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o DesignBuilder

Graphic visualization in
DesignBuilder of existing HVAC
system at EIHP office building
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Energy bills and energy audit

Reference values related to energy and water consumption for the building (2019)

Referentne vrijednosti
Godisnja potrosnja | Godisnja emisija
Energenti i voda Jedinica Godisnja potrosnja
energije CO,
[iedinica/god.] [kWh/god.] [tona/god.]
Elektricna energija kWh 186.539,00 186.539,00 43,837
Toplinska energija kWh 134.000,00 134.000,00 46,364
VVoda m3 1.051,50 - 0,236
Ukupno 320.539,00 90,437

Total reference consumption of electricity in higher and lower tariffs and
engaged power by month from January to December
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Shares of individual forms in reference energy consumption

= Elektri¢na energija
Toplinska energija

Distribution of main groups of consumers according to installed power

Raspodjela - instalirana snaga
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= Split sustavi
Elektromotori u sustavu ventilacije
= Elektromotori i grijagi u sustavima grijanja,
hladenja, ventilacije, klimatizacije i pripreme PTV-a
= Sustav rasvjete
= Uredska cprema
= Kuhinjska oprema
Serveri, telekomunikacijska i mrezna oprema

Potrosacdi za pogon dizala

= Ostalo
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Site and Source Energy

Total Energy [kWh] | Energy Per Total Building Area [kWh/m2] | Energy Per Conditioned Building Area [kWh/m2]

Total Site Energy 288684.49 120.62 137.46
Met Site Energy 288684.49 120.62 137.46
End Uses

Electricity [kWh]  Natural Gas [kWh] | Additional Fuel [kWh] | District Cooling [kWh] | District Heating [kWh] | Water [m3]

Heating 0.00 0.00 0.00 0.00 130235.82 0.00

Cooling 31478.37 0.00 0.00 0.00 0.00 0.00

Interior Lighting 38702.65 0.00 0.00 0.00 0.00 0.00
Exterior Lighting 0.00 0.00 0.00 0.00 0.00 0.00
Interior Equipment 53401.74 0.00 0.00 0.00 0.00 0.00
Exterior Equipment 0.00 0.00 0.00 0.00 0.00 0.00
Fans 17217.96 0.00 0.00 0.00 0.00 0.00

Pumps 17638.81 0.00 0.00 0.00 0.00 0.00

Heat Rejection 0.00 0.00 0.00 0.00 0.oo 0.00
Humidification 0.00 0.00 0.00 0.00 0.o0 0.00
Heat Recovery 0.00 0.00 0.00 0.00 0.00 0.00
Water Systems 0.00 0.00 0.00 0.00 0.oo 365.77
Refrigeration 0.00 0.00 0.00 0.00 0.00 0.00
Generators 0.00 0.00 0.00 0.00 0.00 0.00

Total End Use: 158448.68 0.00 0.00 0.00 130235.82 365.77
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Automation process

* The possibility of implementing automation within DesignBuilder, but it
is necessary to precisely define parameters and create all appropriate
Templates—=> additional professional knowledge and precision (possibility
of errors), time and a certain number of people are required for faster
iInputs

* Using the automation capabilities using Python and the ability to
connect EnergyPlus with Python—> previous experiences and knowledge
- the idea of using databases and universal script for many buildings
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Identified measures

Debljina toplinske Debljina toplinske
Komb. izulacije_ vanjskog izolacije ravnog
zida krova
[em] [em]
Koeficient \aska 2 10 14
Komb. tgﬁliﬁge:mpz?r:f U - 10 16
[Wi(mz2K)] 4 10 20
triple 12O glass with a double low-emissivity layer and 5 10 25
1 0,66 reflective coating 5 14 10
2 0.80 triple 1ZO glass with a low emissivity layer 7 14 14
EXISTING — double 120 glass with a low emissivity layer 8 14 16
9 14 20
10 14 25
1 16 10
12 16 14
13 16 16
14 16 20
15 16 25
16 20 10
17 20 14
18 20 16
19 20 20
20 20 25
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Variants of HVAC system

4 sources of heating/cooling energy:

* District heating for heating and DHW, chiller for space cooling

* Natural gas micro-cogeneration with a condensing boiler for space heating, DHW preparation and a
compression chiller for space cooling

* Air/water heat pump for space heating, DHW and space cooling

* Water/water heat pump for space heating, DHW and space cooling

Zona Prostorije unutar zone Grijanje | Hladenje T:Rﬁgg?; VK" | SPLIT™ | Radijator
Zona 1 | Konferencijska dvorana — 2. kat o o o ° o o
Zona 2 | Konferencijska dvorana - prizemije o o o ° o o
Zona 3 | Sanitarni Gvorovi i tusevi o o 6! o o °
Zona4 | Serversoba . . o o . o
Zona 5 | Uredi, hodnik i blagavaonica o o o ° o )
Zona 6 | Strojarnica o o o o o )

“Ventilokonvektor ~ Mono split sustav
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* FC — existing lighting system using lamps with fluorescent tubes and fluorescent compact bulbs

* LED sources— partially modernized lighting system- most light sources are replaced by LED light sources in existing lamps. The analysis is made for LED
replacement light sources of renowned manufacturers (the control system remains the same as in the existing state with additional installation of
presence sensors)

