [W] [W] [W] [%] 

Offices in the 
basement 

Walking 1,3 m/s light machine 
work 

305 205 100 51% 

Offices in the main 
floors 

Seated, light work, typing 
work 

150 75 75 42% 

                                                           
2 It is assumed that each visitor remains inside building during an average time of 20 minutes. Visits are 
attended from 8:00 to 14:00. 
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2.2.2 Appliances 

Main gains related with equipment are derived from office computers and printers. As 

mentioned before, an average number of units are considered in offices areas. Beside them, 

other appliances appear inside the building. The total specific number of elements is obtained 

from a previous energy audit. 

The mean power for equipment and the total gain associated to each of them is listed in the 

following table. Reference values are taken from ASHRAE recommendations [2] as well as 

Spanish regulations [4]. 

Table 6. Total appliances in the building. 

Zone type Per basement office Per main office Total 

Desktop 1.2 10.33 260 

Printer 0.2 4.67 114 

Copier 0 0.96 23 

Fax machine 0.1 0.58 15 

Vending machines 0.3 0 3 

Microwave oven 0.1 0 1 

Freezer 0.2 0 2 

 

Table 7. Appliances gains according to [2] and [4]. 

Type 
Average power Latent gain Sensible gain Convective fraction 

[W] [W] [W] [%] 

Desktop 230 - 230 72 

Printer 100 - 100 85 

Copier 400 - 400 80 

Fax machine 100 - 100 70 

Vending machines 860 - 860 80 

Microwave 400 - 400 80 

Freezer 320 - 320 80 

 

In general, there are not special control systems or particular strategies for reducing energy 

consumption of the appliances, apart from those typical for this type of equipment such as 

energy saving or stand-by mode. 

2.2.3 Lighting 

Four kinds of luminaries and lamps are used inside the building. As occurs with number of 

persons and appliances, luminaries’ numbers are averaged for all the zones. Internal gains 

associated with building’s luminaries are obtained from Spanish normative [4]. 

Current lighting control is manual in offices, halls and basement, whereas lights are 

automatically turned off after five minutes in the toilets. 
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Table 8. Number of luminaries per zone in the building. 

Type of zone 
Lamp shade Wall lamp Downlight Waterproof lamp shade 

[unit/zone] [unit/zone] [unit/zone] [unit/zone] 

Office in the basement (x10) 4 3.5 2.8 5.3 

Office in the main floors (x4) 37.5 0 0 0 

Halls (x9) 9 0.5 0 0 

Toilets (x3) 14 26 0 0 

Total 1090 119 28 53 

 

Table 9. Lighting gains according to [4]  

Type 
Power Latent gain Sensible gain Convective 

[W] [W] [W] [%] 

Lamp shade  4x18 - 72 45 

Wall lamp  2x26 - 52 10 

Downlight  2x26 - 52 45 

Waterproof lamp shade 2x58 - 116 45 

 

2.2.4 Schedules 

The building is opened from 7.30 to 19.00 during working days. Although the mandatory 

employees´ schedule is from 9.00 to 14.00 and the rest of the working hours can be decided by 

every employee, it can be said that the building is fully occupied from 8.00 to 14.30. The 

building is closed during the weekend. 

Each employee´s vacations sum a total of 22 days per year. Holidays are mostly taken during 

the summer (16th of June - 15th of September) and at Christmas time. Since each employee has 

flexibility to decide when to take these free days, it becomes difficult to predict a realistic 

holiday schedule to include in thermal simulations. In this situation, these possible summer 

and winter leaves are not considered for buildings simulations and energy estimation. 

 

Figure 8. Occupancy profile on workdays for offices. 
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The use of appliances is totally related with persons working in the building at every moment, 

so the schedule for these appliances is assumed to be proportional to the number of persons. 

 

Figure 9. Appliances schedule for offices. 

 

The activation of lightings is controlled by the user and therefore the definition of a schedule is 

difficult. It is assumed that the lighting use in the offices is relatively proportional to the 

occupancy of the building and it could be also supposed that people switch off some lamps 

when there is enough daylight. Taking into account these assumptions a lighting schedule for 

offices is defined. This assumption tries to simulate the persons behaviour when best practises 

for energy saving are applied. 

 

Figure 10. Offices lighting schedule. 

 

On the contrary, in common areas, due to the lack of control options, it is assumed the most 

unfavourable scenario where all lights remain switched on when building is operating. 
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Figure 11. Common areas lighting schedule. 

 

2.3 Ventilation and infiltration rates 

2.3.1 Ventilation 

Regarding ventilation rates two different options are possible depending on the final objective 

of the building simulation. As mentioned before, at present stage of the project, two natures 

of simulations are needed to do: 

1. Building simulation for calculation of the energy demands (heating, cooling, 

humidification and dehumidification) of the existing building, which will provide 

information for dimensioning the energy generation systems. 

2. Building simulation including the existing energy system for definition of the 

renovation base line. This option implies the simulation of the building at the current 

operation conditions. 

On the one hand, the first option includes an ideal heating and cooling system, where fresh air 

supply increases building losses. On the other hand, in the second option the existing energy 

system is simulated at currently operation conditions. In this case, fresh air at external 

conditions is firstly introduced in the interior HVAC units in order to be conditioned, in such a 

way that when this fresh air is supplied into the building, its conditions are neutral. 

Taking into account previous comments, 2 different cases are identified for defining ventilation 

conditions. 

 CASE 1: Ventilation flow for the calculation of energy demands 

The total ideal loads that will have to be covered by the new energy system has to be 

calculated considering the ventilation rates specified in the current Spanish regulations 

(RITE). Since air renovation has to be done at external air conditions, ventilation flow in 

case 1 will have the same conditions as external ambient (air temperature and relative 

humidity). 
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This regulation defines several categories of air quality depending on the type of building. 

Since the studied building is an administrative building that hosts offices, the category of air 

quality is denominated with “IDA 2”. The table below shows the minimum required 

ventilation flows per person according to the air quality category as far as: (1) smoking is 

not allowed, (2) the metabolic activity is about 1.2 met and (3) the amount of contaminants 

due to sources different from human is low. 

Table 10. Ventilation flow per persons required by Spanish regulations. 

Category 
Air-flow rate 

[l/s] [m3/h] 

IDA 1 20 72 

IDA 2 12.5 45 

IDA 3 8 28.8 

IDA 4 5 18 

 

According to facilitated information, fresh air is only supplied into offices, while exhaust air 

is extracted from halls and toilets. 

Table 11. Minimum fresh air supply CASE 1 (required by RITE for Spanish demo building). 

Type of zone 

Supply air per 
person 

Occupancy Total flow 

Air conditions 

[m3/h] [person/zone] [m3/h] 

Office in the basement (x10) 45 1.7 77 External 

Office in the main floors (x24) 45 11.07 498 External 

Halls (x9) - - - - 

Toilets (x3) - - - - 

Total   12721 External 

 

 CASE 2: Ventilation flow for calculation of the base line of the renovation 

Currently, for fresh air supplying, the building is provided with a mechanical ventilation 

system. Fresh air is introduced through conducts provided with fans to air conditioning 

interior units where fresh air is mixed with return air. Treated mixture is finally leaded to 

offices at neutral thermal conditions (same thermo-hygrometric condition of the zone). 

The system allows controlling fans to regulate the fresh air mass flow. However, these 

controllers are not used actually, so ventilation flow is set to constant mass flow rates in 

accordance with normative. According to information provided, fresh air mass flow rates 

supplied to HVAC internal units are: 
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Table 12. Fresh air supply CASE 2 (according to air conditioning project for Spanish demo building). 

Type of zone 
Total flow 

[m3/h] 

Air conditions 

Office in the basement (x10) - - 

Offices 1,4,5,8 in the main floors (x12) 630 Neutral 

Offices 2,3,6,7 in the main floors (x12) 630 Neutral 

Halls (x9) - - 

Toilets (x3) - - 

Total 15120 Neutral 

 

The operation schedule is supposed to be related with air conditioning system profile. In 

general, mechanical ventilation system is in operation on workdays during. On weekends the 

HVAC system is shut-off. 

 

Figure 12. Fresh air supply schedule for offices. 

2.3.2 Infiltrations 

There is no local regulation about min/max infiltration rates. This parameter is full of 

uncertainties. Due to the lack of more accurate information on the real building airtightness, 

infiltrations are considered as a constants value during the entire. Building leakages have been 

estimated in 0.45 h-1. 

 

2.4 Building assemblies 

2.4.1 Opaque structures 

In this demo building no construction renovations are planned, so that the following assembly 

characteristics belong to current composition of the building envelope. The thermophysical 

properties of the building materials and the assemblies have been derived from the internal 

report “Input for the thermal model of the Spanish demonstrator” provided by Cemosa. 
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Table 13. External wall assembly (layer inside/front to outside/back). 

Layer Material 
𝒔 𝝀 𝝆 𝒄𝒑 𝑹 

[m] [W/(mK)] [kg/m3] [kJ/kgK] [(m2K)/W] 

- Front superficial resistance - - - - 0.13 

1 Holow brick 0.07 0.42 930 1 0.17 

2 Air gap 0.05 - - - 0.18 

3 Mineral wool 0.05 0.0405 40 1 1.24 

4 Plaster 0.01 0.7 1350 1 0.01 

5 Perforated brick 0.115 0.567 1000 1 0.20 

- Back superficial resistance - - - - 0.04 

 
Total 0.31 

   
1.99 

     
 

U-value [W/(m2K)] 0.50 

 

Table 14. Partition wall assembly (layer inside/front to outside/back). 

Layer Material 
𝒔 𝝀 𝝆 𝒄𝒑 𝑹 

[m] [W/(mK)] [kg/m3] [kJ/kgK] [(m2K)/W] 

- Front superficial resistance - - - - 0.13 

1 Plaster 0.015 0.7 1350 1 0.02 

2 Holow brick 0.07 0.42 930 1 0.17 

3 Plaster 0.015 0.7 1350 1 0.02 

- Back superficial resistance - - - - 0.13 

 
Total 0.1 

   
0.47 

     
 

U-value [W/(m2K)] 2.13 

 

Table 15. External roof assembly (layer inside/front to outside/back). 

Layer Material 
𝒔 𝝀 𝝆 𝒄𝒑 𝑹 

[m] [W/(mK)] [kg/m3] [kJ/kgK] [(m2K)/W] 

- Front superficial resistance - - - - 0.10 

1 Concrete slab 0.12 2.3 2500 1 0.05 

2 Cement mortar 0.02 1.3 1850 1 0.02 

3 Geotextil 0.005 0.05 120 1.3 0.10 

4 PVC membrane 0.0012 0.23 1100 1 0.01 

5 Geotextil 0.005 0.05 120 1.3 0.10 

6 EPS insulation panel 0.04 0.038 30 1 1.05 

7 Gravel 0.05 2 1450 1.05 0.02 

- Back superficial resistance - - - - 0.04 

 
Total 0.24 

   
1.49 

     
 

U-value [W/(m2K)] 0.67 

 

Table 16. Ground floor assembly (layer inside/front to outside/back). 

Layer Material 
𝒔 𝝀 𝝆 𝒄𝒑 𝑹 

[m] [W/(mK)] [kg/m3] [kJ/kgK] [(m2K)/W] 

- Front superficial resistance - - - - 0.17 

1 Concrete slab 0.3 2.3 2500 1 0.13 

- Back superficial resistance - - - - 0.04 

 
Total 0.3 

   
0.34 

     
 

U-value [W/(m2K)] 2.94 
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Table 17. Ceiling/floor assembly (layer inside/front to outside/back). 

Layer Material 
𝒔 𝝀 𝝆 𝒄𝒑 𝑹 

[m] [W/(mK)] [kg/m3] [kJ/kgK] [(m2K)/W] 

- Front superficial resistance - - - - 0.17 

1 Chipboard 0.015 0.15 500 1.6 0.10 

2 Air gap 0.15 - - - 0.09 

3 Concrete slab 0.3 2.3 2500 1 0.13 

4 Air gap 0.3 - - - 0.09 

5 Gypsum board 0.015 0.25 825 1 0.06 

- Back superficial resistance - - - - 0.17 

 
Total 0.78 

   
0.81 

     
 

U-value [W/(m2K)] 1.23 

 

Table 18. External floor assembly (layer inside/front to outside/back). 

Layer Material 
𝒔 𝝀 𝝆 𝒄𝒑 𝑹 

[m] [W/(mK)] [kg/m3] [kJ/kgK] [(m2K)/W] 

- Front superficial resistance - - - - 0.17 

1 Chipboard 0,015 0,15 500 1,6 0,10 

2 Air gap 0,15 - - - 0,09 

3 Concrete slab 0,3 2,3 2500 1 0,13 

- Back superficial resistance - - - - 0.04 

 
Total 0.47 

   
0.53 

     
 

U-value [W/(m2K)] 1.89 

2.4.2 Transparent structures 

Although different sizes and shapes can be identified, all existing windows in the building 

present same optical and thermal characteristics. Beside, those windows installed in North-

West and South-East facades are provided with shading devices. 

Windows renovation is not planned. Existing windows are double-glass windows with an 

aluminum frame-ratio of about 20%. Thermal and optical properties are listed in the following 

tables. 

Table 19. Thermal characteristics of the transparent windows (Trnsys ID: winID 13909). 

Element Type 
U-value g 

[W/(m2K)] [-] 

Glazing Double glazing (4+6+4) 3.44 0.76 

Frame Alumininum lacquered  5.7 - 

  3.89  

 

 

 

 



Simulation report of Spanish demonstrator. Definition base line scenario 23 / 98 

 

 

 

BRICKER 

GA nº 609071 

 

 

Table 20. Optical characteristics of the transparent windows (Trnsys ID: winID 13909). 

Optical properties Double glass 

𝜏𝑠𝑜𝑙  0.692 

𝜌𝑠𝑜𝑙,1 0.135 

𝜌𝑠𝑜𝑙,2 0.135 

𝜏𝑣𝑖𝑠  0.815 

𝜌𝑣𝑖𝑠,1 0.145 

𝜌𝑣𝑖𝑠,2 0.145 

𝜀1 0.840 

𝜀2 0.840 

 

2.5 Shadings 

On one hand, the windows situated in North-West and South-East facades are provided with 

external shading devices in order to reduce solar gains through transparent structures in these 

facades, which are the longest and more exposed external walls in the building. The shading 

system consists on movable slats which are controlled by the users. 

