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Executive summary

This deliverable gives a comprehensive report on development and validation of the dynamic
model of the University of Zagreb Faculty of Electrical Engineering and Computing (UNIZGFER)
skyscraper building. The building comprises the basement, 13 floors (+ the ground floor), and a flat
roof. Two building floors (9™ and 10%) are equipped with an advanced central control unit for
heating/cooling, which enables data acquisition from the building zone side to a central database.
The goal of the 3Smart project is to equip the rest of the building with sensors and data acquisition
equipment so as to include the whole building into one common Building Energy Management
System (BEMS). One of the key parts for development of BEMS is dynamic model of the building,
which is derived in this deliverable.

This deliverable is structured as follows. Chapter 1 gives basic information on building
infrastructure. Detailed building construction data are described in Chapter 2. Based on all the
information given, detailed building model is constructed in simulation software IDA-ICE [8] and
presented within Chapter 3. Simulation scenario is specified in Chapter 4, while simulation results
and verification of the developed model based on data from energy bills are given in Chapter 5.

Project co-funded by the European Union through Interreg Danube Transnational Programme



Smart Building - Smart Grid - Smart City (3Smart)
Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

“y

1. Basic building architecture

Construction of the UNIZGFER skyscraper (Figure 1) was finished in 1963. It was designed by
Bozidar Tusek, renowned Croatian architect. The building has a flat roof, 13 floors, the ground floor,
and the basement.

Figure 1: UNIZGFER skyscraper building.

1.1 Location and orientation of the building

The building is located at Unska 3, Zagreb (spatial coordinates [45,80° N, 15,97° E]) and has
east-west orientation (Figure 2, Figure 3) with deviation of 5 ° from the east-west axis (Figure 4).

Ir U.: B 1:7 -PUED

| 45.8015,15.9712

= -

___ el

Figure 2: Location of the FER skyscraper

Figure 3: Google maps screenshot of the FER skyscraper
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Figure 4: Typical floor arrangement (floors 1-12 of the FER skyscraper) and the building orientation.

1.2 Building shape and construction

The building has a rectangular shape with an east-west axis. External dimensions of the
building (length x width x height) are: 53,05 m x 15,46 m x 55,32 m.

Project co-funded by the European Union through Interreg Danube Transnational Programme 3
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2. Building construction and materials

The main building skeleton is made of a reinforced concrete. The building envelope consists of
reinforced concrete walls on the east and west side of the building and 58 uniformly distributed
bearing pillars per each floor on the north and south face of the building. The walls between pillars
are typical brick walls covered with asbestos-cement boards. Original internal walls from 1963 are
made of bricks, while later upgrades are made of drywall. Since the building dates from the early 60s,
the insulation in the ceiling is made of plaster and reed.

1.2.1. External building walls

East- and west-facing parts of external building envelope are made of reinforced concrete in
the basement (Figure 5), while in the rest of the building reinforced concrete is combined with reed
and bricks (Figure 6).

—— i i . i, i e i e e

OUTSIDE INSIDE

Figure 5: East- and west-facing external walls in the basement (EW1).

1

i reinforced concrete 24 cm
| reed boards 3cm
: full clay bricks 12 cm
| lime-cement plaster 2cm
e e e e e e o —————————
OUTSIDE - INSIDE

Figure 6: East- and west-facing external walls from the ground floor to 13th floor (EW2).
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South- and north-facing building envelope consists of 58 uniformly distributed reinforced
concrete bearing pillars from ground-floor up to the 12 floor. The dimensions of pillars are 25 cm x
45 cm. The space between the pillars is filled with 40 cm reinforced concrete in the basement and
with brick walls in the rest of the building (Figure 7).

1
: asbestos-cement boards 1cm
” | air + wooden substructure  9cm
: full clay bricks 25 cm
” | lime-cement plaster 2cm
|
OUTSIDE ‘] INSIDE

I

Figure 7: South- and north-facing external walls from ground-floor to 12th floor (EW3).

The detailed cross section view of a south- and north-facing external wall is given in Appendix 1. The
south- and north-facing external walls on the 13™ floor are made of bricks and insulated with lime-
cement plaster and Styrofoam (Figure 8).

li_l lime-cement plaster 2cm
” | | Styrofoam EPS 5cm
: full clay brick 25cm
Llime-cement plaster 2cm
OUTSIDE | INSIDE

Figure 8: South- and north-facing external walls on the 13th floor (EW4).
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1.2.2. Internal walls

There are two types of internal walls, bearing reinforced concrete walls and partition walls
made of bricks. Bearing walls are made as 25 cm, 30 cm and 50 cm thick reinforced concrete with
1 cm lime-cement plaster insulation on each side (BW1, BW2, BW3) (Figure 9).

T RS RS AT w s s e T THARRARRSRSSA T T T T T T T~ 77—~ 71 lime-cement plaster lcm
: reinforced concrete 50/30/25¢cm
I lime-cement plaster lcm
AN N O A S SR g gy

Figure 9: Internal bearing walls (BW1-BW3).

Brick walls are made in two standard variations, as 7 cm thick walls (PW1) (Figure 10) and as 13 cm
thick walls (PW2) (Figure 11).

~ ===~ 1! lime-cement plaster 0.5 cm A _l' Iime-ceme.nt plaster 0.5cm
: full clay bricks 12 em i full clay bricks 6cm

I lime-cement plaster 0.5 cm L'@E'EE_T“ETEESEEL ___95em
Figure 10: Internal partition brick walls (PW1). Figure 11: Internal partition brick walls (PW2).

Drywalls are made in two standard variation, as 10 cm thick walls with single gypsum board on each
side and 7 cm mineral wool insulation (PW3) (Figure 12) or as 15 cm thick walls with double gypsum
boards on each side and 10 cm mineral wool insulation (PW4) (Figure 13).

Project co-funded by the European Union through Interreg Danube Transnational Programme
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Figure 12: Internal partition gypsum wall (PW6). Figure 13: Internal partition gypsum wall (PW?7).
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1.2.3. Floors and ceilings

Typical floors/ceilings in the building are made of 5 cm thick reinforced concrete positioned
on 13 cm thick and 35 cm high reinforced concrete bearing beams. There are 2 main types of floor
covering, wooden oak parquet (FC1) and terazzo (FC2), both 6 cm thick. Ceilings are the same across
the building, made of 5 cm reed and cement plaster. The cross section of FC1 and FC2 are shown in
Figure 14.

T 2
T T
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
T T
I I
| |
|

terrazzo 25cm

| oak parquet 2.5cm
| | cement screed 2cm

cement screed 3cm . .
[ . ! bituminous membrane 0.5cm
I bituminous membrane 0.5cm |
[ . . | hardboard lcm

reinforced concrete construction (5 cm + 35 cm air) | N .
! reinforced concrete construction (5 cm + 35 cm air)
| reed + cement plaster 5cm |
S | reed +cement plaster 5em

Figure 14: Floors/Ceilings across the Faculty building (FC1, FC2).

The basement floor is made of 80 cm thick reinforced concrete covered with bituminous membrane
to assure hydro-isolation, 3 cm thick cement screed and oak parquet (FC3) (Figure 15).

X
I

} oak parquet 2.5cm
| cement screed 3cm

} bituminous membrane 0.5 cm
| reinforced concrete 80 cm

Figure 15: Basement floor (FC3).

