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0 Abstract 

The following report contains the simulation results with all the assumptions and approaches used to 

build a detailed energy model of the Turkish 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 subsystem before to implement the active and passive renovation 

measures. 

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

[1] which is supplied of input data and parameters from: 

1. Geometric model built in Sketch Up  

2. Building envelope composition a thermos-physical characteristics collected from Turkish 

partners 

3. Occupancy, lighting and appliances heat gains profiles obtained from actual metered data. 

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

heating season, building usage, etc. 

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

The aim of this report is to provide to the reader the basic and 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 then 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. The first 

assumptions used in the modeling process such as: thermal zoning definition and geometric 

approximations. At the end of this chapter, the first simulation results in terms of energy demand and 

plausibility checks of the model are also presented. 

Chapter 3 provides a detailed description of the existing HVAC system and its components. It also gives 

some assumptions made in the modeling process. 

Finally, chapter 4 presents an analysis of the simulations results in terms of energy demand which 

corresponds 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 Aydin. Within the WP4 simulation activities, the weather files have been 

generated with Meteonorm v.7 in which an hourly data set is available. The user can build-up average 

or extreme weather files, where the first corresponds to a 30-years average weather file, whereas the 

second is a design weather profile with winter and summer extreme conditions. 

From Error! Reference source not found. to Figure 3 a comparison between these two profiles has 

been given for the dry-bulb ambient temperature, the global horizontal solar radiation and the relative 

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

weather parameters. 

Typically, this file is used in dimensioning system components, whereas an average file is suited for 

energy demand analysis. Because of this 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 Aydin (Turkey). 
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Figure 2. Global horizontal radiation distributions: comparison between an average and an extreme 
weather file for the location of Aydin (Turkey). 

 

 

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

The Turkish demo building is a hospital part of the Adnan Menderes University in the province of Aydın 

located about 100 km south-east of Izmir. The Hospital has 3 blocks, A, B and D. Block C is under 

construction. Total surfaces are 19.467 m2 for Block A, 13.320 m2 for Block B and 10.400 m2 for Block 

D (Figure 4). Most of the building areas are being used in a schedule of 7/24. Since the project only 

includes Block A, other blocks are considered as surrounding buildings that create shadings for the 

simulation. 

 

Figure 4. Front view of the Turkish demo building. 

Estimated annual energy breakdown of the building is provided below as ton petroleum equivalent. 

Since there are no dedicated energy monitoring devices for Block A, the energy breakdown is made 

by using estimated heating/cooling loads (according to Turkish standard), installed equipment power 

and equipment operation times. As shown in the Figure 5, 63.5% of the total energy consumption is 

HVAC and sanitary hot water system consumption. The rest is pure electrical consumption by the 

lighting and appliances. 

 

Figure 5. Estimated energy breakdown of Block A as ton petroleum equivalent. 
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2.1 Geometry 

2.1.1 Building geometry 

The Turkish demo building is a hospital building with a relatively complex shape. The main entrance 

of the building shown in Figure 4 above is located at the north-west side of the building. The plans of 

the floors from 2nd to 7th are identical while the ground floor and the first floor have extra areas for 

the entrance in front and the cafeteria behind. Floors 8th and 9th are unconditioned and host HVAC 

components or warehouses. 

The compactness factor of the building amounts to 0.097 m2/m3. In general, the composition of the 

building per uses is: patient rooms 11809 m2 (60%), halls common areas 5339 m2 (27%), offices 749 

m2 (4%), conference rooms 616 m2 (3%), intensive care unit 576 m2 (3%) and other areas 1798 m2 

(3%). Other spaces include cafeteria, physiotherapy and unconditioned elevator spaces. 

 

Figure 6. Building occupancy distribution. 

2.1.2 Building geometry simplification and thermal zone definition 

The development of a numerical model starts with the definition of appropriate thermal zones. 

Typically, common strategies for defining thermal zones consist in classifying existing room spaces 

according to occupancy and activity carried out, the typology of the HVAC system and its regulation, 

orientation and solar gains exploitation and air temperature requirements. 

Based on these criteria, a reference floor has been subdivided in 17 thermal zones (Figure 7). The 

building geometry has been simplified as shown below to render it compatible with TRNSYS software. 