* LED lamps — complete modernization of the lighting system - installation of high-efficiency integrated LED lamps (keeping the existing wiring of the power
supply to the lamps) - a modern control system via occupancy and lighting sensors - new wireless buttons that can adjust the level of the output light flux
- most of the lighting can be controlled centrally via an application that also enables monitoring of consumption and malfunctions, but also occupation.
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SUMMARY OF COMBINATIONS OF POSSIBLE
TECHNICAL AND CONSTRUCTION SOLUTIONS

Tip izolacije Mineraina vuna, A = 0,036 (W/m3K)
Vanjski zid
Debljina izolacie [cm] 14 16 20
D e T ! Vanjska ovojnica
+ For aII.the menltloned cpmbmatnons, an | zgrade _ Tip izolacije Mineraina vuna, A = 0,036 (W/m?K)
1 analysis of the installation of the : Ravni krov| e g
| photovoltaic system on the available ! ROy 20scges ferm) 14 16 20 25
i surfaces of the building is also included | .
————————————————————————————————————— ' __, Prozori U-vrijednost (W/m*K] 0,80 0,66
————— T anons b
,,,,,, aulatlott> ] :
e segipUer - 2vor toolin eraii Daljinsko §  Mikro DT DT
<=7 d\lnam\c__s____——" Grijanje DRt anae grijanje CHP | zrak/voda | vodalvoda
\ 720 LT prostora i

- priprema =
. PTV-a Energent Lodo | ALELL Elektricna energija
energent toplina plin o8

Termotehnicki sustavi

o ¥ i Kompresijski DT DT
1zvor rashi nerqgy s ; .
Vor Faaliadine encroge rashladnik vodaivoda | vodalvoda
Hladenje
Energent Elekiricna energija
Sustav rasvjete FC LED izvori | LED svjetilike
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THE FLOW OF IMPLEMENTATION OF DYNAMIC
SIMULATIONS

Ulazni podaci
. . (gradevinski, Generiranje IDF Python skripta za Analiza podataka Podaci dobiveni od
To run s|mu|at|ons: elektrotehnicki, daftoteka izmjenu podataka (regresija) proizvodaca
. strojarski
* Python version 3.9.0 Jarsia)
* EnergyPlus version 8.9.0
For changing data through solution variants:
* Eppy ModelEditor (allows programmers to navigate, search 'ZFEJE"E ﬂf?,dattﬂka e L
. . roz varijante
and modify idf file data) rlegenia bazu podataka
» Databases using SQL language
. . . 5 . A Frovodenje
Communication between Python script-> SQL database -> IDF file on every solution variant simulacija
Ao —— B ——
o Rezultati
simulacija
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Uredi_istok 7 => 1_kat, Unedi_istolk
Uredi_zapad
Uredi_zapad 1 => 1_kat, Uredi_zapad

EE

Hodrik = 1_kat, Hodnik
Sanitarmi_cvor => 1_kat, Saritami_cwvar
Uredi_istok => 1_kat, Uedi_istol
Uredi_istok, 1 => 1_kat. Unedi_istok
Uredi_zapad 1 => 1_kat, Uredi_zapad
Uredi_zapad => 1_kat, Unedi_zapad

£

Hodnike 1 => 1_kat, Hodnilc

Open space => 1_kat, Uredi_istok
Sanitarni_cyvor => 1_kat, Sanitami_cwor
Uredi istak, =2 1_kat, Uredn_istok
Uredi_zapad 1 => 1_kat. Uiedi_zapad
Uredi_zapad => 1_kat, Uredi_zapad
Component block 1

Component block 10

Component block 11

Compotent block 12

Component block 13

Compornent block 2

Component block 3

Component Block 4 o
Component block 5

Component block B

Component block 7

Component block 8

Component block 9

FProdinam

F-EP Adhiva =» 1_kat, Uredi_zapad
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B0 Cistacice => 1_kat, Unedi_istol

-G Hodnik 1 => 1_kat. Hodnik

-0 Frinter soba => 1_kat, Uredi_zapad

3] @ Samitami_cvor => 1_kat, Sarstami_cwvar
= Server soba

& Suojarnica

G0 Tusevi

B Wiedi => 1_kat, Uredi_istok

=5 Prizemijs
- Hodnik => 1_kat, Hodnik
=) Konferencijzka zala
) Restoran
2] @ Sanitarmi_cwvor => 1_kat, Sanitami_cwor

@
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Project internal floor
Project partition

__WZ _EIHP

Rb_ravni krov
PD_podrum eihp

IT_Zid prema tlu

“rata kogeneracija
2xizo_lxnem_LU=143_alu
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District heating scheme

TI M E PAC/ 23.05.2024. || Analysis and visualization of EPC data and development of innovative energy service



Natural gas micro-cogeneration with a condensing
boiler scheme
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Air/water heat pump scheme
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Water/water heat pump scheme
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IDF File