The 13™ floor has an enclosed terrace so the ceiling of the 12 floor is additionally insulated (FC4)
(Figure 16). The terrace floors are made of 4 cm concrete tiles, insulated with 1 cm bituminous
membrane, 1 cm cement screed, 6 cm concrete, additional 0.5 cm bituminous membrane and 1.5 cm
hardboard (FC5) (Figure 17).
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1
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Figure 16: 12th floor ceiling/ 13th floor floor (FC4). ! air 30cm
! reed + cement plaster S5cm

Figure 17: 12th floor ceiling/13th floor floor across the
terrace (FC5).

1.2.4. Roof

The building roof (FC7) is made as a flat roof (Figure 18), with ceiling made of gypsum board
placed on typical ceiling reinforced concrete composition insulated with 1 cm cement screed, 2 cm
bituminous membrane, 10 cm extruded polystyrene foam (XPS), 1.5 cm thick geotextile fabric and
covered with 5-7 cm gravel.

gravel 7ecm
geotextile fabric 1.5¢cm
XPS 10cm
bituminous membrane 2cm
| cement screed lem
| reinforced concrete construction (5 cm + 35 cm air)
| Reed +cement plaster 5cm
| air 15cm
: gypsum boards 25¢cm

Figure 18: Flat building roof.
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1.2.5. Windows and doors (openings)

During renovation in 2003 the old building windows were replaced by the new, double glazing
aluminium frame windows 6/12/5 (6 mm of clear float glass from outside, 12 mm of air, 5 mm of
clear float glass from inside). North- and south-faced envelope walls (Figure 19, Figure 20) from
ground floor up to 12* floor have the same windows with total area of each window equal 3,04 m?

(WT1) (Figure 21).

Figure 19: North-facing building envelope. Figure 20: South-facing building envelope

Approximately 30% of the total window WT1 area goes to the frame. Total glazing area is 2,1 m? and
the total frame area is 0,935 m?2. Upper part of the window has only ability to twist while the bottom
has ability to twist and tilt. Frame is made of the FEAL profiles, TERMO 65 series (Figure 22).

Project co-funded by the European Union through Interreg Danube Transnational Programme
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2.17

1.18

Figure 21: Dimensions of windows in floors span ground
floor — 12t floor (WT1). Figure 22: FEAL THERMO 65 series profile.

13" floor windows are 1 m wide and 2 m high (WT2) (Figure 23) while basement windows are 1.5 m
wide and 2.32 m high (WT3).

1.00
0.87
0.37
2.00
1.21
0.87

Figure 23: Dimensions of the 13th floor windows (WT2).

Thermal properties of the WT1 windows, waterproofing, wind resistance and soundproofing were
tested at Civil Engineering Institute of Croatia. The obtained thermal properties are shown in Table 1,
while other properties can be found in [1].

Table 1: Heat transfer coefficients of the window characteristic parts.

’ glazing frame jamb
Totalarea[m?] | 2.1 0.332 0.603
Heat transfer coefficient [W/(m?K)] ‘ 2.85 2.21 2.13

Project co-funded by the European Union through Interreg Danube Transnational Programme
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Overall heat transfer coefficient ko of WT1 is calculated as:

_2.1-2.85+0.332-2.21+0.603-2.13
B 2.85+2.21+2.13

= 2.63.

ko

The Solar Heat Gain Coefficient (SHGC) dependence in relation to the Sun inclination angle calculated
for the WT1 windows with Window software [2] is shown in Table 2:

Table 2: The SHGC valued dependence on the incidence angle.

Incidence angle 0 10 20 30 40 50 60 70 80 90

(]
SHGC‘O.723 0.723 0.720 0.714 0.700 0.671 0.605 0.471 0.244 0.000

Hemispherical averaged solar heat gain coefficient for WT1 is 0.626. It is assumed that windows WT2

and WT3 have the same properties. East- and west-facing envelope walls are completely closed, i.e.,

without windows (Figure 24). East-facing envelope walls have one emergency exit per floor

(Figure 25).

Figure 24: West-facing building envelope. Figure 25: East-facing building envelope.

Doors through the building are typical standard size wooden doors made from oak. Three
most typical door dimensions are 82/205 cm, 90/205 cm and 102/205 cm (Figure 26). Door
dimensions can be found in AutoCAD floor plans in Appendix 2. Entrance doors to the departments
are made of glass with iron frames. Restroom doors are made of glass with wooden door frame.

Project co-funded by the European Union through Interreg Danube Transnational Programme
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Figure 26: Three most common door types in the building (D1,02,D3).

To assure enough light in the hallway and other rooms without external windows, glass
partitions are installed across the south hallway wall and other zones where needed (Figure 27).
Partitions in the gypsum walls are installed additionally after the 1963 and are made from
polycarbonate boards. Other partitions are made of 6 mm float glass. All partitions span across the
full wall width in height of approximately 0.85 m.

glass partitions

| bonat it department entrance doors
polycarbonate partitions

Figure 27: Typical floor configuration for the building.

1.2.6. Thermal bridges

Thermal bridges values given in Table 3, obtained as a result of building examination as a
standard procedure for obtaining energy certificate are adopted.

Table 3: Thermal bridges.

Thermal bridge W/K/(m joint)

external wall/internal slab 0,65
external wall/internal wall 0,50
external walls inner corner -0,15
external wall bearing columns 0,90
external windows/door perimeter 0,05

Other values are adopted from the examination of similar building placed in Zagreb, Savska cesta 88
(Table 1Table 4) [3-5]. Thermal bridges for FER building defined in IDA-ICE are shown in Figure 28.

Project co-funded by the European Union through Interreg Danube Transnational Programme
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Table 4: Thermal bridges values adopted from the on-site examination of similar building
placed in Zagreb, Savska cesta 88.

Thermal bridge W/K/(m joint)

external wall / external wall 0,08
roof / external wall 0,09
external wall / external slab 0,14
balcony floor / external wall 0,60
external slab/internal wall 0,06
roof / internal wall 0,07
total envelope area 0.025 W/K/(m? envelope)
| 7" Thermal bridges: object in FERCbuilding_merged =N R ==
Thermal bridges
Hone Good Typical Poor Very poor
| | |

External wall / internal slab

L W/K/(m joint)

" " (total for both adjacent
External wall / internal wall zones)

| W/KI(m joint)

" " (total for both adjacent
External wall / external wall zones)

' 0.08 W/KS(m joint)

External windows perimeter

' 0.05 W/KS(m perim)

External doors perimeter

v [0 ]wKi(m perim)

Roof { external walls

| WIKI(m joint)

External slab / external walls

' 0.14 W/KS(m joint)

.
Balcony floor / external walls

v WIKI(m joint)

External slab / Internal walls
L WIKI(m joint)

" " " (total for both adjacent
Roof / Internal walls zones)
0 007 | Wity
¥ ¥ ¥ (total for both adjacent
Zones)

External walls, inner corner WIKS(m joint)

(negative number}

Total envelope (incl. roof and ground) WIKI(m2 envelope)

(atternatively enter WiKI(m2 floor areal)

NB! Standards for the definition of thermal bridges vary widely. Make sure to verify, for some key zones, that
the final computation of zone heat loss matches your intentions. The reference construction (construction
without thermal bridge losses) used in IDAICE is visible in the 3D view when Wall thickness has been
activated.