Recess ledges have been eliminated while keeping the simplified zones areas more or less equal to 

the actual areas. Red lines indicate the simplified geometry while the dark lines are the original 

architectural drawing. Small halls between patients rooms have been merged into the patient rooms 

since the doors are usually being kept open in these places. In order to reduce the total number of 

zones, relatively small spaces that being used for other purposes are also considered as patient rooms. 
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Figure 7. Definition of thermal zone. 

In order to identify univocally the thermal zones, an acronym has been identified in the form of 

“XX_YY_ZZ”. For instance the abbreviation “F2_OF_14” refers to an office zone in the second floor and 

then each zone is identified by a progressive number (ZZ, from 1 to 18). 

Table 1. Nomenclature of zones (XX_YY_ZZ). 

Floor (XX)  Space Type (YY) 

0 (F0)  Patient room (PR) 

1 (F1)  Office (OF) 

2 (F2)  Staircase & Common areas (SC) 

3 (F3)  Intensive care unit (IC) 

4 (F4)  Cafeteria (CF) 

5 (F5)  Physiotherapy (PT) 

6 (F6)  Conference room (CR) 

7 (F7)  Elevators (UN) 

Transparent structures of the building have been studied on site. In order to simplify the model, 

multiple windows in the same zone are merged to create one big window while keeping the total area 

constant. Skylights are also considered. 

A view of the overall building model is shown in Figure 8 and Figure 9. 



Deliverable D4.23 Project for optimal active and passive systems integration in the Turkish demonstrator 10 / 33 

 

 

 

BRICKER 

GA nº 609071 

 

 

 

Figure 8. View from South of the TRNSYS building model. 

 

Figure 9. View from North of the TRNSYS building model. 

According to the criteria above described, the overall number of zones amount to 147. This number is 

not compatible with integrated simulation of building and energy system and therefore further 

simplification are recommended. 

In order to achieve this goal, a similar procedure as [2] is followed. The idea is to reduce the number 

of thermal zones by identifying representative floor or thermal zones, in a way that the derived heating 

and cooling demand is approximately equivalent to the initial building geometry (see section 2.7). 

2.2 Internal gains 

2.2.1 Occupancy 

The definition of standard occupancy profiles has been necessary because of the heterogeneity of 

building spaces. In order to do this, the following approach for modeling occupants’ presence and 

gains in each thermal zone has been used: 

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

(person/m2) which is selected according to the space type of the zone (see Table 2). 

2. Estimate the sensible and latent gains per person (W/person) and the convective fraction (%) 

for a given metabolic rate, which is selected according to the space type of the zone (see Table 

2). A constant convective fraction value of 40% has been used. 
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3. Calculate the zone presence value hour per hour according to occupancy schedules estimated 

from real metered data (weekday, weekends and holidays). 

Table 2. Max occupancies and type of activity in different zone types 

Space Type Activity 
Max occupancy Total gain Sensible gain Latent gain 

[person/m2] [W/person] (W/person] [W/person] 

PR Seated, Eating 0.14 170 75 95 

OF Seated, light writing 0.032 120 65 55 

SC Walking 0.075 305 100 205 

IC Standing, light work 0.09 185 90 95 

CF Seated, Eating 1.5 170 75 95 

PT Standing, light work  1.07 185 90 95 

CR Seated, light work,  0.2 150 75 75 

UN Standing, light work  0.05 185 90 95 

The values listed in Table 2 have been taken from literature [3-5] and integrated with estimation from 

personal experience. 

2.2.2 Appliances 

Main gains related with equipment are derived from reference [6]. As mentioned before, an average 

number of units are considered in offices areas. Beside them, other appliances appear inside the 

building. The total specific number of elements is obtained from a previous energy audit. The mean 

power for equipment and the total gain associated to each of them is listed in the following Table 3. 

Table 3 Rate of heat gains from considered appliances. 

Type Subtype 
Sensible gain Latent gain Convective fraction 

[W] [W] [%] 

Desktop 230 0 72 

Printer 100 0 85 

Projector 200 0 70 

Refrigerator big 290 0 85 

Refrigerator small 326 0 85 

Water Dispenser 50 0 80 

TV LCD TV 100 0 72 

Hot Service Hot Service Unit 1870 1300 75 

 

A list of all the appliances installed on a reference floor has been compiled and in Table 4. The number 

of appliances was determined on site. Since the building is a hospital, appliances are typical for a 

particular space type. In order to simplify the definition of such internal gains, hair dryers are 

neglected due to low operating times and medical devices with unknown heat gain are assumed as 

equivalent computers. When one single zone includes multiple of these rooms above, quantities are 

multiplied in accordance. 
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Table 4 List of appliances in a reference floor. 

