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0 Abstract 

The following Deliverable D4.43.a contains the simulation results with all the assumptions and 

simplifications used to build a detailed energy model of the Belgian demo building. The so-

derived energy model aims to quantify the initial energy demand of the building envelope and 

the energy system efficiency including generation and distribution subsystems before 

implementing active and passive renovation measures. 

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

environment [1]. This model is supplied with input data and parameters from: 

1. Geometric model built in Sketch Up. 

2. Building envelope’s thermo-physical characteristics collected from Belgian partners. 

3. Occupancy, lighting and appliances heat gain profiles derived from actual metered 

data. 

4. Building and Heating Ventilation and Air Conditioning (HVAC) system’s operational 

parameters related to space heating management, heating season, building usage, etc. 

5. HVAC components’ characteristics and control strategies as currently defined and 

used. 

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

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

building and its HVAC systems. 

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

implement and test all the passive and active technologies proposed by the BRICKER 

project. 

Chapter 1 provides an analysis of the local weather. Chapter 2 provides the building 

description and also the characterization of the same in terms of geometry, internal gains, 

ventilation and infiltration rates, shadings and building assemblies. Assumptions used in the 

modeling process such as: thermal zoning definition, geometric approximations and the 

division of the building in 3 individual models are also introduced. At the end of this chapter, 

the energy demand and additional plausibility checks of the model are also presented. Chapter 

3 provides a detailed description of the existing HVAC system and its components, by 

elaborating the assumptions made in the modeling process. Finally, chapter 4 presents an 

analysis of the simulations results in terms of energy demand corresponding to the current 

situation (base case scenario). 
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1 Weather analysis 

Before starting the definition of the simulation boundary conditions, it is necessary to analyze 

the weather files of the city of Liège. Within the WP4 simulation activities, the weather files 

have been generated with Meteonorm v.7, which provides an hourly data set. The user can 

create average or extreme weather files, where the former corresponds to a 30-years average 

weather file and the latter is a design weather profile with extreme winter and summer 

conditions. 

Figure 1 to Figure 3 provide the reader a visual comparison between these two profiles for dry-

bulb ambient temperature, global horizontal solar radiation and relative humidity respectively. 

It can be noticed that an extreme weather file determines an unrealistic distribution of 

weather parameters.  

Typically, the extreme weather file is used in dimensioning system components, whereas an 

average file is suited for energy demand analysis. Because of this reason, the average weather 

profile has been chosen for running the model simulations. 

It should be pointed out that the final energy behavior depends not only on the weather 

boundary conditions but also on the building characteristics and operational conditions. 

 

Figure 1. Air temperature distributions: comparison between an average and an extreme weather file 
for the location of Liège (Belgium). 
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Figure 2. Global horizontal radiation distributions: comparison between an average and an extreme 
weather file for the location of Liège (Belgium). 

 

 

Figure 3. Air relative humidity distributions: comparison between an average and an extreme weather 
file for the location of Liège (Belgium). 
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2 Building description 

Belgian demo corresponds to an educational building located at Quai Gloesener 6, 4020 Liège, 

Belgium1. It accommodates the “Institut Supérieur Industriel Liégeois” (also known as: ISIL 

building) and belongs to the “Haute École de la province de Liège” (HEPL). 

  

Figure 4. Exterior scene of ISIL Building (Belgian demo). 

ISIL building hosts approximately 1200 students (enrollment 2013-2014). It was built in the 

year 1964 and has never been renovated since. It comprises of a usable area of about 22,306 

m2.  

According to Belgian legislation, the energy performance of the building is given a certificate of 

class “E”. 

For annual gas and electricity energy consumptions, it presents the following values (year 

2014): 

 Gas consumption: 4.08 GWh/y – 183.1 kWh/(m2y); 

 Electrical consumption: 0.49 GWh/y – 22.2 kWh/(m2y); 

 Primary energy consumption: 6.61 GWh/y – 296.5 kWh/(m²y). 

Once renovated, it is expected to upgrade the energy performance certificate of building 

Blocks I and VI up to class B (51-90 kWh/(m²y)), which represents a reduction of at least 62.5% 

on the annual primary energy consumption. 

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

internal gains and operation) and its corresponding HVAC system is provided. 

 

                                                           

1 Google maps link : http://goo.gl/maps/VDr2c  

http://goo.gl/maps/VDr2c
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2.1 Geometry 

2.1.1 Building geometry 

ISIL building corresponds to an arrangement of 7 individual blocks forming a sort of four-sided 

geometric figure with an interior core space (parking). See Figure 5. 

  

Figure 5. Blocks’ subdivision scheme (3D - left, common floor plan - right). 

The whole-building surface area is about 22,300 m2 spread over the seven blocks. The main 

individual spaces recognized in the construction plans are: canteen, classroom, kitchen, 

laboratory, office, staircase (circulations) and unconditioned spaces. The percentage of each 

one over the total building surface is shown in Figure 6. 

 

Figure 6. Surface area distribution per space type. 

The distribution (sharing) of the building surface area and compactness factor per blocks and 

floors is summarized in Table 1 and  

Table 2 respectively. 

Detailed information concerning to surface areas per space, block, floor and the entire building 

are provided in the next subchapter.  
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Table 1. Building surface sharing per blocks and floors (values are expressed in m2). 

Block\Floor S1 F0 F1 F2 F3 F4 F5 Total Block 

I 846 846 689 846 689 846 689 5450 

II 323 323 280 280 280 280 280 2045 

III 679 381 624 624 624 624 277 3833 

IV 774 - 557 557 - - - 1888 

V 352 352 352 352 352 352 96 2207 

VI 596 125 596 596 596 596 - 3106 

VII 461 552 448 552 448 552 45 3057 

HALL 720 - - - - - - 720 

Total Floor 4751 2579 3545 3806 2988 3250 1386 22306 

 

Table 2. Compactness factor values per block and the entire building (values are expressed in m-1). 

Block\Floor Total Block 

I 0.17 

II 0.18 

III 5.01 

IV 4.01 

V 0.19 

VI 0.23 

VII 0.25 

HALL 0.50 

Total Floor 0.21 

2.1.2 Building geometry simplification and thermal zone definition 

The thermal zones definition is done over the space type basis aforementioned. Due to the size 

and complexity of the building, the resulting number of zones for the entire building (even 

limiting them) is very high: 91 zones. 

In order to make the modeling process as much practical and manageable as possible, and also 

to optimize the computational effort in the simulation stage, the building assembly is divided 

in three individual models (A, B and C). The models’ definition is done by dividing the building 

in groups of blocks according to orientation, refurbishment works proposed in the project and 

the most important, space heating distribution layout (see Figure 7 and section 3.1.2). 
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Figure 7. Hot water distribution circuits. Image similar to the one 
available in BEMS. 

As it can be noticed, some approximations to the geometry must be made in order to create 

convex volumes as the detailed radiation model of TRNSYS requires. 

MODEL A  

 Blocks: I, II and VI 

 Hot water circuits: 1i, 1e and 6 

 Number of zones: 36 

 Total surface area: 10,601 m2 

(47.5%) 

 Exterior Surface Area: 8,527 m2 

 Exterior Percent Glazing:  34.1% 

 

MODEL B 

 Blocks: III, IV, V and Grand Hall  

 Hot water circuits: 3, 4, 5 and 

GPc12 (AHU) 

 Number of zones: 42 

 Total surface area: 8,647 m2 

(38.8%) 

 Exterior Surface Area: 8,558 m2 

 Exterior Percent Glazing: 24.8% 
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MODEL C 

 Blocks: VII  

 Hot water circuits: 7i and 7e  

 Number of zones: 13 

 Total surface area: 3,057 m2 

(13.7%) 

 Exterior Surface Area: 3,425 m2 

 Exterior Percent Glazing: 28.6% 

 

 

 

Model A corresponds to the main model which contains the blocks to be refurbished and the 

remaining ones (B and C) the rest of the building. This model division leads to the possibility to 

perform a renovation of Blocks I, II and VI applying BRICKER active and passive technologies in 

TRNSYS by editing the numerical model of Type 56. For each of these models, the geometry is 

created in Sketch Up software (see Figure 8) and then imported to TRNSYS to be completed 

with the needed information regarding envelope properties, internal gains and infiltration 

rates (for each zone) and also setting radiation modes and heating regimes when necessary. 

 

Figure 8. View of the ISIL building numerical model made with Sketch Up. 

Table 3 presents the nomenclature used to name the resulting zones for all the models. It 

corresponds to a sort of code composed by 6 characters in the form of XX_YY_ZZ. For instance, 

the acronym “B7_F2_OF” refers to an office zone in Block 7 on the second floor. Annex 1 

shows a summary of the resulting zones for the three models indicating their main 

characteristics. 
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Table 3. Nomenclature of zones (XX_YY_ZZ). 

Block (XX)  Floor (YY)  Space Type (ZZ) 

I (B1)  -1 (S1)  Classroom (CL) 

II (B2)  0 (F0)  Canteen (CN) 

III (B3)  1 (F1)  Kitchen (KT) 

IV (B4)  2 (F2)  Laboratory (LB) 

V (B5)  3 (F3)  Office (OF) 

VI (B6)  4 (F4)  Staircase (SC) 

VII (B7)  5 (F5)  Unconditioned (UN) 

Grand Hall (GH)  -  - 

 

2.2 Internal gains 

2.2.1 Occupancy 

The selected approach for modeling occupants’ presence and gains in each thermal zone 

comprises the following steps: 

1. Calculation of the maximum number of persons per zone by estimating an occupancy 

density (m2/person) which is selected according to the space type of the zone (see 

Table 4). 

2. Estimation of the sensible and latent gains per person (W/person) and the radiative 

fraction (%) for a given metabolic rate, which is selected according to the space type of 

the zone (see Table 4). 

3. Calculation of the zone presence value hour per hour according to occupancy 

schedules derived from real metered data (weekday, weekends and holidays) (see 

subchapter 2.2.3). 

Table 4. Occupancy density, sensible and latent gains and radiative fraction according to a specific 
space type. 

Space Type 

Estimated 
Maximum 
Occupancy Activity 

Sensible 
gain 

Latent 
gain 

Radiative 
fraction 

[m2/pers] [W/pers] [W/pers] [%] 

Classroom 2.5 Seated, light work, typing 75 75 58% 

Canteen 1.5 Seated, eating 75 95 58% 

Kitchen 10 Light bench work 100 130 49% 

Laboratory 2.5 
Standing, light work or working 
slowly 

90 95 58% 

Office 10 Seated, light work, typing 75 75 58% 

Staircase - No occupancy - - - 

Unconditioned - No occupancy - - - 
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Most of the values listed in Table 4 have been derived from literature [2], but when additional 

information was not available, some estimations have been done according to the personal 

experience. 

2.2.2 Appliances and lighting 

Due to the size and complexity of the building, it is almost impossible to get a detailed audit of 

all appliances installed in it. Therefore, an approach based on electrical metered data is 

chosen. The selected approach integrates appliances and lighting gains in only one profile. 

Figure 9 shows a weekly box-and-whisker2 plot showing the variation hour per hour of the 

whole building power demand profile. This plot has been created from available metered data 

from 27/09/2013 to 19/06/2014 (265 days). It must be pointed out that this period entirely 

covers the academic activities’ period (not holidays). Blue dots correspond to mean values. 

From the plot, the identical shape of weekday profiles can be noticed. Saturdays and Sundays 

also show a clear shape. 

 

Figure 9. Boxplot of whole-building electrical power profile corresponding to weekdays. 

Once the different daily profiles are identified, it proceeds to obtain the average values (blue 

dots) according to the day types aforementioned. These values are then supplied to the 

simulation model in an hourly basis as a sort of “whole-building appliances and lighting gain 

profile”. 

The chosen way to disaggregate the whole-building values to individual zones is by means of a 

simple weighting factor. This weighting factor is defined as the quotient between the zone 

surface area and the sum of all the zones for which appliances and lighting gain is allowed. 

Table 5 shows a first disaggregation made by defining gain allowance for the different blocks. 

 

 

                                                           
2 For details see http://en.wikipedia.org/wiki/Box_plot  
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Table 5. Block allowance for appliances and lighting gains. 

Block 
Surface 

Surface percentage 
(Block/Whole building) 

Block Allowance 
Gain Block 

Division 

m2 [%] {0,1} [%] 

I 5,450 24% 1 25% 

II 2,045 9% 1 9% 

III 3,833 17% 1 18% 

IV 1,888 8% 1 9% 

V 2,207 10% 1 10% 

VI 3,106 14% 1 14% 

VII 3,057 14% 1 14% 

Grand Hall 720 3% 0 0% 

 

Once inside the blocks, the division of the whole-building appliances and lighting gain profile is 

done by weighting the surface over the whole “allowed” block surface area. In order to divide 

sensible gains at zone level, radiative fractions are provided according to the space type. See 

Table 6. 

This approach has been chosen for being a compromise between reality and practice. 

Nevertheless, it presents some of the limitations such as: 

 The fact of using average profile may overestimate and/or underestimate gains for 

some spaces.  

 The values supplied also contain power demands corresponding to HVAC system and 

auxiliaries. However, the daily shape of the profile as well as its repeatability along the 

year makes supporting the presumption that its influence can be negligible. 

 

Table 6. Space type, space allowance and radiative fraction for appliances and lighting gains. 

Space Type 
Space Allowance Radiative fraction 

{0,1} [%] 

Classroom 1 58% 

Canteen 1 58% 

Kitchen 1 49% 

Laboratory 1 58% 

Office 1 58% 

Staircase 0 49% 

Unconditioned 0 58% 

2.2.3 Schedules 

As corroborated in Figure 9, during the academic activities’ period (weeks 1-27 and 34-52), the 

building usage depends on the type of day: weekday, Saturday or Sunday. For each of them, 

the building occupancy, the control of the heating and the energy usage profile is different. 

The building is only occupied on weekdays and Saturdays (some spaces of blocks I and III). The 

courses begin at 8:30 until 12:30 (during the morning) and from 14:30 to 17:30 (during the 

afternoon). After 18:30, the building should be totally closed unless evening courses are given. 

No information about the opening time of the building is available. During weekends, holidays 
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and summer vacations building is closed. Summer vacations comprise a period of 6 weeks 

(from 28 to 33). 

For modeling purposes, the occupancy schedule has been identified from real electrical data. 

Occupancy is allowed only during weekdays and only during the academic activities’ period. 

Figure 10 shows the diversity factors used hour by hour to quantify occupancy gains where the 

values correspond to the percentage of the people present in each zone with respect to the 

nominal occupancy calculated from data contained in Table 4. The resulting occupancy period 

on a monthly and yearly basis is listed in Table 7. 

 

Figure 10. Occupancy schedule for weekdays. 

Table 7. Estimated occupancy period on monthly basis. 

Month 
Occupancy 

[h] 

January 253 

February 220 

March 242 

April 231 

May 253 

June 231 

July 55 

August 110 

September 220 

October 253 

November 242 

December 231 

Year 2541 

 

Concerning to the internal gains, during the academic period, it is considered a weekly profile 

such as shown in Figure 9. On the other hand, during summer vacations, the profile 

corresponding to Sundays (Figure 9) is applied over the entire period. 
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2.3 Ventilation and infiltration rates 

ISIL building does not comprise of a centralized ventilation system. Only some small AHUs are 

individually located in some laboratories in order to ventilate spaces which could be saturated 

of pollutants. The remaining spaces (other than labs) only count with natural ventilation, which 

is not taken into account in this model. 

At this stage of the report and for energy demand calculations, no ventilation is set in any zone 

and only infiltration rates are allowed. A constant value equal to 0.6 h-1 all along the year is 

assumed in all the thermal zones. 

 

2.4 Shadings 

This existing building does not have any external shading system. However the shading effect 

caused by surrounding buildings or part of ISIL buildings are taken into account into the 

TRNSYS building model. 

 

2.5 Building assemblies 

2.5.1 Opaque structures 

All opaque structures have been modeled using building materials and their respective 

thermophysical properties provided by Province of Liège. These details are listed in Table 8. 

Table 8. Thermophysical properties of materials.  

Material 
λ cp ρ R 

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

Concrete 1.130 1 1400 - 

Waterproofing membrane 0.169 1 1200 - 

Mineral wool 0.044 0.9 80 - 

Tile 1.000 1 2000 - 

Mortar 1.400 1 2000 - 

Steel profiled planes 113.3 0.418 6600 - 

Brick Solid 0.869 1.4 1800 - 

Brick Perforated 0.760 1 1600 - 

Bluestone 0.989 1 1800 - 

Vertical Air Layer - - - 0.1692 

Horizontal Air Layer - - - 0.1692 

 

Six different types of exterior walls are used to model the building envelope.  

Table 9 summarizes their main characteristics and Figure 11 shows the exact location of each 

type of wall. The composition of exterior walls and their thermophysical characteristics are 
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shown from Table 10 to Table 14.The description of the remaining opaque assemblies is then 

listed from Table 16 to Table 19. 