Figure 28: FER Building thermal bridges defined in IDA-ICE.

Project co-funded by the European Union through Interreg Danube Transnational Programme
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1.2.7. Infiltration

Infiltration value is adopted from the results of blower-door test performed on a similar
building placed in Zagreb, Savska cesta 88 where infiltration of 3.7 air changes per hour (ACH) at
pressure difference 50 Pa is measured [6],[7]. Infiltration for FER building defined in IDA-ICE is shown
in Figure 29.

7} Infiltration: object in FERChuilding_merged (=)= S
Infiltration
r Method r Zone Distribution

Infiltration units |ACH (building) v| D|str|bL_|te External surface area v|
proportional to

= Wind driven flow Wind driven flow

Air tightness ACH (building) Airtightniess in - 45045 Li(s m2 ext. surf)
zones

gzﬁzrrziizre 50] Pa at pressure difference 50 Pa

Pressure coefficients

" Fixed infiltration Fixed infiltration

e Fixed flow in
Fl a. ACH (build Lf(s.m2 ext. surf.

Building leakage can be modelled either depending on actual wind pressure or as a given fixed in/exfiltration.
For fixed flow, select Fixed infittration and specify the flow.

For wind dependent infitration, select Wind driven flow, set Air tightness for the building envelope and specify pressure ceefficients
for external surfaces. Internal leakage paths must must be defined in parttions between zones. Add doors or leaks in internal walls.

The infitration data is automatically transfered to zones and overwrites present zone "Leak area ..." but does not alter leaks that have
been defined separately on surfaces.

ACH =Air Changes per Hour

Figure 29: Infiltration for FER building defined in IDA-ICE.

1.2.8. Heating/cooling system installations

Heating/cooling installations within the UNIZGFER building consist of parallel-connected two-
pipe Fan Coil Units (FCUs) for seasonal heating or cooling installed in the offices, classrooms and
laboratories, and typical water radiators installed in secondary zones as restrooms, kitchenettes and
stairways. Supply duct for FCUs and radiators are separated. Heating medium is supplied from district
heating system, while cooling medium is locally produced within the Faculty cooling station.

Project co-funded by the European Union through Interreg Danube Transnational Programme
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2.1 Detailed properties of construction materials

Detailed thermal properties of construction materials used in the building are given in Table 5.

Table 5: Detailed properties of construction material used in the building.

Thermal . Specific heat
conductivity Den5|t3y capacity
(W/(m K)] G/ 11/ (kg K]

reinforced concrete 2.60 2500 1000
concrete 1.4 2300 880
reed boards 0.055 155 2000
full clay bricks 0.721 1922 837
lime-cement plaster 0.50 1300 1000
asbestos-cement board 0.58 1900 1000
air 0.23 1.2 1006
expanded polystyrene (EPS) 0.035 29 1213
gypsum 0.16 950 840
mineral wool 0.035 30 1000
oak parquet 0.19 700 2390
cement screed 0.41 1200 840
plaster ceiling tiles 0.380 1120 840
bituminous membrane 0.023 1100 2600
concrete tiles 1.100 2100 837
terrazzo flooring 1.802 2243 837
hardboard 0.130 2000 9

roof gravel 1.442 1674 881
geotextile - 0.2 -

extruded polystyrene (XPS) 0.040 35 1500
aluminium 160 2800 896
clear float glass 1.45 2500 910
polycarbonate board 0.20 1200 1200
iron 80.2 447 7870

Project co-funded by the European Union through Interreg Danube Transnational Programme
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3. Building simulation model in IDA-ICE software

Based on all the information given, detailed building model is constructed in simulation software IDA-
ICE [8]. 2D view of the 6™ floor layout is given in Figure 30. Figure 31 shows 3D view of the 6" floor,
while 3D view of the whole building is given in Figure 32. 3D view of typical zones is shown in Figure

33 and Figure 34.
%/ e T
4%_

)
/%//%/«/"///2

Figure 30: IDA-ICE 2D layout of the 6t floor.
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Figure 31: IDA-ICE 3D view of the 6t floor layout.
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Figure 32: IDA-ICE 3D view of the FER Building.

Figure 33: Typical zone used as laboratory or classroom. Figure 34: Typical zone used for offices.
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4. Simulation scenario

4.1 Simulation scenario

Simulation scenario is chosen to fit the building occupancy profile, heating and cooling demands
and window opening scenarios.

5.1.1 Heating/cooling system setup

Heating and cooling system in the building is a typical two-pipe system which implies seasonal
heating and cooling. The cooling season covers approximately® the period from May 15% until
October 1. The rest of the year only heating is available. On a daily basis heating/cooling system
operates in two regimes, the daily regime defined with working hours from 6:00-18:00 h and the
night regime outside working hours.

Heating season

In the heating season temperature is regulated in both regimes. In the daily regime, the user can set
arbitrary comfort conditions within some reasonable temperature range. During the night regime
temperature requirements in all zones must meet temperature not less than 16°C thus preventing
the temperature in zones to fall beneath the 16°C which might cause additional cost to heat up the
zones again, due to the large thermal capacity of the walls. Radiators are installed only in zones
which are not used regularly or are used just for a short period like hallways, restrooms, kitchenettes.
During daily regime temperature in those zones is regulated to 20°C. In offices and other zones
equipped with Fan Coil Units (FCUs) temperature is regulated to 22°C. Since most classrooms and
laboratories are unoccupied most of the day, temperature in such zones is regulated only when they
are occupied. During weekends, building is operated in the same way as in the night regime.

Cooling season

In the cooling season temperature is regulated only during the daily regime. In offices and other
zones equipped with FCUs temperature is regulated to 24°C while radiators are not operable. Since
most classrooms and laboratories are unoccupied most of the day, temperature in such zones is
regulated only when they are occupied. During weekends building temperature is not regulated.

! The exact date of cooling start and cooling end depends on the weather in particular year.
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5.1.2 Occupancy schedules

Occupancy schedules for the zones used as offices are generated in accordance with the zones
occupancy on the official Faculty web page and working hours defined as in Figure 35. It is assumed
that offices are not occupied during weekends and holidays.

1,2

1 4 \ 4

0,8

0,6

0,4

Zone occupancy

0,2

0 @ @ L 4 ®
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time [h]

Figure 35: Zone occupancy schedule during workweek.

For classrooms, it is assumed that two lectures with 30 persons present are held daily during
workdays. The lectures are assumed to be held in the morning from 10:00-12:00 h, and later from
14:00-16:00 h. To simulate the occupancy of restrooms, kitchenettes, hallways and stairways,
cumulative occupancy is simulated such that every 2 hour those zones are occupied 20 minutes per
10 persons. To speed up the simulations, door opening is not simulated due to the usually short
duration of such interrupts.

5.1.3 Window opening control

Since building does not have air handling units installed, the fresh air supply depends
completely on window opening. Open windows with active heating/cooling are major sources of
unnecessary energy dissipation. Since window opening is inevitable for ensuring healthy working
environment, in the simulation scenario windows are opened three times a day per 10 minutes
during workhours (Figure 36). In normal office zone only one window is opened, while in larger
zones two windows are opened at the same time.
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Monday-Friday 1[6-6:10, 12-12:10, 17-17:10], 0.0 otherwise
1.0
0.5
095 3 6 g 12 15 18 ] 24
Saturday 0
1.0
0.5
[]1Same as Mon-Fri 00
0 3 3 9 12 15 18 P3| 24
Sunday & holidays 0
1.0
0.5
[] Same as Saturday 00
-0 3 6 g 12 15 18 1| 24

Figure 36: Fixed window opening schedule defined in IDA-ICE.