Zone 
ID 

PC Printer Projector TV 
Hot service 

unit 
Big 

refrigerator 
Small 

refrigerator 
Water 

dispenser 

CR_01 1 0 1 0 0 0 0 0 

PR_02 0 0 0 4 0 0 4 0 

SC_03 0 0 0 0 0 0 0 0 

OF_04 1 0 0 1 0 0 0 0 

PR_05 3 1 0 6 1 1 6 1 

PR_06 2 1 0 5 0 0 5 0 

SC_07 2 1 0 0 0 0 0 0 

PT_08 8 2 0 0 0 0 0 0 

PR_09 3 1 0 6 1 1 6 1 

PR_10 0 0 0 6 0 0 6 0 

CR_11 1 0 1 0 0 0 0 0 

PR_12 0 0 0 4 0 0 4 0 

SC_13 0 0 0 0 0 0 0 0 

OF_14 1 0 0 1 0 0 0 0 

UN_15 0 0 0 0 0 0 0 0 

UN_16 0 0 0 0 0 0 0 0 

 

2.2.3 Lighting 

Overall lighting powers per meter square area of each zone type have been calculated from the 

electrical drawings of the building. Drawings ae crosschecked to be consistent with reality. The specific 

lighting power for each thermal zone typology is listed in Table 5. These values are multiplied by the 

each zone area of the corresponding type to calculate the lighting related gains. 

Table 5. Specific lighting power of different zone types. 

Space Type 
Lighting power 

[W/m2] 

PR 1.644 

OF 1.942 

SC 0.944 

IC 1.243 

CF 8.507 

PT 8.967 

CR 1.396 

UN 0.927 

2.2.4 Schedules 

Occupancy schedules for the different zone typologies are given in Annex 1. As it can be noticed, peak 

hours are between 13:00-14:00 and 19:00-20:00. These are visiting hours for inpatients. The number 

of personnel changes according to the shifts. This is also considered regarding which zone is occupied 

by these personnel. Schedules of lighting, HVAC and appliances are also created according to the 

occupancy schedule. Conference rooms and physiotherapy are unoccupied during nights and 
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weekends while the cafeteria is only occupied certain times of the day. The rest of the building is 

working on a 24h schedule. 

2.3 Ventilation and infiltration rates 

Ventilation system is working with 100% fresh air and there is no heat recovery system. The building 

is partially ventilated with the ventilation system while there are spaces using natural ventilation only. 

Since there is no active regulations for ventilation rates for hospitals in Turkey, design values are used. 

Basically, ventilation systems are assumed to be working in 50% capacity if the zone is occupied. 

Ventilation details for a reference floor are given below (see Table 6). The air extraction ratios have 

been neglected and air change ratios have been calculated only by using the fresh air input to the 

zone. Simply, since the total air volume in the zone is constant, extracted air amount must be equal 

to the fresh air pumped. 

Table 6. Ventilation flows for a reference floor. 

Zone ID 
Volume Person Flow 

[m3] [-] [m3/h] [kg/h] 

CR_01 206.4 10 300 360 

PR_02 793.7 26 1250 1500 

SC_03 136.8 2 0 0 

OF_04 259.6 2 625 750 

PR_05 1435.5 48 2400 2880 

PR_06 1462.9 49 2300 2760 

SC_07 6988.7 62 4900 5880 

PT_08 313.1 80 5000 6000 

PR_09 1435.5 48 2525 3030 

PR_10 1462.9 49 2500 3000 

CR_11 206.4 10 300 360 

PR_12 793.7 26 1250 1500 

SC_13 136.8 2 0 0 

OF_14 259.6 2 625 750 

UN_15 86.3 1 0 0 

UN_16 86.3 1 0 0 

 

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

Due to the lack of more accurate information on the real building airtightness, infiltrations are 

considered as a constants value during the entire. Building leakages have been estimated in 0.60 h-1. 

