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Abstract. The buildings sector is responsible for the largest percentage of total energy 

consumption, especially for heating and cooling. For this reason, the paper compares 

two heating/cooling systems (multisplit VRF and respectively chiller, central heating and 

fan coil units) for an office building. Energy consumption for heating/cooling, domestic 

hot water preparation and lighting, expressed in MWh/year, was analyzed. Following the 

simulation, the VRF air-conditioning system, which registers a global consumption of 

70.23 MWh/year, compared to the system with a chiller, thermal plant and fan coil units, 

which registers a global consumption of 81.25 MWh/year, was found more advatageous. 
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1. Introduction 

Energy consumption has become a global issue in recent years. Of the total 

energy consumption of the European Union member states, approximately 40-45% is 

used in residential and commercial buildings, which means that the building sector is 

responsible for approximately 36% of total carbon dioxide emissions [1], [2], [3], [4], 

[5], [6], [7]. 

 

The Kyoto Protocol emphasizes improving energy efficiency and also solving 

major problems that can affect the environment, mainly through efficient management 

of resources and costs and reduction of carbon dioxide (CO2) emissions [8]. 

The existing building stock in Europe represents approximately 35,000,000 

square meters of built-up area, i.e. a large part of this area (more than 80%) was built 
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before 1975. In addition, 18% of the existing building stock was built after the 1990s. 

This fact explains the very high consumption of European buildings, 60% of these 

buildings being residential characterized by an energy consumption of primary energy 

around 190 kWh/(m2an year). 

Taking into account the current context of sustainable development and the 

most efficient use of energy worldwide, it was proposed to construct buildings in 

which energy consumption is as low as possible or almost equal to zero, a requirement 

in the course of mandatory implementation starting from December 31, 2018 for 

public buildings and 31 December 2020 for all types of buildings. 

Thus, by reducing consumption in buildings, a nation can reduce its dependence 

on imported energy and strengthen its strategic position at an international level. The 

"energy efficiency" criterion is understood by the European Union to be a good way of 

establishing long-term energy security. 

2. The description of the analyzed building 

The studied building was constructed in 2014, and falls into the category of 

open space office buildings, with a S + GF + 4F height regime and a total area of each 

floor of 229 sqm (Fig.1). 

 
Fig.1. Analyzed building 

 

The constructive structure is of the reinforced concrete frames type, the 

masonry is made of brick plastered with lime and cement mortar, thermally insulated. 

The terrace is passable with gravel, thermally insulated and waterproofed with bitumen 

cardboard. The interior walls and floors are made of reinforced concrete. The exterior 

carpentry is made of PVC, wood and metal. 

3. Simulation of air conditioning systems with the help of Design Builder 

Solution 1 – VRF air conditioning system 

For indoor spaces that require air conditioning, a multisplit VRF system will be 

provided, operating with ecological refrigerants. The indoor units are non-encased and 
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will be mounted buried in the false ceiling, for all areas of the building. The outdoor 

units will be mounted on the terrace of the building. The air conditioning system will 

work both in the cooling system (up to outside temperatures of +43ºC) and in the 

heating system (up to minimum temperatures of -25ºC). The connections between the 

indoor units and the outdoor units are made of Cu pipe and insulated with Armaflex. 

Solution 2 - Water-based air-conditioning system, air-cooled chiller and unheated 4-

pipe fan-coil indoor units 

The air conditioning system designed is of the heating/cooling type with ceiling 

fan coil units with reversible battery, with condensate pump with supply pipes with 

thermal agent cooling and heating. The thermal heating agent hot water with 

temperature parameters 75°C -55°C will be provided from the boiler through the 

heating installation and as a cooling agent cold water with temperature parameters 7°C 

-12°C, provided by coolers external water chiller type, through supply pipes that will 

be connected to the level distributors. 

The box type fan coil units will be mounted in the decorative ceiling, and are 

without fresh air intake, considering the fact that a ventilation installation with fresh 

air intake has been provided (in both solutions). The supply of thermal heating and 

cooling agent to the fan convectors will be done with an internal distribution 

installation with polyethylene pipes joined with cold-pressed fittings, insulated and 

mounted in the decorative ceiling. The distribution of the heating/cooling agent will be 

made from level distributors, mounted in the decorative ceiling. Adjustment/separation 

valves and a three-way valve are mounted on the connection pipes from the fan coil 

units. 

For the comparative study of the two systems, the simulation program Design 

Builder [9] was used. After choosing the air conditioning solution, the model created 

with the help of Design Builder software was simulated and the output data was 

analyzed. The program automatically generates the heating requirement related to the 

created model and allows the creation of graphs between the parameters of interest 

(temperatures, heat inputs, energy consumption, etc.). 

