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Abstract: The aim of this paper was the analysis of the heating and cooling of a two-story office
building located in northeastern Poland, which leads to making practical conclusions. The main part
of the work focuses on determining the projected heat loss as well as heat profits of the building
under scrutiny, in which the information serves as initial data for the selection of devices of the
systems under analysis. For the analysis, we assess the installation of fan coils —underfloor —which
heat or cool a room and the installation of radiators for heat, and the multi-split air conditioner for
cooling. For every variant, we estimated the investment costs and the operating costs. The
comparison enabled to present conclusions and advice concerning the heating and cooling of small
office buildings. In the summary, the reader will be able to familiarize with conclusions concerning
the price and comfort of the implementation of solutions.
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1. Introduction

Ensuring a proper air quality and thermal comfort are key functions of heating and cooling
systems in buildings. Modern office buildings are designed for planning efficient installations;
however, they require to be energy-saving and aesthetic. They affect the ever-growing expectations
of users regarding a favorable microclimate in the operation of work. This is associated with increased
productivity of employees staying many hours in the general office space. Achieving a satisfied level
of users can be made by several solutions that meet the conditions and technical requirements [1-3].

The room microclimate depends on the air speed, humidity and air temperature. This is the most
important term for thermal comfort in which a person functions best. Thermal comfort is determined
by the state of thermal equilibrium of the body connection, the lack of discomfort due to the feeling
of heat or cold —the temperature is felt within a range. The appropriate exchange of air and humidity
has an additional impact on human well-being. Moreover, it should be remembered that the feeling
of thermal comfort is perceived individually by each person [4-6].

The selection of an appropriate method of heating should take in account climatic, investment
conditions and individual needs.

2. Methodology

Two variants of heating and cooling systems in the office building were analyzed. The first
variant of space heating and cooling was fan coils. This system operates in a four-pipe system for
heating and cooling simultaneously. The heating and cooling medium distribution pipes are
distributed in the floor. The heating system's operating parameters are assumed to be equal: 40/30 °C,
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and the cooling system at 7/14 °C, and is a system powered by an air heat pump which was selected
based on the calculation results.

The second variant included convector heaters, which were designed for full functionality in
low-temperature heating systems, as well as for built-in fans with control, providing a higher heat
output than standard solutions. The regulation of installations with convector heaters is done by
means of valves on the supply and return side. The heating medium distribution pipes are laid in the
floor. An air heat pump was used as the heat source. The heating system's operating parameters are
assumed to be equal: 40/30 °C, and the cooling system: 7/14 °C.

Multi-split air conditioning was used for cooling. In the office rooms located on the ground and
first floor, three indoor units with heating, cooling and dehumidifying functions and a fan were
selected. The refrigerant supply pipes were distributed in the suspended ceiling space. The operation
of air conditioners can be controlled by means of a wireless controller. Air conditioners are operated
by means of external units —mounted on the building roof. The units are equipped with a metal cover
with a coating to protect against external factors. The refrigerant used for air conditioning is R-32.

The design of fan coils and radiator systems was made using the Instalsoft HCR and Instalsoft
OZC programs. Based on the results of the calculations of the heat gains of the analyzed building,
multi-split air conditioning was chosen, which was selected using the Samsung catalog card.

The analysis was made in order to compare the ways of heating an office building. The
comparison of operating costs and investment outlays allowed to separate a cheaper way of heating
and cooling, which will make the investor's choice easier.

3. Results

Two variants of heating and cooling were analyzed. The first one is an installation with fan
coils—for heating and cooling—and the second one is convector heaters and multi-split air
conditioning. The results showed higher capital expenditure on the installation with fan coils.
Compared with the cost of an installation with convector heaters, this increase was by 20%, so it is a
more expensive investment, but not significantly. We must remember that in both cases, the focus
was on aesthetics and thermal comfort.

In the next step, the investment outlays of the individual variants for the lower heat source were
taken into account. The analysis also included operating costs, i.e., the price which an investor has to
pay when using electricity, which was made in the Aquarea Designer program. The cost of execution
in the case of installations with fan coils was lower than the variant with convector heaters and multi-
split air conditioning by 8%. This is due to the use of a heat pump for heating and for cooling the
medium in air conditioning which was more expensive by 41%.

The general costs are presented in Figure 1. According to [7], the average price of equipment
was based on catalogs. Costs that investors will have to bear for fan coils are 1% higher than radiators
with air conditioning.
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Figure 1. General costs of the variants [7].
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4. Conclusions

Looking at the total investment outlay in the analyzed methods of heating and cooling, we can
choose a variant with convector heaters and multi-split air conditioning.

It is important to pay attention to the much lower operating costs of a heat pump with a higher
power, which supplies the medium for duct fan coils and the aesthetics of the installation. This
variant does not require the installation of additional cooling devices, as the convector itself is used
for heating and cooling.

We must remember that the comparison concerns maintenance-free heat sources, which does
not require taking into account the operating costs, but it is necessary to pay attention to the need for
service inspections and maintenance of the equipment in both variants. These prices on the market
are very similar to each other.
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