2.4 Building assemblies 

2.4.1 Opaque structures 

Thermal and optical properties of building elements are given below from Table 7 and Table 11. These 

layers are determined by drilling holes and checking layers. Since it’s not possible to check the layers 

(destructive) or measure the heat transfer coefficient for the floor, overall heat transfer coefficient of 
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the floors are assumed to be 2.83 W/(m2K) considering a common type of floor for Turkish buildings. 

Thermal resistance of the air gap in the adjacent ceiling is assumed to be 0.16 (m2K)/W according to 

UNI EN ISO 6946 [7]. 

 

Table 7. External wall assembly (layer inside/front to outside/back). 

Layer Material 
𝒔 𝝀 𝝆 𝒄𝒑 𝑹 

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

- Front superficial resistance - - - - 0.130 
1 Plaster 0.005 0.51 1200 - 0.010 
2 Aerated Concrete 0.3 0.31 1000 - 0.968 
3 Mortar (Lime/Cement) 0.025 1 1800 - 0.025 
- Back superficial resistance - - - - 0.040 

 Total 0.33    1.173 

    U-value [W/(m2K)] 0.85 

 

Table 8. External wall assembly (layer inside/front to outside/back). 

Layer Material 
𝒔 𝝀 𝝆 𝒄𝒑 𝑹 

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

- Front superficial resistance - - - - 0.100 
1 Tile 0.03 0.39  - 0.077 
2 Cement Finish 0.02 1.4  - 0.014 
3 Reinforced Concrete 0.2 2.2 2400 - 0.091 
4 Plaster 0.005 0.51 1200 - 0.010 
- Back superficial resistance - - - - 0.040 

 Total 0.33    0.332 

    U-value [W/(m2K)] 3.01 

 

Table 9. Roof assembly (layer inside/front to outside/back). 

Layer Material 
𝒔 𝝀 𝝆 𝒄𝒑 𝑹 

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

- Front superficial resistance - - - - 0.100 
1 Tile 0.03 0.39  - 0.077 
2 Cement Finish 0.02 1.4  - 0.014 
3 Reinforced Concrete 0.2 2.2 2400 - 0.091 
4 Plaster 0.005 0.51 1200 - 0.010 
- Back superficial resistance - - - - 0.040 

 Total 0.33    0.332 

    U-value [W/(m2K)] 3.01 
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Table 10. Ceiling/roof assembly (layer inside/front to outside/back). 

Layer Material 
𝒔 𝝀 𝝆 𝒄𝒑 𝑹 

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

- Front superficial resistance - - - - 0.170 
1 Plasterboard 0.015 0.25 800 1.09 0.060 
2 Air gap 0.4 - - - 0.160 
3 Concrete slab 0.3 2.3 2500 1 0.130 
4 Tile 0.03 0.39 - - 0.077 
- Back superficial resistance - - - - 0.170 

 Total 0.33    0.767 

    U-value [W/(m2K)] 1.30 

 

Table 11. Internal partions assembly (layer inside/front to outside/back). 

Layer Material 
𝒔 𝝀 𝝆 𝒄𝒑 𝑹 

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

- Front superficial resistance - - - - 0.130 
1 Plaster (Lime/Cement) 0.025 1 1800 - 0.025 
2 Aerated Concrete 0.3 0.31 1000 - 0.968 
3 Plaster 0.005 0.51 1200 - 0.010 
- Back superficial resistance - - - - 0.130 

 Total 0.33    1.263 

    U-value [W/(m2K)] 0.79 

 

2.4.2 Transparent structures 

In the existing demo building double glazed windows are installed with a PVC frame. No additional 

information about the windows assembly is available. The frame area of the curtain window is 15% of 

the window area, taking into account also dividers. The frame is in PVC with a U value of 2.2 W/(m2K). 

The windows characteristics set in the building model are listed in Table 12. 

Table 12. Window properties. 

Zone 
function 

Window ID 
in TRNSYS 

library 
Description 

Uglass g-value Uframe 
Frame 
ratio 

[W/(mK)] [-] [W/(m2K)] [%] 

Stairwell 5002 
Double glazing 

4/16/4 
2.74 0.568 2.2 15 

Office 5001 
Double glazing with 
solar control 6/16/6 

2.74 0.756 2.2 10 

During the energy audit no internal or external shading devices have been observed. 