ASHRAE901 22.12.2021. 941 File folder
L5_Actual 22.12.2021. 941 File folder
* We have created 4 IDF files that contain the L5 Notional | 22122021, %4 il folder
. . . . L5_Reference 22.12.2021, 9:41 File folder
geometry and characteristics of the building, & compact 25102023, 2250
the lighting system and 4 combinations of ComroftomAr T
. . L Energy+ 3.1.2022. 11:46 DD File
thermotechnical systems with all the ) Encrgy+ 1312022, 1145 Configuration setings
3 pprOpriate LOOpS 3 nd "fieIdS" for data energyplusapi.dll 1?.1.2022. 'I'I:4c: .5'1:3:.3 'ca_t.'m <.e:><te'1s'cr1
i EnergyPlusAPI 13.1.2022. 11:46 Object File Library
excha nge eplusoutaudit 26.10.2023. 8:51 AUDIT File
eplusoutbnd 26.10.2023. 8:51 BND File
* IDF (Intermediate Data Format) — “are used to B eplisaut 26102022 65
. . . eplusout.mdd 25.10.2023. 22:50 MDD File
interoperate between electronic design & oo 1008 225
automation (EDA) software and solid " DpandOects 20 114 e
modeling mechanical computer-aided design i 26102023, 853 DF File I
(CAD) software. The format was devised by ;::—;Z:::z-mf S .
David Kehmeier at the Mentor Graphics & inneatingret 22220221345 DF File
H n msvecp140.dll 13.1.2022. 11:46 Application extension
Corporat|0n . []) RunEPDLL 26.10.2023. 8:51 Error log
& RunEPDLL 13.1.2022. 11:46 Application
@ simplehvacsettings  26.10.2023. 8:53 DAT
[ sqlite 26.10.2023. 851 Error log
EnergyPius veruntime140.dl1 13.1.2022. 11:46 Application extension
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IDF File

Idf object

Version, §.9.0.801; I- Version Identifier
IRunPeriod, I- Annual simulation . .
Fnergetski institut Hrvoje Pozar (01-01:31-12),!- Location ¢ F|e|d / f|e|dname:
1,1, I- Start Month , Day . .
12,31, |- End Month , Day Field 1 / Location /
UselleatherFile, - will use day as shown in weather file .. . .
No, I'- Use weather file holidays/special day periods Energet5k| |nSt|tute H rVOJe
No, I'- Use WeatherFile DaylightSavingPeriod - will use daylight saving time shown below
Yes, I'- Apply Weekend Holiday Rule - will reassign weekend holidays to Monday Pozar (01'0131‘12)
Yes, I- use weather file rain indicators
Yes, I- use weather file snow indicators
1: |- Number of years in simulation
RunPeriodControl:DaylightSavingTime, Last Sunday in March,last Sunday in October; !- Daylight saving dates - one hour is added to local mean time to obtain the locally observed time during this periocd

! Hourly weather file: C:\ProgramData\DesignBuilder\Westher Data\lg-meteol.epu

Site:location,Energetski institut Hrvoje Pozar (01-01:31-12) (81-81:31-12), !- Location Name

15.82, I- Latitude
16.03, I- Longitude
1, I~ Time Zone
128; I- Elevation {m}
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IDF File

I 4 kat, Uredi zapad 1, Roof - 39,357 m2, Surface Area: 39,357m2

BuildingSurface:Detailed, - Surface
I 4 kat, Uredi zapad 1, Roof - 39,357 m2, Surface Area: 39,357mZ2 i Name
BuildingSurface:Detailed, I- Surface

A¥kat:UrediXzapadl Roof 1 8 8, I- Surface name ent

Roof, RK_ravni krov, I- Class and Construction Name

1Xkat:UrediXzapad, I- Zone Name

Outdoors, - Qutside Face Environment

I

SunExposed, I- Sun Exposure

WindExposed, I- Wind Exposure

AutoCalculate, I- View Factor to Ground

4, I- Number vertices

-7.20834358887,-55.2798794881, 16.58, I- Vertex 1

-2.6034358808,-55.2798794881, 16.58, I- Vertex 2

-2.6834358808, -46.7239987654, 16.58, I- Vertex 3

-7.20834358808, -46.7239907678, 16.58; I- Vertex 4

I MW Glass Wool (standard board)- thickness 8,1

Material, MW Glass Wool (standard board) 01,

Rough, - Roughness
., I- Thickness {m}
B.836, I- Conductivity {w/m-K}
28, I- Density {kg/m3}
848, |- Specific Heat {1/kg-K}
8.9, I- Thermal Emittance
8.6, I- S5olar Absorptance
8.6; I- Visible Absorptance
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IDF File

DistrictHeating,
District Heating, !' - Component name
District Heating Water Inlet Node, ! - Boiler water inlet node
District Heating Water Outlet Node, ! - Boiler water outlet node
! - Nominal capacity (W)
On 24/7; ! - Capacity fraction schedule

ZoneHVAC: Baseboard:RadiantConvective:lWater,
1¥Xkat:SanitarniXcvor Water Radiator,
_EIHP_HEATING,
1¥Xkat:SanitarniXcvor Water Radiator Hot Water Inlet Node,
1Xkat:SanitarniXcwvor Water Radiator Hot Water Outlet Node,
45,588,

- Component name

- Availability schedule

- Water inlet node name

- Water outlet node name

- Rated average water temperature (C)