Block V

Block IBlock II

B
lo

ck
 V

II

Block VI

Block IIIBlock IV

Grand 

Hall

EXT_WALL_SW_EF_L0
EXT_WALL_SW_EF_RL
EXT_WALL_SW_EF_GL

EXT_WALL_NE_EF_AL

EXT_WALL_IF_S0
EXT_WALL_IF_RL  

Figure 11. Location of exterior walls. 

 

Table 9. Summary of exterior walls assemblies. 

# TRNSYS Name Location Reference 

1 EXT_WALL_SW_EF_L0 External Facade (West and South) – Under and ground floor Table 10 

2 EXT_WALL_SW_EF_RL External Facade (West and South) – Remaining Levels Table 11 

3 EXT_WALL_SW_EF_GL 
Wall containing glass panels. External Facade (West and 
South) - All Levels 

Table 12 

4 EXT_WALL_NE_EF_AL External Facade (East and North) - All Levels Table 13 

5 EXT_WALL_IF_S0 Exterior wall - Internal Facade - Under and ground floor Table 14 

6 EXT_WALL_IF_RL Exterior wall - Internal Facade - Remaining Levels Table 15 
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Table 10. Exterior wall assembly (South and West, levels S1 and F0). 

         Boundary conditions External 

Optical characteristics of finishing layers and convective heat transfer coefficients  

    Absortance Reflectivity Emissivity 
Convective 

heat 
Transfer 

Convective 
heat 

transfer  

          [W/m2K] [kJ/hm2K] 

I Inside/front 0.6   0.9 7.7 27.7 

O Outside/back 0.6   0.9 25 90.0 

Layers (inside/front to outside/back)  

Nº Material Thickness  
Thermal 

conductivity 
Density 

Specific 
heat 

Resistance 

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

- 
Front superficial 
resistance - - - - 0.13 

- 
Back superficial 
resistance - - - - 0.04 

1 Concrete 0.38 1.13 1400 1 0.34 

2 Bluestone 0.1 0.99 1800 1 0.10 

 
 Total thickness [m] UTRNSYS [W/m2K] U [W/m2K] 

    0.48   1.65   1.65 

 

Table 11. Exterior wall assembly (South and West, all levels). 

         Boundary conditions External 

Optical characteristics of finishing layers and convective heat transfer coefficients 

    Absortance Reflectivity Emissivity 
Convective 

heat 
Transfer 

Convective 
heat 

transfer  

          [W/m2K] [kJ/hm2K] 

I Inside/front 0.6   0.9 7.7 27.7 

O Outside/back 0.6   0.9 25 90.0 

Layers (inside/front to outside/back)  

Nº Material Thickness  
Thermal 

conductivity 
Density 

Specific 
heat 

Resistance 

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

- 
Front superficial 
resistance - - - - 0.13 

- 
Back superficial 
resistance - - - - 0.04 

1 Concrete 0.3 1.13 1400 1 0.27 

2 Bluestone 0.1 0.99 1800 1 0.10 

   Total thickness [m] UTRNSYS [W/m2K] U [W/m2K] 

    0.4   1.86   1.86 
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Table 12. Exterior wall assembly (South and West, glazed facades). 

         Boundary conditions External 

Optical characteristics of finishing layers and convective heat transfer coefficients  

    Absortance Reflectivity Emissivity 
Convective 

heat 
Transfer 

Convective 
heat 

transfer  

          [W/m2K] [kJ/hm2K] 

I Inside/front 0.6   0.9 7.7 27.7 

O Outside/back 0.6   0.9 25 90.0 

Layers (inside/front to outside/back)  

Nº Material Thickness  
Thermal 

conductivity 
Density 

Specific 
heat 

Resistance 

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

- 
Front superficial 
resistance - - - - 0.13 

- 
Back superficial 
resistance - - - - 0.04 

1 Concrete 0.2 1.13 1400 1 0.18 

2 Mineral wool 0.02 0.044 80 0.9 0.45 

3 Horizontal Air Layer - - - - 0.17 

   Total thickness [m] UTRNSYS [W/m2K] U [W/m2K] 

    0.22   1.04   1.04 

 

Table 13. Exterior wall assembly (North and East, all levels). 

         Boundary conditions External 

Optical characteristics of finishing layers and convective heat transfer coefficients  

    Absortance Reflectivity Emissivity 
Convective 

heat 
Transfer 

Convective 
heat 

transfer  

          [W/m2K] [kJ/hm2K] 

I Inside/front 0.6   0.9 7.7 27.7 

O Outside/back 0.6   0.9 25 90.0 

Layers (inside/front to outside/back)  

Nº Material Thickness  
Thermal 

conductivity 
Density 

Specific 
heat 

Resistance 

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

- 
Front superficial 
resistance - - - - 0.13 

- 
Back superficial 
resistance - - - - 0.04 

1 Concrete 0.3 1.13 1400 1 0.27 

2 Brick Solid 0.12 0.87 1800 1.4 0.14 

   Total thickness [m] UTRNSYS [W/m2K] U [W/m2K] 

    0.42   1.74   1.74 
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Table 14. Exterior wall assembly facing the internal courtyard (levels S1 and F0). 

         Boundary conditions External 

Optical characteristics of finishing layers and convective heat transfer coefficients  

    Absortance Reflectivity Emissivity 
Convective 

heat 
Transfer 

Convective 
heat 

transfer  

          [W/m2K] [kJ/hm2K] 

I Inside/front 0.6   0.9 7.7 27.7 

O Outside/back 0.6   0.9 25 90.0 

Layers (inside/front to outside/back)  

Nº Material Thickness  
Thermal 

conductivity 
Density 

Specific 
heat 

Resistance 

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

- 
Front superficial 
resistance - - - - 0.13 

- 
Back superficial 
resistance - - - - 0.04 

1 Concrete 0.38 1.13 1400 1 0.34 

2 Bluestone 0.1 0.99 1800 1 0.10 

   Total thickness [m] UTRNSYS [W/m2K] U [W/m2K] 

    0.48   1.65   1.65 

 

Table 15. Exterior wall assembly facing the internal courtyard (from level F1 to F5). 

         Boundary conditions External 

Optical characteristics of finishing layers and convective heat transfer coefficients  

    Absortance Reflectivity Emissivity 
Convective 

heat 
Transfer 

Convective 
heat 

transfer  

          [W/m2K] [kJ/hm2K] 

I Inside/front 0.6   0.9 7.7 27.7 

O Outside/back 0.6   0.9 25 90.0 

Layers (inside/front to outside/back)  

Nº Material Thickness  
Thermal 

conductivity 
Density 

Specific 
heat 

Resistance 

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

- 
Front superficial 
resistance - - - - 0.13 

- 
Back superficial 
resistance - - - - 0.04 

1 Concrete 0.38 1.13 1400 1 0.34 

2 Brick Perforated 0.12 0.76 1600 1 0.16 

   Total thickness [m] UTRNSYS [W/m2K] U [W/m2K] 

    0.5   1.51   1.51 
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Table 16. External roof assembly. 

         Boundary conditions External 

Optical characteristics of finishing layers and convective heat transfer coefficients  

    Absortance Reflectivity Emissivity 
Convective 

heat 
Transfer 

Convective 
heat 

transfer  

          [W/m2K] [kJ/hm2K] 

I Inside/front 0.6   0.9 10.0 36.0 

O Outside/back 0.6   0.9 25 90.0 

Layers (inside/front to outside/back)  

Nº Material Thickness  
Thermal 

conductivity 
Density 

Specific 
heat 

Resistance 

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

- 
Front superficial 
resistance - - - - 0.10 

- 
Back superficial 
resistance - - - - 0.04 

1 Concrete 0.2 1.13 1400 1 0.18 

2 Horizontal Air Layer - - - - 0.17 

   Total thickness [m] UTRNSYS [W/m2K] U [W/m2K] 

    0.2   2.06   2.06 

 

Table 17. Ground floor assembly. 

         Boundary conditions External 

Optical characteristics of finishing layers and convective heat transfer 
coefficients     

    Absortance Reflectivity Emissivity 
Convective 

heat 
Transfer 

Convective 
heat 

transfer  

          [W/m2K] [kJ/hm2K] 

I Inside/front 0.6   0.9 5.9 21.2 

O Outside/back     - - - 

Layers (inside/front to outside/back)  

Nº Material Thickness  
Thermal 

conductivity 
Density 

Specific 
heat 

Resistance 

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

- 
Front superficial 
resistance - - - - 0.17 

- 
Back superficial 
resistance - - - - 0.04 

1 Concrete 0.2 1.13 1400 1 0.18 

2 Mortar 0.08 1.4 2000 1 0.06 

3 Tile 0.02 1 2000 1 0.02 

   Total thickness [m] UTRNSYS [W/m2K] U [W/m2K] 

    0.3   2.16   2.16 
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Table 18. Adjacent and internal boundary walls assemblies. 

         Boundary conditions Adjacent 

Optical characteristics of finishing layers and convective heat transfer coefficients  

    Absortance Reflectivity Emissivity 
Convective 

heat 
Transfer 

Convective 
heat 

transfer  

          [W/m2K] [kJ/hm2K] 

I Inside/front 0.6   0.9 7.7 27.7 

O Outside/back 0.6   0.9 7.7 27.7 

Layers (inside/front to outside/back)  

Nº Material Thickness  
Thermal 

conductivity 
Density 

Specific 
heat 

Resistance 

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

- 
Front superficial 
resistance - - - - 0.13 

- 
Back superficial 
resistance - - - - 0.13 

1 Concrete 0.2 1.13 1400 1 0.18 

2 Mortar 0.08 1.4 2000 1 0.06 

   Total thickness [m] UTRNSYS [W/m2K] U [W/m2K] 

    0.28   2.02   2.02 

 

Table 19. Adjacent ceiling assembly. 

         Boundary conditions Adjacent 

Optical characteristics of finishing layers and convective heat transfer coefficients  

    Absortance Reflectivity Emissivity 
Convective 

heat 
Transfer 

Convective 
heat 

transfer  

          [W/m2K] [kJ/hm2K] 

I Inside/front 0.3   0.9 5.9 21.2 

O Outside/back 0.3   0.9 5.9 21.2 

Layers (inside/front to outside/back)  

Nº Material Thickness  
Thermal 

conductivity 
Density 

Specific 
heat 

Resistance 

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

- 
Front superficial 
resistance - - - - 0.17 

- 
Back superficial 
resistance - - - - 0.17 

1 Concrete 0.2 1.13 1400 1 0.18 

2 Mortar 0.08 1.4 2000 1 0.06 

3 Tile 0.02 1 2000 1 0.02 

   Total thickness [m] UTRNSYS [W/m2K] U [W/m2K] 

    0.3   1.69   1.69 



Simulation report of Belgian demonstrator. Definition of baseline scenario 24 / 95 

 

 

 

BRICKER 

GA nº 609071 

 

 

2.5.2 Transparent structures 

Table 20, Table 21 and Table 22 summarize thermophysical and optical properties of all 

window elements present in the building. 

Table 20. Summary of exterior windows. 

# TRNSYS Name Location Reference 

1 EXT_WIN_SG 
External Facade (West and South) – Under and 
ground floor 

Table 21 

2 EXT_WIN_DG 
External Facade (West and South) – Remaining 
Levels 

Table 22 

 

Table 21. Window with single glass. 

     Boundary conditions External 

Glazing properties       

Nº Name Thickness  Thermal 
transmittance  

Solar factor g 

    [mm] [W/m2K]   

1 Single glazing 4 5.68 0.855 

Frame properties       

Nº 
Material 

%frame 
Thermal 

transmittance 
Solar 

absorptance 

      [W/m2K]   

1 Aluminum lacquered 30% 5.7 0.75 

Shading devices       

Nº Name Transmission Absorption Reflection 

 
  

 
    

- - - - - 

 

Table 22. Window with double glass. 

     Boundary conditions External 

Glazing properties       

Nº Name Thickness  Thermal 
transmittance 

Solar factor g 

    [mm] [W/m2K]   

1 Double glazing 4 + 6 + 4 2.83 0.755 

Frame properties       

Nº 
Material 

%frame 
Thermal 

transmittance 
Solar 

absorptance 

      [W/m2K]   

1 Aluminum lacquered 20% 5.7 0.75 

Shading devices       

Nº Name Transmission Absorption Reflection 

          

- - - - - 

 



Simulation report of Belgian demonstrator. Definition of baseline scenario 25 / 95 

 

 

 

BRICKER 

GA nº 609071 

 

 

2.6 Indoor comfort conditions 

Indoor comfort conditions are satisfied by setting a setpoint temperature during winter season 

(Table 23). Heating season covers the period comprised between weeks 01-19 and 38-52 (15th 

of September to 15th of May, approximately). Heating setpoint temperature is defined for each 

block according to the different building usage. 

Two indoor setpoint schedules are defined (normal and extended) and assigned differently to 

different blocks (Table 24). Each schedule is used in order to distinguish between occupied and 

unoccupied periods. Within occupied periods, air temperature setpoint of Table 23 is used, 

whereas a value of setback temperature of 16°C is used when occupancy is null. 

Since air temperature is not controlled during the summer, overheating might occur. No 
humidity control is considered during either winter or summer season. 

Table 23. Main aspects about space heating definition and control. 

Circuit 
Corresponding 

block(s) 

Location of 
temperature 

sensor 

Model 
zone 

Set point 

temperature Schedule 

type 

[°C] 

1i 
Block I and  II 

(internal) 
428 B1_F4_CL 20 Extended 

1e 
Block I and  II 

(external) 
425 B1_F4_CL 20 Extended 

3 Block III 403 B3_F4_CL 20 Extended 

4 Block IV 2nd floor B4_F2_CL 20 Normal 

5 Block V 408 B5_F4_CL1 20 Extended 

6 Block VI 311 B6_F3_LB 20 Normal 

7i Block VII (internal) 463 B7_F4_CL 19 Normal 

7e Block VII (external) 319 B7_F3_LB 18 Normal 

12 Grand Hall GH GH_S1_LB 20 GH 

 

Table 24. Space heating schedules. 

N° Day type Extended Schedule Normal Schedule GH Schedule 

1 Weekday 07:30 – 19:30 07:30 – 16:30 09:00 – 17:00 

2 Saturday 07:30 – 12:00 Off Off 

3 Sunday and holidays Off Off Off 

 

It must be pointed out that “GH schedule” does not consider setback operation. It means out 

of the working period the heating is OFF regardless the state of the indoor temperature. 

2.7 Building energy demand 

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

of the ISIL building has been conducted. The behavior of the building has been analyzed by 

using a simulation time step of 30 minutes. A preconditioning period of one month has been 
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used in order to discard initial simulation periods in which initial conditions might affect 

simulation results. Concerning to radiative fraction of the total emitted power, at “IDEAL” 

simulation stage was used a fixed value equal to 15%. 

The simulation of models A, B and C has been carried out one at time (as they correspond to 3 

different TRNSYS files). Since the aim of this work is the calculation of yearly heating energy 

demand and in any case the energy distribution system is independent among the single 

blocks (see subchapter 3.1.2), the decision to model the building in three components will not 

affect the correctness of the work and the simulation results in general. 

2.7.1 Simulation results 

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

gross surface area, as shown for instance in Figure 12 and Figure 13. 

 

Figure 12. Yearly energy balance per block. 

 

Figure 13. Yearly energy balance per floor. 
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According to the assumptions already explained in the previous subchapters and the 

simulation parameters introduced in this one, the total heating demand at whole building level 

amounts to 4.089 GWh/y or in specific terms to 183 kWh/(m2y). 

Figure 12 and Figure 13 show the components of the annual indoor energy balance (gains and 

losses) per block and floor respectively, emphasizing the relative importance of the heating 

demand (red bars). 

In addition, Figure 14 shows the division of the annual heating demand by floors and blocks in 

percentage.  

 

  

Figure 14. Yearly heat demand division per block (left) and floor (right). 

Table 25 shows the disaggregation of the specific heating demand per floor and block at the 

same time. 

Table 25. Specific heating demand in kWh/(m2y) divided by floor and blocks. 

Floor\Block I II III IV V VI VII Grand Hall 
Total 

Floor 

-1 311 178 287 - 308 427 323 215 249 

0 152 167 199 - 132 159 171 - 163 

1 99 138 145 221 156 136 88 - 140 

2 127 121 136 245 156 142 135 - 151 

3 88 117 143 - 156 144 83 - 121 

4 152 123 227 - 236 245 245 - 205 

5 202 244 451 - 411 - 341 - 279 

Total Block 164 156 209 137 200 216 178 215 183 

 

As shown in Figure 12 and Figure 13, the relative importance of solar gains increases as we go 

to south oriented blocks such as I, VI and VII. This increment is also perceived in the upper 

floors which receive larger amounts of beam radiation (no surrounding shading elements). 
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Transmission losses are in general very high due to the poor quality of the building envelope 

(opaque and transparent structures). The biggest values correspond to those floors which 

present the greatest amount of surface of its envelope, exposed to external conditions 

(underground and floors 4 and 5). 