2.5 Shadings 

During the energy audit no internal or external shading devices have been observed. The shading 

effect of nearby building parts has been considered. Shading surfaces are the one coloured in violet in 

the SketchUp models (Figure 8 and Figure 9). 
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2.6 Indoor comfort conditions 

In order to comply with comfort requirements, the indoor air temperature is kept to 24°C during the 

heating season whereas to 25°C during the cooling season. In order to quantify the actual building 

energy demand, air setpoint temperatures are derived from indoor air measurements. Heating and 

cooling are not present simultaneously and therefore overheating during winter might happen as well 

as for cold air temperature in summer. The definition of heating and cooling seasons is defined in 

order to meet occupants comfort conditions throughout the year. Because of this, heating season 

goes from 1st of November until 15th of March, whereas cooling season is nothing but its 

complementary period. 

2.7 Building energy demand 

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

building has been conducted. The behavior of the building has been analyzed by using a simulation 

time step of 1 hour. A preconditioning period of a month has been used in order to discard initial 

simulation periods in which initial conditions might affect simulation results. 

Because of the high number of thermal zones, the building model has been split in two independent 

sub-models which aim to represent the thermal behavior of the floors F0-F2 and F3-F9, respectively. 

The building heating and cooling demands have been quantified for all 147 thermal zones. In Figure 

10 the yearly energy balance for conditioned (F0 to F7) and unconditioned (F8 and F9) floors is shown. 

 

Figure 10. Yearly energy balance for conditioned and unconditioned floors. 

Since a relevant number of building’s thermal zones show analogies in terms of geometry, user 

behaviour and orientation, the idea is to identify a limited number of zones which could be used for 

representing the whole building energy behaviour. The final results of this process are shown from 

Figure 13 to Figure 16. This has permitted to reduce the total number of zones to simulate to 45. 
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Figure 11. View from South of the TRNSYS simplified building model (yellow zones are conditioned thermal 
zones, purple zones are shading surfaces). 

 

Figure 12. View from North of the TRNSYS simplified building model (yellow zones are conditioned thermal 
zones, purple zones are shading surfaces). 

 

Reference heating and cooling demands derived from the simulation of sub-models F0-F2 and F3-F9 

are shown in grey columns, whereas the derived demands derived from this simplification process are 

plotted through red and blue columns. The relative error is finally shown on the secondary axis. In 

most of the cases, the relative error for single zones is small. In some cases it reaches 16-18% even if 

the absolute discrepancy is very limited. All in all at building level, the relative error on heating and 

cooling amounts to -1.2% and -1%, respectively. 
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Figure 13. Absolute and relative difference of heating demand between real and simplified building model of 
floors F0-F2. 

 

 

Figure 14. Absolute and relative difference of cooling demand between real and simplified building model of 
floors F0-F2. 

 

 

Figure 15. Absolute and relative difference of heating demand between real and simplified building model of 
floors F3-F9. 
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Figure 16. Absolute and relative difference of cooling demand between real and simplified building model of 
floors F3-F9. 

 

The heating demand of the building amount to 1.65 GWh/y or 74.3 kWh/(m2y), whereas the cooling 

demand reaches a value of 2.00 GWh/y or 98.6 kWh/(m2y). Finally in Figure 17 monthly energy 

demands are presented. 

 

Figure 17. Monthly heating and cooling demand of the simplified building model. 

 

2.7.1 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 

4.47×10-8 W); 

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

boundary conditions. 

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). A group of zones (zones nr. 10-

West, 06-South, 09-East and 05-South) corresponding to patient rooms are chosen because of the 
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external façade similarity across the different levels in terms of fenestration ratio, floor area and 

orientation (see Figure 18). 

 

  

Figure 18. View of thermal considered for plausibility checks: zones nr. 10 (West, light blue), nr. 06 (North, 
red), nr. 09 (East, yellow) and nr. 05 (South, green). 

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

without any interference of the building itself. In Figure 19 the specific solar gains in kWh/(m2y) are 

plotted. 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. 

  

Figure 19. Yearly solar gains on zones nr. 10, 06, 09 and 05 at different building levels. 

