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Abstract

Sustainable building heat recovery ventilation is a key factor in modern structural de-
sign and production, which can be achieved by the combination of cutting-edge, energy-
economical technologies, such as counter flow flat-plats, heat pipes and simple design
arrangements like a light well. To achieve low energy use and good indoor air quality, nat-
ural ventilation should be applied as often as possible. In this article, an energy simulation
study is presented, which is focused on an in-built natural ventilation system of an existing
vacant office building. It has been demonstrated that a substantial amount of energy can be
saved by utilizing natural ventilation in a building, while it was also proven that obsolete
buildings can be energy-efficiently operated, without the need for demolition, if they are
cautiously re-designed.

Keywords: natural ventilation; building; dynamic energy simulation

1. Introduction

As global priorities shift towards sustainability, the construction industry is increas-
ingly adopting environmentally conscious and energy-efficient practices such as heat
pumps or solar energy [1]. In terms of energy performance, a building’s annual energy
demand can be broadly categorized into two main components [2], which are the energy
demand for space heating and cooling and the energy demand associated with ventilation,
including heating and cooling of the supplied air.

With regard to ventilation, a significant amount of energy can be saved by applying
smart building design, where natural ventilation is also systematically planned [3]. The
effectiveness of natural ventilation is influenced by factors such as the design, orientation
and location of the building, as well as the size and positioning of openings [4]. These
factors affect the interaction between wind pressure, buoyancy and the building’s interior
spaces [5]. Nevertheless, this ventilation system cannot be exclusively utilized; however,
there are periods of the year when natural ventilation can provide the right comfort without
the use of an air handler [4].

Several advantages can be achieved by natural ventilation; for example, the energy
demand of fans is saved. Furthermore, precise temperature control of natural ventilation
can be achieved in each room with its own fan coil system. This way, natural ventilation is
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used in a temperature range where the temperature of the blown air does not cause a large
temperature difference in the air in the room. Note that this ventilation approach is in the
range of the sustainable retrofitting strategies as a viable path toward decarbonizing the
existing building stock [5-7].

In this article an energy simulation study is presented, which is focused on an in-built
natural ventilation system of an existing vacant office building. The proposed system
combines mechanical and natural ventilation, with the mode of operation dynamically
adjusted based on indoor and outdoor temperature and humidity levels. This control
is managed by an integrated building management system (BMS) to optimize energy
performance and indoor air quality.

The aim of this study is twofold. First, it can be demonstrated that a substantial
amount of energy can be saved by including natural ventilation in the design of a building.

Second, if this kind of ventilation is constructed, such buildings can be successfully
renovated and operated energy-efficiently without the need for demolition. It must be
mentioned, that natural ventilation can be efficiently used if the outdoor temperature ranges
between 20 °C and 26 °C and mainly during the warmer seasons (preferably summer and
early autumn). In addition, only temperature thresholds were considered, while humidity
effects were not included in the scope of the analysis.

2. Materials and Methods

The first part of this study introduces the building at hand, together with the basics
about ventilation systems.

The second part of the study involves analytical calculations, which include the
selection of air handling units that meet the design specifications, as well as determining
the annual energy demand of the air-to-water heat pump responsible for supplying heating
and cooling via calorifiers. Additionally, the setup process for the simulation environment
is described in detail.

The third part includes the dynamic energy simulations, which are conducted by using
Ladybug Tools within the Grasshopper visual scripting environment. This software is a
component of Rhinoceros 3D software (version 8).

Once configured, this simulation workflow can be reused throughout the project,
enabling iterative performance assessments during the design and analysis stages.

2.1. Building Ventilation System: Basics

Building ventilation system refers to the intake of fresh air and the extraction, treatment
and exhaust or recirculation of used air. It is intended to regulate and condition the air
space, by which we mean regulating temperature, humidity, air quality, oxygen and carbon
dioxide levels and, last but not least, air circulation. The system comprises three core
components: a heating system, a cooling system and a heat recovery ventilation (HRV)
system. The HRV system plays a crucial role in enhancing energy efficiency year-round,
supporting cooling in summer and heating in winter. During the summer months, the
system introduces air that is significantly cooler than the outside temperature (aided by a
cooling calorifier), thereby reducing the load on the cooling unit, which then only needs to
manage the temperature differential. Each approach offers distinct advantages depending
on the building design, climate conditions and energy efficiency objectives [8].