More advanced simulation with automatic CO, based window opening control is also possible. In
such configuration windows are opened automatically when CO; level in zone exceeds the 900 ppm
threshold and are closed automatically when CO, concentration falls beneath 700 ppm. Realization
of such a control in IDA-ICE is shown in Error! Reference source not found., Figure 38, Error!

Reference source not found. and Figure 40.

73 DetWin: a window in FERCbuilding merged.C00-02-6.Wall 3 =R =R

General Geometry

Glazing and shading
properties at reference
conditions (13015099

Glazingishading  [© FER window 6-12-5 [U=2.87, g=0.72, Twis=0.80] | [¢]

Cs

Ventilated construction [open to specify ventilation and
- outer skin parameters]

Integrated window shading (wrt. inner skin for ventilated constructions)
Type |Imerior venetian blind v‘
Model |Genemc interior blind [Generic interior blind slat ma v‘ » %
Draw Control [Always drawn [ £
Schedule |”-E- | ¥
External window shading
[Should normally not be
Type |N0 exteral Shadmg v| specified for ventilated
Model |n 2 | » constructions]
Control |”-3- | 4 Recess depth
Schedule |”-3- ‘ » ‘0 ‘ m
Maore. ..
EEETE [For construction
Control |C02 control and schedule ~ | »  the opening is to the cavity
a between the outer and the
Schedule I [© 06-18 weekdays ~| } inner skin]
Frame r Skew
fuz:;g\?vna?:ztahe ot ] Mare Twi
= wist
Uvae W) e /| 8
Solar radiation level at 100 Wm2
which shadings are drawn C)S
Object
Name Det\Win Tilt
B
Description

[* Schedule smoothing applied.
Change in System parameters]

Figure 37: Windows opening control defined in IDA-ICE.
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’a €02 control and schedule: object in FERCbuilding_merged E\@

Schematic  Qutline

Ambient

L

Opening
signal

Schedule
Izignal

The signals from the sources listed on the left may be used as input to the control algorithm. Any unused source may be
removed. More sources may be added by dragging from palette page Links.

The values of setpoints are mapped to the zone setpoints, unless they are replaced in the zone central control macro.
The output signal should be connected to the pre-defined Opening interface reference on the right border of the macro.

Click F1 for more information.

Figure 38: Windows opening control macro defined in IDA-ICE.

&5 Schedule *
Name © 06-18 weekdays e
Monday-Friday 1[6-18], 0.0 otherwise

1.0
0.5
0.0 3 [ 9 12 15 18 2 24
Saturday 0
1.0
0.5
[Jsame as Mon-Fri 00
] 3 [ 9 12 15 18 21 24
Sunday & holidays 0
1.0
0.5
Same as Saturday 0o
] 3 [ 9 12 15 18 b2 24

Save as... Cancel Help Advanced...

Figure 39: Occupancy schedule used for control of window opening.
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[~ O T JT S,
i Setpoint collectio
Setpoint collection | Office control sp LS
r Control Setpoints
Min Max ;
Temperature |n a | |r1 a *oC max. i :
oo S heating L 0 air temp
Mech. supply air flow | | | | U(s.m2)  max : '
cooling E E
Mech. return air flow |0.3 | |? | L/(s.m2) B g
| \temp_throttle =2.0°C
Relative humidity |20 | |80 | % U
Level of CO2 |mg | | 900 | ppm (vol) | The control action of heating and cooling depends on
the controller used in the actual device. Defaults are P
Daylight at workplace | 100 | | 10000 | Lux control for radiators and Pl for most other room units.
" Pa *when both VA and other means of cooling have
Pressure diff. envelope | -20 | | -10 | been defined, VAV is used first and setpoints of other
room units are offset by 2.0 °C. (Change globally in
System Parameters)
r Variable Setpoints
Min temperature |Minima| temperature requirements for s v| »
Max temperature |Maximimum temperature requirements ° V| 3
- Object
Name Office control sp
Description
QK Cancel Save as... Help

Figure 40: Acceptable office CO2 levels.

For large buildings with over 100 zones such simulations are numerically too demanding, hence a
fixed window opening schedule is used in this deliverable. It is important to note that heating and
cooling are not shut down when windows are opened to simulate the existing building management
system.

5.1.4 Electrical equipment, lighting

Lighting in the building consists of the fluorescent lamps which do not contribute significantly
to overall thermal energy consumption. Lighting is simulated such that the lights are on when zone is
occupied and light intensity is below 500 Lux. The lights are turned off when daylight in office
reaches 10000 Lux. Installed light power is determined as 10 W/m?. Electrical equipment is allocated
across the model such that every person in every permanently occupied zone, e.g. offices, has its
own personal computer and monitor, resulting with estimated 200 W of electrical equipment per
person active only during workhours.

5.1.5 Weather data

Weather data used for simulations are data gathered for year 2014 on a meteorological
station close to the Faculty building (Figure 41). The data are provided by Croatian Meteorological
and Hydrological Service. The data comprises outdoor temperature, direct and diffuse solar
irradiance, wind speed and direction, and humidity.
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Figure 41: Historical outdoor temperature measurements for 2014.
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5. Simulation results

Monthly energy demand for the simulation scenario defined in Chapter 4, for heating and
cooling season in 2014 is given in Table 6 and Table 7.

Table 6: Monthly zone level thermal energy consumption during heating season in 2014.
2014.

Thermal energy consumption (zone level) [kWh]

Month Fan coils Radiators
1 January 108.671,00 12.892,00
2. February 90.323,00 10.825,00
3. March 39.719,00 3.820,00
4. April 12.802,00 898,30
5. May 3.778,50 192,20
6. June
7. July .

Cooling season
8. August
9. September
10. October 19.847,00 1.795,00
11. November 65.332,00 7.699,00
12. December 112.658,00 12.953,00
Overall: 453.130,50 51.074,50

Table 7: Monthly zone level thermal energy consumption during cooling season in 2014.

2014.
Thermal energy consumption (zone level) [kWh]
Month . .
Fan coils Radiators
1. January
2. February .
Heating season

3. March
4. April
5. May 5.095,0 S
6. June 16.453,00 -
7. July 19.301,00 o
8. August 18.347,00 -
9. September 7.002,90 -
10. October
11. November Heating season
12. December

Overall: 66.198,90 S

Monthly energy consumption for both seasons in 2014 is shown on graph depicted on Figure
42. Presented results are measured as the energy consumed within the zone. Typical efficiency of fan
coil systems is approximately 0.93 while efficiency of radiators is approximately 0.80 [9]. By taking
these efficiencies into account total heating demand for the building in 2014 for the given scenario is
given in Table 8. Total floor area of the building is 10.690,80 m? so thermal energy demand for
heating in 2014 is 51,55 kWh/m?.
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Table 8: Monthly plant level thermal energy consumption during 2014.
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2014
Month Thermal energy (plant) [MWh]
1. January 132,97
2. February 110,65 .
Heating season
3. March 47,48
4. April 14,89
5. May 4,30 5,48
6. June 17,69
7. July . 20,75
Cooling season
8. August 19,73
9. September 7,53
10. October 23,58
11. = November 79,87 Heating season
12. December 137,33
Overall: 551,08 71,18

-
Jun.