- Rated water mass flow rate (kg/s)

- Heating design capacity method

- Heating design capacity (W)

- Heating design capacity per floor area (W/m2)
- Fraction of auto-sized heating design capacity
- Maximum water flow rate (m3/s)

¥
HeatingDesignCapacity,

|y

8.818e, - Convergence tolerance
8.38a, - Fraction radiant
g.1ea, - Fraction of radiant energy incident on people
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Eppy ModelEditor & Python

ENHE_zgrada.pye

PPy modeleditor
eppy - modeleditor

pandas

Insert _Awva Temp

Eet_objects_WZ_RK Eet_andCH_VZ, change_thicknes

modify_windows. ChangewWindowConstruction
change CF, change thickness CF

Eet_object_ KR change KR

MatWVent_dfr change_ MW

InFiltr_dfr change_ TMFE
validate wvalidate op

construction_database values
Change_Construction lincar_brideing

Lights change_lights
rict_nheating.

change ASHP, change ASHP _chille
Design_capacity database GetValucs., Ge moupValues

SPLIT ChangeSPLIT
Ogrievna_tijela ChangeFanCoil, ChangeWaterRadiator, ChangseHWLoop

Find_directory

BAZE @
CSV_outputs ®)
Glavni program ®)
IDF_ref o)
ObjectDes_WeatherData )
Simulation_input &)

Simulation_output ®)

TIMEPAXZ

23.2.2022. 1401
23.2.2022. 14:01
3.5.2022. 11:07
23.2.2022. 14:02
23.2.2022. 14:02
3.5.2022. 11:01

31.3.2022. 17:45

Change district_heating district_heatingl

File folder
File folder
File folder
File folder
File folder
File folder

File folder

2 ASHP
A ASHP_ch
BAZE

Boiler

capacity

Design_Capacities

Design_Capacities_1

District_heating
DT_database
EIHP_zgrada
find_directory
get_object_CF
get_object_KR
get_objects VZ_RK
heat_pumps
Infiltr_dfr
INPUT

Lights
NatVent_dfr

2 Ogrjevna tijela

WEF R E®Y YR Y Y YWY YEE e w

Ogrjevna_tijela
B Ploce
B Ploge
3 Prozori
__r" Replace_Windows
A SPLIT

Change_Construction

construction_database

Design_capacity_database

ODABRANI FANCOILOVI
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20.9.2021. 1403
24.9.2021. 16:58
21.9.2021. 1222
20.9.2021. 15148
26.3.2021. 81
29.4.2021.9:5
1.3.2021. 845
16.9.2021. 14:54
16.9.2021. 14:54
2021, 12:46

9.2021. 13:56

(=3}

[¥5)

o,

17.

21.9.2021. 16:39
24.9.2021. 1142
14.1.2021. 14:46
1.6.2020. 10:37

18.3.2020. 15:31
7.8.2021. 9:41

21.9.2021. 16:37
27.8.2021.11:22

3.5.2022. 11:07

7.9.2021. 12:45
2021, 15:51

17.9.2021. 16:56

8.9.2021. 17:30

31.5.2020. 9:33

29.3.2021.13.07




Eppy ModelEditor & Python

open{csv_ref_path, 'r")

content csv.reader (cref_+,
ref+IDF comtent:
print{refIDF)

path_N - Find_directory() idfl_sim - IDF(f"{idf_ref_path}{refIDF[2]}", epw_f)

idd_f = f"{path_N}ObjectDes_lWeatherData\ \eplus.idd"
sustawv refIDF[1]

Weather_file - 'Zg-meteo.epw’ m_name refIDF[@][:-8]

epw_f = f"{path_N}ObjectDes_lWeatherData\ '\ {Weather_file}" m_name m_name[3:]
print{f ' m_name : {m_name}")

IDF . setiddname(idd_f)
key,value Kombinacije_mjera.items():

csv_ref_path = F£"{path_N}\\IDF_ref\\Inputs_idf ref.csv"
idf_ref_path = F"{path_N}\\IDF_refi\"

prap———
db_tables ["WSHPS', °WSHP_heating', 'WSHP_cooling']
. . . . . . . o = Choose S (db, sy heat Lo copaciEy. thess.pil_gr, theta_proj_heating MSHP, coaling capacity, theta pol hi, theta prol_cooting WSHP)
csv_sim_file = F"{path_N}5imulation_input\\Inputs_ idf sim.csv" WP - Get_USHP_base_UP(ab_name, db_tables, @ new)