The specific heating demand follows the same trend as transmission losses. The fact that floor 

5 presents a comparative smaller value in the heating demand sharing shown in Figure 14 

(right), is none other than, it has a considerably lesser surface area than level S1 and F4. 

Building blocks I and VI will be subjected to renovation works and their respective heating 

demand are 164 kWh/(m2y) and 216 kWh/(m2y). It corresponds to the 38% of the heating load 

of the entire building. A preliminary calculation of the effect that the retrofit potential on both 

blocks has on the whole building can be done. Assuming progressive renovation scenarios in 

the reduction of the heating demand of block I and VI from 25% to 75%, the reduction of the 

heating demand on the building level will range between 9.6% and 28.7% (Figure 15). A 

detailed calculation of the renovation scenarios and their relative impact on the block and 

whole building level will be represented in next BRICKER reports. 

 

Figure 15. Effect of the renovation measures on Block I and VI on the whole building heating demand. 

Moving towards the analysis of heating power demand, Figure 16 shows a box-and-whisker 

plot showing the variation of the specific power per block. This plot has been created from the 

simulation results. The heating season comprises of 5736 hours/y (see subchapter 2.6). 
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Figure 16. Boxplot of specific power heating demand per blocks. 

Upper and lower edges of the blue boxes correspond to the 25th and 75th percentiles. The red 

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

to mean values. The whiskers (dotted lines) extend to the extreme values without considering 

outliers. Outliers are plotted separately (red crosses). 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). 

It must be pointed out that “Grand Hall” is not shown in this graph only because the number of 

hours of its heating season is considerably lower than the remaining blocks. This situation 

makes the graph shows a median value equal zero and the remaining ones as outliers. 

Table 26 presents a summary of power heating demand corresponding to 95th percentile, 99th 

percentile and maximum value. 

Table 26. Power heating and specific heating demand divided by blocks. 

Block 

Specific Power Demand Power Demand 

[W/m2] [kW] 

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

I 82.7 102.5 129.2 451 559 704 

II 83.6 102.8 126.0 171 210 258 

III 97.6 118.7 146.2 374 455 560 

IV 58.5 73.1 88.2 111 138 167 

V 99.5 123.2 151.5 220 272 334 

VI 98.3 124.0 150.6 305 385 468 

VII 81.5 105.1 128.0 249 321 391 

GH 236.8 320.3 459.3 171 231 331 

Total 88.0 110.0 131.7 1,962 2,453 2,937 

 

As expected, a considerable difference for the three set of values (shown in Table 26) can be 

noticed. In fact, looking at total building power demand the 95% of the heating season (5449 

of 5736 hours) the power demand is lesser or equal than 1,962 kW (88.0 W/m2) which 

corresponds to a 66.8% of the maximum needed power demand. A similar exercise can be 

done looking at the 99th percentile. Values show that only 58 hours of the heating season, the 

Block I Block II Block III Block IV Block V Block VI Block VII Total

0

50

100

150

Specific Power Heating Demand
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power demand is greater than 2,453 kW (131.7 W/m2) which corresponds to an 83.5% of the 

maximum power demand. 

 

Figure 17. Heating load curves for each block 

Figure 17 shows the heating load curves obtained for each block. It complements in a graphical 

way, the issues explained in the previous section. 

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

heating 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. 

The Grand Hall curve descends because the heating is allowed during a fixed amount of time 

which is considerable less than the whole building heating season. Additionally, no indoor 

setback temperature is defined for this zone. 

2.7.2 Plausibility checks 

In order to establish the good performance of the model predictions, a plausibility check of the 

results has been additionally conducted. This activity consisted in checking: 

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

 the convergence error for each individual zone (the absolute maximum value never 

exceeded 2.3×10-10 kWh/year); 

 the overall building simulation results with those of a simplified thermal zone under 

the same boundary conditions (see reference 4). 

A complementary analysis is also done in order to verify the correct modeling and effect of 

external shading over the transparent surfaces of the building (solar gains). Two groups of 
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zones corresponding to classrooms and stairs were chosen because of the external façade 

similarity across the different levels in terms of fenestration ratio, floor area and orientation 

(all facing north). Results are shown in Figure 18. 

  

Figure 18. Solar gain evaluation for zones B2_YY_SC and B5_YY_CL2. 

The chosen zones’ characteristics allow to evaluate the effect of external shading on solar 

gains without any interference of the building itself. In Figure 18 the specific solar gains for the 

zones “B2_YY_SC” (floor area: 119.5 m2, glazing surface: 22.6 m2) and “B5_YY_CL2” (floor area: 

137.3 m2, glazing surface: 24.6 m2) are plotted together with the relative fenestration ratio for 

each level. For both groups of zones, the values of solar gain increase according to the height 

as expected, therefore it can be concluded that the external shading effect has been properly 

modeled. 

 

2.8 Overheating risk 

Since there is no cooling system installed, the indoor air temperature floats during the 

summertime and overheating might occur. Although cooling demand is unlikely in Belgian 

conditions, it is important to quantify the overheating risk throughout the year because of the 

moderately high value of specific internal gains. In order to do this, the calculation of the 

overheating period 𝜏𝑂𝐻 and the overheating degree hours (𝑂𝐷𝐻) have been carried. The first 

one is defined as the time period (in hours) in which the indoor air is higher than 25°C, 

whereas the second one is the integral in time of the positive temperature difference between 

the simulated indoor air temperature and the threshold temperature value of 25°C. 

The results of this analysis for Block I and VI are graphed in Figure 19 and Figure 20, whereas 

the same graphs for those blocks that will not be renovated are placed in Annex 7.3. From 

these results it can be noticed how Block I and VI have the highest overheating risk both in 

terms of overheating period 𝜏𝑂𝐻 (both present an average value of 11%) and overheating 

degree hours 𝑂𝐷𝐻 (average about 587 and 478 K-hr).  

With this regards their behaviour is very similar because of the exposure of transparent 

surfaces along the East-West direction. 
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Figure 19. Overheating period and Overheating Degree Hours for Block I before the renovation. 

 

Figure 20. Overheating period and Overheating Degree Hours for Block VI before the renovation. 

In Figure 21, it can be appreciated the relationship between these two comfort indicators 

computed for each building block. In general it should be pointed out that any renovation of 

the building envelope (windows replacement or installation of insulation) increases the risk of 

overheating and therefore necessitates cooling demand also in those locations where there 

was hardly any before. In the case of Block I and VI it is likely that the foreseen renovation of 

the building façade should be capable of addressing this issue. Dedicated strategies and an 

optimized integration of BRICKER technologies should be developed and applied in practice 

according to the building owner needs and budget available. 
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Figure 21. Relationship between Overheating Degree Hours and overheating period for the ISIL 
building before the renovation. 

 

2.9 Sensitivity analysis on infiltration rates 

As presented in section 2.3, the infiltration rate is one of the most difficult parameter to be 

estimated. This parameter depends to different parameters such as the occupant’s behavior, 

the building typology, the tightness of the envelope, the wind pressure on external surfaces 

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

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

monitoring data. A calibration of the model can then be carried out and the user’s window 

opening profile can be recreated. 

In order to show the dependency in the specific Belgian demo building, a small sensitivity 

analysis for different values of infiltration rate has been conducted. Initially a value of 0.6 h-1 

has been assumed according to the own experience and the typical infiltration rates of similar 

building in Belgium. This value has been varied between 0.4 h-1 and 1.0 h-1. The aim is mainly of 

proving the goodness of the assumptions made but also to become aware of the influence of 

the infiltration rate on the specific heating demand. 

The relevance of this consideration can be appreciated looking at the simulation results 

depicted in Figure 22 and Figure 23. In both classifications, the dependency of the specific 

heating demand to the infiltration rate is linear. At block level the variation in relative terms is 

very similar among the blocks and it ranges between -11% and +23% of the specific heating 

demand calculated with an infiltration rate of 0.6 h-1. The relative variation at floor level is 

higher because of the jagged building profile and varied between -14% and +29%. 
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Figure 22. Dependency of the specific heating 
demand of building blocks to a variation of 
infiltration rates. 

Figure 23. Dependency of the specific heating 
demand of the building floors to a variation of 
infiltration rates. 

At the whole building level, the simulation results lie within a variation band of -9% to +19% 

with respect to the simulation presented in section 2.7. For the time being these results can be 

considered satisfactory as they demonstrate the plausibility of the assumptions made in the 

building modelling. 
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3 HVAC and energy system 

3.1 Heating system 

The HVAC system installed in the ISIL building aims to cover space heating through high 

temperature radiator terminals in most of the spaces and 3 AHUs specifically located in 3 

different laboratories. Further, ventilation is provided in some laboratories by some small 

AHUs (different to the ones aforementioned) which do not belong to any centralized system 

and are operated only few hours throughout the year. 

The existing heating system can ideally be classified into primary and secondary loops. The 

primary loop comprises of the energy generation components (gas boilers), whereas the 

secondary loop consists of the heating distribution devices as well as the circulating pumps and 

pipes. These loops are separated by an intermediate heat exchanger, as shown in Figure 24. 

 

Figure 24. Existing energy system layout. 

In the next sections, all issues related to components, control, operation and modeling 

approach of the heating system are introduced, explained and discussed. 

3.1.1 Primary side: energy generation system 

The present heating generation system comprises 3 non-condensing natural gas boilers 

equipped with a two-stage burner each (see Table 27). 

Boilers 1 and 2 operate in cascade. Boiler 3 is normally in standby mode and is only used in 

severe climatic conditions when ambient temperature drops down -5 °C. Each single boiler can 

be operated at low and high gas flow rates according to the needs. The boiler cascade 

operates in the following way: 
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1. Boiler 1 is operated at low gas flow rate (136 m3/h – 1564 kW); 

2. Boiler 2 is operated at low gas flow rate (136 m3/h – 1564 kW); 

3. Boiler 1 is operated at high gas flow rate (232 m3/h – 2668 kW); 

4. Boiler 2 is operated at high gas flow rate (232 m3/h – 2668 kW); 

5. When the ambient temperature is lower than -5°C boiler 3 is activated at low gas flow 

rate (129 m3/h – 1484 kW); 

6. If severe climatic conditions persist, boiler 3 is operated at high gas flow rate (257 

m3/h – 2956 kW). 

Values in kW were calculated using a PCI value equal to 41400 kJ/m3, which was obtained from 

the website of the de gas provider3. 

Table 27. Characteristics of boilers and their corresponding circulation pumps. 

Name Brand 
Nominal 
power 

LHV 
efficiency 

Pump model 

Volumetric 
flow 

Electrical 
power 

[m3/h] [kW] 

Boiler 
1 

Ygnis 2300 kW 
No 

information 
Wilo IPN 100/224 – 

5.5/4 
80 5.05 

Boiler 
2 

Ygnis 2300 kW 
No 

information 
Wilo IPN 100/224 – 

5.5/4 
80 5.05 

Boiler 
3 

Ygnis 2900 kW 
No 

information 
Wilo IPN 125/224 – 

5.5/4 
100 4.97 

 

As shown in Table 26, pumps used in the circuits of Boiler 1 and 2 have a rated power 

consumption of 5.05 kW and nominal flowrate of 80 m3/h, whereas the pump used in Boiler 3 

circuit has a rated power consumption of 4.97 kW and nominal flowrate of 100 m3/h. All three 

pumps are considered to have a total efficiency of 0.52 and a motor efficiency of 0.95. 

Power coefficients of these pumps were derived using the data provided by their respective 

datasheet performance curves. Figure 25 shows the performance curve of the pumps serving 

the boilers 1 and 2. 

                                                           
3 Source: client.netseenergy.fr   
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Figure 25. Characteristics of the circulation pump installed in the gas boiler (model: Wilo IPn 110/224-
5.5/4). 

As mentioned earlier, primary side (energy generation system) and secondary side (hot water 

distribution system) are divided by a plate heat exchanger, which allows balancing the flow 

rates at both sides. It is a counter flow heat exchanger with a nominal heat transfer capacity of 

7500 kW and an exchange surface area of 83.7 m2 (Figure 26). It has been designed with 

maximum mass flow rates of 325 m3/h (±5%) and 240 m3/h (±5%) on the primary and 

secondary side, whereas the respective inlet/outlet temperature are 80°C/60°C on the 

generation circuit and 45°C/75°C on the distribution circuit. Table 28 shows the technical 

specifications and the fluid design conditions of the heat exchanger. 
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Figure 26. Geometrical description of the intermediate heat exchanger (model: Alfa Laval M15-BF68). 

Table 28. Heat exchanger’s design conditions. 

Fluid properties Unit Hot fluid side Cold fluid side 

Density kg/m3 975.6 980.2 

Specific Heat kJ/(kg K) 4.18 4.18 

Volumetric Flow m3/h 332.6 218.0 

Supply Temperature °C 80.0 45.0 

Exhaust Temperature °C 60.0 75.0 

 

The operation of the heating plant is allowed during the whole heating season. A detailed 

explanation of the control strategy is provided in the next subchapters. 

3.1.2 Secondary loop: energy distribution system 

Hot water distribution comprises 8 hydraulic circuits for indoor heating (radiators) and 3 for 

ventilation units (see Figure 27). 

  

Figure 27. Hot water distribution circuits and print screen of BEMS scheme for circuit 6. 
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Each of the 8 indoor heating circuits is uniquely dedicated to each individual block, except for 

the blocks I and VII which have 2 circuits each (one per façade). For modelling purposes they 

are grouped into 2 individual ones (C1i/C1e and C7i/C7e). This simplification was done because 

the implemented building zoning approach does not allow dividing the blocks I and VII in 

internal and external facades, respectively, as it is in reality. 

Each circuit used for indoor heating purposes (C1 to C7), is equipped with a three-way valve 

which allows mixing the supply and return water flows in order to ensure the achievement of 

the indoor temperature set point values. This also applies for circuit C12 which serves the 

heating coil of a big AHU located in the “Grand Hall”. 

The activation of the circulation pumps for each of these circuits is based on the air 

temperature sensor installed in a reference zone (Table 23). 

The remaining 2 circuits (C13 and C14) count with a two-way valve each. It only allows (or not) 

the water flowing (0 or 100%). The circulation pumps serving these circuits are activated 

whenever an AHU is activated. 

The entire hydraulic circuit comprises 9 distribution pumps (6 for radiators and 3 for AHUs). 

Table 29 shows the list of them. 

Table 29. Heating distribution water pumps. 

Circuit Brand Type 
Nominal flow rate Nominal power 

[m3/h] [kW] 

C1i/C1e WILO Top S 65/10 & Top S 65/13 53.2 1.82 

C3 WILO Top S 65/13 27.1 1.17 

C4 WILO Top S 40/10 8.5 0.40 

C5 WILO Top S 65/10 15.1 0.57 

C6 WILO Top S 65/13 21.3 1.14 

C7i/C7e WILO Top S 40/10 & Top S 50/7 33.2 0.91 

C12 WILO Top S 50/10 25.3 0.66 

C13 WILO Top E 80/1-10 54.0 1.60 

C14 WILO Top E 50/1-10 37.2 0.83 

Hot water collector WILO IPn 125/224-5.5/4 125 5.30 

Hot water collector WILO IPn 125/224-5.5/4 125 5.30 

 

The space heating demand is provided by cast iron radiators which were installed in 1964 (see 

Figure 28). Unfortunately, no performance datasheets are available and therefore the design 

parameters have been taken from literature. 
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Figure 28. Common radiators installed at ISIL building. 

The total ventilation system comprises about 17 AHUs individually located in some 

laboratories in order to keep ventilated those spaces which could be saturated of pollutants. 

Each AHU is equipped with a heating coil in order to warm up the incoming cold air (see Figure 

29). 

  

Figure 29. AHU present in one of the laboratories. 

Due to the fact that the air and water flow rates remain almost constant and close to the 

design values along the simulation period, it is assumed that the heating coil efficiency almost 

no varies neither and may be assumed as a constant value over the whole simulation. 

The operation of AHUs is manual (switch On-Off) but is only allowed (by BEMS) at weekdays 

from 08:00 to 12:10 and from 13:20 to 18:00. Out of these periods and days, it is not possible 

to switch on any ventilation group. 

 

3.2 Energy generation and distribution systems modelling 

In this section, the assumptions concerning the definition of the numerical modelling of the 

energy generation and distribution systems are reported. 
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Figure 30. Printscreen of the TRNSYS layout of the energy generation system. 

3.2.1 Capacitance effects at boiler level 

Thermal capacitive effects are crucial while modeling energy systems. The reason of this is 

mainly to due to the need of capturing the time dependence of the fluid flow along with its 

thermo-physical properties. Due to this reason, accurate sizing of the components with 

capacitance is critical to simulating the energy system. 