Jan. Feb. Mar. Apr. May
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Axis Title

M Heating (Fan coils) M Heating (Radiatiors)  m Cooling (Fan coils)

Figure 42: Monthly energy consumption for heating/cooling in 2014.

Detailed consumption report from building simulation software IDA-ICE containing light and
electronic equipment consumption data can be found in Appendix 4.
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5.1 Zone level dynamics

When running the simulation, one can choose an arbitrary sampling time for the zone level data such
as mean air temperature, operative temperature, heat from heating and/or cooling room units,
window thermal losses, heat from lighting, heat from occupants, etc. Such information can be of
great importance for running a building model identification procedure when data from a real
building are missing or are hard to reach. To capture the behaviour and impact of all disturbances
affecting the building behaviour minute sampling time has been chosen. Simulation results for typical
south oriented zone with the construction as shown on Figure 34 are shown on Error! Reference
source not found. and Figure 44.
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Figure 43: Simulation results for typical south oriented office for the period from January 16th — 22nd 2014.
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Figure 44: Simulation results for typical south oriented office for the period from January 16th — 22nd 2014.

Spikes on the right part of the Figure are due to the window opening impact. Total heat balance for
the selected zone in the week from January 16™-22"in 2014 is shown in Figure 45.
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Detailed heat balance for zone

gjﬁgl‘;d“‘ Climateand 4 71 1 i ense: IDA40-ED182/QSB3F (educational license)
Object: C04-11 Heat balance
System: C:"-.Users'\?nl?.der}’-Desktop“F ER - Czgrada - Simulacije'FER_Czgrada 2014
'‘FERCbuilding 1dm
Description:
Simulated: 19.6.2017. 1:45:34 [2469]
Saved: 19.6.2017.9:51:19
Variables
Heat | Heat |Heat from
Heat Heat from Heat from frop ':Vl'.ndO\"&'S Heat
Week Heat. from Hegt from | walls and from sqlar- heating |(including| from Net
from air occupants|equipment, floors lighting. direct and"or absorbed th_ermal losses,
flows, W| (incl W (structure), w | and |cooling |solar) and| bridges, | W
latent), W w diffuse,| room |openings, W
W units, W| W
3 -271.8 | 4479 106.6 -151.5 | 5328 | 11.38 | 4899 | -2225 | -78.16 | 0.0
mean 2718 | 4479 106.6 -1515 | 5328 | 1138 | 4899 | -2225 | -78.16 | 0.0
mean*168.0 i
h -45654.8( 75246 | 179022 | -25454.6 | 8951.1 |1912.182296.2| -37384.4 |-13131.6| 0.0
min -2718 | 4479 106.6 -1515 | 5328 | 1138 | 4899 | -2225 | -78.16 | 0.0
max -271.8 | 4479 106.6 -151.5 | 53.28 | 11.38 | 4899 | -2225 | -78.16 | 0.0

Figure 45: Detailed heat balance for the selected zone in week from January 16th-22nd 2014 (screenshot of IDA-ICE
report).

Daily zone temperature variations for an arbitrary selected north oriented zone are shown on Figure
46.
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Figure 46: Simulation results for an arbitrary selected north oriented zone on January 24th 2014.
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5.2 Comparison with the real data
Real building thermal energy consumption data for the heating season 2014 are given in Table 9,

Table 9: Thermal energy consumption data in 2014.

2014
Month Thermal energy (plant) [MWh]
1. January 127,00
2. February 155,00
3. March 72,00
4. April 14,00
5. May 0,00
6. June
7. July
Cooling season
8. August
9. September
10. October 24,00
11. November 87,00
12. December 133,00
Overall: 612,00

The overall costs for the heating demand of FER building were 233.325,00 HRK in 2014. Overall
measured energy consumption for UNIZGFER building in 2014 was 612,00 MWh (Table 9). Simulated
energy demand for the same year is 551,08 MWh (Table 8). When compared with the simulation
results, the real consumption in 2014 is in average 11% higher. This implies possible energy savings
over 11%, i.e. over 25.000,00 HRK per year when the building usage would be aligned with the
presumed simulation scenario. The expected savings are even higher with implemented advanced
options such as automatic heating/cooling shut down with open windows detected (was not
implemented in simulation scenarios).
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Appendix 1: The detailed cross section view of a south- and north-
facing external wall

Project co-funded by the European Union through Interreg Danube Transnational Programme

31



36

DATUM

28.04.2017.

NAZIV CRTEZA

Presjek sjeverjug

MJERILO

VERZLIA

10

VELICINA

32

T
© PRI P08
o~ 4 ,vm. ./N, N,”vavav
FRbceseaty Fresecele;
? B3 s
> /v.m.\./V\\ \\vv.v > v.
] PLOLOSOLeS .
Ae 2SS >
2 NP i
L
HE
EEE
HEL
¢ HI
I aEE
g K
£ i|e
. m m
c :
e :
5 S SE S St 3 e 6 9L 9
o W_\ M - [ _\_R
— AT A A1 A |
(]
Q
©
S
wn ] > et HIH IS IS
> - w ST 10000 eeletetatatesetel
< ey vy
3 © SN [R50 [ [T SIRAKIR IR
| H = = 1= (B = oo
24 o 5 retetetetetetete!
L s TN ; vavav”,.;VW./zA
[T =4 N i 52922 ”..\.n“fvnn,vv
(6] <t 2 - w“ et
N o 5252502 ™ & SIS,
— iaseielelel L reseieesesese’
v W - WM 3 o
(1] > § 3
€ > B "
> & >
n g 3 Hi :
M Bl ¥
23 : W ]
¥ ] |
& € 5 HEHR \m 1
» HEE H
oo 3 v Vo HERE ' B
T £ ks A 1 A & F
ol e} by b i
€= > Ll zee 6 9. . 3
v 3 ; A H
' o . [ 5 g
o m » A .
= & L0€ >
g
S X - g
£ " s ¥2e
v~ .
1 n i
O & L
£0 5
S i
5 Q H
o O
+ 0
et
52
Eo
n AQ

26

OBJEKT

risva C zgrada

racunai

Fakultet elekirotehnike i

NACRTAO

&, MSc.

Cevie

Anita Martin

Project co-funded by the European Union through Interreg Danube Transnational Programme



Smart Building - Smart Grid - Smart City (3Smart)
Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

Appendix 2: FER skyscraper floor plans

“y

Project co-funded by the European Union through Interreg Danube Transnational Programme

33



Smart Building - Smart Grid - Smart City (3Smart)
Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

0, 155 gy 60 s s g3 1w 0 w0 pe 10 gn 0 ps g0 1w 150 160 15 g0, 5, 150 50 g5 135 g0, 150 150 150 150 160 50 150 135 150 150 W g0, 18 g3 im0 s g
o, 513 IR I w7 50 50 ¢ et 50 63 T % i #) 13 ' 500 sl

B
]
)
)
]

@©

S CS-07
w e IEEE
o EESTEC

CS-01

RADIONA 1

CS-12a Cs-12

ISTRAZIVACKI IAESTE
CENTAR SUPEUS
MLADIH

‘ Fl

RADIONA 2

Cs-15
studentski
zbor FERa

CS-01b

4

Obijekt
Fakultet elektrotehnike i racunarstva C zgrada

Mierilo

Nacrtao
Anita Martinéevi¢, M .Sc

Verzija

1.0

Datum

28.3.2017.