Curves Get_Curves(idfl_sim)
change_ASHP(idfl_sim, WP, Q_new, m_name, refIDF[4], Curves)

m_name - "daljinsko grijanje’:

building = 'EIHP"
print(‘Hijenjan da1jinsko grijanjet)
Yo e e e )

building_year = "EIHP_nakon_28@5° Gronge aistrice. meating(tarl simso-weating]

print(Mijenj He chiller!®)
Q_new - Choo: P_chiller ("ASHP', 'Cooling Capacity', cooling capacity, theta pol hl, theta_proj_cooling)

pp = pprint.PrettyPrinter({indent=4) o -
::1riﬁigsfasg,ﬁp(nb;"am, ) e
» s ] 2 ] '} ] Curves Get_Curves(idfl_sim;
Kombinacije_mjera = Get_Kombinacije_Mjera() Chinge_ASH chillor(10F15im, HP, O new, Curves)

m_name - ‘ashp®

. '] . I ' . i " . . . print('Mijenjam ASHP!')
Kombinacije Mjera_Rasvjeta, LightingDict = Get_Kombinacije Mjera_Rasvjeta() Zheating capac
)_1 ["ASHPS', ‘Heating Coefficients®, 'Cooling Coefficients']
ASHP(db_name, heating capacity, theta_pol gr, theta_proj_heating, cooling capacity, theta_pol _hl, theta_proj_cooling)
P(db_name, db_tables, Q_new)
idf1_sim)

Kombinacije Mjera_Prozori - ['1', '2', '3'] s s oD, G
= — e
print('Mijenjam kogeneraciju!')

NatVentDict,InfiltrationDict, ZoneGroupNumber - GetVentValues() Sneating” Ghoct boiier (heating capacity)
ange_boiler(idfl_sim, Q_heating)

I : 2t print('Mijenjam ASHP chiller!')
Nazivi_kombinacija = [] O new - Chooie ASHP. chiller (*ASHP', "Cooling Capacity’, ceoling capacity, theta_pel hl, theta proj_cosling)

db_name P
db_tables - ["ASHPS', "Heating Coefficients®, 'Cooling Coefficients']
HP - Get_base_HP(db_name, db_tables, O new)

Curves - Get_Curves(idfl_sim)
change_ASHP_chiller(idfl_sim, HP, Qnew, Curves)

idf1_:
open(csv_s.
writer

iv_komb_sim)
i on_input\\{naziv_komb_sim}.idf")
. v

=, refIDF[1], key_novo, refIDF[2], refIDF[31,refIDF[411)
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Eppy ModelEditor &Python

Materijali

idf_ch.idfobjects['MATERIAL']

Materijali:
m.Name mats_nam
m.Thickness

e The whole manual work for

changing inputs is replaced with
Python functions to change

“fields” in IDF objects

TIMEPAXZ

eppy modeleditor
eppy .modeleditor

Obj_Lights
Obj_DaylL

idf_ch.idfobjects['LIGHTS"]
idf_ch.idfobjects[ *DAYLIGHTING:

key,valuel LightingDict.it: e
key_comb key:
print(key_comb,key)
keys2 t(valuel)

key2

obj Obj_Lights:
obj .Name

Watts_: {value

n_Radiant
n_Visible
1t (key_comb, key, ol

obj in Obj_Dayl:

valuel[key2]

ob3j . Hame
obj.Lighting Cq
j +_Step|
Minimum_Input_}

obj . Name valuel[

ower_Fraction_for_Continuou
Minimum_Light_ Output_Fract:
[ mb, key,obj)

valuel[key2][1]:

valuel[key2][&]
valuel[key2][7]

valuell[key2]1[3][
|_Control_Steps valuel 9]

or_ContinuousOff_Dimming_Control
_for_Continuous_or_ContinuousOff_Dimming_Control

2][1]:

obj.Lighting_Control_]

obj .Number_of_Step

|_Control_Steps

ower_Fraction_for_Continuous_or_ContinuousOff_Dimming_Control

obj.Minimum_Light Output Fract:
{ mb, key ,obj)

(key

for_Continuous_or_ContinuousOff Dimming Control
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Input File

A B C
Komb. Py Kombinacija Nazivelementa
1 1010 _ VZ EIHP
2 1014 _ VZ_EIHP
3 1016 _ VZ_EIHP
4 1020 _ VZ_EIHP
5 1025 _ VZ_EIHP
6 1410 _ VZ_EIHP
7 1414 _ VZ_EIHP
8 1416 _ VZ_EIHP
9 1420 _ VZ_EIHP
10 1425 _ VZ_EIHP
11 1610 _ VZ EIHP
12 1614 _ VZ_EIHP
13 1616 _ VZ_EIHP
14 1620 _ VZ_EIHP
15 1625 _ VZ_EIHP
16 2010 _ VZ EIHP

TIMEPAXZ

lzolacijski

VZ_ MW Glass Wool (standard board)
VZ_MW Glass Wool (standard board)_0.1
VZ_MW Glass Wool (standard board)_
VZ_MW Glass Wool (standard board)_0.1
VZ_MW Glass Wool (standard board)_0.1
VZ_MW Glass Wool (standard board) 0.14
VZ_MW Glass Wool (standard board)_0.14
VZ_MW Glass Wool (standard board)_0.14
VZ_MW Glass Wool (standard board)_0.14
VZ_MW Glass Wool (standard board)_0.14
VZ_ MW Glass Wool (standard board) 0.16
VZ_MW Glass Wool (standard board)_0.16
VZ_MW Glass Wool (standard board)_0.16
VZ_MW Glass Wool (standard board)_0.16
VZ_MW Glass Wool (standard board)_0.16
VZ_ MW Glass Wool (standard board) 0.2

