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Graphic visualization in 
DesignBuilder of existing HVAC 
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Energy bills and energy audit
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Energenti i voda Jedinica

Referentne vrijednosti

Godišnja potrošnja
Godišnja potrošnja 

energije

Godišnja emisija 

CO2

[jedinica/god.] [kWh/god.] [tona/god.]
Električna energija kWh 186.539,00 186.539,00 43,837

Toplinska energija kWh 134.000,00 134.000,00 46,364

Voda m3 1.051,50 - 0,236

Ukupno 320.539,00 90,437

Distribution of main groups of consumers according to installed power
Total reference consumption of electricity in higher and lower tariffs and 

engaged power by month from January to December

Reference values related to energy and water consumption for the building (2019) Shares of individual forms in reference energy consumption
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Automation process
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• 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 
inputs

• 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
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EXISTING – double IZO glass with a low emissivity layer
triple IZO glass with a low emissivity layer

triple IZO glass with a double low-emissivity layer and 
reflective coating
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Variants of HVAC system
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• 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

4 sources of heating/cooling energy:
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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
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For all the mentioned combinations, an 
analysis of the installation of the 
photovoltaic system on the available 
surfaces of the building is also included
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THE FLOW OF IMPLEMENTATION OF DYNAMIC 
SIMULATIONS

To run simulations: 
• Python version 3.9.0
• EnergyPlus version 8.9.0

For changing data through solution variants: 
• Eppy ModelEditor (allows programmers to navigate, search 

and modify idf file data)
• Databases using SQL language

Communication between Python script-> SQL database -> IDF file on every solution variant
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District heating scheme
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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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• We have created 4 IDF files that contain the 
geometry and characteristics of the building, 
the lighting system and 4 combinations of 
thermotechnical systems with all the 
appropriate Loops and "fields" for data 
exchange

• IDF (Intermediate Data Format) – “are used to 
interoperate between electronic design 
automation (EDA) software and solid 
modeling mechanical computer-aided design 
(CAD) software. The format was devised by 
David Kehmeier at the Mentor Graphics 
Corporation. "

IDF File
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IDF File

Idf object

Field / fieldname:
Field 1 / Location / 
Energetski institute Hrvoje
Pozar (01-01:31-12)
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IDF File
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IDF File
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Eppy ModelEditor & Python
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Eppy ModelEditor & Python
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• The whole manual work for 
changing inputs is replaced with 
Python functions to change 
“fields” in IDF objects

Eppy ModelEditor &Python
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Input File
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Input File
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IDF File combinations
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Dynamic simulations – results and outputs - office 
building

28

- 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

- CO2 emmisions

- PRIMARY ENERGY

- GLOBAL COST
OPTIMAL SOLUTIONmin. (primary energy) & min. (global cost)
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Dynamic simulations – results - office building
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Dynamic simulations – results – office building

Dependence of 
specific primary 
energy and specific 
global investment 
cost for 
combinations of 
measures that 
meet the 
requirements 
prescribed by the 
Technical 
Regulation

[kWh/(m2a)
]

Positive energy building -
27 combinations of 

measures (amount of 
energy produced at the 

location from RES greater 
than the amount of 

energy consumed by the 
building)

Lowest specific  global cost- 10 
combinations of measures
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Dynamic simulations – results – office building

Combinations of measures with the lowest specific global costs

Min. (global cost)

OPTIMAL SOLUTIONmin. (primary energy) & min. (global cost)
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Dynamic simulations – results – office building 
Combinations of 
measures for 
achieving ZEB

Min. (primarna 
energija)
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Dynamic simulations – results – office building 

A combination that results in generally the lowest emissions CO2 (10.965
kg CO2/a.) is:
- Heating/cooling source: water/water heat pump,
- lighting: LED lamps,
- the thickness of the outer wall insulation: 20 cm,
- flat roof insulation thickness: 25 cm,
- U-coefficient of windows: 0,66 W/(m2K).
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Multicriteria analysis

4 criteria 1 2 3 4

Primary energy Global costs CO2
emissions

Operational 
costs

0,35 0,35 0,15 0,15

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

• Primary energy,
• Global costs, 
• CO2 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 of Energy and Thermal Protection in Buildings (NN 128/15, 70/18, 73/18, 86/18, 102/20)

= 1,00
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Multicriteria analysis – optimal solution

4 criteria 1 2 3 4 Optimal solution!

0,35 0,35 0,15 0,15 = 1,00

Primary energy Global costs CO2
emissions

Operational 
costs
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If you would like more information,         
please visit www.timepac.eu or contact us at

Thanks for your attention!

Follow us on Twitter and LinkedIn: @timepac This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 101033819

ddergestin@eihp.hr
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