For simulation of boilers in the current energy system, there are a couple of available models 

for boiler in TRNSYS, but neither considers capacitance effects. Since thermal inertial effects 

are crucial while modeling a boiler’s behavior, an in-house boiler model considering them is 

developed at Eurac. In this model, the thermal capacitance calculated as shown in Eq. [1] is 

defined as heat stored by water contained inside boiler volume for a unit increase in 

temperature. It is expressed in kJ/h. 

 𝐶𝑏𝑜𝑖𝑙𝑒𝑟 = 𝑉𝑏𝑜𝑖𝑙𝑒𝑟 ∙  𝑐𝑝,𝑤 ∙ 𝜌𝑤 [1] 

The amount of water content in boiler 1 and 2 is 2.07 m3, whereas for boiler 3 the water 

volume is 2.27 m3. 

3.2.2 Capacitance effect of pipes 

Apart from the thermal losses in the water distributions, pipes provide the thermal 

capacitance in primary and secondary loops of the energy system. The arrangement and 

installation of the pipes in the system is a quite complex issue however real data from plans 

was provided by Province of Liège. These data comprise: diameter and length of pipes from 

generation to emission and also the existing layout of the hydraulic circuit. 

In Table 30, a break-down of water content in the whole secondary side of the heating circuit 

is reported. All-in-all the water content is significant and amounts to 29.45 m3. 
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Table 30. Estimation of the water content in the secondary side of the energy system (values are 
expressed in liters). 

Circuit / Floor -2 -1 0 1 2 3 4 5 Total circuit 

C1 1574 146 170 169 131 99 62 59 2410 

C3 930 91 97 86 70 64 26 11 1375 

C4 502 40 41 30 19 0 0 0 632 

C5 1155 65 74 70 60 42 42 4 1512 

C6 3377 53 55 59 71 67 53 0 3735 

C7 1275 69 63 64 59 34 34 8 1606 

C12 1155 36 9 10 10 10 0 0 1230 

C13 2165 174 28 112 88 104 42 0 2713 

C14 1063 103 108 121 109 63 31 0 1598 

Nr. radiators  48 75 120 113 101 106 46 607 

Water content  802 1138 2454 2342 1992 2451 1211 12390 

Nr. coils  2 0 0 0 11 2 0 15 

Water content  40 0 0 0 150 60 0 250 

Tot. floor 13196 1619 1783 3175 2959 2625 2801 1293 29451 

 

The water content of pipes and coils (AHUs) was calculated and derived from real data. 

However, for radiators an assumption had to be done and corresponds to 5 liters/kW of 

nominal capacity. This assumption is applied once equivalent radiators per thermal zones are 

calculated (see subchapter 3.2.3). 

3.2.3 Arrangement and performance characteristics of radiators 

The available information concerning to radiators’ circuits correspond to the hydraulic layout 

plans and the nominal power of each individual radiator installed in the building (in total 611 

units).  

For modeling purposes, the optimal solution is to determine only one equivalent radiator per 

thermal zone from each single one present in it. To do this, necessarily must be considered the 

current arrangement of the radiators contained in each zone (parallel or series arrangement). 

The first step of the procedure is to create a list individualizing all the circuits arranged in 

series. Immediately, it is calculated an equivalent radiator by following the rules of series 

hydraulic circuits (same mass flow and different emitted power). 

Once done, what remains are only radiators’ circuits in parallel that can be easily aggregated 

into distribution circuits, blocks or thermal zones by following the rules of parallel circuits 

(equivalent water flow and emitted power equal to the sum of the nominal ones of each 

component). 

Table 31 shows the installed power of equivalent radiators per distribution circuit and floor. 
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Table 31. Equivalent radiators’ capacity per distribution circuit and floors. Values expressed in kW. 

Circuit\Floor S1 F0 F1 F2 F3 F4 F5 Total Circuit 

C1 64 115 111 144 112 152 151 849 

C3 6 23 85 82 81 112 36 426 

C4 0 0 80 63 0 0 0 143 

C5 16 30 39 39 41 46 10 221 

C6 19 14 87 86 71 98 0 375 

C7 55 71 63 79 68 115 13 464 

Total Floor 160 253 466 493 373 523 209 2,478 

 

The total installed power at design conditions amounts to 2,478 kW which corresponds to: 

1. 33% of the nominal generation capacity of the heating plant. 

2. 101% of the 99th percentile of heating loads for the whole building obtained in the 

previous simulation stage. 

3. 84% of the maximum heating load for the whole building obtained in the previous 

simulation stage. 

A detailed list for each single zone is presented in Annex 3. 

Figure 31 shows a comparison of the installed emission power per zone versus the maximum 

load obtained by numerical simulation.  

It can be noted the high dispersion of installed power values for some individual zones when 

compared with their ideal values. In low energy demand zones, the difference is larger than in 

those with a high value. In general differences may range from -91% to +74%. 

 

Figure 31. Installed emission power per zone versus the maximum load obtained by numerical 
simulation. 
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The large dispersion makes foresee that some zones do not have the potential to cover the 

comfort conditions. Table 32 provides a summary with the number of zones per block that are 

over or under sized. It provides 3 comparisons: 95th percentile, 99th percentile and maximum 

load. 

Table 32. Number of over and under sized zones per block. 

Block 
95th percentile 99th percentile Maximum load 

TOTAL 
Over sized Under sized Over sized Under sized Over sized Under sized 

B1 11 2 10 3 7 6 13 

B2 7 5 7 5 3 9 12 

B3 10 5 4 11 4 11 15 

B4 2 0 1 1 1 1 2 

B5 9 9 8 10 6 12 18 

B6 7 1 5 3 2 6 8 

B7 10 3 9 4 7 6 13 

TOTAL 56 25 44 37 30 51 81 

 

Figure 31 shows state of the over/under sizing situation for the controlled zones against the 

maximum load. 

 

Figure 32. Installed emission power versus maximum load obtained by numerical simulation. 

Most of the controlled zones present oversized values when comparing with maximum loads. 

For those who do not, B4_F2_CL, B5_F4_CL1 and B6_F3_LB differences change when 

comparing to 95th percentile to +7%, -8% and +73% respectively. 

At modeling stage, each individual radiator is modeled by using TRNSYS type 362 of the 

nonstandard library. It corresponds to a first order dynamic model lumping the metal and 

water thermal capacitance at the exhaust node of the radiator. 



Simulation report of Belgian demonstrator. Definition of baseline scenario 45 / 95 

 

 

 

BRICKER 

GA nº 609071 

 

 

The model consists of a simple heat balance equation where the heat exchange with the 

surroundings depends on the operational state (heating up, normal condition, very low flow 

rates). The heat balance equation is presented in Eq.[2].  

 𝑄𝑠𝑢 − 𝑄𝑟𝑎𝑑 =  𝐶𝑟𝑎𝑑 ∙
𝑑𝑇𝑤,𝑒𝑥ℎ𝑎𝑢𝑠𝑡

𝑑𝑡
 [2] 

The power supply by the water is determined by Eq.[3]: 

 𝑄𝑠𝑢 =  �̇�𝑤 ∙ 𝑐𝑝,𝑤 ∙ (𝑇𝑤,𝑠𝑢𝑝𝑝𝑙𝑦 − 𝑇𝑤,𝑒𝑥ℎ𝑎𝑢𝑠𝑡) [3] 

For the heat emission, this type describes the radiator performance by an exponential 

relationship depending on the temperature difference between radiator and its environment. 

It can be described if one value of the heat emission under “nominal conditions” and the 

exponent 𝑛 are known (Eq. [4]). 

 𝑄𝑟𝑎𝑑 =  𝑄𝑟𝑎𝑑,𝑁 ∙ (
∆𝑇

∆𝑇𝑁
)

𝑛

 [4] 

 
∆𝑇 =

𝑇𝑤,𝑠𝑢𝑝𝑝𝑙𝑦 − 𝑇𝑤,𝑒𝑥ℎ𝑎𝑢𝑠𝑡

Ln (
𝑇𝑤,𝑠𝑢𝑝𝑝𝑙𝑦 − 𝑇𝑎,𝑧𝑜𝑛𝑒

𝑇𝑤,𝑒𝑥ℎ𝑎𝑢𝑠𝑡 − 𝑇𝑎,𝑧𝑜𝑛𝑒
)

 
[5] 

The total thermal capacitance 𝐶𝑟𝑎𝑑 [J/K] is calculated as the sum of the water capacitance and 

the steal capacitance: 

 𝐶𝑟𝑎𝑑 = 𝑚𝑤 ∙ 𝑐𝑝,𝑤 + 𝑚𝑠𝑡𝑒𝑒𝑙 ∙ 𝑐𝑝,𝑠𝑡𝑒𝑒𝑙  [6] 

With 𝑚𝑤 [kg] the water mass inside the radiator; 𝑚𝑠𝑡𝑒𝑒𝑙 [kg] the steel mass; 𝑐𝑝,𝑤 the water 

specific heat (equal to 4.187 [kJ/(kg-K)]) and 𝑐𝑝,𝑠𝑡𝑒𝑒𝑙  the steel specific heat (equal to 0.444 

[kJ/(kg-K)]). 

The amount of water is calculated by assuming 5 kg/kW of nominal power and the steel mass 

by Eq.[7]. 

 𝑚𝑠𝑡𝑒𝑒𝑙 = 1.71 ∙ 𝑚𝑤 − 0.02 [7] 

Another output from the model corresponds to the radiative fraction of the total emitted 

power. It is described by Eq. [8]. 

휀𝑟𝑎𝑑,𝑁 =  휀𝑟𝑎𝑑 ∙

(𝑇𝑎𝑖𝑟,𝑧𝑜𝑛𝑒 + 273.15 + ∆𝑇)
4

− (𝑇𝑎𝑖𝑟,𝑧𝑜𝑛𝑒 + 273.15)
4

(𝑇𝑎𝑖𝑟,𝑧𝑜𝑛𝑒 + 273.15 + ∆𝑇𝑁)
4

− (𝑇𝑎𝑖𝑟,𝑧𝑜𝑛𝑒 + 273.15)
4

(
∆𝑇

∆𝑇𝑁
)

𝑛  [8] 

Since no data about “design conditions” are available, some assumptions were made. They are 

summarized in Table 33. 
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Table 33. Nominal radiators conditions. 

Parameter Unit Value Description 

𝑛 - 1.3 Exponent value for cast-iron radiator 

𝑇𝑤,𝑠𝑢𝑝𝑝𝑙𝑦,𝑁 C 75 Nominal radiator supply temperature 

𝑇𝑤,𝑒𝑥ℎ𝑎𝑢𝑠𝑡,𝑁 C 65 Nominal radiator exhaust temperature 

𝑇𝑎,𝑧𝑜𝑛𝑒,𝑁 C 20 Nominal temperature of the air in the zone 

∆𝑇𝑁 K 47.5 
Nominal temperature difference between radiator surface and 
the air in the zone 

휀𝑟𝑎𝑑,𝑁 - 0.3 Nominal radiative fraction of total power emitted 

𝑣𝑤 m/s 0.5 Water velocity trough the radiator 

 

The nominal radiator mass flow is determined by Eq. [9] for each individual radiator. 

 �̇�𝑤,𝑁 =  
𝑄𝑟𝑎𝑑,𝑁

𝑐𝑝,𝑤 ∙ (𝑇𝑤,𝑠𝑢𝑝𝑝𝑙𝑦,𝑁 − 𝑇𝑤,𝑒𝑥ℎ𝑎𝑢𝑠𝑡,𝑁)
 [9] 

The nominal power of radiator and nominal radiative fraction of total power parameters are 

required by type 362 for nominal conditions corresponding to  ∆𝑇 = 60𝐾. Values presented 

previously are corrected by equation [4] and [8]. 

Heating losses through the pipes inside the building (emission system inside the building) is 

also taken into account by the model. For such purpose TRNSYS Type 31 was used. It 

corresponds to a component that models the thermal behavior of fluid flow in a pipe using 

variable size segments of fluid. The heat transfer coefficient for thermal losses to the 

environment based on the inside pipe surface area 𝑈𝑖  of the pipe has been calculated as 

follows [7] only for nominal conditions and kept constant during the simulation: 

 𝑈𝑖 = 3.24 ∙ (𝑇𝑤,𝑎𝑣,𝑁 − 𝑇𝑒𝑛𝑣,𝑁)
0.3

 [10] 

Where: 

 𝑇𝑤,𝑎𝑣,𝑁 is the average fluid temperature within the pipe (assumed equal to 70°C). 

 𝑇𝑒𝑛𝑣,𝑁 is the environmental temperature of the space within the pipe is located 

(assumed equal to 15°C). 

 3.24 is the convective heat transfer coefficient [W/(m2K)]. 

3.2.4 Performance characteristics of AHUs 

The number of installed AHUs spread all over the laboratories is 20. For modelling purposes 

they are grouped into 13 according to the zones they serve. Figure 29 shows a typical AHU 

layout where each individual component can be identified. 

Due to the lack of technical data about AHUs components (only known air recirculation 

percentage, volumetric flow rates and set point temperature), some assumptions are done in 
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order to size thermal and electrical components. The missing parameters to estimate are:  

heating coil capacity, water flow rate, efficiency of the heating coil and nominal electrical 

power of pumps and fans. 

The nominal capacity of the heating coil is determined from air side as shown in Eq. [11]: 

 𝑄ℎ𝑒𝑎𝑡,𝑐𝑜𝑖𝑙,𝑁 =  
�̇�𝑎𝑖𝑟

3600
∙ 𝑐𝑝,𝑎𝑖𝑟 ∙ 𝜌𝑎𝑖𝑟 ∙ (𝑇𝑎𝑖𝑟,𝑒𝑥ℎ𝑎𝑢𝑠𝑡,𝑁 − 𝑇𝑎𝑖𝑟,𝑠𝑢𝑝𝑝𝑙𝑦,𝑁) [11] 

where: 

 𝑄ℎ𝑒𝑎𝑡,𝑐𝑜𝑖𝑙,𝑁 is the nominal heating coil capacity, [kW]. 

 �̇�𝑎𝑖𝑟 is the volumetric flow rate of the AHU, [m3/h]; Value used is equal to the supply 

air flow of the corresponding AHU (see Table 34). 

 𝑇𝑎𝑖𝑟,𝑒𝑥ℎ𝑎𝑢𝑠𝑡,𝑁 is the nominal exhaust air temperature at the outlet of the heating coil, 

[°C]. Value used is equal to the set point of the corresponding AHU (see Table 34). 

 𝑇𝑎𝑖𝑟,𝑠𝑢𝑝𝑝𝑙𝑦,𝑁 is the nominal supply air temperature at the inlet of the heating coil, [°C]. 

Value used equal to -10 °C. 

The rated mass flow rate is then calculated by means of Eq. [12]. 

 �̇�𝑤,𝑁 =  
𝑄ℎ𝑒𝑎𝑡,𝑐𝑜𝑖𝑙

𝑐𝑝,𝑤 ∙ (𝑇𝑤,𝑠𝑢𝑝𝑝𝑙𝑦,𝑁 − 𝑇𝑤,𝑒𝑥ℎ𝑎𝑢𝑠𝑡,𝑁)
 [12] 

where: 

 �̇�𝑤,𝑁 is the nominal mass flow rate of the heating coil, [kg/s]. 

 𝑇𝑤,𝑠𝑢𝑝𝑝𝑙𝑦,𝑁 is the nominal hot water temperature at the inlet of the heating coil, [°C]. 

Value used is equal 75°C. 

 𝑇𝑤,𝑒𝑥ℎ𝑎𝑢𝑠𝑡,𝑁 is the nominal hot water temperature at the outlet of the heating coil, 

[°C]. Value used is equal 60°C. 

The heat transfer efficiency of the heating coil is calculated by Eq. [13]. 

 휀ℎ𝑒𝑎𝑡,𝑐𝑜𝑖𝑙 =  
𝑇𝑎𝑖𝑟,𝑒𝑥ℎ𝑎𝑢𝑠𝑡,𝑁 − 𝑇𝑎𝑖𝑟,𝑠𝑢𝑝𝑝𝑙𝑦,𝑁

𝑇𝑤,𝑠𝑢𝑝𝑝𝑙𝑦,𝑁 − 𝑇𝑎𝑖𝑟,𝑠𝑢𝑝𝑝𝑙𝑦,𝑁
 [13] 

where: 

 휀ℎ𝑒𝑎𝑡,𝑐𝑜𝑖𝑙  is the heating coil efficiency, [-]. 

 𝑇𝑎𝑖𝑟,𝑒𝑥ℎ𝑎𝑢𝑠𝑡,𝑁, 𝑇𝑎𝑖𝑟,𝑠𝑢𝑝𝑝𝑙𝑦,𝑁 and 𝑇𝑤,𝑠𝑢𝑝𝑝𝑙𝑦,𝑁 are the same parameters previously 

introduced. 

Since during operational conditions, supply air and hot water mass flow remain almost 

constant, it is assumed that the heating coil efficiency will too. Table 34 summarizes each AHU 

as well as their design characteristics for thermal components. 
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Table 34. AHUs design parameters. 