Thus, the two systems proposed for analysis were simulated: 

• Solution 1 - Air conditioning installation in direct expansion with VRF type 

equipment - centralized, having uncased DUCT type indoor units 

The first step of the simulation involves the creation of the model (Fig.1) [9] 

based on which the software automatically generates the heat requirement for heating 

(Fig.2) and cooling (Fig.3) [9]. 
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Fig.1. The creation of the model – Solution 1 

 

 
a) 

 

 
b) 

Fig.2. Generating the energy requirement for heating – Solution 1 

a) Entry data, b) Generation of the heat requirement 
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a) 

 
b) 

Fig.3. Generating the energy requirement for cooling – Solution 1 

a) Temperature and Heat Gains, b) The cold requirement for cooling 

 

Following the simulation, a heat demand for heating of 153.78 kW and a cold 

demand for heating of 134.13 kW respectively resulted for the air conditioning system 

with VRF. 
 

• Solution 2 - Water-based air-conditioning installation, with an air-cooled 

chiller for the production of chilled water, a thermal power plant (TPP) for the 

production of hot water and a non-cased indoor unit of the fan coil type 

The creation of the model is shown in Fig.4 [9], the heat demand for heating in 

Fig.5 and the cold demand for cooling in Fig.6 [9]. 
 
 

 
Fig.4. The creation of the model – Solution 2 
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a) 

 
b) 

Fig.5.  

Generating the energy requirement for heating – Solution 2 

b) Entry data, b) Generation of the heat requirement 

 

 
a) 

 
b) 

Fig.6. Generating the energy requirement for cooling – Solution 2 

a) Temperature and Heat Gains, b) The cold requirement for cooling 
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Following the simulation for the air conditioning system with chiller, heating 

plant and fan coils, a heat requirement for heating of 153.78 kW and a cold 

requirement for heating of 133.05 kW respectively resulted. 

4. Results and discussions 

After entering the selection parameters and choosing the air conditioning 

system, the Design Builder program generates a data analysis over a determined period 

of time, staged where we find the cooling and heating periods. 

The obtained data are present for the two types of systems in Fig. 7 (for the 

VRF system) and in Fig. 8 (for the system with chiller, TPP and fan coils). 

 
a) 

 
b) 
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c) 

 

 

 
d) 

 

 
e) 

 

Fig. 7. Simulation results for Solution 1 [9] 

a) Temperature, heat gains and energy consumption, b) Site data, c) Comfort parameters, d) internal 

gains+solar, e) CO2 production 
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As in the case of Solution 1, the second variant was also simulated for the air 

conditioning system with chiller, TPP and fan coils for which the data is shown in Fig. 

8 [9]. 

 
a) 

 
b) 

 

 
c) 
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d) 

 
e) 

 

Fig. 8. Simulation results for Solution 2 [9] 

a) Temperature, heat gains and energy consumption, b) Site data, c) Comfort parameters, d) internal 

gains+solar, e) CO2 production 

 

 

Analysis of energy consumption for the two analyzed system solutions 

With the help of the report generated by the Design Builder program, the 

electricity consumption was compared in the case of the two variants. 

A comparative analysis between the two analyzed systems, in terms of energy 

consumption for heating and cooling, is presented in Fig. 9 and respectively Fig. 10 

[9]. 
 



Mirela Țoropoc, Adriana Tokar, Dănuț Tokar, Mihai Cinca, Marius Florin Oprea 

 
Fig. 9. Comparative analysis of energy consumption for office building heating. 

Solution 1 vs. Solution 2 [9] 

 

 
Fig. 10. Comparative analysis of energy consumption for office building cooling. 

Solution 1 vs. Solution 2 [9] 

 

 Also, the energy consumption for the preparation of domestic hot water was 

determined (Fig. 11) and the electricity consumption for lighting, which does not 

undergo changes depending on the chosen solution, recording a consume of 8.28 

MWh/year. For domestic hot water, a consumption of 2.52 MWh/year was determined 

in the case of installing the system proposed in Solution 1 and 1.56 MWh/year for the 

system proposed in Solution 2, consumptions that do not differ between the two 

variants. 

At the same time, the global energy consumption for the two systems, obtained 

after the simulation, is presented comparatively in Fig. 12. 
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Fig. 11. Comparative analysis between the energy consumption for the preparation of domestic hot 

water related to the office building. 

Solution 1 vs. Solution 2 [9] 
 

 
Fig. 12. Comparative analysis of global office building energy consumption. 

Solution 1 vs. Solution 2 [9] 

5. Conclusions 

For the comparative analysis of the consumptions generated by the two types of 

analyzed systems (Solution 1 and respectively Solution 2) taking into account the same 

input data, different global consumptions were obtained. As the energy consumption 

for lighting is not influenced by the type of system, and the consumption for the 

preparation of domestic hot water shows small differences between the two systems 

(0.96MWh/year), it is obvious that the difference in consumption is determined by the 

heating/cooling of the building offices. Thus, it was found that there is a difference of 

11.02MWh/year, a difference which in the current climatic conditions can be 

considered problematic. On the other hand, it is found that for cooling the most 

advantageous system is Solution 2, and for heating the advantageous system is 

Solution 1, but from the point of view of global consumption it is found that Solution 1 
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is the most advantageous system for the considered building and under the conditions 

imposed by the input data. 
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