 

Figure 13. Windows with shading devices. 
Southeast façade. 

 

Figure 14. Picture of movable slats. 

It has been not possible to obtain real optical characteristics of the external slats installed in 

the building. Nevertheless, reference values are obtained from the literature [5] that are 

typical for similar type of shading devices. 

 transmission (𝜏): 0.1; 

 absorption (𝛼): 0.4; 

 reflection (𝜌): 0.5. 

Regarding control, in normal conditions of operation of the building, slats are manually 

regulated by the users in order to prevent overheating and to improve comfort conditions. 

Since this is a subjective criteria of control, in order to simulate the effect of the controlled 

slabs and their different positions assumptions have to be done. In this case it is supposed that 

slabs are closed by the users when internal temperature of the zone reaches to 24°C. Once 

closed, slats are open again when internal temperature decreases to 22°C. 
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The effect of the slats is valuable through their shading factor. According to the values 

recommended by the Spanish regulations [7], the shading factor is equal to 0.43 and 0.73 

when totally open and closed, respectively. 

 

Figure 15. View of reference values of shading factor according to [7]. 

The shading effect due to the orography or adjacent buildings is omitted. The land is enough 

plane and the nearest adjacent buildings are not so high, so they do not provide relevant 

effect. 

 

2.6 Indoor operation conditions 

In order to calculate the heating and cooling demand of the building, setpoint temperatures 

are imposed during building operation period.  

Table 21. Setpoint and setback temperatures for heating and cooling 

Service Setpoint Setback 

Heating 21 17 

Cooling 25 28 

With the purpose of attenuating heating and cooling starting power peaks, during unoccupied 

hours a setback temperature is maintained and a preconditioning period is defined. Figure 16 

and Figure 17 represent the complete schedule for HVAC operation.  

 

Figure 16. Setpoint and setback temperatures during heating season 
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Figure 17. Setpoint and setback temperatures during cooling season 

 

Heating is available from October to the end of April (5089 hrs), while cooling is available from 

May to September (3671 hrs). Setpoint during winter is fixed during a total of 1824 hrs 

(35.84% of heating season), while setpoint in winter is fixed for 1308 hrs (35.63 % of cooling 

season) 

 

2.7 Building energy demand 

By implementing all the boundary conditions previously presented, a yearly energy simulation 

of the Spanish Demo building has been conducted. The behavior of the building has been 

analyzed by using a simulation step of one hour. A preconditioning period of a month has been 

used in order to discard initial simulation periods in which initial conditions might affect 

simulation results. 

2.7.1 Simulation results 

The building performance has been analyzed in terms of energy gains and losses related to the 

conditioned area. According to the assumptions already explained in the previous subchapters 

and the simulation parameters introduced in this one, the total heating and cooling demands 

at whole building are: 

 Heating demand: 221.6 MWh/y – 45 kWh/(m2y); 

 Cooling demand: 238.4 MWh/y – 48 kWh/(m²y). 

Specific values are calculated for the total conditioned area (4968 m2) 
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Figure 18. Yearly energy balance per floor. 

 

Table 22. Yearly gains and losses per floor [kWh/(m2y)]. 

Zone 
Heating 
demand 

Cooling 
demand 

Infiltration 
losses 

Ventilation 
losses 

Transmission 
losses 

Internal 
gains 

Solar gains 

Floor 0 69.15 -52.53 -25.15 -13.62 -75.21 75.00 22.37 

Floor 1 24.58 -42.69 -26.52 -14.15 -42.31 75.00 26.09 

Floor 2 40.07 -48.74 -26.64 -13.75 -57.95 75.00 32.02 

BUILDING 44.60 -47.99 -26.10 -13.84 -58.49 75.00 26.83 

 

Monthly behavior is presented in Figure 19 and Table 23.  
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Figure 19. Monthly energy balance for building  

 

Table 23. Monthly energy gains and losses for building [kWh/m2·month] 

Month 
Heating 
demand 

Cooling 
demand 

Infiltration 
losses 

Ventilation 
losses 

Transmission 
losses 

Internal 
gains 

Solar gains 

Jan 13.09 0.00 -4.46 -2.77 -14.00 6.61 1.54 

Feb 9.22 0.00 -3.44 -2.09 -11.26 5.75 1.82 

Mar 4.86 0.00 -2.86 -1.75 -9.36 6.32 2.80 

Apr 1.20 0.00 -2.65 -1.45 -6.26 6.03 3.11 

May 0.00 -2.57 -1.80 -0.91 -4.27 6.61 3.02 

Jun 0.00 -9.94 -0.37 0.22 1.25 6.03 2.83 

Jul 0.00 -14.01 0.25 0.61 3.96 6.32 2.87 

Aug 0.00 -14.23 0.25 0.53 4.18 6.61 2.67 

Sep 0.00 -7.24 -1.06 -0.23 0.72 5.75 2.02 

Oct 0.08 0.00 -2.55 -1.46 -4.24 6.61 1.53 

Nov 4.71 0.00 -3.21 -1.99 -7.31 6.32 1.45 

Dec 11.44 0.00 -4.19 -2.55 -11.89 6.03 1.17 

Year 44.60 -47.99 -26.10 -13.84 -58.49 75.00 26.83 

 

Following figures show the division of the annual heating and cooling energy demands per 

floors respectively. 
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Figure 20. Yearly heating and cooling demands division per floor. 

 

The division of the annual specific heating and cooling demands by floors and zones is shown 

in the next tables. 

Table 24. Specific heating and cooling demands divided by floor and offices. 

          Floor 
Office 

Heating demand [kWh/(m2y)] Cooling demands [kWh/(m2y)] 

Ground  First Second 
Total 

offices 
Ground  First Second 

Total 
offices 

Office 1 68.94 24.08 39.96 44.32 53.45 42.86 49.96 48.76 

Office 2 67.48 24.42 40.39 44.09 51.45 41.29 46.14 46.29 

Office 3 73.35 27.91 44.48 48.58 50.67 40.14 45.01 45.27 

Office 4 69.51 23.88 37.32 43.57 56.12 46.26 53.55 51.97 

Office 5 68.02 22.71 36.22 42.32 54.11 45.85 53.42 51.13 

Office 6 72.64 27.13 43.75 47.84 49.99 40.01 44.98 44.99 

Office 7 66.05 23.66 39.65 43.12 51.98 41.63 46.52 46.71 

Office 8 67.26 22.85 38.77 42.96 52.51 43.48 50.34 48.78 

Total floor 69.15 24.58 40.07 44.60 52.53 42.69 48.74 47.99 

 

According to the results shown in Figure 20 and Table 24 the following observations can be 

done: 

 Ground and second floors present biggest values of specific heating demands because 

of the adjacency to unconditioned spaces and to external environment. This result is 

mainly driven by the consequent higher transmission losses. 

 External offices facing to North-West are the ones that present biggest values of 

specific heating demands. This is due to the lower value of solar gains available at that 

orientation. 

 Cooling demand is very similar among the three levels. The greatest values appear in 

the internal offices facing to the patio. External shading elements installed only in the 

external façades reduce solar gains by a considerable amount, while internal windows 

facing to the patio are only affected by the own shadows generated by the building 
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itself. The reduction of the solar gains produced by the shading external elements is 

more effective than the building own shadows (see chapter 2.7.2). 

Moving towards the analysis of heating and cooling power demands, Figure 21 and Figure 22 

show respective box-and-whisker plots presenting the variation of the specific power per floor. 

These plots have been created from the simulation results. 

The heating season comprises 5089 hours/year while cooling season comprises 3671 

hours/year. 

 

Figure 21. Boxplot of specific power heating demand per floors. 

 

 

Figure 22. Boxplot of specific power cooling demand per floors. 
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Upper and lower edges of the blue boxes correspond to the 25th and 75th percentiles. The red 

lines correspond to the median value of the generated sample of values. Blue dots correspond 

to mean values. The whiskers (black lines) extend to the most extreme values without 

considering outliers. Outliers are plotter separately (red crossed). A data point is considered as 

an outlier if it is larger than y75th + 1.5 (y75th-y25th) or lower than y25th - 1.5 (y75th-y25th). 

In case of maximum values are lower than y75th+ 1.5 (y75th-y25th) and minimum values are higher 

than y25th - 1.5 (y75th-y25th), extreme values are equal to maximum and minimum values 

respectively. Therefore in this case there are no outliers. This is the case of the cooling data. 

Table 25 and Table 26 present a summary of power heating and cooling demands 

corresponding to 95th percentile, 99th percentile and maximum value. 

Table 25. Power heating and specific heating demand divided by floors. 

Floor 

Specific heating power demand Heating power demand 

[W/m2] [kW] 

95th percentile 99th percentile Maximum 95th percentile 99th percentile Maximum 

F0 48.48 65.39 81.10 80.28 108.28 134.30 

F1 36.41 50.79 63.29 60.30 84.10 104.81 

F2 50.84 66.70 84.53 84.18 110.45 139.99 

Total 40.69 56.13 76.31 202.14 278.87 379.10 

 

Table 26. Power cooling and specific cooling demand divided by floors. 

Floor 

Specific cooling power demand Cooling power demand 

[W/m2] [kW] 

95th percentile 99th percentile Maximum 95th percentile 99th percentile Maximum 

F0 63.51 69.62 76.50 105.18 115.29 126.69 

F1 57.89 63.22 69.20 95.87 104.69 114.60 

F2 66.40 75.13 79.89 109.96 124.42 132.29 

Total 61.40 68.09 75.20 305.01 338.26 373.57 

 

As expected, considerable differences can be noticed for the set of values shown in Table 25 

and Table 26. Looking at the 95th percentile of heating demand, it is observed that during most 

of the heating period (4928 of 5088 hours) the heating power demand is less or equal than 

202.14 kW (40.69 W/m2) which corresponds to 53.3% of the maximum needed heating power 

demand. A similar exercise can be done looking at the 99th percentile. Values show that only 

32 hours of the heating season, the power demand is greater than 278.87 kW (56.13 W/m2) 

which corresponds to a 73.6% of the maximum heating power demand. 

Regarding cooling loads, differences are lower, even though they are also representative. 

Looking at the 95th percentile, it is saw that during most of the cooling season (3580 of 3672 

hours) the cooling power demand is lesser or equal than 305.01 kW (61.40 W/m2) which 

corresponds to a 81.6% of the maximum needed cooling power demand. Looking at the 99th 

percentile, values show that only 18 hours of the cooling season, the power demand is greater 
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than 338.26 kW (68.09 W/m2) which corresponds to a 90.5% of the maximum cooling power 

demand. 

 

 

Figure 23. Heating load curves for each floor. 

 

 

Figure 24. Cooling load curves for each floor. 

 

Figure 23 and Figure 24 show the heating and cooling load curves obtained for each floor. They 

complement in a graphical way, the issues explained in the previous paragraph. 

It must be pointed out that the values here presented refer to the an ideal calculation of space 

heating and cooling demand and power without taking into account the mutual effect 

between the building and the energy systems. Therefore, these values should be taken as 

indicative values valid under the assumption and the boundary conditions reported in the 

previous sections. 
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2.7.2 Plausibility checks 

Some preliminary plausibility checks of simulation results have been carried out by checking: 

 Energy gains/losses of different zones on a monthly basis; 

 The converge error for each individual zone (the absolute maximum value never 

exceed 1.5x10-9 kWh/year). 

Apart from these preliminary checks, complementary analyses are further done. 

On the one hand, a comparison has been conducted between presented simulation results 

with those made at the beginning of the project. Following figures represent the comparison 

of the results for heating and cooling demands. It should be pointed out that the preliminary 

simulation has not been done by the authors of this report. This comparison aims exclusively 

to quantify the eventual deviations of the energy savings with respect the foreseen ones. 

 

Figure 25. Yearly heating demand comparison. 

 

Figure 26. Yearly cooling demand comparison. 
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From Figure 25 and Figure 26, it can be deduced that the main difference between current 

simulation results and those at the beginning of the project is the heating/cooling demand of 

the ground floor. In order to understand the differences, it is important to notice that different 

assumptions were taken into account to develop these two different thermal models, 

especially in the basement. 

Additionally, a complementary analysis has also been done in order to verify the correctness of 

the modelling of shading devices and the own shadows produced by the building itself over the 

transparent surfaces of the building (solar gains). 

In order to evaluate the effect of the building itself, an auxiliary model has been simulated 

without any shading device. In this way the effect of shading devices is omitted, so it is 

possible to compare the solar gains received though those open facades from those shaded 

due to the geometry of the building. 

In the Figure 27 the solar gains per glazing area are represented in each floor and zone without 

the influence of the external solar shading devices. The values of solar gains are bigger in the 

facades facing to SE than those facing to NW. Besides, solar gains in zones facing to courtyard 

are lower due to the shadows generated by the geometry of the building itself. This reduction 

is lower in upper floors as expected. 

 

Figure 27. Solar gains per glazing area in the case without shading devices. 

 

The same model without shading devices has been also used in order to check the correctness 

in modelling the operation of the shading devices (slats). The differences between two models 

are shown in Figure 28. 
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Figure 28. Effect of shading devices on solar gains. 

 

2.8 Indoor comfort conditions 

According to Spanish regulations (RITE) [8], comfort conditions are based on operative 

temperature and relative humidity. The design conditions for the operative temperature and 

the relative humidity are set according to the metabolic activity of the persons, their clothes 

and the percentage of dissatisfied people (PPD). 

For sedentary activity and typical office clothing (1.2 met, 0.5 clo during the summer and 1 clo 

during the winter), a maximum allowed PPD value is between 10-15%. Under these conditions, 

the consequent operative temperature (Top) and relative humidity (RH) should be in between 

the following limits: 

Table 27. Design comfort conditions according to Spanish regulation (RITE) [8]. 