Veligina
Ad

Naziv crteia

suteren

©
)()))

(t«

©

Project co-funded by the European Union through Interreg Danube Transnational Programme

34



Smart Building - Smart Grid - Smart City (3Smart)
Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

o CO00-PC C0-02-5 C0-02-7 | C0-02-6 ||
(PCLAB2) v
.
—CO0-W 1 o
50-02-8
L
;] B B B B I3 i | | B Bl ] | T
35 1 "] 348 1031 500 675 515
b0 g3, 10 50 50 T, W0 7, Tw s w5 W gz W Bh w0 g wm e B w0 e = [ 50 50 5 1 g5 10 75 10
Objekt Mierilo Datum
Fakultet elektrotehnike i ratunarstva C zgrada Verziia 27.4.2017.
Nacriao 1.0 Naziv crieza
Anita Martincevic, M.Sc Velicina . C-00

Project co-funded by the European Union through Interreg Danube Transnational Programme



Smart Building - Smart Grid - Smart City (3Smart)
Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

5308
40, 150 150 150 150 T35 10 g5 10 3 10 g5 i 150 50 50 50 150 150 1073 10 g3 18033 150 150 150 150 50 150
513 E% 506 § 41 zg és :g 58 ) i% 1 &3 t 508 F, 521

15075 10 35 w0 35 10 75, w0 75 1w
1200

| | B

C01-08,

= Cco1-we

LE‘ C01-07-1

C01-07 | C01-06 C01-05 C01-04 C01-03

C01-02

‘e

—

A,

Opticka soba - Co1-11 C01-12 C01-13 o C01-01 A
C01-08 CO1K
M B ] ] ] B %
E T 5
o+ 5 160 25 150 w?i; Li}ii]wwm J 50 g5 150 g5 150 32§ 150 5150 ¢ 160 wiﬁjwww{ e
Obijekt Mierilo Datum
Fakultet elektrotehnike i ratunarstva C zgrada Verdia 27.4.2017.
Nacrtao 1.0 Naziv crteza
Anita Martinevi¢, M Sc Veliting c-01

Project co-funded by the European Union through Interreg Danube Transnational Programme

36



Smart Building - Smart Grid - Smart City (3Smart)
Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

5308

50 zz 150 g3 %0 50 150 150 50 150 150 150 150 50 50 150 150 50 150 150 1575 150 g5 180 35 1 g5 150 35 10 g5 %0 150 50 150 150 150
(i z ﬁs z ﬁs E ﬁ g g?j E 509 ; gtu E 509 2 508 L 515 g i 1,; Szdn 1; & E’“ §
Z

i B 5] B ] 2] ] ] ] B ] ] B ] B ]
Cc02-12 | C02-11 C02-10 C02-08 C02-07 C02-06 C02-05 C02-04 C02-02-2| C02-02-1| C02-02
) ) ) ; . : ) ; e
/%] /] /% /% | /= [£) [£ /=] /4] (%
=
. . . N . \E C02-00-2
I IR B By BN —
_ ‘ : - 12/ 12/
N 2/ 5
C02-13 | C02-14 C02-15 | C02-16 coz2-17 C02-18 || C02-19 C02-20 4 C02-01 C02-01-1 | C02-01-2 | B
C02-K -
= 7 g
—CO2=W =
T B B B L] I ] B ] ] ] %
33 el 337 337 337 337 357 331 500 500 348 325
B0 g5 180 Sm—m’!m—mu'!ﬁ'!ﬁ‘ ‘ﬁ"ﬁ‘ﬁ’ 150 150 150 150 5 180 5 150 g5 50 4§ 180 g5 150 g5 160 g5 60 g5 50 80 g5 180 O

Objekt Mierilo Datum
Fakultet elektrotehnike i racunarstva C zgrada Versia 27.4.2017.
Macriao 1.0 Naziv crieza
Anita Martingevié, M.Sc Vetans c-02

Project co-funded by the European Union through Interreg Danube Transnational Programme



Smart Building - Smart Grid - Smart City (3Smart)
Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

58 50,

TR -::; 7% ;E g5 l;qa 7w ;? 150 ;:m; 150 i‘

gwwggj;;g;mngglw;glm;glsv;

wwww

5305
150 150 150 50 150 150 150 150 g3 10 g3 0 g3 im0 50
5 159 3 3 509 2 ;n !
| ] ] El

1200

B B ] B B -] = ] B Tl E [ | B B B
3
C03-11 C03-10 b C03-07 C03-06 C03-05 C03-04 C03-03 C03-02
[&]
& A A Al al IR [

2
X
X
=

i i ;|

150

B B

1200

150

500 )
50 g5 150 ph w0 25 180

o75
25 150 25 150 B4 150 g5 150 5 1m0 g

150 g5 150

Objekt Mierilo Datum
Fakultet elekirotehnike i racunarstva C zgrada Verziia 27.4.2017.
Nacriao Naziv crieza
Anita Martintevi¢, M.Sc Ve"i'":i C-03

Project co-funded by the European Union through Interreg Danube Transnational Programme

38



Smart Building - Smart Grid - Smart City (3Smart)
Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

58 50

240

5305

0150 180

s g w 150 [ e B g w0 gy W g w75 120
] fﬂ ? fﬂ% :% g!s A ﬁ L % A a

150 15025, 150 150 25 150 25 150 pn 1:0 150 150 150 150 150 150 150 ad,
% £ it 1) 7 ] 7 £ 7 1k % 173 pia

=t

| Bl H Bl ] Bl i Bl ] B i
e
C04-15 | C04-14 C04-12 {dt T | CO04-11 C04-10 | C04-09 | C04-08 | C04-07 [C04-07-1 C04-05 | C04-04 | CO04-03
ik w
Al Al Al 4l (z] /] [ al auB
C04-00 I‘,/:
A ® = - . = o =
[ BN RN SN - 1
E%
=
g \E
C04-16 C04-17 C04-18 C04-20 & C04-ST C04-02 C04-01-1 A
CO4-K  »
~ \M\: # 5
) y
| B | | B | B B | B B B B B
a1 7031 337 37 500 75 ea
15025 160 25 150 25 150 18075 150 25 150 25 10 5 0 25 160 J3 150 pn f0 150 W 1B g5 150 25 im0 ﬁﬁﬁ 7 15075 150 25 180 & 160 g5 160 25 150 25 150 25 50

Objekt

Fakultet elektrotehnike i racunarstva C zgrada

Nacrtao

Anita Martin€evi¢, M.Sc

Mierilo Datum
27.42017
Verzia -
1.0 Naziv crieza
Veliéina c-04
A4

Project co-funded by the European Union through Interreg Danube Transnational Programme

39



Smart Building - Smart Grid - Smart City (3Smart)

Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

5305
40, 150 g3, 150 150 160 180 180 W g5 180 g8 1% 150 150 150 150 180 150 150 150 180 W g5 W gm 10 25 150 50 15025 180 g5 10 g5 180 g3 150 35 10 25 180 4G
- 3: ’i ?Ea ; 3‘;‘1': § 35 2 f;s ¥ 2 159 ’g! 53 ’é ﬁz ’i 77 s E 500 i gjs ’1% i 1200 -

