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Abstract

The most common ventilation system in residential buildings in Ukraine is natural ventilation. In recent years,
due to increased tightness of structures, an increase in the content of synthetic finishing materials in them, the
quality of microclimate parameters deteriorated. One of the measures to improve the parameters of indoor air in
residential buildings is the use of mechanical inflow and exhaust ventilation system. In this article the regulatory
documents concerning the design of ventilation systems in Ukraine and Estonia and the requirements for air
exchange in residential buildings are considered. It is established that the existing normative documents in
Ukraine are analogous to European norms, which allow design the system of ventilation of residential buildings
according to European standards. However, the basis for the design of ventilation systems in Ukraine is the
national standards, in which mechanical ventilation, unfortunately, is provided only for the design of high-rise
buildings. To maintain acceptable microclimate parameters in residential buildings, it is advisable for designers
to apply the requirements for designing ventilation systems in accordance with European standards.
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1 Introduction

The quality of indoor air in residential buildings depends on many factors: the number of
inhabitants, the length of their stay in the premise, cooking, washing and ironing of linen, the
presence of synthetic finishing materials, etc. In recent years, due to increased tightness of
structures, the quality of microclimate parameters has deteriorated. The presence of a person
in airtight enclosed spaces increases the concentration of organic acids, ketones, carbon
monoxide, carbon dioxide and hydrocarbons to their level of maximum permissible
concentration [1]. And although in the conditions of the operation of residential buildings,
their number cannot lead to toxic poisoning rights, but it affects the state of health, work
capacity and health of people. Thus, the increase in the number of allergic and asthmatic
diseases is associated with a decrease in the quality of indoor air in residential buildings, a
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decrease of the productivity of workers - with the quality of indoor air in the office spaces [2].
In order to maintain the permissible parameters of the microclimate in the premises, in
particular temperature, humidity and velocity of indoor air, concentration of harmful
substances, a ventilation system is designed. The air is delivered or (and) removed from the
room for assimilation of the specified harmful substances. The amount of air (air exchange)
can be determined by the number of harmful substances, norms or ach of air exchange
depending on the type of premises. The main indicator of air quality in residential buildings is
the concentration of carbon dioxide, many works are devoted its definition [3, 4].

2 The purpose of the work

Compare approaches to the design of ventilation systems in residential houses and the
requirements for the air exchange of their premises in Ukraine and Estonia.

3 Main material

In Ukraine, as in the countries of the European Union, the normative document DSTU B EN
13779: 2011 [5], which describes the classification of the quality of internal air was
introduced. Thus, four classes of internal air quality, the characteristics of which are given in
Table 1, are proposed.

Table 1: Basic classification of indoor air quality (IDA) [5]

Category Description
IDA 1 High indoor air quality
IDA 2 Medium indoor air quality
IDA 3 Moderate indoor air quality
IDA 4 Low indoor air quality

In [5] it is specified that the special values of the quality parameters for indoor air in the room
are chosen in accordance with national norms. The recommended typical values of the quality
parameters for indoor air in the premises are given in DSTU B EN 15251: 2011 [6], in
particular, the distribution of premises according to the categories of the internal environment
(Table 2) and the requirements for air exchange in different premises (Table 3) are presented.

Table 2: Description of the applicability of the categories used [6]

Category Explanation

High level of expectation and is recommended for spaces occupied by very
I sensitive and fragile persons with special requirements like handicapped,
sick, very young children and elderly persons.

Normal level of expectation and should be used for new buildings and

L renovations

I An acceptable, moderate level of expectation and may be used for existing
buildings

v Values outside the criteria for the above categories. This category should

only be accepted for a limited part of the year

24



SSP - JOURNAL OF CIVIL ENGINEERING Vol. 12, Issue 2, 2017

For premises of residential buildings, the requirements for the quantity of external air and
removal of contaminated air are given in Table 3 [6].

Table 3: Requirements for air exchange of premises of residential buildings in accordance
with the category of indoor microclimate of the premises [6]

Air Ach Outdoor air flow Exhaust air flow
c —
Category C}rl:;ge air ];gg?ng Bedrooms | Kitchen | Bathrooms | Toilets
’ h

Vs | T Misipers) | Usim?) | Usimd) | UGsim®) | U(sm?)

I 0,49 0,7 10 1.4 28 2 14

II 0,42 0,6 7 1,0 20 15 10

111 0,35 0,5 4 0,6 14 10 7

Since currently in Ukraine there are national norms of DBN V.2.2-15-2005 [7] and
DBN V.2.5-67: 2013 [8], the specific values of the air quality parameters when designing the
ventilation systems of dwelling houses are taken in accordance with their requirements.

Thus, according to DBN V.2.2.15-2005, in Ukraine, exhaust ventilation system with natural
stimulation is used in existing residential buildings (Fig. 1).

Figure 1: Natural inflow and exhaust Vetilation of residential buildings [9].

Air removal is carried out by individual channels from each apartment from the kitchen,
bathroom and bathroom, which overlook the roof of the house or with prefabricated vertical
channels, which are combined in the attic with horizontal boxes with a common exhaust shaft
on the roof. The amount of exhaust air from the premises is determined by the air balance of
the apartment, but not less than the indicated values (Table 4).

Table 4: Requirements for air exhaust system ventilation of residential buildings [7]

Premise Minimum amount of exhaust air, m>/h
Kitchen-dining room, kitchen 90
Bathrooms 25
Toilets 50
Shared bathroom 50
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The supply of fresh air according to [7] in the volume of single air exchange must be carried
out through windows, and when installing windows with a tight shelter, it is necessary to
apply modifications of windows with built-in ventilation valves.