Season 
Operative temperature Relative humidity 

[°C] [%] 

Summer 23-25ºC 45-60% 

Winter 21-23ºC 40-50% 

 

Mentioned temperature ranges must be maintained during comfort hours, which are the 

hours when setpoint temperatures are fixed. As described in section 2.6, total comfort hours 

are 1824 in winter and 1308 in summer. 

In Figure 29 and Figure 30 are represented the distributions of the operative temperatures for 

each thermal zone during comfort hours for heating and cooling seasons independently.  It is 

observed that the required range of temperatures in winter (21-23ºC) is only reached during 

an average of 20% of the total comfort hours (357 hrs of 1824 hrs). The most common range in 

winter is 20-21ºC, which is reached during an average of 60% of the time (1092 hrs of 1824 

hrs). 
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In summer, operative temperatures are between 25-26ºC during most of the cooling period 

(80% or 1048 hrs of 1308 hrs). Required range of 23-25ºC is only achieved during an average of 

11% (138 hrs of 1308 hrs). 

 

Figure 29. Distribution of operative temperatures during operation hours in heating season 

 

 

Figure 30. Distribution of operative temperatures during operation hours in cooling season 

 

According to these results, it can be said comfort conditions required by the Spanish 

regulations are not met. This behavior results from the application of a control strategy based 

on ambient temperatures rather than operative temperatures. As explained in section 2.6, 

ambient temperatures of 21ºC in winter and 25ºC in summer are fixed as heating and cooling 

setpoints, respectively. 

Indeed, the distribution of ambient temperatures shown in following figures is in line with the 

requirements. In winter, ambient temperature is maintained between 21-23ºC during an 

average of 77% of the total comfort hours (1397 hrs of 1824). In summer, optimal range of 23-

25ºC is maintained during an average of 91% of the comfort hours (1189 hrs of 1308 hrs) 
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Figure 31. Distribution of ambient temperatures during operation hours in heating season 

 

 

Figure 32. Distribution of ambient temperatures during operation hours in cooling season 

 

2.9 Sensitivity analysis on building boundary conditions 

2.9.1 Infiltration rates 

As presented in section 2.3.2, the infiltration rate is one of the most difficult parameters to be 

estimated. This parameter depends to different factors such as the occupant’s behaviour, the 

building typology, the tightness of the envelope or the wind pressure on external surface. 

Moreover the value can change between the winter and summer season. 

A more accurate estimation of the infiltration rate is possible only with a consisting set of 

monitoring data. A calibration of the model can then be carried out. 
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In order to show the dependency in the specific Spanish demo building a small sensitivity 

analysis has been carried out. The aim is mainly of being aware of the influence of the 

infiltration rate on the heating and cooling demands. 

A value of 0.45 h-1 has been assumed according to the own experience and the typical 

infiltration rates of similar building in Spain. This value has been varied between 0.25 h-1 and 

0.85 h-1. 

Figure 33 represents the fluctuations of heating and cooling specific demands3 for different 

infiltration rates. As expected, it can be observed that the heating demand increases when 

infiltration rate gets higher. The differences are remarkable, varying from -19% to 38% with 

respect to the simulation base case presented in section 2.7.1. 

On the contrary, cooling demand slightly decreases when infiltration rate increases. 

Oscillations in this parameter vary from 1% to -2%. 

 

Figure 33. Dependency of the specific energy demand to a variation of infiltration rates. 

 

The same analysis is made for specific power demands obtaining the results shown in Figure 

34. In this case it is appreciable that both heating and cooling maximum power increase with 

higher infiltration rates. Variations are greater in the case of heating power (from -6% to 12%) 

than in the case of cooling power (-3% to 7%). 

 

 

Figure 34. Dependency of the specific power demand to a variation of infiltration rates. 

                                                           
3 For calculating specific demands, total conditioned area of 4968 m2 is considered. 
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2.9.2 Ventilation rates 

Ideas loads presented in section 2.7.1 were calculated assuming the ventilation rates required 

by the current Spanish regulations (RITE) (Case 1 explained in paragraph 2.3.1). However, 

according to the information included in the HVAC project, the renovation of air is currently 

completed within the HVAC existing system, which works with higher rates of fresh air (Case 2 

explained in paragraph 2.3.1) 

In this section a comparison is made for different scenarios of ventilation rates as exposed in 

following table: 

Table 28. Ventilation scenarios. 

Scenario Ventilation condition 
Total flow 

[m3/h] 
Air conditions 

Base Spanish regulation 498 External 

Vent_01 HVAC project 630 External 

Vent_02 HVAC project 630 Neutral 

 

Differences between Vent_01 and Vent_02 are based on the conditions considered for the air. 

Vent_01 represents the ideal loads of the building including loads due to fresh air supply by 

HVAC system. On the contrary, Vent_02 shows just the ideal loads due to building own 

properties excluding the renovation of air which is performed within the HVAC system. 

 

Figure 35. Dependency of the specific energy demand to a variation of ventilation 

 

From results shown in Figure 35 it can be deduced that the influence of ventilation flow rates 

on the heating demand is more significant than the effect produced on cooling demand. The 

heating demand increases of 7% with respect to the base case. When ventilation is not 

considered as a load (supplied air at neutral conditions), heating demand decreases 

considerably (25%). 

While cooling energy demand is not very influenced by the proposed variations of ventilation 

rates (maximum variation 2%), cooling power is more affected (maximum variation 7%). 

However, heating power varies slightly less than heating energy (19% compared to 25%). 
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Both cooling and heating power increase when ventilation rate gets higher. When ventilation 

load is not considered, heating power decreases in a 19% while cooling power is reduced in a 

7% respect to base scenario. 

 

Figure 36. Dependency of the specific power demand to a variation of ventilation 

 

2.9.3 Shading factor 

Present sensibility analysis aims to confirm the effect of the slabs on the building thermal 

performance. Base case scenario considers slabs which can be opened or closed depending on 

the internal temperature inside the offices. Following figures represents the results for virtual 

scenarios where no shading elements are installed, and the opposite situation when all slabs 

remain closed continuously. 

 

Figure 37. Dependency of the specific energy demand to a variation of windows shading factor 

 

As it is expected (Figure 37), when no slabs are installed solar gains are maximized both in 

summer and in summer. Therefore heating demand decreases in an 8% while cooling demand 

increases in a 23%. On the contrary, when slabs remain closed solar gains are reduced 

resulting in an increment of heating demand and a reduction of cooling demand. 
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Figure 38. Dependency of the specific power demand to a variation of windows shading factor 

Figure 38 confirms the fact that the influence of the shading factor on power demands is lower 

than the influence on energy demands due to their instantaneous character. 

 

2.9.4 Setback air temperatures 

The use of a setback temperature when there is no energy demand is very recommendable in 

order to reduce peak loads. Base case model considers setback temperatures of 17ºC and 28ºC 

during the heating and cooling season, respectively. Figure 39 and Figure 40 are shown the 

results for energy and power demands with and without heating/cooling setback 

temperatures. As expected, it is observed that energy demands decrease if no setback is fixed 

(-13% for heating and -3% for cooling). 

 

Figure 39. Dependency of the specific energy demand to setback 

 

However, the main influence of the setback is evidenced looking at the power demands (Figure 

40). When no setback is used peak loads increase dramatically, ratifying the convenience of 

using setback. 
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Figure 40. Dependency of the specific power demand to setback. 
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3 HVAC and energy system 

3.1 HVAC system 

Existing HVAC system provides heating and cooling services, as well as primary air ventilation. 

The main system consists of split heat pumps. Offices situated in the main floors (ground, first 

and second floor) are supplied by 24 units, 8 per floor (Figure 41). 

 

Figure 41. HVAC system: interior units and air ducts (exterior, return and supply air). 

In addition to this main system, there are 9 individual systems that provide to the basement 

offices. The exterior units are located in the roof, while interior units are directly situated in 

the conditioned rooms. However, as mentioned before, these additional individual systems 

will not be considered for simulation purposes. See section 2.1.2. 

3.1.1 Heat pump units 

Heating, cooling and ventilation to the offices in the main floor (ground, first and second floor) 

are provided by 24 heat pumps (direct expansion – DX). All exterior units are located in the 

roof and the interior units are situated in the toilets where fresh air is mixed with return air. 

After thermal treatment, conditioned air is delivered to the conditioned areas though multiple 

fiberglass conducts. 
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Figure 42. Close-up of the existing HVAC system. 

 

In Figure 42, a close-up of a single heat pump unit is shown. The heat pump consists of an 

external unit (model: CIATESA - ISW-160) in which the compressor, the expansion valve and 

the air-condenser/evaporator are housed. It is installed on the roof top (Figure 45). This is 

connected to the internal unit (model: CIATESA - ICH-155) installed onto the ceilings of the 

toilet spaces. It has the cooling/heating coil and a centrifugal fan that covers the sensible 

building energy demand (the installed machine doesn’t dehumidify nor humidify indoor air) 

and the ventilation needs. The refrigerant R407c circulates through the exterior and interior 

units. The main characteristics of the heat pumps are shown in Table 29, Figure 43, Figure 44 

and Table 30. 

Table 29. DX heat pumps thermal characteristics under EUROVENT conditions4. 

 
Capacity 

[kW] 
Elect. Power 

[kW] 
COP/EER 

[-] 

Heating 36.3 12.7 2.9 

Cooling 35.1 15.8 2.2 

                                                           
4 Cooling mode: indoor temperature 27°C, 50% of indoor relative humidity, outdoor 
temperature 35°C. Heating mode: indoor temperature 21°C, outdoor temperature 6°C. 
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Figure 43. Coefficient of performance COP of the 
CIATESA - ISW-160 heat pump unit. 

Figure 44. Energy efficiency ratio EER of the 
CIATESA - ISW-160 chiller unit. 

 

Table 30. Heat pumps` funs characteristics 

Fun 
Air flow 
[m3/h] 

Power 
[kW] 

Velocity 
[rpm] 

Exterior circuit fun 16000 1.05 680 

Interior circuit fun 7000 1.5 

 
989 

 

 

Figure 45. Picture of the exterior units (CIATESA ISW-160) installed on the rooftop. 

 

A detailed view of the ventilation unit is given in Figure 46. The outdoor fresh air is mixed with 

the return indoor air and then supplied into the conditioned space though multiple fiber glass 

conducts. The sensible building load is covered through the coil at a volumetric flow rate of 

7000 m3/h. The exhaust air is released outdoors thanks to a centrifugal fan (model: Solar & 

Palau TD-1000/250 for thermal zones Office 2, Office 7, Office 3 and Office 6; model: Solar & 

Palau TD-800/200 for thermal zones Office a, Office 8, Office 4 and Office 5). 
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Figure 46. Detail of one interior unit and its corresponding ducts. 

All systems are controlled by thermostats. The air temperature setpoints are selected by the 

maintenance department according to user preferences but in general a value of 21°C and 

25°C are typically used even though each thermostat could be fixed to different temperature 

(see Figure 47). The activation of heating or cooling is made through a conventional on/off 

signal by measuring the return air stream. Ventilation is provided throughout the whole year 

whereas the heating and cooling season are defined according to a yearly schedule and in 

particular: 

 Heating: from October to April, from 7:00 to 19:00 from Monday to Friday; 

 Cooling: from May to September, from 7:00 to 19:00 from Monday to Friday. 

Daily, the start-up of the facilities is done 2/3 hours before 7:00 as a preconditioning period 

used in order to avoid excessive peak loads. 

 

Figure 47. Centralized thermostat per floor. 



Simulation report of Spanish demonstrator. Definition base line scenario 46 / 98 

 

 

 

BRICKER 

GA nº 609071 

 

 

3.2 Energy system modelling 

In this section, a description of the numerical model of the HVAC system is given. As said in 

paragraph 2.1.2, the definition of the thermal zones has mainly followed the idea of having for 

each single zone a heat pump unit. Because of this fact, 24 identical heat pumps have been 

coupled with a respective zone, as shown in the layout of Figure 48. 

 

Figure 48. General layout of the global simulation model. 

 

The numerical model of each single heat pump unit has been derived from manufacturer 

performance data. Total heating power and overall (fan and compressor) electrical power are 

provided as a function of evaporator and condenser inlet air temperature (𝑇𝑎𝑖𝑟,𝑒𝑥ℎ𝑎𝑢𝑠𝑡, 

𝑇𝑎𝑖𝑟,𝑓𝑟𝑒𝑠ℎ). Total and sensible cooling power and overall electrical power are given as a 

function of evaporator and condenser air inlet temperature and evaporator relative humidity. 

Based on this data a numerical model of the heat pump is derived (Figure 49). 

The supplied air temperature for heating is therefore calculated as: 

 𝑇𝑎𝑖𝑟,𝑠𝑢𝑝𝑝𝑙𝑦 = 𝑇𝑎𝑖𝑟,𝑓𝑟𝑒𝑠ℎ +
𝑄ℎ𝑒𝑎𝑡,𝐻𝑃(𝑇𝑎𝑖𝑟,𝑒𝑥ℎ𝑎𝑢𝑠𝑡 , 𝑇𝑎𝑖𝑟,𝑓𝑟𝑒𝑠ℎ)

�̇�𝑎𝑖𝑟

3600
· 𝑐𝑝,𝑎𝑖𝑟 · 𝜌𝑎𝑖𝑟

 [1] 

 𝑇𝑎𝑖𝑟,𝑠𝑢𝑝𝑝𝑙𝑦 = 𝑇𝑎𝑖𝑟,𝑓𝑟𝑒𝑠ℎ −
𝑄𝑐𝑜𝑜𝑙,𝐻𝑃(𝑇𝑎𝑖𝑟,𝑒𝑥ℎ𝑎𝑢𝑠𝑡 , 𝑇𝑎𝑖𝑟,𝑓𝑟𝑒𝑠ℎ , 𝑅𝐻𝑓𝑟𝑒𝑠ℎ)

�̇�𝑎𝑖𝑟

3600
· 𝑐𝑝,𝑎𝑖𝑟 · 𝜌𝑎𝑖𝑟

 [2] 

 

Where: 



Simulation report of Spanish demonstrator. Definition base line scenario 47 / 98 

 

 

 

BRICKER 

GA nº 609071 

 

 

 𝑇𝑎𝑖𝑟,𝑒𝑥ℎ𝑎𝑢𝑠𝑡 is the supplied air temperature in both heating and cooling modes [°C]; 

 𝑄ℎ𝑒𝑎𝑡,𝐻𝑃 , 𝑄𝑐𝑜𝑜𝑙,𝐻𝑃 are the thermal power for heating and cooling supplied by the heat 

pump [kW]; 

 �̇�𝑎𝑖𝑟 is the volumetric flow rate [m3/h]; 

 𝑇𝑎𝑖𝑟,𝑒𝑥ℎ𝑎𝑢𝑠𝑡 , 𝑇𝑎𝑖𝑟,𝑓𝑟𝑒𝑠ℎ are the air temperature of the conditioned space and the 

external dry-buld temperature [ºC]; 

 𝑐𝑝,𝑎𝑖𝑟 is the thermal capacity of the air [kJ/(kgK)]; 

 𝜌𝑎𝑖𝑟 is the density of the air [kg/m3]. 