H B B ] : H B B H H E ] B B H B B E§T
L JI‘ (] g
C05-12 | C05-11 C05-10 | C05-09 = ‘u,;-> o | C05-07 C05-06 C05-05 C05-04 - C05-03 C05-02
=8 B i)
) B _d K ‘O ) ) g
/l ra\ al ran A A /4] /4] /4] ran
) ] €05-00 (%
Iy I3 R T\ iy
i . (e
B
\e €
C05-13 C05-14 C05-15 C05-16 C05-17 C05-ST % C05-01 B
Cos-K 2 %
on uvr\\z 3 /
‘ il i i il ;| il i i il B i i T ;I i H il i a o
: et a7 A i S R ors T B
i e & = T N P % s w5 W T T ] = T T T W w5 w5 W A w5 g g w0 4w i) = = W g5 g5 w0 g,
Obiekt Mierilo Datum
Fakultet elektrotehnike i racunarstva C zgrada Versiia 27.4.2017.
Nacriao 1 Naziv crteza
Anita Martingevic, M.Sc Ve'ié‘"ZA C-05

Project co-funded by the European Union through Interreg Danube Transnational Programme

40



Smart Building - Smart Grid - Smart City (3Smart)
Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

e ¥
] ] ] i T g [ — — H H R R T— E
=
C06-13 & | C08-09 | C06-08 C06-05 | C06-04 C06-04
S 8

8 1 | ;1 B B ;| | B i B i 2 B B H B | Es
£ 337 ar 512 E<T 508 500 675 )5, 1200 o
2 5 150 150 35 150 15035, 150 15025 150 15075 150 35 150 15035 150 150 25 150 35 150 150 35 150 35 a0 150 25 150 35 150 35 150 35 180 35 150 35 150 35 180 35, 150 35 150 3

5, 150
et

Objekt Misrilo Datum
Fakultet elektrotehnike i raéunarstva C zgrada Voo 27.4.2017.
Nacriao U Naziv crieza
Anita Martingevi¢, M.Sc Vewna c-06
Project co-funded by the European Union through Interreg Danube Transnational Programme




Smart Building - Smart Grid - Smart City (3Smart)
Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

L F;

=20
[ [E N N 50 [Eq i E A [E [ g5
zE s 7 Er) ;g £k % £ ﬂ; ) E ik é 500 i

[Ed [T [E [Ed [E] =
150 3
B B

8 8
A 2] B & i B Bl B & B B ] [ B .
g D
4 Il C07-13 | cO7-12 | CO7-11 | CO7-10 < | cor-0s | co7-07 C07-06 C07-05 | CO7-04 | CO07-03-1 * |C07-03-2 || cor02
o N o
, , E © , ) , — , 8
| al Al Al al B Al al Al /7] /= =
55 8
& 7 7 7 €07-00 \# ] NN
[ 5 B BN N . ow T I\
T [/
e
8 3 ’
. co7-14 N C07-16 co7-17 C07-18 CO7-ST % C07-01 ;
2 3 Co7TK %
5 |
3 RN 1
COo7-W 3 é
il i 8 i i i i il il i B 0 i | i i .
168 508 887 are 500 675 5, 1200 -
150 150 § 150 ;‘; 150 5 150 150 150 150 150 ;; 150 ?; 150 ;g 150 150 ;g 150 ;3 150 150 150 150 150 150 ; 150 ’é 150 ;g 150 ;; 150 ig 150 ;‘; 150 O

Obijekt

Fakultet elektrotehnike i ratunarstva C zgrada

Nacrtao

Anita MartinZevic, M.Sc

Mijerilo Datum
Verdia 26.4.2017.
1.0 Naziv crtefa
Veligina
Ad c-07

Project co-funded by the European Union through Interreg Danube Transnational Programme

42



Smart Building - Smart Grid - Smart City (3Smart)

Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

; 5, 180 32 150 ;? 150 ii 180 ? 50 E}a 150 ;g 150 ‘;% 180 2 150 f% 50 ;2 505, ‘:ac; 75 150 Eg 50 Egn 150 ;? 150 g5, ;?;I 7150 zzg 150 ;;5 ﬁ 150 E?' 50 ;2 150 3;?7 150 ;gu 50 :;?‘ 075, 180 524'?3 W25 10 g5 w0 a4, ;2|sn ;2151:4
;\ | | | | | | | | Tl | | | | i | ]
C08-17 | C08-16 | CO8-15 | CO8-14 C08-13 C08-12 |  CO8-11 C08-10 | C08-09 | CO8-08 | C08-07 | CO8-06 | C08-05
N
al A\ AN 2\ 3 Al Ial /2l /2] al Jauval

C08-03

Obijekt Mierilo Datum
Fakultet elektrotehnike i racunarstva C zgrada Verio 26.4.2017.
Nacriao 1 Naziv crieza
Anita Martinéevi¢, M.Sc Velicina c-08

Project co-funded by the European Union through Interreg Danube Transnational Programme

43



Smart Building - Smart Grid - Smart City (3Smart)
Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

R"’ 150 2§ 150 z% 150 zg ;:g ?; 150 ? 150 E@ 150 % ‘\:;) 32 150 EFE‘ 150 Z;g I‘i ‘gg 150 E}D 150 i? 150 gg 150 22 150 ;; E\Dﬁ: ;; 150 ;; 150 ;?5 150 i? 150 Ez 150 ;? 150 E?:’ 150 3} 150 aj ;‘: 2§ 150 z;u 150 ;; g 2; 150
| ] £ B ] ] ] ;] ] ] 2] ] ] ] Bl B i
RSP
o || C08-15-1  C09-15 CO9-14 | T ol i 3 | cos-11 | cos-10 C09-09 C09-08 | C09-07 | C09-06 C09-05 C09-04
/ S 1818 h
] /4] . A e DA EN Al al 5 Jal AL
lyr
009-15-2 - C09-15-3/5 ] 7_ €09-00 =/C08-03
) D B [ .
o N C09-16 e 2 o>  coo-19 it €09-02 !
C09-16-3| C09-16-2 | C09-16-1/| | C09-17 || C09-18-1/C09-18-2 | C09-19-2 | C09-19-1 C09-01 C09-02-1
5 H 3 #
—l
B B L i1 B B B i T i | | i i H N
B gs w0 ,—‘515‘:3 ?sm,;ﬁ’%‘ ;;m%‘ ;;mo% 7 1w Jg w0 3‘;7 50 iﬁ' 50 ?:o] 150 5075 10 E;; g3 80 g;lj—’ .60 g;?:: 75 s 25 10 750 > 50

Objeki Mjerilo Datum
Fakultet elekirotehnike i racunarstva C zgrada Verzio 25.4.2017.
Nacriao 1 Naziv crieza
Anita Martincevic, M.Sc. Vetens c-09

Project co-funded by the European Union through Interreg Danube Transnational Programme

44



Smart Building - Smart Grid - Smart City (3Smart)

Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

108

5305
44015n;?150;?@5?0150?15n;§150§515a;§15n§g15n§150%1502150@150@15{1@15«1@15&:;?15«15‘1&@|m§§|15ﬁ§1m§§m;gwﬁng;m;gmg;sg;;m;é|m;;$;§m