F

Maziv elementa

RK_ravni krov
RK_ravni krov
RK_ravni krov
RK_ravni krov
RK_ravni krov
RK_ravni krov
RK_ravni krov
RK_ravni krov
RK_ravni krov
RK_ravni krov
RK_ravni krov
RK_ravni krov
RK_ravni krov
RK_ravni krov
RK_ravni krov

RK_ravni krov

lzolacijski

MW Glass Wool (standard board
MW Glass Wool (standard board
MW Glass Wool (standard board
MW Glass Wool (standard board
MW Glass Wool (standard board
MW Glass Wool (standard board
MW Glass Wool (standard board)_0.14
MW Glass Wool (standard board)_0.16

)_O

) 0.14

)_

)_

)_

)_O

)_O

)_
MW Glass Wool (standard board)_0.20

)_

)_O

)_O

)_

)_

)_

)_O

0.16
0.20
0.25

MW Glass Wool (standard board)_0.25
MW Glass Wool (standard board
MW Glass Wool (standard board
MW Glass Wool (standard board
MW Glass Wool (standard board
MW Glass Wool (standard board
MW Glass Wool (standard board

.14
0.16
0.20
0.25
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RK

14
16
20
25
10

16
20
25
10

16
20
25
10




Input File

A B C D E F G H I J K L
Varijar ¥ | Zona ¥ | Schedule_Name * Target_llluminan * |Normalised_Power_Densi ¥ | Return_Air_Fraction * | Fraction_Radiant * | Fraction_Visible * | Lighting_Control_Type * Number_of_Stepped_Control] * | Minim ¥ |Minim ¥ |
1 Prizemlje:Restoran _EIHP_rasvjeta_restoran 500 746 0 0,4 0,3 3-Stepped 6 - =
1 Prizemlje:KonferencijskaSala _EIHP_rasvjeta_sastanci 500 7,50 0 0,1 0,3 3-Stepped 6 - -
1 1Xkat:Hodnik _EIHP_rasvjeta_hodnik 100 14,70 0 0,1 0,3 3-Stepped 3- -
1 1Xkat:UrediXzapad _EIHP_rasvjeta_ured 500 3,78 0 0,4 0,3 3-Stepped 3- -
1 1Xkat:SanitarniXcvor _EIHP_rasvjeta_sanitarni 200" 4,98 0" 01" 0,3'3-stepped " a- -
1 1xkat:UrediXistok _EIHP_rasvjeta_ured 500 3,78 0 0,4 0,3 3-Stepped 3- -
1 2Xkat:KnfrncjskXdvrnX2kt _EIHP_rasvjeta_sastanci 500" 7,50 0 0,1 0,3 3-Stepped 6 - -
1 Podrum:ServerSoba Misc24Hr_ServerRoom_Light 200 3,78 0 0,4 0,3 3-Stepped 3- -
1 Podrum:Strojarnica _EIHP_rasvjeta_pomocno 200 5,60 0 0,4 0,3 3-Stepped 2- -
1 Podrum:Tusevi _EIHP_rasvjeta_sanitarni 200 4,98 0 0,1 0,3 3-Stepped 4- =
2 Prizemlje:Restoran _EIHP_rasvjeta_restoran 500 2,50 0 0,4 0,3 3-Stepped 6 - =
2 Prizemlje:KonferencijskaSala _EIHP_rasvjeta_sastanci 500 2,70 1] 0,1 0,3 3-Stepped 6 - -
2 1xXkat:Hodnik _EIHP_rasvjeta_hodnik 100 2,80 (1] 0,1 0,3 3-Stepped 3- -
2 1xXkat:UrediXzapad _EIHP_rasvjeta_ured 500 2,50 (1] 0,4 0,3 3-Stepped 3- -
2 1Xkat:SanitarniXcvor _EIHP_rasvjeta_sanitarni 200" 2,80 o 01" 0,2"2-Stepped " a- .
2 1xkat:UrediXistok _EIHP_rasvjeta_ured 500 2,50 (1] 0,4 0,3 3-Stepped 3- -
2 2¥kat:KnfrncjskXdvrnX2kt _EIHP_rasvjeta_sastanci 500 2,70 (1] 0,1 0,3 3-Stepped 6 - -
2 Podrum:ServerSoba Misc24Hr_ServerRoom_Light 200 2,50 [1] 0,4 0,3 3-Stepped 3- -
2 Podrum:Strojarnica _EIHP_rasvjeta_pomocno 200 1,50 0 0,4 0,3 3-Stepped 2 - =
2 Podrum:Tusevi _EIHP_rasvjeta_sanitarni 200 2,80 0 0,1 0,3 3-Stepped 4- -
3 Prizemlje:Restoran _EIHP_rasvjeta_restoran 500 0,90 0 0,4 0,3 2-Linear/off 1 0,1
3 Prizemlje:KonferencijskaSala _EIHP_rasvjeta_sastanci 500 0,90 0 0,1 0,3 2-Linear/off 1 0,1
LY EEVT PR T LT T WP I TP T Y ann A ar n ] PN N 4 a noa

TIMEPAXZ
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IDF File combinations