 

Figure 49. Individual heat pump simulation model 

 

3.3 System performance figures 

 Final Energy demand (FE). According to the Eurostat, the Final Energy is the energy 

consumed by end users. It reaches the final consumer's door and excludes that which 

is used by the energy sector itself. Final energy consumption excludes energy used by 

the energy sector, including for deliveries, and transformation. It also excludes fuel 

transformed in the electrical power stations of industrial auto-producers and coke 

transformed into blast-furnace gas where this is not part of overall industrial 

consumption but of the transformation sector. 

 SEASONAL Performance Factor (SPF). In European standards [9] used as a figure to 

express the efficiency of the overall system including all auxiliary components (i.e. like 

circulation pumps, storages, back-up heaters etc.) that consume electricity. 
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 𝑆𝑃𝐹ℎ𝑒𝑎𝑡 =  
𝑄ℎ𝑒𝑎𝑡

𝐹𝐸𝑒𝑙,ℎ𝑒𝑎𝑡

 [3] 

 𝑆𝑃𝐹𝑐𝑜𝑜𝑙 =
𝑄𝑐𝑜𝑜𝑙

𝐹𝐸𝑒𝑙,𝑐𝑜𝑜𝑙

  [4] 

 𝑆𝑃𝐹𝑡𝑜𝑡 =  
𝑄ℎ𝑒𝑎𝑡 + 𝑄𝑐𝑜𝑜𝑙

𝐹𝐸𝑒𝑙,ℎ𝑒𝑎𝑡 + 𝐹𝐸𝑒𝑙,𝑐𝑜𝑜𝑙

 [5] 

 Primary Energy demand (PE). Primary Energy definition converts the energy derived 

from an energy carrier or final energy (in this case electricity only) into an equivalent 

fossil energy. In order to perform this calculation for the scopes of the BRICKER 

project, the coefficients (defined as Cumulative Energy Demand CED in kWhPE/kWhFE) 

listed in Table 31 are used for converting final energy into the equivalent primary 

energy content. 

Table 31. European average values for CDE and GWP for different energy carriers. 

Energy carrier 
CED GWP 

[kWhPE/kWhFE]] [kgCO2,eq/kWhFE] 

Electricity 3.13 0.56 

Gas 1.24 0.26 

Oil 1.30 0.32 

Wood – Logs 0.063 0.015 

Wood – Pellets 0.24 0.045 

Wood – Chips 0.086 0.018 

 

 Primary Energy Ratio (PER). Primary Energy Ratio relates the thermal loads (heating 

and cooling) to the relative system primary energy consumption. The same 

performance figure can be evaluated at system level. 

 𝑃𝐸𝑅ℎ𝑒𝑎𝑡 =  
𝑄ℎ𝑒𝑎𝑡

𝑃𝐸ℎ𝑒𝑎𝑡

 [6] 

 𝑃𝐸𝑅𝑐𝑜𝑜𝑙 =
𝑄𝑐𝑜𝑜𝑙

𝑃𝐸𝑐𝑜𝑜𝑙

  [7] 

 𝑃𝐸𝑅𝑡𝑜𝑡 =   
𝑄ℎ𝑒𝑎𝑡 + 𝑄𝑐𝑜𝑜𝑙

𝑃𝐸ℎ𝑒𝑎𝑡 + 𝑃𝐸𝑐𝑜𝑜𝑙

 [8] 

 Global Warming Potential (GWP). Is the weighted addition of the emission of different 

greenhouse gases when providing final energy, including emissions generated during 

the construction of the electric grid and power plants. It is expressed in terms of 

kgCO2,eq/kWhFE for a time frame of 100 years. In a similar way, the GWP for a generic 

system can be defined as: 

 

 𝐺𝑊𝑃ℎ𝑒𝑎𝑡 =  
𝑄

ℎ𝑒𝑎𝑡

[𝐹𝐸𝑒𝑙 ∙ 𝐺𝑊𝑃𝑒𝑙]ℎ𝑒𝑎𝑡
  [9] 
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 𝐺𝑊𝑃𝑐𝑜𝑜𝑙 =
𝑄

𝑐𝑜𝑜𝑙

[𝐹𝐸𝑒𝑙 ∙ 𝐺𝑊𝑃𝑒𝑙]𝑐𝑜𝑜𝑙
 [10] 

 𝐺𝑊𝑃𝑡𝑜𝑡 =  
𝑄

ℎ𝑒𝑎𝑡
+ 𝑄

𝑐𝑜𝑜𝑙

[𝐹𝐸𝑒𝑙 ∙ 𝐺𝑊𝑃𝑒𝑙]ℎ𝑒𝑎𝑡+𝑐𝑜𝑜𝑙
  [11] 
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4 Building loads 

In this chapter, the simulation results obtained from building model plus the existing HVAC 

system are presented. The results are obtained by: 

1. Inserting/coupling the HVAC system to the previous building model (see paragraph 2); 

2. Implementing the control strategy of the HVAC system as close to the reality as 

possible (each heat pump is controlled independently depending on the return air 

temperature) (see paragraph 3); 

3. Keeping the same indoor comfort conditions as used in the previous stage (see 

subchapter 2.6). 

By implementing all the boundary conditions previously listed, a new simulation process has 

been carried out over one year. A preconditioning period of a month has been used in order to 

discard initial simulation periods in which initial conditions might affect simulation results. A 

simulation time step of 5 minutes is set (previously was 60 min). 

 

4.1 Comparison with ideal energy demands calculation 

The aim of this initial paragraph is the comparison of the simulation results in terms of heating 

demand derived from the ideal energy demand calculation (“IDEAL” calculation) and the 

energy supplied to building zones by air-source heat pump through air ducts (“REAL” 

calculation). The idea is to check whether the existing control strategy is compliant with 

comfort requirements and to quantify the discrepancy in terms of building heating/cooling 

loads between the two analyses. “IDEAL” and “REAL” calculation are carried out with the same 

boundary conditions (infiltration, ventilation, schedules, internal gains and building envelope 

characteristics). 

As mentioned before, the ideal loads calculation described in section 2.7 has been carried out 

considering the ventilation rates specified in the current Spanish regulations at external air 

conditions (see section 2.3.1). On the contrary, in the real scenario air fresh renovation is 

carried out at neutral conditions, that is, ventilation load is covered by the existing HVAC 

system, consequently the energy consumption due to ventilation is not observable at building 

level. 

Therefore, in order to solve this inconvenience, the comparison is carried out between the 

following two scenarios: 

- “IDEAL”: Ideal loads calculation as described in section 2.7 but considering the 

modification evaluated in subsection 2.3.1 (CASE 2); 

- “REAL”: Energy gains and losses calculation of current situation with existing energy 

system integrated. 
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Figure 50 shows the building performance in terms of energy gains and losses related to the 

gross surface area. It can be noticed that the modifications are minimal between the two 

scenarios. The yearly specific heating demand per floor varies from 0.7% to 1.8%, while cooling 

demand varies from 0.2% to 0.8%. At whole building level, heating demand is increased of 1% 

while cooling demand increases of 0.3%. 

 

Figure 50. Yearly energy balance per floor. Comparison between current and ideal energy demands 

 

Figure 51 provides scatter plots of the comparison between “IDEAL” and “REAL” specific 

heating and cooling values disaggregated at thermal zone level and grouped by floors. It can be 

noted as the dispersion is negligible. 

  

Figure 51. Yearly specific heating and cooling demand. Comparison between “IDEAL” and “REAL” 
calculations 
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4.2 Simulation results for energy system 

In this section, the results obtained for the Spanish demo building simulation model in current 

conditions (“REAL” case) are shown. According to the assumptions and simulation parameters 

explained in the previous sections, the total final energy used by the existing energy system is: 

 Final energy consumption for heating: 40.8 MWh/y – 8 kWh/(m2y); 

 Final energy consumption for cooling: 65.4 MWh/y – 13 kWh/(m²y); 

 Total final energy consumption: 106.2 MWh/y – 21 kWh/(m²y). 

The total conditioned area considered sums up to 4946 m2. In Figure 52, a monthly calculation 

of the final energy consumption for heating and cooling is shown. An insight on the 

performance of single heat pumps in terms of final energy consumption is then presented 

from Figure 53 to Figure 55. 

 

Figure 52. Monthly balance of heating and cooling final energy. 

 

Figure 53. Yearly specific final energy for each heat pump in the ground floor. 
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Figure 54. Yearly specific final energy for each heat pump in the first floor. 

 

Figure 55. Yearly specific final energy for each heat pump in the second floor. 

From the results previously presented, performance figures of the system described in section 

3.3 have been obtained. Values per each heat pump are summarized in Annex 4. 

Table 32 shows the average values obtained for the Seasonal performance factor. It is 

observed a homogeneous behaviour between all heat pumps. Resulting values can be 

considered as common performances for standard heat pumps. In general, air-source heat 

pumps have reached quite good seasonal performance coefficients with respect to typical real-

life efficiency values (SPF for heating of 2.7 as average for air-source heat pumps) [10]. 

Without any monitoring values, it can be affirmed that it is likely that the performance of the 

heat pump for both heating and cooling modes provided by the manufacturer are too 

optimistic. 
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Table 32. Average Seasonal Performance Factor per floor. 

Floor 
SPFheat SPFcool SPFtot 

[-] [-] [-] 

Floor 0 3.66 3.55 3.60 

Floor 1 3.60 3.59 3.59 

Floor 2 3.58 3.56 3.57 

Total 3.63 3.56 3.59 

 

Moving towards primary energy, it is observed that the system performance is penalized 

because of the energy source used, electricity, which contributes to a higher consumption of 

primary energy (67 kWh/(m2y) on yearly basis). Table 33 represents the monthly values for 

primary energy. Specific primary energy is calculated for the total conditioned area. 

Table 33. Monthly total and specific primary energy. 

Month 
Primary energy [MWh/y] Specific primary energy [kWh/(m2y)] 

PE heat PE cool PE PE heat PE cool PE 

Jan 39.72 0.00 39.72 8.00 0.00 8.00 

Feb 27.30 0.00 27.30 5.50 0.00 5.50 

Mar 13.19 0.00 13.19 2.66 0.00 2.66 

Apr 2.34 0.00 2.34 0.47 0.00 0.47 

May 0.00 12.01 12.01 0.00 2.42 2.42 

Jun 0.00 42.49 42.49 0.00 8.55 8.55 

Jul 0.00 58.63 58.63 0.00 11.80 11.80 

Aug 0.00 60.30 60.30 0.00 12.14 12.14 

Sep 0.00 31.40 31.40 0.00 6.32 6.32 

Oct 73.27 0.00 73.27 0.01 0.00 0.01 

Nov 10.96 0.00 10.96 2.21 0.00 2.21 

Dec 34.19 0.00 34.19 6.88 0.00 6.88 

Annual  127.79 204.84 332.64 25.72 41.23 66.96 

 

From values gathered in Table 33, the Primary Energy Ratio (PER) has been obtained. An 

average value of 2.0 is achieved throughout the year as can be seen in Figure 56. 
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Figure 56. Monthly balance of specific primary energy for heating and cooling. 

Looking at the distribution per floor (Figure 57), it is detected the differences between each 

floor, in such a way that ground floor presents higher consumptions, following by second floor. 

First floor maintains the lowest primary energy consumption due to its favourable location 

inside the building. 

 

Figure 57. Specific primary energy consumption for heating and cooling. 

 

Related with the primary energy consumption, global warming potential has been calculated. 

Following table summarizes the results. 

Table 34. Average global warming potential per floor. 

Floor GWP heat GWP cool GWP 

Floor 0 6.54 6.33 6.43 

Floor 1 6.44 6.41 6.41 

Floor 2 6.40 6.36 6.38 

Total 6.48 6.36 6.41 
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In general it can be said that the results are totally in line with the expected performance and 

in concordance with the previously executed analysis of ideal energy demands. Therefore, it 

can be concluded that the existing energy system is capable to cover energy demands 

properly. 

In order to confirm this point, additional analysis has been carried out for the internal 

temperatures reached in the building with the existing energy system and the control 

conditions explained before. From Figure 58 to Figure 61 the resulting indoor temperatures for 

each controlled zone are summarized in boxplot. Plotted values correspond to time steps 

when heating or cooling power is required. Values have also been divided into setpoint hours 

and setback hours (preheating and precooling hours are not included). 

 

 

Figure 58. Boxplot of indoor temperature at controlled zones when heating power is needed (setpoint 
hours) 

 

 

Figure 59. Boxplot of indoor temperature at controlled zones when heating power is needed (setback 
hours) 
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Figure 60. Boxplot of indoor temperature at controlled zones when cooling power is needed (setpoint 
hours). 

 

 

Figure 61. Boxplot of indoor temperature at controlled zones when cooling power is needed (setback 
hours). 

 

Upper and lower edges of the boxes correspond to the 25th and 75th percentiles. The line at the 

middle of the box corresponds to the median value of the sample of values. The whiskers 

(straight lines) extend to the 5th and 95th percentiles, respectively. Crosses correspond to 

minimum and maximum values, and dots correspond to setpoint and setback temperatures 

respectively (depending on the graph). 