In order to use natural ventilation, an air well has been planned adjacent to the building
(Figure 1), allowing cooler outside air to enter the interior spaces through natural airflow.
The building’s floors are designed as open-air, open-plan office spaces that promote natural
ventilation and the continuous flow of fresh, oxygen-rich air.
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Figure 1. Air flow in case of natural ventilation in the analyzed building.

In addition, a centrally located atrium connects all levels of the building; therefore,
it plays a key role in regulating humidity and facilitating air exchange. This is achieved
through a chimney effect: warm, stale air rises and is expelled through the atrium via a
ventilation system managed by the building management system (BMS). Simultaneously,
cooler, fresh air is drawn into the building at the basement level through English windows
and a BMS-regulated ventilation system, ensuring efficient and sustainable air circulation
throughout the structure.

As a result, a well-regulated, natural ventilation is achieved throughout the entire
building (Figure 1), ensuring both thermal comfort and a continuous supply of fresh air
for occupants.

2.2. Calculation of Annual Energy Demand by Analytical Method

For the purpose of this study, the annual energy demand required for ventilating
the building was determined primarily through analytical calculations [9], which can be
divided into three main categories:

1.  Determination of the building’s air volume requirements.

2. Calculation of the annual electrical energy demand (from the thermal energy needs of
selected air handling units, based on the area of application and operating time).

3. Energy consumption associated with heating and cooling coils (calorifiers).

In order to achieve accurate results, the necessary calculations were carried out for
every floor and room within the building. Below is an excerpt from the Excel spreadsheet
used in the analysis, showing the air volume requirements for the basement level, broken
down by room.

The top row of Table 1 lists the official standards used for the calculation, for example,
MSZ CR 1752:2000 [10,11]. The second tab of the excel table contains the data table for the
determination of the fresh air demand of the above-mentioned standard.

For the calculations, a method was used that takes into account the floor area of the
room. After the air volumes were determined, the air handling units were selected and the
results were sorted into three different groups according to their functions. Percentages
of room use were then presented, broken down into time bands. To calculate the power
demand of the air handling units, the current power output of the fans and extractors
associated with the units were taken into account.

It must be noted that, besides the consumption of air handling equipment, the elec-
trical energy required to heat and cool the air must also be considered. To determine the
heating/cooling energy demand, the annual electrical energy demand of the air-to-water
heat pump was taken into account, which provides the heat dissipation of the comfort
air [12,13].



Eng. Proc. 2025, 113,43 4 0f9

The calculations were based on nominal flow rates, pressure values and efficiencies.

The daily energy demand for ventilation of the building was determined according
to activity level. The summation was made by aggregating the power activity for the air
handling units for a single load in a row. As a result of the aggregation of these data, the
energy demand of the air handling units ventilating the building was obtained on a daily
basis (the number of workers in the building occupying the room was taken into account
to determine the final result). Therefore, the energy demand for building ventilation was
42.65 kWh/day at normal operation for a relatively ideal working point.

Table 1. Air volumes for rooms.

b Air Exchange —
Sizing Data CR1752(B) 15251 I 8¢  hed Air
Number
Cat. Vol.
A bm . Vbc Vbc Vbc Vbc n Vsz Vbc Vel
Room 2] [my  Person Function 1 B n) [mo/h] [md/h] [mO/h]  [1/h]  [m®/h] [m®/h] [m®/h]
?gii:mg 944 335 14 office 408 408 588 844 0.5 158 450 450
MEE ey aam g siriL] 298 180 299 429 05 99 300 300
room office
g Meeting 04 335 6 small 180 272 391 05 81 250 250
& room office
& Dasser 136 335 0 34 49 05 g 50 50
T Showroom 224 335 30  office 971 900 1316 1889 05 376 1000 1000
b, 99 335 0 250 357 05 332 350 350
room
WC 119 335 0 30 43 05 20 130 180
Staircase 335  3.35 0 84 121 05 56

Thereafter, the annual energy demand of the building ventilation system was sum-
marized and divided into two parts. The smaller part is the annual electricity demand of
the air handling unit fan, which resulted in 10,747 kWh/year (cca. 8.4% of the complete
energy demand), while the more robust part is the total annual electrical energy demand of
the heating and cooling calorifiers, which resulted in 116,478 kWh/year (cca. 91.6% of the
complete energy demand).