Thermal Zone 
Name 

Distribution 
circuit 

Percentage 
of fresh air 

Supply 
Air 

flow 

Supply air set 
point 

temperature 

Heating 
coil 

capacity 

Hot 
water 
flow 

Heating 
coil 

efficiency 

[%] [m3/h] [°C] [kW] [m3/h] [-] 

C12_B1_F3_LB C12 100% 7247 21 98.8 5.7 0.474 

C14_B1_F3_LB C14 100% 20853 21 290.6 16.7 0.484 

C13_B3_F3_CL C13 100% 4226 21 54.6 3.1 0.449 

C13_B3_F3_LB C13 100% 4226 21 54.6 3.1 0.449 

C13_B3_S1_LB C13 25% 3828 17-65 79.0 4.5 0.718 

C13_B5_F3_CL1 C13 100% 4795 21 55.8 3.2 0.404 

C13_B5_F3_CL2 C13 100% 5975 21 80.2 4.6 0.467 

C13_B6_F3_LB C13 100% 6703 21 83.7 4.8 0.434 

C13_B6_F4_LB C13 100% 20217 21 281.3 16.1 0.484 

C13_B6_S1_CL1 C13 25% 9570 17-65 197.6 11.3 0.718 

C14_B7_F3_LB C14 100% 12824 21 173.2 9.9 0.469 

C14_B7_F4_CL C14 100% 13619 21 184.8 10.6 0.472 

C12_GH_S1_LB C12 25% 16606 17-65 342.9 19.7 0.718 

 

Heating losses through the pipes are also taken into account by the model. The model used is 

also TRNSYS Type 31 (see section3.2.3). AHUs are controlled by regulating the inlet water 

temperature of the heating coil by means of a 3-way valve in order to reach a desired supply 

air temperature. Due to the lack of information about the control strategy, an ideal one was 

proposed and implemented. It consists on calculating the needed water temperature at each 

time step by isolating the supply water of the coil from Eq. [14]. 

 𝑇𝑤,𝑠𝑝 =  
𝑇𝑎𝑖𝑟,𝑠𝑝,𝑁 − 𝑇𝑎,𝑠𝑢𝑝𝑝𝑙𝑦

휀ℎ𝑒𝑎𝑡,𝑐𝑜𝑖𝑙
+ 𝑇𝑎𝑖𝑟,𝑠𝑢𝑝𝑝𝑙𝑦 [14] 

Where: 

 𝑇𝑤,𝑠𝑝 is the resulting setpoint water temperature at the inlet of the heating coil, [°C]. 

 𝑇𝑎,𝑠𝑝,𝑁 is the setpoint air temperature at the outlet of the heating coil, [°C]. For each 

AHU, values are listed in Table 34. 

 휀ℎ𝑒𝑎𝑡,𝑐𝑜𝑖𝑙  is the heating coil efficiency, [-]. For each AHU, values are listed in Table 34. 

 𝑇𝑎,𝑠𝑢 is the supply air temperature at the inlet of the heating coil, [°C]. 

In order to size electrical components, a simplified approach is used. For fans, the consumption 

at maximal flow rate is defined by means of the Specific Fan Power (𝑆𝐹𝑃) in W/(m³/s) as 

defined in EN13779-2007 [2]. Typical values of SFP for various fan classes are given in Table 35. 
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Table 35. Typical values of SFP (EN13779-2007). 

Category 
SFP 

[W/(m³s)] 

SFP 1 < 500 

SFP 2 500 - 750 

SFP 3 750 - 1250 

SFP 4 1250 - 2000 

SFP 5 2000 - 3000 

SFP 6 3000 - 4500 

SFP 7 > 4500 

 

For supply fans a class SFP3 and a value equal to 1000 [W/(m³s)] is considered and for 

extraction ones a class SFP2 and a value equal to 625 [W/(m³s)]. An identical approach is used 

for sizing circulators of heating coils. In this case pumps power consumption is directly linked 

to the fluid flow rate by defining Specific Pump Power (𝑆𝑃𝑃) in W/(kg/s). ASHRAE 2007 [8] 

recommends a value of 300 [W/(kg/s)] for classical hot water networks. The nominal electrical 

fan/pump power is then obtained by multiplying SFP or SPP by the nominal flow rate of the 

component, volumetric or mass, as the case may be. Table 36 summarizes the nominal 

electrical power of fans and pumps for each AHU. 

Table 36. Nominal electrical power for fans and pumps for each AHU. 

AHU 
Supply fan Extraction fan Circulation pump 

[W] [W] [W] 

GH_S1_LB 4611 2882 1409 

B3_F3_LB 278 174 58 

B3_F3_CL 556 347 117 

B5_F3_CL1 278 174 58 

B5_F3_CL2 278 174 58 

B6_F3_LB 278 174 58 

B6_F4_LB 1111 694 234 

B1_F3_LB 1667 1042 351 

B7_F3_LB 833 521 175 

B7_F4_CL 833 521 175 

 

3.3 Heating system control 

Heating system regulation is done at 2 levels: emission and air distribution (secondary system) 

and hot water production (primary system). The regulation over the emission and air 

distribution subsystems aims to bring the indoor temperature to the values imposed by BEMS 

and the primary system regulation to guarantee the needed water conditions to let the 

secondary system reach its aim. 
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In this subchapter a detailed description of the control strategy is introduced for the entire 

system. 

3.3.1 Radiators’ circuits 

The regulation over the radiation emission subsystem is performed by a PI controller which 

acts over the opening of the 3-way valves installed at each distribution circuit serving radiators 

(C1 to C7). A scheme is presented in Figure 33. 

Setpoint 
Temperature

PI

(controller)

Valve opening
(manipulated variable)

Supply temperature
(controlled variable)

Feedback signal

3-way

valve

e(t)
+

-

 

Figure 33. Scheme of the regulation of radiators’ circuits 

All the PI controllers have a proportional band of 10 K and integration time of 600 s. The 

indoor temperature is monitored in the zones listed in Table 23. 

The set point temperature 𝑇𝑤,𝑠𝑝,𝑗  is calculated in function of the required indoor set point 

temperature of a specific block 𝑇𝑎𝑖𝑟,𝑠𝑝 and the outdoor dry bulb temperature 𝑇𝑑𝑏 as shown in 

Eq. [15]. 

 𝑇𝑤,𝑠𝑝,𝑗 = 𝑇𝑎𝑖𝑟,𝑠𝑝 +  𝑘 ∙ (𝑇𝑎𝑖𝑟,𝑠𝑝 − 𝑇𝑑𝑏)
𝛼

+ ∆𝑇𝑐𝑜𝑟𝑟 [15] 

The values of coefficient 𝑘 and exponent 𝛼 of equation [15] have been provided by the firm in 

charge of implementing the control strategy on the heating system (Honeywell) and amount to 

4.272 and 0.742, respectively. Figure 34 shows the setpoint water temperature 𝑇𝑤,𝑠𝑝,𝑗 

corresponding to different indoor air setpoint temperatures. 
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Figure 34. Hot water supply temperature as function of the required indoor setpoint and outdoor 
temperature. 

 

The setpoint temperature 𝑇𝑤,𝑠𝑝,𝑗  is subjected to a correction ∆𝑇𝑐𝑜𝑟𝑟 in order to take into 

account the effect of the wind speed and its impact on the infiltration losses, the incident solar 

radiation (heat gains) and the resulting deviation of the current (actual) indoor temperature 

with respect to the desired (target) one. 

 ∆𝑇𝑐𝑜𝑟𝑟 = ∆𝑇𝑤𝑖𝑛𝑑 + ∆𝑇𝑟𝑎𝑑 + ∆𝑇𝑡𝑒𝑚𝑝 [16] 

In order to take into account the wind effect, an anemometer is installed on the roof of the 

building (height ≈32 m). This correction ∆𝑇𝑤𝑖𝑛𝑑 can range from 0 K to 5.4 K, corresponding to a 

wind speed of 0 km/h and 54 km/h (or more), respectively. This relationship is shown in Figure 

35. 

 

Figure 35. Hot water setpoint correction due to the effect of wind speed. 
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As the wind speed is obtained from meteorological data typically measured at reference 

conditions (clear site, 10 meters above ground) a correction procedure must be carried out in 

order to take into account the typology of the environment that surrounds the building. The 

approach used is the one proposed by ASHRAE F2009 – chapter 24 [3]. The corrected wind 

speed is calculated by means of Eq. [17]. 

 𝑈𝑤𝑖𝑛𝑑,𝑏 =  𝑈𝑤𝑖𝑛𝑑,𝑚𝑒𝑡 ∙ (
𝛿𝑚𝑒𝑡

𝐻𝑚𝑒𝑡
)

𝑎𝑚𝑒𝑡

∙ (
𝐻𝑏

𝛿𝑏
)

𝑎𝑏

 [17] 

where: 

 𝑈𝑤𝑖𝑛𝑑,𝑚𝑒𝑡 is the wind speed at measured reference conditions, [km/h]; 

 𝑈𝑤𝑖𝑛𝑑,𝑏 is wind speed corrected according to building site conditions, [km/h]; 

 𝛿𝑚𝑒𝑡 is the atmospheric boundary layer thickness for the meteorological station, [m]. 

Value used equal to 270 m. 

 𝛿𝑏 is the atmospheric boundary layer thickness for the building site, [m]. Value used 

equal to 460 m. 

 𝐻𝑚𝑒𝑡 is the height at which wind speed is measured in the meteorological station, [m]. 

Value used equal to 10 m. 

 𝐻𝑏 is the height at which wind speed is measured in the building, [m]. Value used 

equal to 32 m. 

 𝑎𝑚𝑒𝑡 is an exponent corresponding to the meteorological station site, [-]. Value used 

equal to 0.14. 

 𝑎𝑏 is an exponent corresponding to the building site, [-]. Value used equal to 0.33. 

The resulting non-dimensional wind speed correction factor caused by the effect of all these 

parameters corresponds to a constant value equal to 0.658. The wind speed correction is 

applied to circuits: C1e, 3, 4, 5, 6 and 7. 

The second correction factor based on the measured solar radiation ∆𝑇𝑟𝑎𝑑 leads in general to 

a reduction of the water setpoint temperature, according to the principle that the higher the 

solar gains the lower the supplementary heating power to provide. For such purpose, three 

radiation sensors are installed on the roof of the building facing: south (circuits C7e, C3 and 

C5), east (circuit C6) and west (circuit C1e). The circuits C1i, C4 and C7i are not affected by this 

correction. This correction can contribute to a temperature difference from 0 K to -5 K 

corresponding to an incident global radiation value of 0 W/m2 and 500 W/m2 (or more). This 

relationship is shown in Figure 36. 
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Figure 36. Hot water setpoint correction due to the effect of incident solar radiation. 

Once implemented the two previous corrections, a third correction ∆𝑇𝑡𝑒𝑚𝑝 is considered in 

order to take into account the real state of the indoor temperature 𝑇𝑎𝑖𝑟 with respect to the 

setpoint value 𝑇𝑎𝑖𝑟,𝑠𝑝. 

To do this, the first step consists in calculating a new corrected/equivalent indoor setpoint 

temperature by means of Eq. [18]. 

 𝑇𝑎𝑖𝑟,𝑠𝑝,𝑒𝑞𝑣 = 𝑇𝑎𝑖𝑟,𝑠𝑝 +
𝑅𝐹

100
∙ (𝑇𝑎𝑖𝑟,𝑠𝑝 − 𝑇𝑎𝑖𝑟) [18] 

Where 𝑅𝐹 is a so-called “room factor”. It corresponds to an empirical percentage that can vary 

from 10% to 500%.  A value equal to 105% was identified from data provided by Honeywell. 

Then, the obtained 𝑇𝑎𝑖𝑟,𝑠𝑝,𝑒𝑞𝑣, is used to calculate a new “corrected” hot water setpoint 

temperature (𝑇𝑤,𝑠𝑝,𝑗,𝑐𝑜𝑟𝑟) by means of equation 1. Finally, ∆𝑇𝑡𝑒𝑚𝑝 is calculated by Eq. [19]. 

 ∆𝑇𝑡𝑒𝑚𝑝 = 𝑇𝑤,𝑠𝑝,𝑗,𝑐𝑜𝑟𝑟 − 𝑇𝑤,𝑠𝑝,𝑗 [19] 

In order to illustrate the effect of this correction: if 𝑇𝑎𝑖𝑟,𝑠𝑝 − 𝑇𝑎𝑖𝑟 > 0 then ∆𝑇𝑡𝑒𝑚𝑝 < 0 and 

conversely, if 𝑇𝑎𝑖𝑟,𝑠𝑝 − 𝑇𝑎𝑖𝑟 < 0 then ∆𝑇𝑡𝑒𝑚𝑝 > 0. 

3.3.2 Ventilation AHUs 

The regulation of ventilation AHUs is also performed by the action of a PI controller over the 3-

way valves connected to the heating coil of each unit. The main difference is that the setpoint 

temperature of the supply air is constant and defined for each unit by BEMS. 

All the PI controllers have a proportional band of 20 K and integration time of 600 s.  
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3.3.3 Heating AHUs 

The regulation of heating AHUs is carried by 2 controllers: one primary PI controller and one 

secondary (only) proportional controller. 

The first controller monitors the indoor temperature of the space where is located and acts 

over the 3-way valve attempting to achieve the setpoint values which is defined for each unit 

in the BEMS. All the PI controllers have a proportional band of 2 K and integration time of 180 

s. 

A safety comfort band is defined for the supply air temperature which ranges from 17 – 60°C. 

This variable is controlled by a proportional controller which has a proportional band of 30 K.  

At each time, the resulting opening valve will be the maximum value derived from these 2 

controllers. 

3.3.4 Heating Plant 

The regulation of the heating is also performed by a PI controller which acts over the cascade 

sequence of the 3 gas boilers. The PI controller has a proportional band of 15 K and integration 

time of 180 s.  

The production hot water setpoint temperature is obtained as described in the scheme 

presented in Figure 37. 

MAX +
Hot water 

production 

setpoint 

temperature [°C]

C1 to C7

C12, C13 & C14

Max setpoint 

temperature 

value

Opening 
of valves

Tw,prod

DT

Theoretical minimum 

load curve

AHUs circuits 

compensation  

Figure 37. Heating plant hot water setpoint temperature calculation sequence. 

The maximum value between the set point temperature 𝑇𝑤,𝑠𝑝,𝑗 required for each radiator 

distribution circuit j (equation [15]) and a theoretical load curve in function of the outdoor 

temperature (see Figure 38 - left) is set as hot water setpoint.  
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Figure 38. Theoretical load curve and temperature correction according to the demand of 
ventilation groups. 

Then, the resulting value is corrected by considering the heat demand of all the circuits serving 

AHU (C12, C13 and C14). The correction value is calculated in function of the maximum 

opening valve and may provide a maximum value of 5 K (see Figure 38 - right). 

Concerning to the activation of the cascade of three boilers, this is controlled by checking the 

outlet fluid temperature of the secondary side of the heat exchanger. This temperature should 

be greater or equal than a setpoint temperature 𝑇𝐻𝑋,𝑙𝑜𝑎𝑑,𝑠𝑝 and when this criterion is not met 

a successive stage is activated (ascending sequence): 

1. Header pumps are activated 

2. Boiler 1 operates at low gas flow rate with a delay of 60 s after starting up of step 1; 

3. Boiler 2 operates at low gas flow rate with a delay of 60 s after starting up of step 2; 

4. Boiler 1 operates at high gas flow rate with a delay of 300 s after starting up of step 3; 

5. Boiler 2 operates at high gas flow rate with a delay of 300 s after starting up of step 4; 

6. When the ambient temperature is lower than -5°C boiler 3 is activated at low gas flow 

rate with a delay of 180 s after starting up of step 5; 

7. If severe climatic conditions persist, boiler 3 is activated at low gas flow rate with a 

delay of 180 s after starting up of step 6; 

For the descending sequence, no temporization is defined. Only a minimum operating time of 

120 s is defined for the first stage (low gas flow rate) and 2 s for the second one (high gas flow 

rate). 

A safety mode is also defined to increase rapidly the outlet fluid temperature from the boiler 

and to avoid condensation on the exhaust gases (minimum temperature of inlet water for 

boiler 1 and 2: 40°C; boiler 3: 50°C), a hydraulic bypass is installed by a combination of a 

tempering valve and a diverter. This bypass is regulated by a proportional controller with a 

proportional band of 10 K. 

Energy generation system operates whenever one of the circuits is required to provide hot 

water for indoor heating or conditioned ventilation purposes during the heating season. 
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3.4 Hot Water (HW) demand 

DHW is produced by an independent boiler and counts with a storage nominal capacity of 

350L. The hot water is distributed into the building through a hot water loop to the blocks 1, 2, 

3, 6 and 7. 