In general, it can be noticed a common behavior for internal temperatures in every zone, 

concluding that the control strategy is correctly accomplished. 

Concerning the number of the system operating hours, Figure 62 summarizes the percentage 

of ON/OFF time over the heating season (5089 hrs) while Figure 63 represents the percentage 

over the cooling season (3671 hrs). 
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Figure 62. Percentage of ON/OFF time over the whole heating season 

 

 

Figure 63. Percentage of ON/OFF time over the whole cooling season 

 

According to previous figures, it can be noticed that heat pumps which supply to the offices 

located in the ground floor are in operation during more hours than the heat pumps which 

supply to the upper floors. This is in concordance with the distribution of energy demands in 

the building.  Heat pumps in the ground floor are in operation during an average time of 43% 

(2210 hrs), while heat pumps of the first floor operate during an average time of 13% (670 hrs) 

and second floor heat pumps operate 21% (1073 hrs). 

During the cooling season the differences are lower between floors. Heat pumps which supply 

to the ground floor are activated over 37% (1369 hrs), those which supply to first floor operate 

during an average of 33% (1197 hrs) and second floor heat pumps are working during 37% of 

the time (1239 hrs). 
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4.3 Comparison with real consumptions 

In this section, a comparison between simulation results and real energy consumption (derived 

from energy bills5) of the building has further been done. 

It is important to notice that electricity bills gather the total final energy consumption of the 

building. Therefore, data include all consumptions, not only energy required for conditioning 

spaces, but also for the rest of the services of the building such as lighting, appliances, 

domestic hot water production, auxiliary systems, etc. In order to do a comparison, it is 

necessary to break-down the data to obtain corresponding quantities for heating and cooling 

services.In the absence of information about the real break-down, it is used the energy 

consumption distribution achieved from the energy audit done to the building in 2008 [11]. 

Following figure represents the distribution according the results of this energy audit.  

 

Figure 64. Energy distribution per services according to energy audit 2008 

 

In Table 35 are summarized the estimated real consumption for heating and cooling after 

applying previous distribution to data obtained from energy bills. 

Table 35. Estimated distribution of real consumptions. 

Service Distrib kWh/m2 

Cooling 37.50% 21.44 

Heating 24.26% 13.87 

Lighting 22.29% 12.75 

DHW 1.41% 0.81 

Auxiliar  4.39% 2.51 

Others 10.15% 5.80 

Total 100.00% 57.18 

 

As shown in Figure 65, cooling and heating final energy demands obtained from the simulation 

are lower of about 40% with respect to the real values. It should be further said that one major 

motivation (among more others such as user behaviour for example) of such discrepancy is the 

                                                           

5 Real data have been extracted from energy bills of 2012 (electricity bills) 
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difference between the weather file used for simulation purposes and the real climatic 

conditions in 2012. 

 

Figure 65. Comparison of simulation results with real consumptions 
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5 Final conclusion 

The present report has described the boundary conditions for numerical simulation purposes 

considered in the evaluation of envelope and energy system performances of the Spanish 

demo case. From this analysis, the following conclusions can be listed: 

 Heating and cooling demands amount to 45 kWh/(m2y) and 48 kWh/(m2y); 

 Almost all of the parameters used in this analysis have been derived from the energy 

audit carried out by the project partners. The influence of simulation parameters such 

as infiltration rates, heating/cooling setpoint and setback air temperatures and 

ventilation rates have a major effect on the calculation of building demands. These 

parameters are intrinsically unpredictable because connected to user behaviours. The 

effect of these has been tested through a dedicated analysis. 

 The system final energy consumption has been quantified in 8 kWh/(m2y) and 13 

kWh/(m2K) for heating and cooling, respectively. The primary energy consumption 

amounts to 27 kWh/(m2y) and 41 kWh/(m2y) for heating and cooling, respectively. 

 The operation of existing air-source heat pump units represents an additional 

uncertainty as well as for their heating and cooling capacities. Since the regulation of 

indoor air temperature can be manually regulated by users, the working conditions of 

the heat pump are hard to be fixed. Additionally, the nominal performance under 

heating and cooling conditions seems to be too optimistic with respect to real-life. 

Despite the very accurate work in defining the most likely boundary conditions of the 

numerical, it would be recommended to conduct monitoring activities focused on the 

calibration of numerical models and in particular: 

 Performance of the heat pump under heating and cooling conditions; 

 Air temperature measurement during occupied and un-occupied periods; 

 Definition of user common behaviours for example with respect to shading device 

operation or windows opening. 
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7 Annexes 

7.1 Annex 1 – Connection between real physical spaces with model 
zones 

Table 36. Relation between architectural spaces and model zones 

ARCHITECTURAL SPACE REAL AREA   MODEL ZONE MODEL AREA 

  [m2]   [m2] 

Hall_2 45.18 B0_HALL1 73 

Stairs 23.43     

Cleaning store 4.39     

Utility room 22.31     

Hall_1 26.39 B0_HALL2 73 

Stairs 23.43     

Planeshifter 22.31     

Hall_4 30.73 B0_HALL3 190 

Stairs 23.43     

Furniture Store 42.34     

Spare Parts room 14.48     

Hall_3 30.83     

Stairs 23.43     

Drivers living room 76.13     

Car repair Boss office 14.48     

Maintainance office 20.31 B0_OFF11 163 

Parking 121.55     

Parking 7.65 B0_OFF12 9 

Parking 175.95 B0_OFF2 207 

Cleaner 20.42 B0_OFF3 207 

Men changing room 16.55     

Men toilet 20.60     

Women toilet 26.77     

Women changing room 16.30     

Parking 90.41     

Fraud defence stores 20.79 B0_OFF41 163 

Farm peon 15.92     

Fishing and hunting 20.30     

Repair room 21.35     

Water tank 42.34     

Parking 35.70     

Parking 7.65 B0_OFF42 9 

Mobile administration 29.42 B0_OFF5 207 

Parking 150.94     

Parking 175.95 B0_OFF6 207 

Parking 175.95 B0_OFF7 207 

Parking 175.95 B0_OFF8 207 

Electrics room 35.92 B0_TL 168 

Parking 91.30     

Entrance_2 16.26 F0_HALL 1 73 

Hall_2 34.57     
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ARCHITECTURAL SPACE REAL AREA   MODEL ZONE MODEL AREA 

  [m2]   [m2] 

Stairs 16.21     

Entrance_1 16.26 F0_HALL 2 73 

Hall_1 34.57     

Stairs 16.21     

Entrance_4 18.32 F0_HALL 3 73 

Hall_4 34.57     

Stairs 16.21     

Entrance_3 18.32 F0_HALL 4 73 

Hall_3 34.57     

Stairs 16.21     

Women toilet 33.48 F0_TOILET 133.00 

Men toilet 33.48     

Toilet entrance_West 7.80     

Toilet entrance_East 7.80     

Utility room 4.33     

Cleaning 4.33     

Corridor 71.20 F0_OFF1 207.00 
Secretary General 
administration 81.08     

General secretary archive 20.75     

Secretary general registration 10.79     

Information 33.38     

Office secretary general 24.60 F0_OFF1 207.00 

secretary general 49.18     

Subordinate 33.90     

Secretary general registration 34.82     

Library 35.26     

Assembly hall 63.24 F0_OFF1 207.00 

Fraud defence 38.29     

Fraud office 9.51     

Tragsega_1 26.35     

Tragsega_2 33.79     

Corridor  49.05 F0_OFF1 207.00 

Waiting room 96.47     

OVZ Store 48.19     

Bank 23.25     

Corridor  47.99 F0_OFF1 207.00 

Swine patology office 11.81     

Swine patology archive 11.55     

Acces 17.32     

Agrarian production office 29.89     

Agrarian production archive 12.30     

Veterinary coordinator 16.90     

Archive OVZ 16.53     

Common area 71.84     

Swine patology 42.52 F0_OFF1 207.00 

Agrarian production 33.90     

OVZ 71.91     

Common area 33.27     

Assembly hall 67.06 F0_OFF1 207.00 
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ARCHITECTURAL SPACE REAL AREA   MODEL ZONE MODEL AREA 

  [m2]   [m2] 

OCZ Office 14.38     

OCA & Coordinator area 111.86     

Corridor 70.83 F0_OFF1 207.00 

OCA & Coordinator area 37.96     

Office 29.84     

Archive OCA/OCZ 14.33     

Server room 32.11     

Hall_2 34.57 F0_HALL 1 73.00 

Stairs 16.21     

Hall_1 34.57 F0_HALL 1 73.00 

Stairs 16.21     

Hall_4 34.57 F0_HALL 1 73.00 

Stairs 16.21     

Hall_3 34.57 F0_HALL 1 73.00 

Stairs 16.21     

Women toilet 33.48 F0_TOILET 133.00 

Men toilet 33.48     

Toilet entrance_West 7.80     

Toilet entrance_East 7.80     

Utility room 4.33     

Cleaning 4.33     

Corridor 55.53 F1_OFF1 207.00 

H&F Archive 13.51     

H&F Office1 14.12     

H&F Office2 14.66     

H&F Office3 14.66     

Forest management office1 14.66     

H&F Forest management 98.00     

H&F resources 183.56 F1_OFF1 207.00 

Monfragüe  77.20 F1_OFF1 207.00 

IT Department 33.80     

Environment archive 16.56     

Computer store 14.23     

S&R Archive 16.85     

S&R Office4 14.50     

Corridor 55.53 F1_OFF1 207.00 

Monfragüe  33.20     

Monfragüe archive  16.50     

Monfragüe office 16.86     

IT department 34.40     

Official approbal comission 33.85     

Corridor 55.53 F1_OFF1 207.00 

Support & Market regulation 35.80     

S&R office2 14.66     

S&R office3 14.66     

Park coordinator 14.15     

Afforestation archive 14.13     

Afforestation 53.91     

Support & Market regulation 100.60 F1_OFF1 207.00 

Afforestation 76.70     
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ARCHITECTURAL SPACE REAL AREA   MODEL ZONE MODEL AREA 

  [m2]   [m2] 

S&R afforestation meeting 
room 18.83     

S&R Office 5 14.59     

Forest management  148.16 F1_OFF1 207.00 

Forest management office6 21.81     

Forest management store 8.99     

Forest management  100.48 F1_OFF1 207.00 

Corridor 55.53     

Forest management archive 11.79     

FM Office 2 14.15     

FM Office 3 14.66     

FM Office 4 14.66     

FM Office 5 14.66     

Hall_2 34.57 F2_HALL 1 73.00 

Stairs 16.21     

Hall_1 34.57 F2_HALL 1 73.00 

Stairs 16.21     

Hall_4 34.57 F2_HALL 1 73.00 

Stairs 16.21     

Hall_3 34.57 F2_HALL 1 73.00 

Stairs 16.21     

Women toilet 33.48 F2_TOILET 133.00 

Men toilet 33.48     

Toilet entrance_West 7.80     

Toilet entrance_East 7.80     

Utility room 4.33     

Cleaning 4.33     

Corridor 55.53 F2_OFF1 207.00 

Irrigation archive 13.51     

Irrigation office1 14.15     

Irrigation office2 14.66     

Irrigation office3 14.66     

Irrigation office4 14.66     

Irrigation service 99.50     

Irrigation store 9.89 F2_OFF1 207.00 

Irrigation service 172.94     

Sectorial aid archive 42.67 F2_OFF1 207.00 

Sectorial aid service 139.19     

Corridor 55.53 F2_OFF1 207.00 

Sectorial aid archive 19.60     

Sectorial aid office1 14.16     

Sectorial aid office2 14.66     

Sectorial aid office3 14.66     

Sectorial aid office4 14.66     

Sectorial aid service 78.81     

Corridor 55.53 F2_OFF1 207.00 

Board room aid & rural inf. 33.81     

Rural infraestructure service 138.67     

Sectorial aid archive 18.80 F2_OFF1 207.00 

Sectorial aid office5 14.66     
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ARCHITECTURAL SPACE REAL AREA   MODEL ZONE MODEL AREA 

  [m2]   [m2] 

Rural infr. Office1 16.08     

Rural infraestructure service 52.43     

Rural infr.archive1 9.69     

Rural infr. Archive2 9.80     

Rural infr. Office2 14.59     

Rural infr. Office3 21.21     

Rural infr. Office4 21.22     

Structural aid service 112.10 F2_OFF1 207.00 

Irrigation service 67.21     

Corridor 55.53 F2_OFF1 207.00 

Irrigation service 22.70     

Irrigation office5 14.66     

Irrigation office6 14.66     

Board room irrigation & aid 14.18     

Structural aid service 67.90     

Structural aid office 14.17     

Structural aid archive 18.90     

    

 
7.673 

 
8.333 
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7.2 Annex 2 – List of thermal zones 

Table 37. List of thermal zones 

Nº AIRNODES AREA  HEIGHT VOLUMEN CAPACITANCE 
ENVELOPE 
SURF FENESTRATION  

    A_ZONE H_ZONE V_ZONE C_ZONE A_EXT_ZONE RATIO  

    [m2] [m] [m3] [kJ/K] [m2] [%] 