Consequently, the total estimated annual electrical energy demand for ventilating the
building was 127,226 kWh/year.

The energy that can be saved by natural ventilation is approximately equal to the
energy that can be saved by the annual electrical energy demand of the fan of the air
handling units. Some of the total annual electrical energy demand of the heating and
cooling calorifiers can also be saved by natural ventilation, and this has been taken into
account in the simulation. When natural ventilation is present, the heat pumps of the
heat exchangers are also at standstill. In the model, we have calculated that, with natural
ventilation, the heat pumps’ fans are running at negligible levels; thus, it is possible to
maintain comfort by designing and controlling the ventilation openings appropriately.

2.3. Dynamic Energy Simulations

For the simulations, Rhino 8 design software was used, which allowed the creation
of a 3D model, and a built-in software called Grasshopper, which allowed the creation of
dynamic energy simulations. The Ladybug and Honeybee plugins were used to perform
the calculations (Figure 2).



Eng. Proc. 2025, 113, 43

50f9

Figure 2. Three-dimensional model of the building.

Dynamic energy simulation provides information to ensure that there is no significant
discrepancy between the data determined in the design state and the values generated in
reality. It allows the user to investigate the expected behavior of the building over a whole
year, broken down into at least hourly data series. In addition, the term dynamic also refers
to the possibility of running a combination of different variables in the simulation in order
to select and apply an optimal operating pattern for the building.

During the design of the 3D model, the parts of the building that have a functional
role in the simulation were designed in detail. These parts included the rooms that made
up the building and the windows and doors that opened into them. The design of the
openings at the top of the building has also been defined, as they provided the horn effect
through the atrium.

In addition to the building, companion buildings adjacent to the building in the model
space were also created. This was necessary due to the reason that they had a shading effect
on the simulated building. After modeling the building, the simulation test was performed
on the Grasshopper interface.

The model is created by coupling the Grasshopper interface, a standards-based base
program, which also defines the energy properties of the materials used in the building
structure, and the Rhino, which describes the building and its properties (Figure 3).

Customized Widows Program

= = Whethor Data Base

CFD simulation program

Figure 3. Simulation program structure.
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The simulation takes into account the climate type of the building and the type of
construction. The program also assigns standard data for these parameters, resulting in
energy data from the climate zone.

In order to run the simulation successfully, it is essential to determine the environmen-
tal conditions and weather data from meteorological centers all over the world. Once the
input data had been determined, the rooms in the building were defined according to levels
and functions (zones). This was necessary in order to determine the energy data for each
zone, taking into account the different uses. In order to obtain the most accurate results
possible, a specific program was used for each location where a number of occupancy levels
could be reached. Within the specific program, one of the inputs is the number of occupants
in the room. As shown in Figure 4, the number of people in the room and the resulting
room occupancy were entered. It is important to note that the input parameter for people
varies by room due to the number of people planned.

report D

schedule
_name_

_ppl_per_area

df_year
- ? _occupancy_sch people >

sat
Zholiday_
Summer_des_

¢ _actvity_sch_

idf_week D [4  latent_fraction_

_winter_des_
_hame_
type_limit_

i days D

TR
W RO W

Figure 4. Room occupancy.

It was also necessary to specify the lighting demand in order to obtain an accurate
result. Energy from electronic equipment was calculated by multiplying the power output
of the workstations by the number of people in the room.

In the case of the building under consideration, the floors were planned to be open-
plan, which meant that no partition walls were planned between the office spaces and
the corridors. Therefore, it is required to define the relationship between the open office
spaces and the rooms in order to assure free airflow. This relationship was arranged in
the Grasshopper’s interface by the so-called “AirBoundaries” boundary condition, which
allowed the program to consider an air boundary between the specified rooms during the
simulation to ensure free airflow between rooms. This design was employed for all levels.