 

3.5 System boundaries and definition of system performance figures 

The energy system model can be divided into smaller sub-systems through the definition of 

measurement boundaries. As shown in Figure 39, thermal power measuring boundaries are 

drawn with a yellow color, whereas electrical and gas non-renewable inputs are shown in grey 

and light blue colors, respectively. In order to evaluate the system performance on energy 

basis, a system boundary Σ2 has been defined with a dashed line. 

 

Figure 39. System layout and system boundary Σ. 

With respect to boundary Σ, inputs (gas fuel Qgas, electricity Wel), outputs (heating load Qheat) 

and losses (Qloss accounting for thermal losses of pipes and headers, boilers efficiency) can be 

distinguished and therefore system energy balance can be calculated (Figure 40). 
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Figure 40. Main system energy fluxes calculated at system boundary Σ. 

Further, at these measurement boundaries of Figure 39, selected system parameters are 

recorded, which are then useful for calculation of performance figures defined below. 

 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. 

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

from an energy carrier (i.e. electricity, gas, oil, wood) 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 37 are used for converting final energy into the equivalent primary energy 

content. 

Table 37. European average values for CDE and GWP for different energy carriers. 

Energy carrier 
CED GWP 

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

Electricity 2.88 0.48 

Gas 1.19 0.22 

Wood (chips) 0.19 0.05 

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

and cooling) to the total primary energy consumption of the system for each 𝑖 energy 

carrier. 

 𝑃𝐸𝑅 =  
𝑄ℎ𝑒𝑎𝑡

∑ 𝑃𝐸𝑖𝑖
 [20] 

 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: 
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 𝐺𝑊𝑃 =  
∑ 𝐹𝐸𝑖 ∙ 𝐺𝑊𝑃𝑖𝑖

𝑄ℎ𝑒𝑎𝑡
 [21] 
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4 Building loads 

In this chapter, the simulation results obtained from models A, B and C plus the existing 

heating system are introduced. The results were obtained by: 

1. Inserting/coupling the heating emission, distribution and production system to the 

previous models A, B and C. 

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

possible (subchapter 3.3). 

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

2.6). 

By implementing all the boundary conditions previously listed; a new simulation process was 

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 30 min). 

 

4.1 Comparison with ideal heating demand calculation 

The aim of this initial section is the comparison of the simulation results derived from the 

energy demand calculation carried out in section 2.7 and the energy consumption supplied to 

building zones through high temperature terminals (radiators) and AHUs. The performance of 

the terminals has been evaluated by implementing the control strategy of section 3.3. 

The main objective of this comparison is to check whether the existing heating system and 

control strategy is compliant with comfort requirements and to quantify the discrepancy in 

terms of building heating loads between the two analyses. 

Figure 41 shows the building performance in terms of energy gains and losses related to the 

gross surface area. The red bar correspond to the heating demand, being “HSYS” the current 

situation and “IDEAL” the previous ideal one of section 2.7. 

The “IDEAL” and the “HSYS” calculation have been carried out with the same boundary 

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

characteristics) and because of this fact, only heating demand values change in building blocks. 

From Figure 41 it can be noticed a variation of the yearly specific heating demand in all blocks 

from -22% to +15%. At whole building level, it amounts to 180 kWh/(m2y) or in absolute terms 

4.013 GWh/y meaning a reduction -1.86%. These values comprise both: heat provided by 

radiators and heating AHUs. In the previous phase values were: 183 kWh/(m2y) and 4.089 

GWh/y. 
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Figure 41. Yearly energy balance per block. Comparison between radiators and ideal heating 
demand. 

Figure 42 provides the same comparison at thermal zone level. The difference against “IDEAL” 

thermal loads becomes even larger.  

 

Figure 42. Yearly specific heating demand. Comparison between “IDEAL” and “HSYS” calculations. 

It can be noted the high dispersion of heating values for most of zones. In low energy demand 

zones, the difference is larger than in those with a high value. In general differences may range 

from -83% to +100%. 

Figure 42 also highlights a sort of “compensation error effect” induced when heating demands 

are grouped from zones to blocks/building. 
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The causes of such behavior are listed, explained and analyzed below. They can be summarized 

in 3: 

1. Radiative fraction assumed for the heating emission system.  

2. Under and/or over sizing of the heating terminal units. 

3. Implemented control approach and strategy. 

If on the one hand the radiative fraction assumed in the initial calculation of building’s heating 

demand (“HSYS” case) is kept constant (15%), on the other hand it varies according radiator 

working conditions in case “RAD” (see subchapter 3.2.3). The resulting value is around 30% on 

average. 

The under/over sizing effect and control strategy may act together depending on the zone, so 

before analyzing their effect separately, the zones where it occurs must be identified. Figure 

43 presents a comparison between oversizing level of the emission system (in percentage) and 

the overheating level reached by each zone compared to their “IDEAL” annual energy demand. 

The comparison is provided in a scatter plot divided in 4 quadrants. 

 

 

Figure 43. Comparison of oversizing level of emission system and the overheating percentage 
compared to “IDEAL” annual energy demand. 

Oversizing percentage compared to the maximum ideal loads (OHP) is defined as the 

percentage difference between the actual installed power (calculated at the design conditions 
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listed in subchapter 3.2.3) and the maximum load value obtained in the previous “IDEAL” stage 

(both in W/m2). Positive values mean oversized and negative undersized. 

Overheating percentage compared to “IDEAL” energy demand (OSP) is defined as the 

percentage difference between the obtained value of annual net energy demand per zone 

(“HSYS”) and the “IDEAL” heating energy demand (both in kWh/m2y). Positive values mean 

overheated and negative under heated. 

In the scatter plot of Figure 43, each of the defined quadrants corresponds to: 

 Quadrant I: Zones that present both positive oversizing and overheating percentage. 

 Quadrant II: Zones that present under sizing and overheating. 

 Quadrant III: Zones that present under sizing and under heating. 

 Quadrant IV: Zones that present over sizing and under heating. 

It can be noticed that only quadrants I, II and III present points. The markers located just over 

the vertical axis (negative side), correspond to zones which heating demand was calculated but 

no radiators are installed (not heated or heated by AHUs). 

Table 38 provides the number of zones belonging to each quadrant.  

Table 38. Number of zones per block belonging to quadrants I, II, III and IV. 

Block\Quadrant I II III IV TOTAL 

B1 7 3 3 0 13 

B2 3 4 5 0 12 

B3 4 3 8 0 15 

B4 1 0 1 0 2 

B5 6 3 9 0 18 

B6 2 5 1 0 8 

B7 7 0 6 0 13 

TOTAL 30 18 33 0 81 

 

The total number of zones shown in Table 38 does not coincide with the total number of 

thermal zones (91) only because not all the zones are heated or heated by radiators. 

Table 39. Oversizing and overheating percentages for controlled zones. 

Controlled Zone Circuit OSP OHP Quadrant 

     

B1_F4_CL C1 15% 48% I 

B3_F4_CL C3 12% 24% I 

B4_F2_CL C4 -30% -3% III 

B5_F4_CL1 C5 -41% -14% III 

B6_F3_LB C6 -2% 25% II 

B7_F3_LB C7 74% 98% I 

B7_F4_CL C7 39% 29% I 
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Since the control approach consists in monitoring one zone per circuit in order to control the 

supply water temperature for all the zones served by a specific distribution circuit, it is 

interesting to determine the state of those zones in terms of OSP and OHP. Table 39 shows the 

summary of this issue. 

Most of the controlled zones are place in quadrant I (oversized and overheated). B4_F2_CL is 

under heated but close to 0%, this is because the under sizing is not that high. Compared with 

95th percentile is +7% (quadrant IV). B5_F4_CL1 is the most undersized and under heated of 

the controlled zones. It present an OSP equal to -8% (quadrant III) when compared with 95th 

percentile. B6_F3_LB is a little bit undersized (only -2% compared to maximum load) however 

the overheating is largely superior to 0%. 

Figure 44 complements the table above by summarizing in a boxplot the resulting indoor 

temperature for each controlled zone. Plotted values correspond to time steps within the 

heating season and when heating power is required (when circulation pump is on). Values 

have also been divided into setpoint hours (left) and setback hours (right). 

  

Figure 44. Boxplot of indoor temperature at controlled zones when heating power is needed. 
Data divided into setpoint hours (left) and setback hours (right). 

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

at the middle of the box corresponds to the median value of the sample. The whiskers (straight 

lines) extend to the 5th and 95th percentiles, respectively. Black crosses correspond to 

minimum and maximum values; and black dots correspond to setpoint and setback 

temperature values (depending on the graph).  

In general, it can be confirmed the conclusions derived from Table 39. The most undersized 

zones (B4_F2_CL and B5_F4_CL1) present indoor temperature values lower than the setpoint 

at least the 75% of the time required to it (Figure 44 – left).  

B6_F3_LB is above of the setpoint approximately the 95% of the time despite the minimum 

degree of under sizing. 

It can be also noticed how the control strategy (procedure shown in subchapter 3.3.1) induces 

higher indoor temperatures than those imposed during the “IDEAL” heating demand 

calculation and because of this greater values of heating loads are derived (see oversized zones 

in Table 39). In particular, a great difference is shown in zone “B7_F3_LB”. This is due to the 

fact the respective circuit “C7e” is controlled and integrated with “C7i” (controlled by the 
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“B7_F4_CL” zone temperature) and the activation of the both heating circuits is controlled by 

the most demanding condition (“C7i”). Additionally, it can be seen as the attenuation strategy 

in the definition of the setback temperature is also not working properly since the air 

temperature of the controlled zones is always higher than that in the “IDEAL” heating demand 

calculation. These two last facts confirm the need to review the actual control strategy 

implemented, because for instance, the small under heating value of B4_F2_CL can be 

produced by a compensation effect that produces a big overheating in setback periods. 

The plausibility of this conclusion can be formally explained. Since the thermal power supplied 

by a high temperature radiator (i.e. radiator) is expressed by Eq. [4] where ∆𝑇 is the difference 

between the average water temperature and the air temperature into the zone at a given 

instant (arithmetic approach not the same as Eq.[5]). 

 ∆𝑇 = 𝑇𝑤,𝑎𝑣 − 𝑇𝑎𝑖𝑟,𝑧𝑜𝑛𝑒 [22] 

Being ∆𝑇𝑤 = 𝑇𝑤,𝑠𝑢𝑝𝑝𝑙𝑦 − 𝑇𝑤,𝑒𝑥ℎ𝑎𝑢𝑠𝑡, the supply water temperature 𝑇𝑤,𝑠𝑢𝑝𝑝𝑙𝑦 can be isolated 

as follows: 

 𝑇𝑤,𝑠𝑢𝑝𝑝𝑙𝑦 = ∆𝑇 +
1

2
∙ ∆𝑇𝑤 + 𝑇𝑎𝑖𝑟,𝑧𝑜𝑛𝑒 [23] 

Assuming a steady state regime (meaning that the power delivered by radiators is equal to the 

power transferred by the water) and since the mass flow rate in a whole circuit is constant and 

equal to the nominal conditions �̇�𝑤 = �̇�𝑤,𝑁, then: 

 ∆𝑇𝑤 = (
𝑄𝑟𝑎𝑑

𝑄𝑟𝑎𝑑,𝑁
) ∙ ∆𝑇𝑤𝑎𝑡𝑒𝑟,𝑁 [24] 

Finally, assuming 𝑇𝑎𝑖𝑟,𝑧𝑜𝑛𝑒 = 𝑇𝑎𝑖𝑟,𝑠𝑝 and replacing Eq. [22] and Eq. [24] in Eq. [23], the supply 

water temperature (𝑇𝑤,𝑠𝑝 = 𝑇𝑤,𝑠𝑢𝑝𝑝𝑙𝑦) can be expressed in the following form: 

 𝑇𝑤,𝑠𝑝,𝑗 = (
𝑄𝑟𝑎𝑑

𝑄𝑟𝑎𝑑,𝑁
)

1
𝑛

∙ ∆𝑇𝑁 +
1

2
∙ (

𝑄𝑟𝑎𝑑

𝑄𝑟𝑎𝑑,𝑁
) ∙ ∆𝑇𝑤𝑎𝑡𝑒𝑟,𝑁 + 𝑇𝑎𝑖𝑟,𝑠𝑝 [25] 

Equation [25] expresses in a theoretical way how the water supply temperature should be 

calculated in a design procedure. Since 𝑄𝑟𝑎𝑑,𝑁, ∆𝑇𝑁, ∆𝑇𝑤𝑎𝑡𝑒𝑟,𝑁 and 𝑛 correspond to radiators’ 

design parameters (derived from a sizing and selection procedure), they are fixed and constant 

during the simulation and then 𝑇𝑤,𝑠𝑝,𝑗 only depends on the heating load (𝑄𝑟𝑎𝑑) needed to be 

covered. This, assuming a known 𝑇𝑎𝑖𝑟,𝑠𝑝. 

The next analysis is performed over the implemented control approach. This analysis aims to 

understand how the decisions taken according to the indoor conditions of the monitored 

zones affect the remaining ones and the chosen zones correspond to those served by 

distribution circuit 6. 

For this circuit, the monitored zone corresponds to B6_F3_LB which present an almost 

negligible level of under sizing and was already analysed in the previous paragraphs. For the 
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remaining zones, most of them are place in quadrants I and II (excepting B6_S1_CL2) meaning 

that present certain level of overheating (positive). Compared to 95th percentile of thermal 

loads, B6_S1_CL2 would be also the only one zone under sized. 

Table 40 provides the overheating level for all the zones of block VI.  

Table 40. Specific heating demand for zones of blocks VI, corresponding to “IDEAL” and “HSYS” 
simulation stages. 

Thermal Zone4 
IDEAL HSYS OHP 

Quadrant 
[kWh/(m2y)] [kWh/(m2y)] [%] 

B6_S1_CL2 322 227 -30% III 

B6_F0_CL 159 184 16% II 

B6_F1_LB 136 216 59% I 

B6_F2_LB 141 215 52% I 

B6_F2_OF 141 159 12% II 

B6_F3_LB 142 177 25% II 

B6_F3_OF 151 170 13% II 

B6_F4_LB 244 259 6% II 

 

Figure 45 presents the resulting indoor temperature in the zones corresponding to Block VI. 

The nomenclature is the same as for Figure 44. 

 

 

  

Figure 45. Boxplot of indoor temperature at zones of Block VI when heating power is needed. 
Data divided into setpoint hours (left) and setback hours (right). 

Figure 46 shows the correspondence between indoor temperature of the controlled zone of 

the block VI (“B6_F3_LB” – red line in plots), its ideal setpoint values and the resulting indoor 

temperature of the remaining zones of the block (blue circles).  

                                                           
4 Zone “B6_S1_CL1” is not included in the graph because is not heated by radiator but an AHU. 
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Figure 46. Scatter plot of resulting indoor temperature for block VI. Comparison between 
controlled zone (“B6_F3_LB”) and remaining ones5. 

The first plot of Figure 46 (set point temperature) confirms the fact that the current procedure 

to estimate/predict the required water supply temperature should be analyzed and polished. 

This because if the big variation of the resulting indoor temperature with respect to the set 

point (20°C). 

The remaining plots show clearly the unequal degree of correspondence among the indoor 

temperature of zones of block VI and the controlled one (“B6_F3_LB”). B6_F0_OF, B6_F2_OF, 

B6_F3_OF and B6_F4_LB present most of the time indoor temperature values lower than the 

monitored zone. In the case the same controlling approach is kept; one of the aforementioned 

zones should be elected as a new monitored zone (B6_F0_OF is the most critical in this case). 

No trend between matching degree and location, activity or size of the zone can be derived. 

From Figure 46 can be also better understood that the large compensation error effect 

higlighted in Figure 42 is caused by the control strategy of the radiator circuits controlled 

simply by a single reference zone of the block. 

                                                           
5 Zone “B6_S1_CL1” is not included in the graph because is not heated by radiator but an AHU. 
B6_S1_CL2 is the only one under sized. 
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In the case of deciding modify the procedure to follow would be calculating the water supply 

temperature profiles required (𝑇𝑤,𝑠𝑝,𝑗) by eq. [25] imposing as inputs the heating loads profiles 

obtained in the “IDEAL” simulation stage. 

 

4.2 Heating distribution system performance 

The aim of this subchapter is to understand the performance of the heating distribution 

system as a consequence of the set of considerations drawn in the previous subchapter. 

Firstly, the radiators performance is analyzed. Figure 47 summarizes in a boxplot the resulting 

supply water temperature and the temperature difference across the radiators when the 

circulating pumps are working. 

  

Figure 47. Boxplot of resulting supply hot water temperature (left) and temperature difference 
across the radiators (right) for each controlled zone. 