1 B0_HALL1 73 3 219 2.628 30 0% 

2 B0_HALL2 73 3 219 2.628 30 4% 

3 B0_HALL3 190 3 570 6.840 74 7% 

4 B0_OFF11 163 3 489 5.868 109 3% 

5 B0_OFF12 9 3 27 324 5 10% 

6 B0_OFF2 207 3 621 7.452 41 26% 

7 B0_OFF3 207 3 621 7.452 0 0% 

8 B0_OFF41 163 3 489 5.868 109 0% 

9 B0_OFF42 9 3 27 324 5 0% 

10 B0_OFF5 207 3 621 7.452 28 0% 

11 B0_OFF6 207 3 621 7.452 41 26% 

12 B0_OFF7 207 3 621 7.452 28 31% 

13 B0_OFF8 207 3 621 7.452 61 9% 

14 B0_TL 168 3 504 6.048 109 3% 

15 F0_HALL1 73 3,5 256 3.066 88 13% 

  F1_HALL1 73 3,5 256 3.066 88 13% 

  F2_HALL1 73 3,5 256 3.066 161 5% 

16 FO_HALL2 73 3,5 256 3.066 88 13% 

  F1_HALL2 73 3,5 256 3.066 88 13% 

  F2_HALL2 73 3,5 256 3.066 161 5% 

17 F0_HALL3 73 3,5 256 3.066 88 13% 

  F1_HALL3 73 3,5 256 3.066 88 13% 

  F2_HALL3 73 3,5 256 3.066 161 5% 

18 F0_HALL4 73 3,5 256 3.066 88 13% 

  F1_HALL4 73 3,5 256 3.066 88 13% 

  F2_HALL4 73 3,5 256 3.066 161 5% 

19 F0_TL 133 3,5 466 5.586 69 31% 

20 F0_OFF1 207 3,5 725 8.694 65 24% 

21 F0_OFF2 207 3,5 725 8.694 89 29% 

22 F0_OFF3 207 3,5 725 8.694 89 29% 

23 F0_OFF4 207 3,5 725 8.694 65 24% 

24 F0_OFF5 207 3,5 725 8.694 65 24% 

25 F0_OFF6 207 3,5 725 8.694 89 29% 

26 F0_OFF7 207 3,5 725 8.694 89 29% 

27 F0_OFF8 207 3,5 725 8.694 65 24% 

28 F1_TL 133 3,5 466 5.586 69 31% 

29 F1_OFF1 207 3,5 725 8.694 65 24% 

30 F1_OFF2 207 3,5 725 8.694 89 29% 

31 F1_OFF3 207 3,5 725 8.694 89 29% 

32 F1_OFF4 207 3,5 725 8.694 65 24% 

33 F1_OFF5 207 3,5 725 8.694 65 24% 

34 F1_OFF6 207 3,5 725 8.694 89 29% 
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Nº AIRNODES AREA  HEIGHT VOLUMEN CAPACITANCE 
ENVELOPE 
SURF FENESTRATION  

    A_ZONE H_ZONE V_ZONE C_ZONE A_EXT_ZONE RATIO  

    [m2] [m] [m3] [kJ/K] [m2] [%] 

35 F1_OFF7 207 3,5 725 8.694 89 29% 

36 F1_OFF8 207 3,5 725 8.694 65 24% 

37 F2_TL 133 3,5 466 5.586 202 10% 

38 F2_OFF1 207 3,5 725 8.694 273 6% 

39 F2_OFF2 207 3,5 725 8.694 296 9% 

40 F2_OFF3 207 3,5 725 8.694 296 9% 

41 F2_OFF4 207 3,5 725 8.694 273 6% 

42 F2_OFF5 207 3,5 725 8.694 273 6% 

43 F2_OFF6 207 3,5 725 8.694 296 9% 

44 F2_OFF7 207 3,5 725 8.694 296 9% 

45 F2_OFF8 207 3,5 725 8.694 273 6% 
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7.3 Annex 3 – Summary of thermal balance per zones 

7.3.1 Ground floor 

 

 

Figure 66. Specific energy demand for F0_OFFICE1 

 

 

 

Table 38. Specific energy demand for F0_OFFICE1 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F0_OFFICE1

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 20,03 0,00 -4,36 -2,76 -20,35 6,61 0,83

Feb 15,40 0,00 -3,29 -2,08 -16,61 5,75 0,84

Mar 8,98 0,00 -2,53 -1,67 -12,40 6,32 1,33

Apr 2,28 0,00 -2,27 -1,32 -6,32 6,03 1,59

May 0,00 -2,27 -1,65 -0,86 -3,57 6,61 1,82

Jun 0,00 -10,43 -0,44 0,22 2,76 6,03 1,88

Jul 0,00 -16,08 0,12 0,61 7,12 6,32 1,92

Aug 0,00 -16,46 0,11 0,52 7,62 6,61 1,60

Sep 0,00 -8,21 -1,17 -0,24 2,66 5,75 1,17

Oct 0,07 0,00 -2,53 -1,47 -3,57 6,61 0,85

Nov 5,95 0,00 -3,09 -1,97 -7,94 6,32 0,69

Dec 16,23 0,00 -4,11 -2,55 -16,26 6,03 0,65

Annual (kWh/m2)68,94 -53,45 -25,21 -13,59 -66,85 74,99 15,18
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 Figure 67. Specific energy demand for F0_OFFICE2 

 

 

 

Table 39. Specific energy demand for F0_OFFICE2 

 

 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F0_OFFICE2

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 19,58 0,00 -4,36 -2,76 -21,63 6,61 2,57

Feb 15,18 0,00 -3,29 -2,08 -18,34 5,75 2,79

Mar 9,00 0,00 -2,54 -1,69 -14,94 6,32 3,86

Apr 2,30 0,00 -2,28 -1,36 -8,73 6,03 4,02

May 0,00 -2,14 -1,63 -0,87 -5,16 6,61 3,26

Jun 0,00 -9,88 -0,38 0,22 1,67 6,03 2,36

Jul 0,00 -15,24 0,16 0,61 5,76 6,32 2,40

Aug 0,00 -15,98 0,13 0,52 6,31 6,61 2,41

Sep 0,00 -8,21 -1,14 -0,24 1,88 5,75 1,92

Oct 0,08 0,00 -2,53 -1,49 -4,38 6,61 1,67

Nov 5,62 0,00 -3,11 -2,00 -9,07 6,32 2,20

Dec 15,72 0,00 -4,10 -2,55 -17,01 6,03 1,91

Annual (kWh/m2)67,48 -51,45 -25,06 -13,69 -83,63 74,99 31,36
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 Figure 68. Specific energy demand for F0_OFFICE3 

 

 

 

Table 40. Specific energy demand for F0_OFFICE3 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F0_OFFICE3

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 21,12 0,00 -4,36 -2,76 -21,68 6,61 1,07

Feb 16,55 0,00 -3,29 -2,08 -18,34 5,75 1,41

Mar 9,91 0,00 -2,51 -1,67 -14,53 6,32 2,49

Apr 2,53 0,00 -2,23 -1,30 -8,06 6,03 3,03

May 0,00 -2,06 -1,63 -0,84 -4,71 6,61 2,71

Jun 0,00 -9,83 -0,41 0,22 1,86 6,03 2,16

Jul 0,00 -15,26 0,14 0,61 6,01 6,32 2,18

Aug 0,00 -15,69 0,13 0,52 6,48 6,61 1,95

Sep 0,00 -7,83 -1,14 -0,24 1,98 5,75 1,43

Oct 0,08 0,00 -2,46 -1,44 -3,89 6,61 1,05

Nov 6,31 0,00 -3,07 -1,97 -8,84 6,32 1,22

Dec 16,84 0,00 -4,10 -2,55 -17,06 6,03 0,84

Annual (kWh/m2)73,35 -50,67 -24,93 -13,51 -80,79 74,99 21,55
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 Figure 69. Specific energy demand for F0_OFFICE4 

 

 

 

Table 41. Specific energy demand for F0_OFFICE4 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F0_OFFICE4

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 20,33 0,00 -4,36 -2,76 -20,47 6,61 0,66

Feb 15,44 0,00 -3,29 -2,08 -16,72 5,75 0,91

Mar 8,88 0,00 -2,54 -1,68 -12,65 6,32 1,68

Apr 2,22 0,00 -2,28 -1,32 -6,73 6,03 2,07

May 0,00 -2,54 -1,69 -0,87 -3,93 6,61 2,50

Jun 0,00 -11,13 -0,47 0,22 2,68 6,03 2,70

Jul 0,00 -16,85 0,10 0,61 7,09 6,32 2,73

Aug 0,00 -17,14 0,10 0,52 7,58 6,61 2,34

Sep 0,00 -8,46 -1,18 -0,24 2,49 5,75 1,60

Oct 0,08 0,00 -2,53 -1,47 -3,78 6,61 1,05

Nov 6,11 0,00 -3,08 -1,97 -8,12 6,32 0,70

Dec 16,45 0,00 -4,11 -2,55 -16,36 6,03 0,52

Annual (kWh/m2)69,51 -56,12 -25,33 -13,61 -68,92 74,99 19,47
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 Figure 70. Specific energy demand for F0_OFFICE5 

 

 

 

Table 42. Specific energy demand for F0_OFFICE5 

 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F0_OFFICE5

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 19,87 0,00 -4,36 -2,76 -20,25 6,61 0,90

Feb 15,45 0,00 -3,29 -2,08 -17,00 5,75 1,19

Mar 9,30 0,00 -2,52 -1,68 -13,35 6,32 1,93

Apr 2,37 0,00 -2,24 -1,31 -7,06 6,03 2,21

May 0,00 -2,28 -1,64 -0,86 -4,32 6,61 2,57

Jun 0,00 -10,36 -0,43 0,22 1,88 6,03 2,68

Jul 0,00 -16,02 0,12 0,61 6,20 6,32 2,77

Aug 0,00 -16,73 0,10 0,52 7,03 6,61 2,47

Sep 0,00 -8,71 -1,20 -0,24 2,56 5,75 1,81

Oct 0,06 0,00 -2,62 -1,52 -3,84 6,61 1,27

Nov 5,33 0,00 -3,11 -1,98 -7,53 6,32 0,93

Dec 15,63 0,00 -4,11 -2,55 -15,74 6,03 0,73

Annual (kWh/m2)68,02 -54,11 -25,29 -13,65 -71,42 74,99 21,45
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 Figure 71. Specific energy demand for F0_OFFICE6 

 

 

 

Table 43. Specific energy demand for F0_OFFICE6 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F0_OFFICE6

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 20,93 0,00 -4,36 -2,76 -21,43 6,61 1,01

Feb 16,44 0,00 -3,29 -2,08 -18,14 5,75 1,32

Mar 10,00 0,00 -2,51 -1,67 -14,48 6,32 2,35

Apr 2,63 0,00 -2,21 -1,29 -8,11 6,03 2,96

May 0,00 -1,92 -1,60 -0,83 -4,84 6,61 2,66

Jun 0,00 -9,49 -0,39 0,22 1,55 6,03 2,10

Jul 0,00 -15,00 0,15 0,61 5,80 6,32 2,12

Aug 0,00 -15,62 0,13 0,52 6,49 6,61 1,88

Sep 0,00 -7,95 -1,15 -0,24 2,20 5,75 1,36

Oct 0,07 0,00 -2,52 -1,47 -3,73 6,61 1,00

Nov 5,97 0,00 -3,08 -1,97 -8,38 6,32 1,12

Dec 16,60 0,00 -4,10 -2,55 -16,78 6,03 0,80

Annual (kWh/m2)72,64 -49,99 -24,94 -13,52 -79,86 74,99 20,68
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 Figure 72. Specific energy demand for F0_OFFICE7 

 

 

 

Table 44. Specific energy demand for F0_OFFICE7 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F0_OFFICE7

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 19,36 0,00 -4,36 -2,76 -21,28 6,61 2,44

Feb 14,87 0,00 -3,29 -2,08 -17,97 5,75 2,73

Mar 8,74 0,00 -2,55 -1,69 -14,67 6,32 3,86

Apr 2,22 0,00 -2,28 -1,36 -8,70 6,03 4,08

May 0,00 -2,12 -1,63 -0,88 -5,23 6,61 3,32

Jun 0,00 -9,83 -0,37 0,22 1,58 6,03 2,39

Jul 0,00 -15,31 0,15 0,61 5,80 6,32 2,43

Aug 0,00 -16,25 0,13 0,52 6,54 6,61 2,45

Sep 0,00 -8,47 -1,17 -0,24 2,17 5,75 1,92

Oct 0,07 0,00 -2,60 -1,52 -4,25 6,61 1,65

Nov 5,27 0,00 -3,13 -2,00 -8,63 6,32 2,13

Dec 15,52 0,00 -4,11 -2,55 -16,70 6,03 1,80

Annual (kWh/m2)66,05 -51,98 -25,20 -13,74 -81,33 74,99 31,20
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 Figure 73. Specific energy demand for F0_OFFICE8 

 

 

 

Table 45. Specific energy demand for F0_OFFICE8 

 

 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F0_OFFICE8

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 19,65 0,00 -4,36 -2,76 -20,11 6,61 0,97

Feb 15,36 0,00 -3,29 -2,08 -16,85 5,75 1,12

Mar 9,21 0,00 -2,52 -1,67 -12,99 6,32 1,66

Apr 2,32 0,00 -2,24 -1,31 -6,63 6,03 1,83

May 0,00 -2,12 -1,62 -0,85 -3,99 6,61 2,06

Jun 0,00 -9,96 -0,40 0,22 2,02 6,03 2,12

Jul 0,00 -15,60 0,13 0,61 6,34 6,32 2,20

Aug 0,00 -16,27 0,11 0,52 7,18 6,61 1,86

Sep 0,00 -8,56 -1,19 -0,24 2,74 5,75 1,47

Oct 0,06 0,00 -2,63 -1,53 -3,66 6,61 1,12

Nov 5,14 0,00 -3,12 -1,98 -7,31 6,32 0,91

Dec 15,51 0,00 -4,11 -2,55 -15,63 6,03 0,74

Annual (kWh/m2)67,26 -52,51 -25,24 -13,65 -68,91 74,99 18,06
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7.3.2 First floor 

 

 

 Figure 74. Specific energy demand for F1_OFFICE1 

 

 

 

Table 46. Specific energy demand for F1_OFFICE1 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F1_OFFICE1

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 7,22 0,00 -4,50 -2,77 -7,50 6,61 0,95

Feb 4,63 0,00 -3,49 -2,10 -5,80 5,75 1,02

Mar 2,12 0,00 -2,98 -1,79 -5,39 6,32 1,74

Apr 0,50 0,00 -2,81 -1,52 -4,35 6,03 2,12

May 0,00 -2,64 -1,85 -0,96 -3,67 6,61 2,57

Jun 0,00 -9,23 -0,34 0,22 0,54 6,03 2,79

Jul 0,00 -12,19 0,32 0,62 2,11 6,32 2,83

Aug 0,00 -12,18 0,32 0,53 2,40 6,61 2,32

Sep 0,00 -6,62 -1,00 -0,23 0,43 5,75 1,64

Oct 0,03 0,00 -2,64 -1,53 -3,61 6,61 1,11

Nov 2,86 0,00 -3,28 -2,02 -4,72 6,32 0,81

Dec 6,71 0,00 -4,24 -2,55 -6,70 6,03 0,75

Annual (kWh/m2)24,08 -42,86 -26,50 -14,10 -36,26 74,99 20,65
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Figure 75. Specific energy demand for F1_OFFICE2 