First, the so-called “Setpoints” parameters had to be determined for the natural
ventilation system (Figure 5). This was a necessary step for the system to operate within
certain limits, which were defined in temperature. At 26.5 °C the mechanical cooling
system activated, while at 19.5 °C the heating system did activate as well.

After defining the input parameters, the opening properties of the windows were
determined for the whole building using the “HB Opening Window” module. The opening
properties assigned to this module determine the type of ventilation during the simulation,
which can be single-sided or wind-driven cross-ventilation.

It must be mentioned that buoyancy flow could occur for all openings, while wind-
driven flow could only occur if there was a pressure difference between the windows on
opposite sides of the room.



Eng. Proc. 2025, 113, 43

7 of 9

21
31
41
s1
€1
71
80
so0

_rooms
_vent_cntrl report )
_tract_area_oper_
¢ _bﬂ_mgrl_opa.ﬁ
_discharge_coef rooms )
_wind_cross_vert_

100
1o
120

130
141
151
161
171
181

191
_economizer_

201

3
211 5
221 <lo
231

9oL report b
sensible_hr_
latent_hv_
_cool_temp_
heat limk_
_cool_limk_ Ot
heat_avail_
ool aval,_

Figure 5. Structure of the natural ventilation program.

3. Results

To illustrate simulation results, a monthly breakdown chart is given in Figure 6, where
the sum of the blue areas is equal to the annual savings in kWh.
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Figure 6. The result of the natural ventilation program.

The resulting data were aggregated to obtain the annual energy demand reduction
of the analyzed building for the retrofitted natural ventilation system. Figure 6 shows the
distribution of the annual energy demand for the natural ventilation system with the given
operating parameters. The temperature range of the natural ventilation system is 20-26 °C.
The energy demand shown in the diagram is to be deducted from the energy demand of
operating mechanical ventilation system, as this energy is not used for the building but for
the environment.

Therefore, this figure reflects the amount of reduction in the estimated annual energy
demand that can be achieved. To quantify the result, the simulated energy saving is
summarized in Figure 6, which resulted in 54,803 kWh/year.

The distribution in the diagram is only for working days during a certain period
of the year (252 days). There are breaks in the function, where the months of January,
February and December are missing. This is due to the reason that, in Hungary (and
in Central-Eastern Europe), natural ventilation cannot be applied in consequence of the
cold weather.
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Summarizing the results of the analytical calculations and the simulation, a consider-
able reduction in energy can be saved in the annual energy demand of the building if it is
operated with a complemented natural ventilation system (Table 2).

Table 2. Annual energy demand of the building and saving with natural ventilation.

Daily Energy Total Energy
Name Consumption Consumption of the
kWh/Day Year (252 Days) kWh
LK-01 air handler 19.74 4974
LK-02 air handler 17.25 4347
LK-03 air handler 5.65 1426
Heating calorifier 112,844
Cooling calorifier 3635
Total energy consumption o
without natural ventilation 127,226 (100%)
With natural ventilation reduction 54,803 (43%)

After the energy reduction, the remaining annual energy demand was reduced to
close to half. As shown in Table 2, by operating the simulated natural ventilation system,
the annual energy demand of the building was reduced by more than 44% (Figure 7).

Reduction in annual building energy demand

55.80%

Remaining energy consumption of the building
Reduction achieved through natural ventilation

Figure 7. Reduction in annual building energy demand.

4. Conclusions

In Hungary, there are approximately more than 4 million m? of office buildings with
outdated mechanical systems. According to the 2022 MVM energy mix, 1 kWh of energy is
equivalent to about 329 g of carbon dioxide emissions [14]. Taking this figure into account,
the analyzed office building is responsible for more than 41 tons of carbon dioxide emissions
per year. By operating this building with an upgraded natural ventilation system, carbon
dioxide emission can be reduced by almost 19 tons.

By using heat pipes, a significant energy saving can already be achieved, which can
be further reduced by using natural ventilation. The obtained results confirm that not
only can new or newly constructed office buildings be operated in an environmentally
friendly way but a significant reduction in emissions can be achieved by upgrading ex-
isting, obsolete office buildings. As a further development, instead of using the outside
temperature to control ventilation, the temperature of the air leaving the air well can take
the role of regulating temperature. This can extend the duration of natural ventilation and
energy saving.
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