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

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

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

minimum and maximum values; and black dots correspond to design values (75°C of supply 

water temperature and 15 K of water temperature difference, respectively). In both plots of 

Figure 47, a big difference in terms of operational and design conditions can be found. Because 

of the aforementioned control strategy, the water supply temperature is in the range of 25-

50°C instead of 75°C of the nominal conditions, whereas the average water temperature 

difference is about 3-6 K instead of 15 K. This is caused mainly because most of radiators of 

monitored zones are oversized when compared to most of the operation conditions during the 

heating season. The nominal power corresponding to the maximum heating demand 

(𝑄𝑟𝑎𝑑 𝑄𝑟𝑎𝑑,𝑁⁄ = 1) is a condition that happens only few times in the year. For the rest of the 

time, the needed power correspond to small percentage of it. Figure 48 shows graphically this 

issue. 
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Figure 48. Theoretical relationship between power demand, needed water supply temperature 
and water temperature difference along a radiator. 

Concerning to the number of the system operating hours, Figure 49 summarizes the 

percentage of on/off time over the heating season (5736 hours). According to this figure, 

heating production system operates 99.9% of the heating season (5732 hours). This is mainly 

due to: the wide range of the proportional band of PI controller (10 K) and also the poor 

quality of building envelope that makes the system working ever for a considerable amount of 

time even during the setback period. 

 

Figure 49. Percentage of ON/OFF time over the whole heating season. 

At single circuit level, the operation of circuits C1, C3, C4, C5, C6 and C7 is variable and 

depends on the activation signal coming from indoor temperature measurements done at 

each controlled zones. The circuit C12, C13 and C14 works within a constant and fixed 

schedule: 9 hours/day and 5 days/week (even if ventilation AHUs are not used).  
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To finalize the performance of the heating distribution circuits is analyzed. Figure 50 

summarizes in a boxplot the resulting circuits’ power demand and the temperature difference 

across them when the circulating pumps are working. Results correspond to boundary 7 of 

Figure 39. 

  

Figure 50. Boxplot of circuits’ power net demand and temperature difference. 

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

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

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

minimum and maximum values; and black dots correspond to design values (sum of 

components’ capacity comprising a circuit and 15 K of water temperature difference, 

respectively).  

This figure confirms the fact that even heating plant is oversized. While the nominal capacity of 

only one single boiler is 2300 kW, most of the time the needed power for covering the whole 

building needs is lesser than 2010 kW (95th percentile). Only few hours, two boilers are 

required. 

4.3 Overall system performance 

In this final section, the overall performance of the energy generation system is presented. 

From annual simulation, a system energy balance with respect to boundary Σ2 of Figure 40 is 

presented in Figure 51 and Table 41. 
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Figure 51. Monthly final energy balance in kWh/(m2y) with respect boundary Σ2. 

Since gas boilers are the main energy generation components, their final energy consumption 

is greater than electricity inputs which are mostly used in circulating pumps. Final energy for 

gas amounts to 290.47 kWh/(m2y), whereas for electricity6 is less than 1% of the former (2.30 

kWh/(m2y)). Because of the great water high temperature water content in the secondary side 

of the energy system, thermal losses are also relevant amounting to 57.7% of the building 

heating consumption (106.97 kWh/(m2y)). 

Table 41. Monthly break-down of final energy consumptions with respect boundary Σ2 (values are 
expressed in kWh/(m2y)). 

Month 
Inputs Output 

Gas Electricity Losses Heating 

Jan 56.72 0.37 19.16 37.90 

Feb 47.12 0.31 16.14 31.19 

Mar 39.19 0.30 14.41 24.99 

Apr 21.67 0.23 9.36 12.47 

May 5.60 0.09 2.95 2.74 

Jun 0.00 0.00 0.00 0.00 

Jul 0.00 0.00 0.00 0.00 

Aug 0.00 0.00 0.00 0.00 

Sep 5.04 0.09 2.93 2.20 

Oct 21.28 0.24 9.27 12.22 

Nov 39.13 0.30 14.29 25.05 

Dev 54.72 0.36 18.49 36.50 

Year 290.47 2.30 107.00 185.26 

                                                           
6 Electricity consumption accounts auxiliaries as circulating pumps and fans but not lighting fixtures or 
internal appliances. 
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From these simulation results, primary energy content of gas and electricity inputs can be 

quantified by using conversion factors of Table 37. The annual primary energy content of the 

actual ISIL building has been quantified in 352.96 kWh/(m2y), which most of it (98.0%) is 

caused by gas boilers. 

Heating values comprise the net energy supplied to thermal zones by radiators, heating AHUs 

and ventilation AHUs. 

The notion of Primary Energy Ratio is very useful in order to quantify the primary consumption 

with respect to the heating demand. As an average value, PER for the existing ISIL building 

amounts to 0.52. The GWP associated to the primary energy content corresponds to 0.35 kg of 

equivalent CO2/kWh of final energy. 

 

Figure 52. Monthly gas and electricity primary energy consumption inputs in kWh/(m2y) and Primary 
Energy Ratio with respect boundary Σ2. 

Table 42. Monthly break-down of primary energy consumptions with respect boundary Σ (values are 
expressed in kWh/m2). 

Month 
Primary energy 

Gas Electricity Total 

Jan 70.33 1.14 71.47 

Feb 58.43 0.98 59.41 

Mar 48.59 0.95 49.54 

Apr 26.87 0.73 27.60 

May 6.94 0.28 7.22 

Jun 0.00 0.00 0.00 

Jul 0.00 0.00 0.00 

Aug 0.00 0.00 0.00 

Sep 6.25 0.30 6.55 

Oct 26.38 0.76 27.14 

Nov 48.53 0.94 49.47 

Dev 67.86 1.11 68.97 

Year 360.19 7.19 367.38 
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5 Conclusions 

The aim of the present report was to describe the methodology, the assumption and the 

results of the evaluation of the performance of the existing Belgium demo building. The 

simulation results are a consequence of the set of assumptions and approximations that were 

required, mostly because of the lack of sufficient information on system operation strategies 

and components performance. 

The main findings attained in this report can be synthetized as follows: 

1. The heating demand of the building is quantified in 183 kWh/(m2y). 

2. The final energy demand of electricity and gas are 7.19 and 360.19 kWh/(m2y), 

respectively. System thermal losses are relevant (almost 58% of the heating demand) 

because of the presence of high temperature terminals and to the consequent working 

conditions. 

3. The primary energy content is considerably high and equal to 352.96 kWh/(m2y). This 

result is mostly due to the operation of gas boilers since electricity is uniquely required 

for running circulating pumps. 

4. The current control strategy and approach should be reviewed and improved in order 

to achieve acceptable comfort conditions in the widest possible set of zones. 

In order to convey well-funded system performance, the monitoring of the energy system is 

fundamental. In particular the following information should be integrated: 

 Actual water flows for primary and secondary systems. 

 Nominal data of AHU such as: nominal power (or model) of pumps and fans as well as 

their actual water and air flows. 

 Clarification on actual control strategy of heating AHUs. 

 Definition of gas boiler efficiency correlation and combustion efficiency curve. 

 Clarification on system control strategy and in particular on boiler activation.  
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7 Annexes 

7.1 Annex 1 – List of thermal zones for Model A, B and C 

Table 43, Table 44 and Table 45 show a summary of the resulting zones for the three models 

indicating their main characteristics. 

Table 43. Thermal zones included in Model A. 

Nº 
Name of the 

thermal 
zone 

Block Floor Space type 
Floor 
area 

Volume 

Total 
exterior 
surface 

area 

Fenestration 
ratio 

[m2] [m3] [m2] [%] 

1 B1_F0_OF I 0 Office 689 2,810 337 38.2 

2 B1_F0_SC I 0 Staircase 158 643 213 36.5 

3 B1_F1_CL I 1 Classroom 244 1,118 129 56.2 

4 B1_F1_CN I 1 Canteen 341 1,565 184 55.7 

5 B1_F1_KT I 1 Kitchen 104 478 66 36.9 

6 B1_F2_CL I 2 Classroom 689 3,161 379 52.6 

7 B1_F2_SC I 2 Staircase 158 723 225 40.1 

8 B1_F3_LB I 3 Laboratory 689 3,161 379 52.6 

9 B1_F4_CL I 4 Classroom 689 3,161 379 52.6 

10 B1_F4_SC I 4 Staircase 158 723 383 21.6 

11 B1_F5_CL I 5 Classroom 689 3,161 1,067 18.7 

12 B1_S1_CL I -1 Classroom 689 2,693 323 36.2 

13 B1_S1_SC I -1 Staircase 158 616 96 9.9 

14 B2_F0_OF II 0 Office 160 654 112 9.6 

15 B2_F0_SC II 0 Staircase 163 666 87 8.7 

16 B2_F1_OF II 1 Office 160 736 146 39.8 

17 B2_F1_SC II 1 Staircase 120 549 49 46.5 

18 B2_F2_CL II 2 Classroom 160 736 146 31.3 

19 B2_F2_SC II 2 Staircase 120 549 49 46.5 

20 B2_F3_LB II 3 Laboratory 160 736 146 31.1 

21 B2_F3_SC II 3 Staircase 120 549 49 46.5 

22 B2_F4_CL II 4 Classroom 160 736 146 31.3 

23 B2_F4_SC II 4 Staircase 120 549 49 46.5 

24 B2_F5_OF II 5 Office 160 736 307 14.9 

25 B2_F5_SC II 5 Staircase 120 549 168 13.5 

26 B2_S1_SC II -1 Staircase 163 638 41 0.0 

27 B2_S1_UN II -1 Unconditioned 160 627 107 0.0 

28 B6_F0_CL VI 0 Classroom 125 510 82 55.6 

29 B6_F1_LB VI 1 Laboratory 596 2,736 438 37.9 

30 B6_F2_LB VI 2 Laboratory 496 2,277 364 54.4 

31 B6_F2_OF VI 2 Office 100 459 73 32.7 

32 B6_F3_LB VI 3 Laboratory 446 2,048 328 53.2 

33 B6_F3_OF VI 3 Office 150 689 110 43.6 

34 B6_F4_LB VI 4 Laboratory 596 2,736 1,034 21.5 

35 B6_S1_CL1 VI -1 Classroom 471 1,842 602 32.0 

36 B6_S1_CL2 VI -1 Classroom 125 489 78 31.1 
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Table 44. Thermal zones included in Model B. 

Nº 
Name of the 
thermal zone 

Block Floor Space type 
Floor 
area 

Volume 

Total 
exterior 
surface 

area 

Fenestration 
ratio 

[m2] [m3] [m2] [%] 

1 B3_F0_CL1 III 0 Classroom 203 829 152 19.7 

2 B3_F0_CL2 III 0 Classroom 50 202 16 47.5 

3 B3_F0_SC III 0 Staircase 128 522 46 48.3 

4 B3_F1_CL III 1 Classroom 496 2,278 292 53.2 

5 B3_F1_SC III 1 Staircase 128 587 72 37.4 

6 B3_F2_CL III 2 Classroom 496 2,278 292 53.2 

7 B3_F2_SC III 2 Staircase 128 587 72 37.4 

8 B3_F3_CL III 3 Classroom 347 1,594 182 52.6 

9 B3_F3_LB III 3 Laboratory 149 683 110 54.3 

10 B3_F3_SC III 3 Staircase 128 587 147 18.4 

11 B3_F4_CL III 4 Classroom 496 2,278 789 19.7 

12 B3_F4_SC III 4 Staircase 128 587 147 18.4 

13 B3_F5_CL III 5 Classroom 149 683 316 18.9 

14 B3_F5_SC III 5 Staircase 128 587 350 6.3 

15 B3_S1_CL III -1 Classroom 50 194 16 0.0 

16 B3_S1_LB III -1 Laboratory 298 1,164 240 45.7 

17 B3_S1_SC III -1 Staircase 128 500 31 0.0 

18 B3_S1_UN III -1 Unconditioned 203 795 112 9.7 

19 B4_F1_CL IV 1 Classroom 557 2,555 385 40.4 

20 B4_F2_CL IV 2 Classroom 557 2,555 942 16.3 

21 B4_S1_UN1 IV -1 Unconditioned 557 2,177 484 27.3 

22 B4_S1_UN2 IV -1 Unconditioned 217 850 217 0.0 

23 B5_F0_CL1 V 0 Classroom 119 485 78 54.3 

24 B5_F0_CL2 V 0 Classroom 137 560 4 0.0 

25 B5_F0_SC V 0 Staircase 96 390 65 7.1 

26 B5_F1_CL1 V 1 Classroom 119 546 88 50.4 

27 B5_F1_CL2 V 1 Classroom 137 630 64 38.4 

28 B5_F1_SC V 1 Staircase 96 439 109 29.3 

29 B5_F2_CL1 V 2 Classroom 119 546 88 50.4 

30 B5_F2_CL2 V 2 Classroom 137 630 64 38.4 

31 B5_F2_SC V 2 Staircase 96 439 109 34.6 

32 B5_F3_CL1 V 3 Classroom 119 546 88 50.4 

33 B5_F3_CL2 V 3 Classroom 137 630 64 38.4 

34 B5_F3_SC V 3 Staircase 96 439 109 34.6 

35 B5_F4_CL1 V 4 Classroom 119 546 207 21.4 

36 B5_F4_CL2 V 4 Classroom 137 630 201 12.2 

37 B5_F4_SC V 4 Staircase 96 439 109 34.6 

38 B5_F5_SC V 5 Staircase 96 439 280 10.2 

39 B5_S1_CL1 V -1 Classroom 119 465 31 24.8 

40 B5_S1_CL2 V -1 Classroom 137 537 4 0.0 

41 B5_S1_SC V -1 Staircase 96 374 63 0.0 

42 GH_S1_LB 
Grand 

Hall 
-1 Laboratory 720 2,816 1,406 1.8 
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Table 45. Thermal zones included in Model C. 

Nº 
Name of the 
thermal zone 

Block Floor Space type 
Floor 
area 

Volume 

Total 
exterior 
surface 

area 

Fenestration 
ratio 

[m2] [m3] [m2] [%] 

1 B7_F0_CL VII 0 Classroom 448 1,828 406 26.2 

2 B7_F0_SC VII 0 Staircase 104 423 144 39.6 

3 B7_F1_CL VII 1 Classroom 448 2,056 355 43.0 

4 B7_F2_CL VII 2 Classroom 312 1,431 245 38.7 

5 B7_F2_OF VII 2 Office 136 626 110 52.2 

6 B7_F2_SC VII 2 Staircase 104 475 152 39.5 

7 B7_F3_LB VII 3 Laboratory 448 2,056 355 43.0 

8 B7_F4_CL VII 4 Classroom 448 2,056 758 20.2 

9 B7_F4_SC VII 4 Staircase 104 475 372 15.6 

10 B7_F5_OF VII 5 Office 45 209 134 4.7 

11 B7_S1_CL1 VII -1 Classroom 136 533 138 25.4 

12 B7_S1_CL2 VII -1 Classroom 221 864 190 22.6 

13 B7_S1_SC VII -1 Staircase 104 405 65 6.1 
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7.2 Annex 2 – Summary of thermal balances per blocks 

7.2.1 Block I 

 

 

Figure 53. Specific energy demand for Block I. 

 

Table 46. Specific energy demand for Block I. 

Month QHEAT QINF QTRANS QGINT QSOL 

 kWh/m2 kWh/m2 kWh/m2 kWh/m2 kWh/m2 

1 36.0 -10.6 -33.3 5.6 2.3 

2 29.3 -9.0 -27.9 4.9 2.8 

3 21.9 -8.3 -25.1 5.4 6.1 

4 8.9 -6.1 -17.0 5.1 9.1 

5 1.3 -4.8 -12.9 5.6 10.9 

6 0.0 -5.0 -11.3 5.2 11.2 

7 0.0 -4.6 -9.1 2.2 11.5 

8 0.0 -3.9 -8.5 3.1 9.3 

9 0.9 -4.6 -8.6 5.0 7.2 

10 9.3 -5.3 -14.7 5.6 5.1 

11 22.1 -7.6 -22.3 5.3 2.5 

12 34.3 -10.2 -30.8 5.2 1.5 

YEAR 163.9 -80.2 -221.5 58.1 79.6 
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7.2.2 Block II 

 

 

Figure 54. Specific energy demand for Block II. 

 

Table 47. Specific energy demand for Block II. 

Month QHEAT QINF QTRANS QGINT QSOL 

 kWh/m2 kWh/m2 kWh/m2 kWh/m2 kWh/m2 

1 32.4 -9.1 -28.2 3.6 1.3 

2 26.5 -7.8 -23.5 3.1 1.7 

3 21.1 -7.2 -20.9 3.4 3.7 

4 10.4 -5.3 -13.6 3.3 5.2 

5 2.3 -3.8 -8.3 3.5 6.3 

6 0.0 -3.8 -5.8 3.3 6.3 

7 0.0 -3.7 -4.8 1.8 6.7 

8 0.0 -3.1 -4.3 2.2 5.2 

9 1.7 -3.9 -5.4 3.2 4.3 

10 10.2 -4.7 -12.1 3.5 3.1 

11 20.5 -6.7 -18.7 3.4 1.4 

12 30.5 -8.8 -25.9 3.3 0.9 

YEAR 155.6 -67.8 -171.4 37.5 46.2 
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7.2.3 Block III 

 

 

Figure 55. Specific energy demand for Block III. 