 



Deliverable D4.23 Project for optimal active and passive systems integration in the Turkish demonstrator 21 / 33 

 

 

 

BRICKER 

GA nº 609071 

 

 

3 HVAC and energy system 

Heating and cooling generation systems are independent from each other. Hot and chilled water is 

fed to building from a central machinery building located about 200 meters away from Block A. The 

hot or cold water is pumped from the machinery building to the Block A and then distributed to the 

fan-coil units and the air-handling units. 

Pipeline schematics of energy distribution systems inside Block A are very limited. Only de positions 

of FCUs and duct details of ACUs exist. 

3.1 Energy generation system 

The hot water for heating purposes is generated by 2 natural gas boiler (model: Buderus SB825) of 

6500 kW each. These high efficiency boilers are equipped. The efficiency of the boiler under common 

working conditions has been measured as 98.2% (NCV) by the flue gas analysis done by Onur Energy. 

This difference is due to the excess combustion air (6.55% O2 measured, 2-3% considered as efficient). 

Much more efficiency can be achieved via reducing the excess combustion air by calibrating the 

burners. 

Gas boiler 1

6500 kW

Gas boiler 2

6500 kW

Hydraulic 
junction

From Blocks A, C and D

To Blocks A, C and D

14 m3

 

Figure 20. Layout of the existing heating generation system. 

 

The hot water is pumped to a hydraulic junction of 14 m3 capacity and then distributes it to all blocks 

and the SHW heaters through the pump station. The water is dispatched to Block A, C and D. 

The boiler set temperature is determined manually by the operator. It is usually kept at 70 °C during 

typical winter days, but it might be increased up to 80 °C during extraordinarily cold days. This is 

decided by the operator by monitoring the zone temperatures or considering feedbacks from the 

occupants. When mild heating is required, set temperature is being decreased to 60 °C with the same 

strategy to save energy. 
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Hydraulic loop of the boiler-tank side works with constant flow rate while the set temperature is being 

maintained by the modulating burners. Tank-building loop on the other hand, have variable speed 

pumps. However, currently the pump station always drives the pumps at 50 Hz while the number of 

running pumps is being controlled by the operator manually. VFD is only providing soft-start. 

The chilling water is produced through a centralized system composed by 2 centrifugal chillers (model: 

Carrier 19XR) of 4650 kW each and 1 chiller of 2326 kW (see Figure 21). As a condensing unit, a 

dedicated open cycle wet cooling tower is installed for each chiller. A 3-way valve regulates the return 

temperature to the chiller but in practice this possibility is not used anymore. On the evaporator side 

of the chiller, return water from Blocks A, C and D is mixed together, so that is not possible to isolate 

the Block A load from the other two. 

2326 kW

Wet cooling tower
(Open cycle)

Insulated 
accumulation 

tank

Tdb, RH

4650 kW

Wet cooling tower
(Open cycle)

Tdb, RH

4650 kW

Wet cooling tower
(Open cycle)

Tdb, RH

To Block C

To Block D

To Block A

Chiller

Chiller

Chiller

40 [m3] From Block D

From Block C

From Block A

Softened 
water

 

Figure 21. Layout of the existing cooling generation system. 
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In Figure 21, by-pass lines between evaporator outlets of the chillers are missing. These by-pass lines 

are used to feed multiple blocks with a single chiller when the demand is low. Basically, during the 

mild-cooling season, running 2 chillers for Blocks A and B consumes much more energy due to 

compressor idle time caused by low loads. In this case, technicians run 1 single chiller for Blocks A&B 

by opening the bypass valve to save energy. 

The performance characteristics of the chiller have been measured on site for various loads by Onur 

Energy. Results are given below. The machine wasn’t able to run over 60% load to prevent freezing in 

the evaporator. Manufacturer claims that the machine is able to achieve COP values up to 6.8. This is 

in line with the measurements. 

 

 

Figure 22. Performance of the existing electrically driven chiller (Carrier 19XR). Data obtained through on-site 
measurement. 
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Chillers of blocks A&B are cooled by 2 separate Evapco AT 38-942 open-cycle wet cooling towers. 

Performance characteristics of the towers are given in Table 13. 

Table 13. Performance characteristics of cooling tower “Evapco AT 38-942” under various operating 
conditions. 