 

 

 

Table 47. Specific energy demand for F1_OFFICE2 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F1_OFFICE2

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 7,18 0,00 -4,50 -2,78 -9,07 6,61 2,58

Feb 4,55 0,00 -3,51 -2,12 -7,47 5,75 2,80

Mar 2,18 0,00 -3,03 -1,84 -7,42 6,32 3,80

Apr 0,56 0,00 -2,83 -1,56 -6,04 6,03 3,81

May 0,00 -2,48 -1,83 -0,96 -4,28 6,61 3,01

Jun 0,00 -8,76 -0,29 0,23 0,40 6,03 2,41

Jul 0,00 -11,71 0,35 0,62 1,98 6,32 2,44

Aug 0,00 -11,92 0,34 0,53 1,99 6,61 2,45

Sep 0,00 -6,41 -0,97 -0,22 -0,13 5,75 1,95

Oct 0,05 0,00 -2,60 -1,52 -4,28 6,61 1,71

Nov 3,03 0,00 -3,30 -2,04 -6,25 6,32 2,21

Dec 6,87 0,00 -4,24 -2,56 -8,04 6,03 1,92

Annual (kWh/m2)24,42 -41,29 -26,39 -14,22 -48,61 74,99 31,10
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Figure 76. Specific energy demand for F1_OFFICE3 

 

 

 

Table 48. Specific energy demand for F1_OFFICE3 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F1_OFFICE3

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 8,36 0,00 -4,47 -2,76 -8,83 6,61 1,11

Feb 5,33 0,00 -3,46 -2,09 -6,97 5,75 1,45

Mar 2,43 0,00 -2,95 -1,77 -6,56 6,32 2,55

Apr 0,65 0,00 -2,77 -1,50 -5,38 6,03 2,95

May 0,00 -2,32 -1,81 -0,93 -3,95 6,61 2,48

Jun 0,00 -8,57 -0,31 0,23 0,43 6,03 2,20

Jul 0,00 -11,50 0,34 0,62 2,01 6,32 2,22

Aug 0,00 -11,61 0,33 0,53 2,13 6,61 2,00

Sep 0,00 -6,14 -0,97 -0,22 0,05 5,75 1,49

Oct 0,05 0,00 -2,55 -1,48 -3,75 6,61 1,09

Nov 3,39 0,00 -3,23 -2,00 -5,75 6,32 1,25

Dec 7,69 0,00 -4,21 -2,55 -7,83 6,03 0,86

Annual (kWh/m2)27,90 -40,14 -26,07 -13,94 -44,39 74,99 21,65
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Figure 77. Specific energy demand for F1_OFFICE4 

 

 

 

Table 49. Specific energy demand for F1_OFFICE4 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F1_OFFICE4

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 7,26 0,00 -4,49 -2,77 -7,71 6,61 1,11

Feb 4,49 0,00 -3,50 -2,11 -6,21 5,75 1,58

Mar 2,03 0,00 -3,02 -1,82 -6,18 6,32 2,69

Apr 0,48 0,00 -2,86 -1,56 -5,23 6,03 3,13

May 0,00 -3,07 -1,89 -0,98 -4,16 6,61 3,55

Jun 0,00 -10,00 -0,36 0,22 0,26 6,03 3,86

Jul 0,00 -12,92 0,29 0,62 1,84 6,32 3,85

Aug 0,00 -13,04 0,29 0,53 2,04 6,61 3,57

Sep 0,00 -7,23 -1,03 -0,23 0,03 5,75 2,68

Oct 0,03 0,00 -2,68 -1,56 -4,17 6,61 1,74

Nov 2,85 0,00 -3,28 -2,02 -5,06 6,32 1,16

Dec 6,74 0,00 -4,24 -2,55 -6,83 6,03 0,84

Annual (kWh/m2)23,88 -46,26 -26,79 -14,23 -41,37 74,99 29,77
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Figure 78. Specific energy demand for F1_OFFICE5 

 

 

 

Table 50. Specific energy demand for F1_OFFICE5 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F1_OFFICE5

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 6,92 0,00 -4,51 -2,77 -7,60 6,61 1,36

Feb 4,23 0,00 -3,52 -2,11 -6,20 5,75 1,86

Mar 1,95 0,00 -3,04 -1,82 -6,20 6,32 2,81

Apr 0,47 0,00 -2,86 -1,56 -5,23 6,03 3,12

May 0,00 -2,96 -1,88 -0,97 -4,15 6,61 3,42

Jun 0,00 -9,75 -0,35 0,22 0,26 6,03 3,61

Jul 0,00 -12,75 0,30 0,62 1,86 6,32 3,66

Aug 0,00 -13,04 0,29 0,53 2,08 6,61 3,53

Sep 0,00 -7,36 -1,05 -0,23 0,11 5,75 2,74

Oct 0,03 0,00 -2,74 -1,59 -4,27 6,61 1,93

Nov 2,64 0,00 -3,31 -2,03 -5,03 6,32 1,38

Dec 6,47 0,00 -4,25 -2,56 -6,74 6,03 1,04

Annual (kWh/m2)22,71 -45,85 -26,93 -14,28 -41,11 74,99 30,46
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Figure 79. Specific energy demand for F1_OFFICE6 

 

 

 

Table 51. Specific energy demand for F1_OFFICE6 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F1_OFFICE6

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 8,14 0,00 -4,48 -2,76 -8,55 6,61 1,05

Feb 5,15 0,00 -3,47 -2,10 -6,70 5,75 1,37

Mar 2,37 0,00 -2,96 -1,78 -6,35 6,32 2,42

Apr 0,65 0,00 -2,77 -1,50 -5,30 6,03 2,87

May 0,00 -2,27 -1,81 -0,93 -3,98 6,61 2,45

Jun 0,00 -8,47 -0,30 0,23 0,35 6,03 2,18

Jul 0,00 -11,44 0,34 0,62 1,97 6,32 2,19

Aug 0,00 -11,62 0,33 0,53 2,18 6,61 1,96

Sep 0,00 -6,21 -0,98 -0,22 0,20 5,75 1,44

Oct 0,05 0,00 -2,60 -1,50 -3,64 6,61 1,05

Nov 3,24 0,00 -3,25 -2,01 -5,49 6,32 1,16

Dec 7,53 0,00 -4,22 -2,55 -7,63 6,03 0,84

Annual (kWh/m2)27,13 -40,01 -26,17 -13,97 -42,94 74,99 20,97
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Figure 80. Specific energy demand for F1_OFFICE7 

 

 

 

Table 52. Specific energy demand for F1_OFFICE7 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F1_OFFICE7

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 7,02 0,00 -4,51 -2,78 -8,79 6,61 2,46

Feb 4,38 0,00 -3,52 -2,12 -7,22 5,75 2,75

Mar 2,06 0,00 -3,05 -1,84 -7,27 6,32 3,79

Apr 0,52 0,00 -2,84 -1,57 -6,01 6,03 3,84

May 0,00 -2,50 -1,84 -0,97 -4,31 6,61 3,07

Jun 0,00 -8,78 -0,29 0,23 0,36 6,03 2,46

Jul 0,00 -11,76 0,35 0,62 1,97 6,32 2,50

Aug 0,00 -12,05 0,33 0,53 2,06 6,61 2,52

Sep 0,00 -6,55 -0,99 -0,22 0,01 5,75 1,97

Oct 0,04 0,00 -2,65 -1,54 -4,19 6,61 1,70

Nov 2,87 0,00 -3,32 -2,05 -6,00 6,32 2,15

Dec 6,77 0,00 -4,24 -2,56 -7,82 6,03 1,82

Annual (kWh/m2)23,66 -41,63 -26,56 -14,27 -47,21 74,99 31,01
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Figure 81. Specific energy demand for F1_OFFICE8 

 

 

 

Table 53. Specific energy demand for F1_OFFICE8 

 

 

 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F1_OFFICE8

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 6,93 0,00 -4,51 -2,77 -7,33 6,61 1,07

Feb 4,35 0,00 -3,51 -2,10 -5,73 5,75 1,25

Mar 1,97 0,00 -3,01 -1,80 -5,51 6,32 2,05

Apr 0,46 0,00 -2,83 -1,53 -4,54 6,03 2,37

May 0,00 -2,66 -1,86 -0,96 -3,81 6,61 2,76

Jun 0,00 -9,25 -0,34 0,22 0,41 6,03 2,93

Jul 0,00 -12,29 0,31 0,62 2,03 6,32 3,01

Aug 0,00 -12,43 0,31 0,53 2,37 6,61 2,61

Sep 0,00 -6,86 -1,02 -0,23 0,43 5,75 1,90

Oct 0,03 0,00 -2,71 -1,56 -3,72 6,61 1,31

Nov 2,61 0,00 -3,31 -2,03 -4,65 6,32 1,03

Dec 6,50 0,00 -4,25 -2,55 -6,56 6,03 0,82

Annual (kWh/m2)22,85 -43,48 -26,72 -14,16 -36,61 74,99 23,13
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7.3.3 Second floor 

 

 

Figure 82. Specific energy demand for F2_OFFICE1 

 

 

 

Table 54. Specific energy demand for F2_OFFICE1 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F2_OFFICE1

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 11,78 0,00 -4,52 -2,76 -12,31 6,61 1,22

Feb 7,53 0,00 -3,52 -2,08 -9,10 5,75 1,43

Mar 3,21 0,00 -3,04 -1,74 -7,19 6,32 2,47

Apr 0,68 0,00 -2,88 -1,47 -5,45 6,03 3,05

May 0,00 -3,06 -1,93 -0,92 -4,36 6,61 3,73

Jun 0,00 -10,97 -0,41 0,22 1,18 6,03 3,97

Jul 0,00 -14,69 0,27 0,61 3,46 6,32 4,03

Aug 0,00 -14,42 0,29 0,53 3,47 6,61 3,52

Sep 0,00 -6,81 -1,02 -0,23 -0,18 5,75 2,45

Oct 0,12 0,00 -2,46 -1,35 -4,57 6,61 1,62

Nov 5,44 0,00 -3,25 -1,97 -7,72 6,32 1,15

Dec 11,20 0,00 -4,24 -2,55 -11,39 6,03 0,95

Annual (kWh/m2)39,96 -49,96 -26,71 -13,71 -54,14 74,99 29,58
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Figure 83. Specific energy demand for F2_OFFICE2 

 

 

 

Table 55. Specific energy demand for F2_OFFICE2 

 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F2_OFFICE2

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 11,74 0,00 -4,52 -2,76 -13,68 6,61 2,62

Feb 7,43 0,00 -3,52 -2,09 -10,43 5,75 2,86

Mar 3,25 0,00 -3,06 -1,77 -8,73 6,32 4,00

Apr 0,75 0,00 -2,87 -1,48 -6,45 6,03 3,98

May 0,00 -2,68 -1,88 -0,91 -4,26 6,61 3,19

Jun 0,00 -10,02 -0,36 0,22 1,55 6,03 2,59

Jul 0,00 -13,65 0,32 0,62 3,78 6,32 2,62

Aug 0,00 -13,53 0,32 0,53 3,45 6,61 2,62

Sep 0,00 -6,26 -0,98 -0,22 -0,41 5,75 2,08

Oct 0,15 0,00 -2,40 -1,32 -4,97 6,61 1,91

Nov 5,64 0,00 -3,25 -1,98 -9,02 6,32 2,26

Dec 11,43 0,00 -4,24 -2,55 -12,63 6,03 1,96

Annual (kWh/m2)40,39 -46,14 -26,41 -13,72 -61,80 74,99 32,69
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Figure 84. Specific energy demand for F2_OFFICE3 

 

 

 

Table 56. Specific energy demand for F2_OFFICE3 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F2_OFFICE3

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 12,93 0,00 -4,50 -2,76 -13,53 6,61 1,27

Feb 8,34 0,00 -3,49 -2,08 -10,12 5,75 1,62

Mar 3,66 0,00 -3,00 -1,73 -7,96 6,32 2,74

Apr 0,92 0,00 -2,83 -1,44 -5,82 6,03 3,12

May 0,00 -2,56 -1,86 -0,89 -3,91 6,61 2,68

Jun 0,00 -9,77 -0,36 0,22 1,59 6,03 2,30

Jul 0,00 -13,42 0,32 0,62 3,82 6,32 2,35

Aug 0,00 -13,25 0,32 0,53 3,58 6,61 2,20

Sep 0,00 -6,01 -0,97 -0,22 -0,22 5,75 1,64

Oct 0,16 0,00 -2,38 -1,31 -4,45 6,61 1,34

Nov 6,20 0,00 -3,22 -1,97 -8,74 6,32 1,37

Dec 12,26 0,00 -4,23 -2,55 -12,50 6,03 0,98

Annual (kWh/m2)44,48 -45,01 -26,21 -13,59 -58,26 74,99 23,60
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Figure 85. Specific energy demand for F2_OFFICE4 

 

 

 

Table 57. Specific energy demand for F2_OFFICE4 

 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F2_OFFICE4

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 11,12 0,00 -4,53 -2,76 -12,71 6,61 2,29

Feb 6,84 0,00 -3,54 -2,09 -9,70 5,75 2,74

Mar 2,86 0,00 -3,09 -1,78 -8,22 6,32 3,93

Apr 0,53 0,00 -2,95 -1,52 -6,35 6,03 4,22

May 0,00 -3,39 -1,96 -0,95 -4,76 6,61 4,52

Jun 0,00 -11,71 -0,41 0,22 1,19 6,03 4,69

Jul 0,00 -15,40 0,27 0,61 3,44 6,32 4,76

Aug 0,00 -15,41 0,28 0,53 3,21 6,61 4,79

Sep 0,00 -7,64 -1,04 -0,23 -0,65 5,75 3,79

Oct 0,12 0,00 -2,54 -1,41 -5,64 6,61 2,83

Nov 5,07 0,00 -3,27 -1,98 -8,28 6,32 2,11

Dec 10,79 0,00 -4,25 -2,55 -11,69 6,03 1,67

Annual (kWh/m2)37,32 -53,55 -27,04 -13,91 -60,16 74,99 42,34
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Figure 86. Specific energy demand for F2_OFFICE5 