 

Table 48. Specific energy demand for Block III. 

Month QHEAT QINF QTRANS QGINT QSOL 

 kWh/m2 kWh/m2 kWh/m2 kWh/m2 kWh/m2 

1 44.2 -10.0 -41.5 5.2 2.2 

2 36.0 -8.5 -34.8 4.5 2.8 

3 28.2 -7.8 -31.0 5.0 5.6 

4 13.4 -5.5 -20.1 4.8 7.4 

5 3.0 -3.7 -12.3 5.1 7.8 

6 0.0 -3.6 -9.0 4.8 7.9 

7 0.0 -3.3 -6.8 2.1 8.1 

8 0.0 -3.1 -7.2 2.9 7.4 

9 1.9 -3.8 -8.8 4.6 6.1 

10 12.7 -4.9 -17.5 5.1 4.6 

11 27.6 -7.2 -27.6 4.9 2.3 

12 41.9 -9.7 -38.3 4.8 1.2 

YEAR 209.0 -71.2 -255.1 53.9 63.3 
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7.2.4 Block IV 

 

 

Figure 56. Specific energy demand for Block IV. 

 

Table 49. Specific energy demand for Block IV. 

Month QHEAT QINF QTRANS QGINT QSOL 

 kWh/m2 kWh/m2 kWh/m2 kWh/m2 kWh/m2 

1 29.5 -6.1 -28.8 4.6 0.7 

2 23.8 -5.2 -23.9 4.0 1.3 

3 18.6 -4.9 -21.2 4.5 3.1 

4 8.0 -3.9 -13.8 4.3 5.4 

5 1.8 -3.4 -9.7 4.6 6.7 

6 0.0 -4.0 -7.6 4.3 7.2 

7 0.0 -3.9 -5.3 2.0 7.2 

8 0.0 -3.3 -5.0 2.7 5.6 

9 1.2 -3.3 -5.6 4.1 3.6 

10 8.2 -3.5 -11.3 4.6 2.0 

11 18.5 -4.8 -18.9 4.4 0.8 

12 27.9 -6.2 -26.5 4.3 0.5 

YEAR 137.4 -52.5 -177.5 48.4 44.2 
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7.2.5 Block V 

 

 

Figure 57. Specific energy demand for Block V. 

 

Table 50. Specific energy demand for Block V. 

Month QHEAT QINF QTRANS QGINT QSOL 

 kWh/m2 kWh/m2 kWh/m2 kWh/m2 kWh/m2 

1 42.0 -9.7 -39.1 5.0 1.8 

2 34.3 -8.3 -32.7 4.4 2.3 

3 27.2 -7.6 -29.0 4.8 4.6 

4 13.0 -5.3 -18.7 4.6 6.4 

5 3.0 -3.6 -11.6 5.0 7.3 

6 0.0 -3.5 -8.8 4.6 7.7 

7 0.0 -3.2 -6.5 2.1 7.6 

8 0.0 -2.8 -6.7 2.9 6.6 

9 2.0 -3.5 -7.8 4.5 4.9 

10 12.6 -4.7 -16.6 5.0 3.6 

11 26.3 -7.0 -26.1 4.8 1.9 

12 39.7 -9.4 -36.2 4.7 1.1 

YEAR 200.1 -68.6 -239.8 52.5 55.8 
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7.2.6 Block VI 

 

 

Figure 58. Specific energy demand for Block VI. 

 

Table 51. Specific energy demand for Block VI. 

Month QHEAT QINF QTRANS QGINT QSOL 

 kWh/m2 kWh/m2 kWh/m2 kWh/m2 kWh/m2 

1 47.4 -10.8 -45.8 6.6 2.7 

2 38.4 -9.1 -38.4 5.7 3.5 

3 28.9 -8.2 -34.1 6.3 7.2 

4 11.8 -5.8 -22.9 6.0 10.9 

5 2.1 -4.5 -17.0 6.5 12.9 

6 0.0 -4.7 -14.9 6.0 13.6 

7 0.0 -4.2 -11.9 2.4 13.7 

8 0.0 -3.7 -11.3 3.5 11.4 

9 1.2 -4.0 -11.2 5.8 8.2 

10 12.0 -4.9 -19.1 6.5 5.5 

11 29.0 -7.5 -30.5 6.2 2.8 

12 45.2 -10.3 -42.5 6.1 1.6 

YEAR 215.9 -77.8 -299.7 67.6 94.0 
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7.2.7 Block VII 

 

 

Figure 59. Specific energy demand for Block VII. 

 

Table 52. Specific energy demand for Block VII. 

Month QHEAT QINF QTRANS QGINT QSOL 

 kWh/m2 kWh/m2 kWh/m2 kWh/m2 kWh/m2 

1 39.5 -10.2 -39.4 5.6 4.4 

2 32.4 -8.6 -33.0 4.9 4.3 

3 23.3 -7.8 -29.1 5.4 8.2 

4 9.7 -5.6 -19.2 5.2 9.9 

5 1.9 -4.0 -13.3 5.6 9.9 

6 0.0 -4.0 -10.8 5.2 9.6 

7 0.0 -3.6 -8.7 2.2 10.1 

8 0.0 -3.3 -9.2 3.1 9.4 

9 0.8 -4.2 -10.3 5.0 8.8 

10 8.8 -4.9 -16.9 5.6 7.5 

11 23.3 -7.1 -26.0 5.4 4.4 

12 38.7 -9.8 -36.6 5.2 2.5 

YEAR 178.3 -72.9 -252.7 58.3 89.0 
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7.2.8 Grand Hall 

 

 

Figure 60. Specific energy demand for GRAND HALL. 

 

Table 53. Specific energy demand for GRAND HALL. 

Month QHEAT QINF QTRANS QGINT QSOL 

 kWh/m2 kWh/m2 kWh/m2 kWh/m2 kWh/m2 

1 46.9 -5.6 -46.8 4.7 0.9 

2 37.6 -4.8 -38.5 4.1 1.6 

3 31.4 -4.9 -34.5 4.5 3.5 

4 14.7 -4.3 -21.2 4.3 6.5 

5 2.4 -4.2 -12.4 4.7 9.6 

6 0.0 -5.8 -9.8 4.3 11.3 

7 0.0 -6.0 -5.9 1.0 10.9 

8 0.0 -5.1 -4.5 2.0 7.5 

9 0.7 -4.3 -4.6 4.1 4.0 

10 12.7 -4.0 -15.8 4.7 2.4 

11 28.9 -5.0 -29.5 4.5 1.1 

12 40.0 -5.6 -39.5 4.3 0.8 

YEAR 215.3 -59.6 -262.9 47.1 60.1 
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7.3 Annex 3 – Overheating risk for ISIL blocks non included in building 
renovation 

 

 

 

Figure 61. Overheating period and Overheating Degree Hours for Block II. 

 

 

 

Figure 62. Overheating period and Overheating Degree Hours for Block III. 
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Figure 63. Overheating period and Overheating Degree Hours for Block V. 

 

 

 

Figure 64. Overheating period and Overheating Degree Hours for Block IV & Grand. 
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Figure 65. Overheating period and Overheating Degree Hours for Block VII. 
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7.4 Annex 4 – Indoor air temperature distribution during overheating 
conditions before the building renovation 

 

Figure 66. Indoor air temperature distribution during overheating conditions before the building 
renovation of Block I. 

 

Figure 67. Indoor air temperature distribution during overheating conditions for Block II. 
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Figure 68. Indoor air temperature distribution during overheating conditions before the building 
renovation of Block VI. 

 

Figure 69. Indoor air temperature distribution during overheating conditions for Block III. 
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Figure 70. Indoor air temperature distribution during overheating conditions for Block IV & Grand 
Hall. 

 

Figure 71. Indoor air temperature distribution during overheating conditions for Block V. 
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Figure 72. Indoor air temperature distribution during overheating conditions for Block VII. 
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7.5 Annex 5 – List of radiator capacities for Model A, B and C 
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Table 55 and Table 56 show a summary of the equivalent radiators for the three models 

indicating their main characteristics. 

Table 54. List of radiator characteristics for Model A. 

Nº Circuit 
Name of the 
thermal zone 

Space type 

Floor 
area 

Total 
radiator 
capacity 

Radiator 
specific 
capacity 

Water 
flow rate 

[m2] [kW] [W/m2] [m3/h] 

1 C1i / C1e B1_F0_OF Office 689 64.8 94.1 3.8 

2 C1i / C1e B1_F0_SC Staircase 158 34.2 217.3 2.8 

3 C1i / C1e B1_F1_CL Classroom 244 31.5 129.3 1.5 

4 C1i / C1e B1_F1_CN Canteen 341 35.7 104.7 2.0 

5 C1i / C1e B1_F1_KT Kitchen 104 15.9 153.0 1.2 

6 C1i / C1e B1_F2_CL Classroom 689 82.0 119.1 4.6 

7 C1i / C1e B1_F2_SC Staircase 158 35.9 228.2 2.7 

8 C1i / C1e B1_F3_LB Laboratory 689 76.7 111.4 4.1 

9 C1i / C1e B1_F4_CL Classroom 689 79.8 115.8 4.5 

10 C1i / C1e B1_F4_SC Staircase 158 36.0 228.4 2.8 

11 C1i / C1e B1_F5_CL Classroom 689 115.0 167.0 6.6 

12 C1i / C1e B1_S1_CL Classroom 689 49.9 72.4 3.0 

13 C1i / C1e B1_S1_SC Staircase 158 14.5 91.8 1.1 

14 C1i / C1e B2_F0_OF Office 160 14.1 88.0 1.0 

15 C1i / C1e B2_F0_SC Staircase 163 1.7 10.7 0.2 

16 C1i / C1e B2_F1_OF Office 160 19.9 124.2 1.7 

17 C1i / C1e B2_F1_SC Staircase 120 7.9 66.3 0.3 

18 C1i / C1e B2_F2_CL Classroom 160 18.3 113.9 1.6 

19 C1i / C1e B2_F2_SC Staircase 120 8.0 67.3 0.3 

20 C1i / C1e B2_F3_LB Laboratory 160 21.5 134.4 1.9 

21 C1i / C1e B2_F3_SC Staircase 120 13.8 115.1 0.5 

22 C1i / C1e B2_F4_CL Classroom 160 22.5 140.5 1.9 

23 C1i / C1e B2_F4_SC Staircase 120 13.8 115.2 0.5 

24 C1i / C1e B2_F5_OF Office 160 28.2 176.0 2.4 

25 C1i / C1e B2_F5_SC Staircase 120 7.8 65.7 0.3 

26 C1i / C1e B2_S1_SC Staircase 163 0.0 0.0 0.0 

27 C1i / C1e B2_S1_UN Unconditioned 160 0.0 0.0 0.0 

28 C6 B6_F0_CL Classroom 125 13.7 109.3 1.0 

29 C6 B6_F1_LB Laboratory 596 87.2 146.2 4.6 

30 C6 B6_F2_LB Laboratory 496 75.7 152.5 3.9 

31 C6 B6_F2_OF Office 100 10.6 105.9 0.7 

32 C6 B6_F3_LB Laboratory 446 53.8 120.6 3.5 

33 C6 B6_F3_OF Office 150 16.8 112.1 0.9 

34 C6 B6_F4_LB Laboratory 596 98.1 164.6 5.5 

35 C6 B6_S1_CL1 Classroom 471 5.0 10.6 0.3 

36 C6 B6_S1_CL2 Classroom 125 14.3 114.3 1.0 

  



Simulation report of Belgian demonstrator. Definition of baseline scenario 94 / 95 

 

 

 

BRICKER 

GA nº 609071 

 

 

Table 55. List of radiator characteristics for Model B. 

Nº Circuit 
Name of the 
thermal zone 

Space type 

Floor 
area  

Total 
radiator 
capacity 

Radiator 
specific 
capacity 

Water 
flow rate 

[m2] [kW] [W/m2] [m3/h] 

1 C3 B3_F0_CL1 Classroom 203 15.2 74.7 0.8 

2 C3 B3_F0_CL2 Classroom 50 2.9 57.8 0.1 

3 C3 B3_F0_SC Staircase 128 5.2 40.7 0.4 

4 C3 B3_F1_CL Classroom 496 70.8 142.7 4.1 

5 C3 B3_F1_SC Staircase 128 14.5 113.5 1.2 

6 C3 B3_F2_CL Classroom 496 67.4 135.9 3.9 

7 C3 B3_F2_SC Staircase 128 14.5 113.5 1.2 

8 C3 B3_F3_CL Classroom 347 52.6 151.4 3.1 

9 C3 B3_F3_LB Laboratory 149 14.2 95.6 0.8 

10 C3 B3_F3_SC Staircase 128 14.5 113.5 1.2 

11 C3 B3_F4_CL Classroom 496 95.7 192.8 5.7 

12 C3 B3_F4_SC Staircase 128 16.5 128.9 1.4 

13 C3 B3_F5_CL Classroom 149 28.7 192.8 1.8 

14 C3 B3_F5_SC Staircase 128 7.1 55.1 0.6 

15 C3 B3_S1_CL Classroom 50 3.2 64.9 0.3 

16 C3 B3_S1_LB Laboratory 298 0.0 0.0 0.0 

17 C3 B3_S1_SC Staircase 128 0.0 0.0 0.0 

18 C3 B3_S1_UN Unconditioned 203 2.6 12.6 0.2 

19 C4 B4_F1_CL Classroom 557 80.0 143.7 5.0 

20 C4 B4_F2_CL Classroom 557 63.1 113.4 3.4 

21 C4 B4_S1_UN1 Unconditioned 557 0.0 0.0 0.0 

22 C4 B4_S1_UN2 Unconditioned 217 0.0 0.0 0.0 

23 C5 B5_F0_CL1 Classroom 119 16.2 136.3 1.1 

24 C5 B5_F0_CL2 Classroom 137 7.3 53.4 0.4 

25 C5 B5_F0_SC Staircase 96 6.2 64.7 0.5 

26 C5 B5_F1_CL1 Classroom 119 18.6 156.1 1.2 

27 C5 B5_F1_CL2 Classroom 137 14.2 103.2 0.8 

28 C5 B5_F1_SC Staircase 96 6.3 66.3 0.5 

29 C5 B5_F2_CL1 Classroom 119 19.3 162.2 1.2 

30 C5 B5_F2_CL2 Classroom 137 13.7 100.0 0.8 

31 C5 B5_F2_SC Staircase 96 6.3 66.3 0.5 

32 C5 B5_F3_CL1 Classroom 119 19.3 161.9 1.2 

33 C5 B5_F3_CL2 Classroom 137 17.7 128.7 1.2 

34 C5 B5_F3_SC Staircase 96 4.3 45.0 0.4 

35 C5 B5_F4_CL1 Classroom 119 13.9 117.2 0.7 

36 C5 B5_F4_CL2 Classroom 137 24.6 179.0 1.6 

37 C5 B5_F4_SC Staircase 96 7.6 79.5 0.7 

38 C5 B5_F5_SC Staircase 96 9.8 102.3 0.8 

39 C5 B5_S1_CL1 Classroom 119 6.0 50.1 0.5 

40 C5 B5_S1_CL2 Classroom 137 0.0 0.0 0.0 

41 C5 B5_S1_SC Staircase 96 9.7 101.6 0.8 

42 - GH_S1_LB Laboratory 720 0.0 0.0 0.0 
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Table 56. List of radiator characteristics for Model C. 

Nº Circuit 
Name of the 
thermal zone 

Space type 

Floor 
area 

Total 
radiator 
capacity 

Radiator 
specific 
capacity 

Water 
flow rate 

[m2] [kW] [W/m2] [m3/h] 

1 C7i / C7e B7_F0_CL Classroom 448 58.2 130.0 4.3 

2 C7i / C7e B7_F0_SC Staircase 104 13.1 126.9 0.7 

3 C7i / C7e B7_F1_CL Classroom 448 63.0 140.5 4.3 

4 C7i / C7e B7_F2_CL Classroom 312 46.2 148.0 3.4 

5 C7i / C7e B7_F2_OF Office 136 18.0 132.1 1.3 

6 C7i / C7e B7_F2_SC Staircase 104 14.3 138.5 0.7 

7 C7i / C7e B7_F3_LB Laboratory 448 68.0 151.8 5.1 

8 C7i / C7e B7_F4_CL Classroom 448 83.9 187.4 5.7 

9 C7i / C7e B7_F4_SC Staircase 104 30.7 296.1 2.6 

10 C7i / C7e B7_F5_OF Office 45 12.9 283.2 1.1 

11 C7i / C7e B7_S1_CL1 Classroom 136 20.9 153.0 1.6 

12 C7i / C7e B7_S1_CL2 Classroom 221 28.8 130.4 1.9 

13 C7i / C7e B7_S1_SC Staircase 104 5.7 54.8 0.5 

 