Inlet water 
temperature 

Outlet water 
temperature 

Wet bulb 
temperature 

Cooling Capacity 

[°C] [°C] [°C] [l/s] 

32 27 19 298 

36 26 19 189 

32 27 20 279 

36 26 20 176 

32 27 21 256 

36 26 21 162 

32 27 22 231 

37 27 22 168 

35 30 24 289 

40 30 24 205 

35 30 25 264 

40 30 25 191 

35 30 26 234 

37 32 26 - 

40 30 26 173 

42 32 26 224 

36 31 27 244 

37 32 27 287 

41 31 27 181 

42 32 27 208 

 

All pipes are insulated with rubber pipe insulation material and covered with galvanized metal sheets. 

Table 14. Pipe Details & Flow Rates. 

Pipe 
Nominal 
diameter 

[mm] 

Insulation 
thickness 

[mm] 

Pipe Length1 
[m] 

Flow rates 
[m3/h] 

Chiller/Boiler – 
Building 

2 X 300 32 220 610-9703 

Chiller Cooling Water 300 32 60 N/A 

Hot Water 300 32 220 110-2203 

SHW Send 100 25 220 N/A 

SHW Return 80 25 220 N/A 

Boiler-HST2 350 32 12/20 360-7403,4 

HST2 – SHW Tank 150 25 30 50-1005 
1 One sided lengths are given. E.g. 220 chilled water send + 220 return = 440 total length 
2 HST = Hydraulic Separation Tank 
3 Measured on site 
4 Estimated values 
5 360 m3/h when single boiler is running, 740 m3/h when both boilers are running. 
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Pump details are given below; 

 Boiler-HST circulation pumps: model INM 200-360/225 1000 RPM of 7.5 kW electrical 

consumption; 

 HST-Building pumps & HST-SHW pumps: model INM 125-200/170 1450 RPM of 3 kW electrical 

consumption; 

 Chilled water pumps: model NM 100-200-188 2900 RPM of 37 kW electrical consumption; 

 Cooling tower pumps: the model is unidentified due to corrosion; 35 kW electrical 

consumption. 

3.2 Energy distribution system 

The heating and cooling load of the building is covered through wall-mounted fancoil terminal units. 

All in all there are 452 fancoils of 3 different types. 

 Nr. 65 of Carrier 42FA031BZ (see column “03” in Figure 23); 

 Nr. 49 of Carrier 42FA041B (see column “04” in Figure 23); 

 Nr. 338 of Carrier 42FA082BX (see column “08” in Figure 23). 

The regulation of heating and cooling is accomplished through a connection with zone thermostats. 

 

Figure 23. Performance characteristics of installed fancoil terminals. 

The HVAC system of the building includes 19 AHUs (Air Handling Units). These units operate with 100% 

fresh air without any heat recovery system: 14 of these are located on 8th floor, whereas the rest are 

placed in the basement. AHU fans generally have VFD and operate at 50% load. HVAC technicians 

stated that KS-1, KS-3 KS-4 in basement and KS-2, KS-4, KS-5, KS-6 and KS-7 on 8th floor are generally 

being used. The rest are unused most of the time.  
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3.3 System control strategy 

There is no automated control logic except the air handling units, chillers and burners which have their 

own. The heating power of the burners is modulated in order to provide the set temperature by using 

the temperature sensors located at the inlet and outlet of the boiler. Chillers are able to run in 

constant load or automatic load to stabilise the temperature of chilled water by using the temperature 

sensors located at the inlet and outlet of the evaporator. AHUs are able to modulate based on zone 

temperature. There are no IAQ sensors. 

The rest of the systems, including all pumps, are manually controlled by the operators. There are no 

defined control strategies and the true operation is completely depending on the skills and the 

experience of the operators. Few of the operators are able to run the system smoothly while 

downtimes caused by operational mistakes happen time to time under the control of other operators. 

Generally, at least one boiler is running all the time including summer to provide sanitary hot water 

to the occupants. This year hospital management is trying to create energy savings by providing 

sanitary hot water to the occupants only 4 prearranged days a week during the summer period. 

3.4 Missing information and further simplifications 

In most of the cases, the evaluation of the energy performance on new buildings through numerical 

simulations is feasible. This is possible thanks to the access to comprehensive and complete data 

sources (technical documentation available) from where it is possible to derive all required simulation 

parameters. Conversely when simulations on existing buildings and systems have to be conducted, 

the lack of performance characteristics of system components or materials might substantially limit 

or impede them. 