A B C D E F G H | ] K Name Status Date modified
v Sifra * |Vanjska ovojnica v |Prozori|* Rasvieta || QH_gen_in[kWh]  * QH_gen_out [kWh] = |W_FE [kWh) * | Wenr_aux [KWh] = W PKWh]  ~leta H[-] v & in_ashp_komb_0111R
daljinskogriiane ~ 0111R 0 1 R 90904,38614 90904,38614 3686,61 801081 " in_ashp_komb_0112R
daljnskogriiane 01128 0 1 R 96340,07821 96340,97821 3625,55 775,73 7 in_ashp_komb_0113R
daljinskogrilanje ~ 0113R 0 1 R 100659,2513 100659,2513 3595 7508,85 + in_ashp_komb_0121R
dlindogipe  02R 01 2 R 8050416379 8050416379 376007 838208 * Inashp_komb 01228
dlinogiene 0ROt 1 R 8691285774 8601285774 %294 018,94 = in_ashp_komb 0123k
2
3
3

09

9iQ

99

» in_ashp_komb_0132R
daljinsko grjanje  0123R 0 R 9211800851 92118,00851 355369 77028 S ko 13
daljnskogriane  0131R 0 R 84161,12769 8416112769 341438 6926 - in_ashp_komb 0211R
daljnskogriiane ~ 013R 0 R 9176798807 91767,98807 386,68 647363 - in_ashp_komb_0212R
wn in_ashp_komb_0213R
. in_ashp_komb_0221R
. in_ashp_komb_0222R
W in_ashp_komb_0223R
. in_ashp_komb_0231R
. in_ashp_komb_0232R
W in_ashp_komb_0233R
. in_chp_komb_0111R
o in_chp_komb_0112R
o in_chp_komb_0113R
» in_chp_komb_0121R
i in_chp_komb_0122R
. in_chp_komb_0123R
» in_chp_komb_0131R
i in_chp_komb_0132R
. in_chp_komb_0133R
, in_chp_komb_0211R
w in_chp_komb_0212R
. in_chp_komb_0213R
, in_chp_komb_0221R
, in chp_komb 0222R

e e e e o o o o

09 e

999

93950 9 9

iQ

99

998

999

5% i9:Q
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Dynamic simulations — results and outputs - office
building

- Annual energy required for space heating

- Annual energy required for space cooling

- Heating and cooling capacity of the heat/cooling energy source

- Capacities of heating/cooling units for each zone

- Energy consumption

- Electricity production - photovoltaic system and micro cogeneration

- CO, emmisions

\

- PRIMARY ENERGY

OPTIMAL SOLUTION-> min. (primary energy) & min. (global cost)

- GLOBAL COST
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Dynamic simulations — results - office building

4100
3500
3700
;E‘ 3500 e * Granica primarne energija
— L aljinska toplina - DA
o ﬁﬁ Dzljinska toplina - D&
g v x Y - «  Daljinska toplinz - NE
:: % t ‘ e g Milrokogeneracij= - DA
£ . g
= 00 L - e Yy, Mikrokogeneracijz - NE
[=]
e % Y ¥ ASHP - DA
- Hoge £ S
+5 ] e - £ ASHF - NE
-u ﬁ -
*= WSHP -DA
o $3100 ¥ | * A
- * * x X WSHP - NE
w Y - ®
E
& % ] W x
#3000 » o =
4 4 ey
=
*
% %
2700 *
2500
-20 a 20 A0 [=]n] BO 10a 1z0 140

Specifitna primarna energija [KWh,/m?]
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Dynamic simulations — results — office building

4400
4200
4000
= Positive energy building -
E 27 combinations of 3800 Granica primarns energija
E measures (amount of * Daljinska toplinz- DA
2 energy produced at the Mikrokogenaracijs - DA
Dependence of ® Iocatigz ?rom RES greater ASHP-DA
specific primary S than the amount of ¥ ‘ o WEHP DA
energy and specific f‘%‘ energy consumed by the ¢
global investment building) I
cost for 2200 \
combinations of N \ ) (]
measures that
meet the \ oo \ | Lowest specific global cost- 10
requirements ) combinations of measures
prescribed by the 1
Technical
Regu,ation -15 =10 -5 . [+] 5 10 15 20 25 0 35

Specifitna primarna energiia  [k\Wh/(m?2a)

]

TI M E PAC/ 23.05.2024. || Analysis and visualization of EPC data and development of innovative energy service




Dynamic simulations — results — office building

OPTIMAL SOLUTION-=> min. (primary energy) & min. (global cost)

Combinations of measures with the lowest specific global costs

Specifiéni Disfle Debljina U-
e . izolacije - ” .
Termotehnicki Eprim globalni Sustav . izolacije vrijednost
9 - . vanjskog
sustav [KWh/(m~-a)] trosak rasvjete . ravnog krova prozora
zida
[kn/m?] [cm] [W/(m2K)]
[ern] Min. (global cost)
DT voda/voda | -6 | 3191 | LED svjetiljke | 14 | 16 | 140 |
DT voda/voda -7/ 3.195 LED svjetiljke 14 20 1,40
DT voda/voda -7 3.195 LED svjetiljke 16 16 1,40
DT voda/voda -7 3.200 LED svijetiljke 16 20 1,40
DT voda/voda -7 3.202 LED svjetiljke 14 25 1,40
DT vodal/voda -7 3.205 LED svjetiljke 20 16 1,40
DT vodal/voda ) 3.206 LED izvori 14 16 1,40
DT voda/voda -7 3.206 LED svjetiljke 16 25 1,40
DT voda/voda ) 3.210 LED izvori 16 16 1,40
DT voda/voda -7 3.210 LED svjetiljke 20 20 1,40
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Dynamic simulations — results — office building