 

 

 

Table 58. Specific energy demand for F2_OFFICE5 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F2_OFFICE5

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 10,79 0,00 -4,53 -2,76 -12,49 6,61 2,40

Feb 6,63 0,00 -3,54 -2,09 -9,50 5,75 2,77

Mar 2,78 0,00 -3,10 -1,78 -8,09 6,32 3,91

Apr 0,52 0,00 -2,95 -1,52 -6,29 6,03 4,18

May 0,00 -3,35 -1,96 -0,95 -4,72 6,61 4,44

Jun 0,00 -11,60 -0,41 0,22 1,19 6,03 4,58

Jul 0,00 -15,31 0,27 0,61 3,45 6,32 4,66

Aug 0,00 -15,43 0,27 0,53 3,29 6,61 4,73

Sep 0,00 -7,74 -1,05 -0,23 -0,54 5,75 3,77

Oct 0,11 0,00 -2,58 -1,42 -5,59 6,61 2,84

Nov 4,85 0,00 -3,28 -1,98 -8,10 6,32 2,17

Dec 10,55 0,00 -4,25 -2,55 -11,55 6,03 1,77

Annual (kWh/m2)36,22 -53,42 -27,12 -13,94 -58,94 74,99 42,20
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Figure 87. Specific energy demand for F2_OFFICE6 

 

 

 

Table 59. Specific energy demand for F2_OFFICE6 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F2_OFFICE6

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 12,74 0,00 -4,51 -2,76 -13,27 6,61 1,21

Feb 8,19 0,00 -3,50 -2,08 -9,87 5,75 1,52

Mar 3,60 0,00 -3,01 -1,73 -7,75 6,32 2,60

Apr 0,91 0,00 -2,83 -1,45 -5,71 6,03 3,02

May 0,00 -2,55 -1,86 -0,89 -3,89 6,61 2,64

Jun 0,00 -9,73 -0,36 0,22 1,56 6,03 2,29

Jul 0,00 -13,39 0,32 0,62 3,82 6,32 2,32

Aug 0,00 -13,25 0,32 0,53 3,66 6,61 2,12

Sep 0,00 -6,07 -0,98 -0,23 -0,08 5,75 1,57

Oct 0,16 0,00 -2,41 -1,32 -4,35 6,61 1,29

Nov 6,04 0,00 -3,23 -1,97 -8,47 6,32 1,28

Dec 12,11 0,00 -4,23 -2,55 -12,31 6,03 0,95

Annual (kWh/m2)43,75 -44,98 -26,28 -13,61 -56,68 74,99 22,81
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Figure 88. Specific energy demand for F2_OFFICE7 

 

 

 

Table 60. Specific energy demand for F2_OFFICE7 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F2_OFFICE7

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 11,61 0,00 -4,52 -2,76 -13,41 6,61 2,49

Feb 7,27 0,00 -3,52 -2,09 -10,20 5,75 2,80

Mar 3,12 0,00 -3,07 -1,77 -8,61 6,32 4,04

Apr 0,69 0,00 -2,88 -1,49 -6,42 6,03 4,04

May 0,00 -2,71 -1,89 -0,92 -4,27 6,61 3,24

Jun 0,00 -10,05 -0,36 0,22 1,54 6,03 2,63

Jul 0,00 -13,71 0,32 0,62 3,79 6,32 2,67

Aug 0,00 -13,66 0,32 0,53 3,52 6,61 2,68

Sep 0,00 -6,39 -0,99 -0,23 -0,30 5,75 2,11

Oct 0,14 0,00 -2,44 -1,34 -4,88 6,61 1,87

Nov 5,46 0,00 -3,26 -1,98 -8,76 6,32 2,19

Dec 11,35 0,00 -4,24 -2,55 -12,44 6,03 1,85

Annual (kWh/m2)39,65 -46,52 -26,53 -13,76 -60,44 74,99 32,61
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Figure 89. Specific energy demand for F2_OFFICE8 

 

 

 

Table 61. Specific energy demand for F2_OFFICE8 

 

 

  

Specific energy demand, Q [kwh/(m2·month)] F2_OFFICE8

Month

Heating 

demand

Cooling 

demand

Infiltration 

losses

Ventilation 

losses

Transmissio

n losses

Internal 

gains Solar gains
Jan 11,52 0,00 -4,53 -2,76 -12,09 6,61 1,27

Feb 7,27 0,00 -3,53 -2,08 -8,94 5,75 1,53

Mar 3,04 0,00 -3,06 -1,75 -7,11 6,32 2,59

Apr 0,64 0,00 -2,90 -1,48 -5,44 6,03 3,12

May 0,00 -3,08 -1,94 -0,92 -4,34 6,61 3,75

Jun 0,00 -10,99 -0,41 0,22 1,19 6,03 3,98

Jul 0,00 -14,73 0,27 0,61 3,49 6,32 4,04

Aug 0,00 -14,55 0,29 0,53 3,56 6,61 3,57

Sep 0,00 -6,98 -1,03 -0,23 -0,09 5,75 2,55

Oct 0,12 0,00 -2,50 -1,37 -4,60 6,61 1,71

Nov 5,17 0,00 -3,26 -1,97 -7,53 6,32 1,25

Dec 11,03 0,00 -4,25 -2,55 -11,23 6,03 0,97

Annual (kWh/m2)38,77 -50,34 -26,86 -13,76 -53,14 74,99 30,33
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7.4 Annex 4 – System performance figures 

7.4.1 Final energy (FE) 

Table 62. Final energy demand (FE). 

  FINAL ENERGY   SPECIFIC FINAL ENERGY 

HP FE heat  FE cool FE FEe heat FEe cool FEe  

  [kWh] [kWh] [kWh] [kWh/m2] [kWh/m2] [kWh/m2] 

HP_01 2856.04 3048.41 5904.45 13.80 14.73 28.52 

HP_02 2789.05 2916.66 5705.70 13.47 14.09 27.56 

HP_03 3071.34 2880.06 5951.40 14.84 13.91 28.75 

HP_04 2884.05 3202.86 6086.91 13.93 15.47 29.41 

HP_05 2856.04 3048.41 5904.45 13.80 14.73 28.52 

HP_06 3030.49 2839.02 5869.51 14.64 13.72 28.36 

HP_07 2716.32 2952.93 5669.25 13.12 14.27 27.39 

HP_08 2771.25 2986.19 5757.44 13.39 14.43 27.81 

HP_09 732.38 2446.57 3178.95 3.54 11.82 15.36 

HP_10 790.88 2336.09 3126.97 3.82 11.29 15.11 

HP_11 906.18 2277.93 3184.11 4.38 11.00 15.38 

HP_12 734.08 2627.88 3361.95 3.55 12.70 16.24 

HP_13 684.18 2601.54 3285.72 3.31 12.57 15.87 

HP_14 863.75 2276.72 3140.47 4.17 11.00 15.17 

HP_15 760.92 2357.30 3118.22 3.68 11.39 15.06 

HP_16 683.63 2482.00 3165.64 3.30 11.99 15.29 

HP_17 1446.91 2851.90 4298.81 6.99 13.78 20.77 

HP_18 1484.69 2615.78 4100.46 7.17 12.64 19.81 

HP_19 1667.55 2559.36 4226.91 8.06 12.36 20.42 

HP_20 1340.06 3037.46 4377.52 6.47 14.67 21.15 

HP_21 1287.77 3027.32 4315.08 6.22 14.62 20.85 

HP_22 1636.65 2559.18 4195.83 7.91 12.36 20.27 

HP_23 1446.47 2639.73 4086.21 6.99 12.75 19.74 

HP_24 1388.91 2874.03 4262.94 6.71 13.88 20.59 

TOTAL 40829.59 65445.30 106274.89 8.22 13.17 21.39 
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7.4.2 System performance factor (SPF) 

 

Table 63. System Performance Factor (SPF) 

HP SPF heat SPF cool SPF 

HP_01 3.66 3.54 3.60 

HP_02 3.67 3.55 3.61 

HP_03 3.66 3.55 3.61 

HP_04 3.66 3.53 3.59 

HP_05 3.66 3.54 3.60 

HP_06 3.66 3.55 3.61 

HP_07 3.67 3.55 3.61 

HP_08 3.66 3.55 3.60 

HP_09 3.60 3.59 3.59 

HP_10 3.61 3.59 3.60 

HP_11 3.61 3.59 3.59 

HP_12 3.60 3.58 3.59 

HP_13 3.60 3.58 3.59 

HP_14 3.61 3.59 3.59 

HP_15 3.61 3.59 3.59 

HP_16 3.60 3.59 3.59 

HP_17 3.58 3.56 3.57 

HP_18 3.59 3.57 3.57 

HP_19 3.59 3.57 3.58 

HP_20 3.58 3.56 3.56 

HP_21 3.58 3.56 3.56 

HP_22 3.59 3.57 3.58 

HP_23 3.59 3.57 3.57 

HP_24 3.58 3.56 3.57 

TOTAL 3.63 3.56 3.59 
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7.4.3 Primary energy (PE) 

 

Table 64. Primary Energy demand (PE) 

  TOTAL PRIMARY ENERGY   SPECIFIC PRIMARY ENERGY 

HP PE heat PE cool PE PE heat PE cool PE 

  [kWh] [kWh] [kWh] [kWh/m2] [kWh/m2] [kWh/m2] 

HP_01 8939.41 9541.51 18480.92 43.19 46.09 89.28 

HP_02 8729.71 9129.14 17858.85 42.17 44.10 86.27 

HP_03 9613.30 9014.58 18627.89 46.44 43.55 89.99 

HP_04 9027.08 10024.94 19052.02 43.61 48.43 92.04 

HP_05 8939.41 9541.51 18480.92 43.19 46.09 89.28 

HP_06 9485.44 8886.12 18371.57 45.82 42.93 88.75 

HP_07 8502.07 9242.67 17744.74 41.07 44.65 85.72 

HP_08 8674.02 9346.77 18020.79 41.90 45.15 87.06 

HP_09 2292.35 7657.76 9950.11 11.07 36.99 48.07 

HP_10 2475.45 7311.96 9787.41 11.96 35.32 47.28 

HP_11 2836.35 7129.91 9966.26 13.70 34.44 48.15 

HP_12 2297.66 8225.25 10522.91 11.10 39.74 50.84 

HP_13 2141.48 8142.83 10284.31 10.35 39.34 49.68 

HP_14 2703.54 7126.14 9829.68 13.06 34.43 47.49 

HP_15 2381.67 7378.34 9760.02 11.51 35.64 47.15 

HP_16 2139.77 7768.67 9908.44 10.34 37.53 47.87 

HP_17 4528.84 8926.44 13455.28 21.88 43.12 65.00 

HP_18 4647.07 8187.38 12834.45 22.45 39.55 62.00 

HP_19 5219.44 8010.79 13230.23 25.21 38.70 63.91 

HP_20 4194.39 9507.24 13701.63 20.26 45.93 66.19 

HP_21 4030.71 9475.50 13506.21 19.47 45.78 65.25 

HP_22 5122.71 8010.22 13132.94 24.75 38.70 63.44 

HP_23 4527.46 8262.37 12789.83 21.87 39.91 61.79 

HP_24 4347.28 8995.72 13343.00 21.00 43.46 64.46 

TOTAL 127796.62 204843.79 332640.40 25.72 41.23 66.96 
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7.4.4 Primary energy ratio (PER) 

 

Table 65. Primary energy ratio (PER) 

HP PER heat PER cool PER 

HP_01 1.17 1.13 1.15 

HP_02 1.17 1.13 1.15 

HP_03 1.17 1.13 1.15 

HP_04 1.17 1.13 1.15 

HP_05 1.17 1.13 1.15 

HP_06 1.17 1.14 1.15 

HP_07 1.17 1.13 1.15 

HP_08 1.17 1.13 1.15 

HP_09 1.15 1.15 1.15 

HP_10 1.15 1.15 1.15 

HP_11 1.15 1.15 1.15 

HP_12 1.15 1.14 1.15 

HP_13 1.15 1.14 1.15 

HP_14 1.15 1.15 1.15 

HP_15 1.15 1.15 1.15 

HP_16 1.15 1.15 1.15 

HP_17 1.14 1.14 1.14 

HP_18 1.15 1.14 1.14 

HP_19 1.15 1.14 1.14 

HP_20 1.14 1.14 1.14 

HP_21 1.14 1.14 1.14 

HP_22 1.15 1.14 1.14 

HP_23 1.15 1.14 1.14 

HP_24 1.14 1.14 1.14 

TOTAL 1.16 1.14 1.15 
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7.4.5 Global warming potential (GWP) 

 

Table 66. Global Warming Potential (GWP). 

HP GWP heat GWP cool GWP 

HP_01 6.54 6.32 6.43 

HP_02 6.55 6.34 6.44 

HP_03 6.54 6.34 6.44 

HP_04 6.54 6.31 6.41 

HP_05 6.54 6.32 6.43 

HP_06 6.54 6.35 6.45 

HP_07 6.55 6.34 6.44 

HP_08 6.54 6.33 6.43 

HP_09 6.43 6.41 6.41 

HP_10 6.44 6.41 6.42 

HP_11 6.44 6.41 6.42 

HP_12 6.43 6.40 6.40 

HP_13 6.43 6.40 6.40 

HP_14 6.44 6.41 6.42 

HP_15 6.44 6.41 6.42 

HP_16 6.43 6.40 6.41 

HP_17 6.40 6.36 6.37 

HP_18 6.41 6.37 6.38 

HP_19 6.41 6.37 6.38 

HP_20 6.40 6.35 6.36 

HP_21 6.39 6.35 6.36 

HP_22 6.40 6.37 6.38 

HP_23 6.40 6.37 6.38 

HP_24 6.39 6.36 6.37 

TOTAL 6.48 6.36 6.41 

 