When technical documentation is missing, on-site measurements can be considered and typically offer 

a more realist understanding of real system conditions. Nevertheless, installation of heat meters on 

existing piping network is far from being an easy task, since it implies the interruption of building’s 

services such as heating, cooling or hot water delivery. 

In the Turkish demo building, available technical documentation was fragmented and partial and 

measurements on installed components were not always possible because of the building typology 

(hospital). 

The missing information are listed in the following. 

1. In the layout of the existing heating (see Figure 20) and cooling (Figure 21) generation system, 

the return pipe from the building is shared among building Blocks A, C and D. Since the focus 

in the BRICKER project is the renovation of Block A, it is not possible to meter the 

corresponding energy flows and temperatures to and from the building. 

2. Mass flow rates and power consumptions of circulating pumps, performance characteristics 

of existing gas boilers and compression chiller at different working conditions are missing or 

not sufficient for a detailed numerical simulation. 
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3. The control logic of system components is not standardized. The regulation of valves, the 

operation of pumps or the activation of working schemes are done manually by technical staff 

taking care of overall system management. 

In such circumstances, detailed transient simulations as a methodological approach for fostering the 

knowledge and awareness of a real system lose their effectiveness due to the great number of missing 

information and assumptions required. 

In order to calculate the performance of the existing system (which is in other words the base case 

scenario for BRICKER system), substantial simplifications are required. In order to cope with the first 

limitation, it is assumed that the activation of heating or cooling modes is carried out ideally any time 

heating or cooling demands are present. Energy delivery from the central system is delivered assuming 

a constant average thermal (heating) and electrical (cooling) that does not change with environmental 

or operational conditions. An overall seasonal efficiency of heating and cooling system is assumed 

based on literature and former experiences. Heating system as an overall efficiency of 85%. Cooling 

system (including electrical consumptions of compression chillers, circulating pumps, wet cooling 

towers) has a seasonal performance factor SPF of 3.5. 

Therefore, the calculation of the final energy and primary energy demand can be directly calculated 

from heating and cooling loads calculated from the detailed building model shown in paragraph Error! 

Reference source not found.. The base line scenario is listed in Table 15. 

Table 15. Calculation of the baseline scenario for the Turkish demo building. 

Building load Unit Heating Cooling 

Building loads kWh/(m2y) 74.3 98.6 

Final energy kWh/(m2y) 87.4 28.2 

Primary energy kWh/(m2y) 108.4 88.2 

CO2 kg CO2,eq/(m2y) 22.7 15.8 
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4 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 Turkish 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. 

Detailed modelling of building geometry is used for the detailed estimation of heating and cooling 

energy demands. In this step, it is assumed that the performance of the whole building can be derived 

from the analysis of a set of zones identified as representative. This assumption is considered a 

common praxis in building modelling and permits to have on the one side a reliable and detailed 

building model while on the other side to reduce calculation efforts. 

With respect to the evaluation of HVAC performance, the lack of available information for creating a 

detailed numerical model for simulation purposes has affected largely the approach chosen in this 

task. Yearly average efficiencies and conversion factors for heating and cooling generation systems 

are required in order to proceed with an estimation of the primary energy demand for the Turkish 

demo building. 

To conclude, the main findings attained in this report can be synthetized as follows: 

1. The heating demand of the building is quantified in 74.3 kWh/(m2y) (1.65 GWh/y), whereas 

the cooling demand amounts to 98.6 kWh/(m2y) (2.00 GWh/y). 

2. The final energy demand for heating and cooling amount to 87.4 kWh/(m2y) and 28.2 

kWh/(m2y), respectively. 

3. The primary energy content for heating is due to gas consumption, while for cooling is 

associated to electricity consumption. In general primary energy for heating and cooling are 

high and equal to 108.4 kWh/(m2y) and 88.2 kWh/(m2y), respectively. 
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6 Annex 1 – Building schedules 

Table 16. Occupancy schedules for building zone typologies. 

 

 



Deliverable D4.23 Project for optimal active and passive systems integration in the Turkish demonstrator 31 / 33 

 

 

 

BRICKER 

GA nº 609071 

 

 

Table 17. Lighting schedules for building zone typologies. 
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Table 18. Appliances schedules for building zone typologies. 
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Table 19. Ventilation schedules for building zone typologies. 

 