Combinations of
measures for
achieving ZEB

TIMEPAXZ

Specificni Debljina Debljina uU-
Termotehnicki Eprim globalni Sustav |20|_acue izolacije vrijednost
sustav [KWh/(m2a)] troSak rasvjete "3”45*‘09 ravnog krova prozora

[kn/m2] 2z [cm] [W/(m2K)]
[cm]

DT voda/voda B 3.191 LED svjetiljke 14 16 1,40
DT voda/voda 5 3.322 LED svjetilke 14 16 0,80
DT voda/voda -11 3.367 LED svjetilike 14 16 0,66
DT voda/voda -7 3.195 LED svijetiljke 14 20 1,40
DT voda/voda B 3.327 LED svijetilke 14 20 0,80
DT voda/voda -11 3.372 LED svijetiljke 14 20 0,66
DT voda/voda -7 3.202 LED svjetilike 14 25 1,40
DT voda/voda il 3.333 LED svijetiljke 14 25 0,80
DT voda/voda -11 3.378 LED svijetilke 14 25 0,66
DT voda/voda -7 3.195 LED svijetiljke 16 16 1,40
DT voda/voda -5 3.327 LED svjetilike 16 16 0,80
DT voda/voda -11 3.372 LED svijetilke 16 16 0,66
DT voda/voda -7 3.200 LED svjetilke 16 20 1,40
DT voda/voda il 3.332 LED svijetiljke 16 20 0,80
DT voda/voda -11 3.377 LED svjetilike 16 20 0,66
DT voda/voda -7 3.206 LED svijetilke 16 25 1,40
DT voda/voda 5 3.338 LED svjetilke 16 25 0,80
DT voda/voda -11 3.383 LED svijetiljke 16 25 0,66
DT voda/voda -7 3.205 LED svjetilke 20 16 1,40
DT voda/voda - 3.336 LED svjetilke 20 16 0,80
DT voda/voda -11 3.382 LED svjetilke 20 16 0,66
DT voda/voda -7 3.210 LED svjetilke 20 20 1,40
DT vodal/voda -5 3.341 LED svjetilke 20 20 0,80
DT voda/voda -11 3.386 LED svjetiljke 20 20 0,66
DT voda/voda -7 3.216 LED svjetiljke 20 25 1,40
DT voda/voda il 3.347 LED svietilike 20 25 0,80
DT voda/voda -11 3.393 LED svietilike | 20 25 0.66 |
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Dynamic simulations — results — office building

BOOND | e
i A combination that results in generally the lowest emissions CO, (10.965 i
i kg CO,/a.)is: :
80.000 i - Heating/cooling source: water/water heat pump, E
{ ' - lighting: LED lamps, :
! i - the thickness of the outer wall insulation: 20 cm, |
8 1 . . . I
70.000 ¥ t - flatroof insulation thickness: 25 ¢m, :
4 ' - U-coefficient of windows: 0,66 W/(m?2K). :
8 | o o o o o o o o o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o2 1
50.000 i
5
S .
E 50.000
=" .I.
g 1
by Z!Z
= 40,000 &
z g
30.000 == I
20,000 [ |
X -
10.000 ——
Daljinsko grijanje Mikro CHP DT voda/voda DT zrak/voda
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Multicriteria analysis

To select the FINAL OPTIMAL SOLUTION, a multi-criteria analysis was carried out, which takes into
account:

* Primary energy,

Global costs,

CO, emissions

Operational cost,

The multi-criteria analysis was performed exclusively for combinations (135 combinations in total) that meet the requirements of the
Technical Regulations on the Rational Use lof Energy and Thermal Protection in Buildings (NN 128/15, 70/18, 73/18, 86/18, 102/20)

0,35 0,35 0,15 0,15 =1,00
wes @ @ O O
Primary energy Global costs co, Operational
emissions costs
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Multicriteria analysis — optimal solution

0,35 0,35 0,15 0,15 =1,00
4 criteria 0 a e °
Primary energy Global costs co, Operational
emissions costs

Opis Mjerna jedinica Vrijednost
Izvor toplinske/rashladne energije - Dizalica topline voda/voda
Debljina izolacije vanjskog zida cm 16
Debljina izolacije ravnog krova cm 20
U-vrijednost prozora W/(mZK) 1,40
Tip rasvjete - LED svijetiljke
Godisnja potrebna toplinska energija za grijanje, QH.nd kWh/m? 12,86
Kapacitet grijanja kW 119
Kapacitet hladenja kW 112
Proizvodnja elektriéne energije kWh 60.786
Potroénja elekiri¢ne energije kWh 52.409
Operativni tro5ak kn 0
Emisije CO2 kgCO2/god. 12.306
Specifiéni globalni troSak kn/m?2 3200
Apsolutni globalni troSak kn 6.407.905
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