] Bl El ] ] | B ] | K ]
J Il cl0-12 | c1o-1 C10-10 C10-09-01| C10-08 | C10-07 || C10-06 | C10-05 C10-04  C10-03 C10-02
. . - - - - 1e
a /] a 2 B [3 [5 [3 [3\
f €10-00 =\
I3 I3 B =
Es ; 2 e
[2/
&
8 c10-13 c10-14 c10-15 & C10-ST G10-01 e

Objekt Mierilo Datum
Fakultet elektrotehnike i racunarstva C zgrada Verzia 28.3.2017
Nacriao 1.0 Naziv criea
Anita MartinZevi¢, M.Sc VE"E‘"?A c-10

A

Project co-funded by the European Union through Interreg Danube Transnational Programme

45



Smart Building - Smart Grid - Smart City (3Smart)

Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

40, 150 Eg 150 3? 150 32 150 E? 150 EE 150 z? 150 332 150 Zg 150 z;ﬁ 150 ;g :: ﬁ 150 ﬁ‘ 150 ﬁ 150 E?r 150 ig 150 ;g ;nﬁg i? 150 g; 150 ;; 150 ;g 150 E? 150 2§ 150 E?T 150 ;? 150 E?D 150 z;m 160 ;; 1 ?% ;; 150 &
H i B ' B H B B
C11-15 | C11-14 || C11-13 C11-10 || C11-09 C11-08 C11-07
/%] 4 (& /% (= il

Objekt Mierilo Datum
Fakultet elektrotehnike i ratunarstva C zgrada Versia 25.4.2017.
Nacriao 1 Naziv crieza
Anita Martinéevi¢, M.Sc Ve"""ii c-11

Project co-funded by the European Union through Interreg Danube Transnational Programme

46



Smart Building - Smart Grid - Smart City (3Smart)

Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

5305

A0, 150 g 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 g 150 23 150
- g ’2 1% ’12 vl ’12 £ ';; ggs ,'g; T80 ’3 g 1,3: % E 508

50 50 50 50 50 50 50 50 50 50 50 RE
7 0 r r 3 3

C12-17-1

")

C12-17-2

C12-18

i i B T B B i ¥ i B i i @J
C12-15 :. c12-11 C12-10 C12-09 C12-08 | C12-07 C12-06 C12-05 C12-03
N A
O e

Obijekt Mierilo Datum
Fakultet elekirotehnike i racunarstva C zgrada Veria 26.4.2017
Nacriao 1 Naziv cricza
Anita MartinZevic, M.Sc.

Velicina

C-12

Project co-funded by the European Union through Interreg Danube Transnational Programme

47



Smart Building - Smart Grid - Smart City (3Smart)
Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

5305

3%

9 1% fg 115 19

438

#5155 2%

= iy 7= 0 = Y £ = [ =
£ £ 2 z e z F w0 5 . C13-09
N R N .
C1 3-Qf_§ C13-05 ,_Tu‘" = = —— =/
L) 1 C13-02-1
— C13-SD
= (strojarica dizala) C13-01
E o C13-vT ,
- vjetroturbing) C13-8ST
C13-00 | C13-04 = C13-03 =y
& & B
g C13-10
Ed Ed - - amgem El # # # # + B ) =
e 1 0 19 405 i1 250 # 325 5 220 i a5 e a1 2 1 7 320 105 g5 1272 415
Objekt Mijerilo Datum
Fakultet elektrotehnike i ratunarstva C zgrada Verzia 26.4.2017.
Nacriao 1.0 Naziv crieza
Anita Martincevi¢, M.Sc Ve"f‘"ZL c-13

Project co-funded by the European Union through Interreg Danube Transnational Programme

48



Smart Building - Smart Grid - Smart City (3Smart)
Deliverable D4.5.1 - Dynamic building model - UNIZGFER skyscraper building

“y

Appendix 3: FER skyscraper cross-section (north-south orientation)
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Appendix 4: Detailed IDA-ICE simulation report for FER building in
2014.
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Page 1 of 2

E (. UA. Delivered Energy Report
SIMULATION TECHNOLOGY GROUP
Project Building
Model floor area 10690.8 m?
Customer Model volume 34774.0 m>
Created by Anita Martincevic Model ground area 747.0 m®
Location Zagreb/FER Model envelope area 7709.3 m?
Climate file Zagreb_2014 Window/Envelope 33.2 %
Case FERCbuilding_merged Average U-value 1.784 \.n\.r‘.!(m2 K)
Simulated 12.6.2017. 15:57:31 Envelope area per Volume | g.2243 m2{m3

Building Comfort Reference

Percentage of hours when operative temperature is above 27°C in worst zone |19 %

Percentage of hours when operative temperature is above 27°C in average zone | 6 %

Percentage of total occupant hours with thermal dissatisfaction 9 %

Delivered Energy Overview

Purchased energy Peak
demand
kwWh kWh/m? kw
M | Lighting, facility 183518 17.2 75.72
M | ventilokonvektori_hladjenje 66199 6.2 265.3
M | HVAC aux o 0.0 0.0
Total, Facility electric 249717 234
M | Ventilokonvektori_grijanje 453130 42.4 2755.0
M | Domestic hot water o 0.0 0.0
Total, Fadility fuel* 453130 42.4
M | Radijatori 51075 4.8 158.1
Total, Fadility district 51075 4.8
Total 753522 70.5
[_1| Equipment, tenant 262348 24.5 86.05
Total, Tenant electric 262348 24.5
Grand total 1016270 95.1

*heating value
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Delivered Energy Report

Monthly Purchased/Sold Energy
KWhA
14104
12-10*

Page 2 of 2

10104 ]
8104
610+
4104
2104
i : | | | | | | | >
1 2 3 4 5 [ 7 8 9 10 11

o104 |
12 Month
- . . . Facility Tenant
Facility electric Facility fuel (heating value) district electric
P Domestic :
Month L‘:gh_tl_ng, Ventilokonvektori_hladjenje) HVACQ Ventilokonvektori_grijanje, hot Radijatori Equipment,
acility aux tenant
water

(kwh) (kwh) (kwh) (kwh) (kwh) (kwh) (kwh)

1 15525.0 0.0 0.0 108671.0 0.0 12892.0 22201.0
2 14107.0 0.0 0.0 90323.0 0.0 10825.0 20179.0
3 16229.0 0.0 0.0 3971%.0 0.0 3820.0 23184.0
4 14114.0 0.0 0.0 12802.0 0.0 898.3 20218.0
5 16227.0 5095.0 0.0 3778.5 0.0 192.2 23182.0
6 15540.0 16453.0 0.0 0.0 0.0 0.0 22181.0
7 14845.0 19301.0 0.0 0.0 0.0 0.0 21223.0
8 16250.0 18347.0 0.0 0.0 0.0 0.0 23183.0
9 14820.2 7002.9 0.0 0.0 0.0 0.0 21197.3
10 15521.0 0.0 0.0 19847.0 0.0 1795.0 22199.0
11 15525.0 0.0 0.0 65332.0 0.0 7699.0 22183.0
iz 14815.0 0.0 0.0 112658.0 0.0 12953.0 21218.0
Total | 183518.2 66198.9 0.0 453130.5 0.0 51074.5 2162348.3

IDA Indoor Climate and Energy
Version: 4.71
License: IDA40:ED182/Q5B3F (educational license)
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