In Ukraine, for the inflow of fresh air in the presence of sealed windows in the house uses
window ventilation valves. The window ventilation valve is mounted on the top of the
window frame and is intended for the supply of external air in residential and non-residential
premises. It consists of an external panel 1, which is mounted outside of the room, and a
regulator 2, which is mounted on the inside of the window (Fig. 2). These elements are joined
by a slit 3, through which the outside air enters the premise. To control the amount of supply
air in the outer panel of the vent valve, there is an automatic valve 4. For protection against
insects in the design of the ventilation valve there is a protective mesh 5. The internal
regulator directs the air jet upward. The sloping lath 6 allows you to manually adjust the flow
of external air. You can also adjust the amount of outside air using special laces 7.

Figure 2: Window ventilation valve design [10]
1 - external panel, 2 - regulator, 3 - slit, 4 - automatic valve, 5 - protective mesh,
6 - sloping lath, 7 - laces.

For design of ventilation systems of high-rise buildings are particular norms DBN V.2.2-24:
2009 [11], in which it is stated that mechanical or mixed ventilation systems can be use for
the provision of standard values of air exchange. Moreover, the inflow of air is carried out to
the kitchen and residential premises through ventilation valves, which are installed in the
designs of windows or in external walls with the possibility of adjustment or with the help of
ventilators. Air removal should be carried out from kitchens, toilets and bathrooms through
exhaust air ducts or ducts with regulated valves or grates. In addition, it is possible to have an
individual mechanical ventilation system.

For the supply of outside air in the room, ventilation valves can be used which are mounted in
the exterior wall. They represent the circular pipes 1, which are mounted on the outer wall and
are covered with grates on both sides (Fig.3). The supply of external air is carried out with the
help of a ventilator 3. In addition, the tidal air can preheat and filter in the ventilation valve
housing. Such ventilation valves can be equipped with carbon filters 4 that prevent the entry
of harmful substances from the outside air. The amount of air supplied by the air ventilation
valve can be adjusted with the valve located on the inner grate.
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Figure 3: The ventilation valve in the exterior wall [12]
1 - circular pipes, 2 - grate, 3 - ventilator, 4 — filter

In 2013, DBN V.2.5-67: 2013 [8] was implemented, in which there are no clear requirements
for the selection and design of ventilation systems in residential buildings. It is indicated that
mechanical ventilation should be foreseen if the meteorological conditions and air purity
cannot be provided with natural ventilation. The inflow of external air into the room must be
carried out through special tidal devices in external walls or in windows.

In the Ukraine in-wall inflow and exhaust ventilation units with heat recuperators [13] and
ventilation valves on a solar panel [14] are presented, but they have not become widely used.
In Estonia, up to 90 years of the last century also used natural ventilation. The air was
removed through the exhaust ducts in the kitchens, bathrooms and toilets, and fresh air was
fed through windows. As is known, when calculating the exhaust natural ventilation system,
the temperature of the outside air is assumed to be equal to +5°C. At external air temperatures
>+5°C, air exchange is reduced, which leads to deterioration of sanitary and hygienic
parameters in residential buildings. In addition, during operation, ventilation exhaust ducts
can be damaged, which contributes to the flow of internal air to adjacent apartments.

Since 1991, in Estonia, when designing a ventilation system in residential buildings, Finnish
norms NBC-D2 are used, which foresees the design of mechanical inflow and exhaust
ventilation. Moreover, the inflow of air is carried out in the room of the bedroom and living
room, respectively, 0.5 1/(sith?) and 0.7 1/(sth?), and the removal of air is carried out from the
premises of the kitchen, bath and toilet, respectively, in amounts of 72 m3/h, 54 m3/h and
54 m>/h. Since 2000, the Estonian norms EVS 845-2: 2004 have been put into effect, in which
the requirements for air exchange of residential buildings were the same as in Finnish norms.
In 2007, the European standards EVS-EN 15251: 2007 [15] were put into operation, which
are known in Ukraine as DSTU B EN 15251: 2011, which, as stated above, set the
requirements for the supply of clean air to bedrooms and living rooms and Removal of
contaminated air from the kitchen, bath and toilet for different categories of microclimate
premises. In addition, it was indicated that in the reconstruction of ventilation systems the
microclimate of buildings should meet the category II (Table 2).

As a ventilation unit in apartments in Estonia, in-wall inflow-exhaust ventilation units with
heat recuperator can be installed (Fig. 4).
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Figure 4: The principle of work of the in-wall inflow-exhaust unit with heat recuperator [16]
1 - indoor air, 2 - inflow air, 3 - external air, 4 - exhaust air

The inflow-exhaust ventilation installation is mounted on the outer wall at the top of the
premise. Two openings for pipelines are made in the wall to feed the outside air and remove
the exhaust air in the wall. The installation consists of two fans, two filters and a heat
recuperator. The principle of work of the in-wall inflow-exhaust unit is as follows. The
ventilator supplies the indoor air to the filter, where it is cleaned, and enters the heat
exchanger. The second ventilator takes away the external air, which, after cleaning in the
filter, is also fed to the heat exchanger. In the heat exchanger, the internal air gives its heat to
the outside air through the plates that separate these two air streams.

Different variants of ventilation units with heat exchangers are investigated at Tallinn
Technological University (TTU) and their efficiency in maintaining the parameters of
microclimate of internal air both in laboratory (Fig. 5) and in real conditions [17].

Figure 5: Laboratory stands for the study of in-wall ventilation units with heat recuperators in
TTU
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As shown by the study [17], in-wall ventilation inflow-exhaust units with heat recuperators
can provide the necessary parameters of indoor air indoors and save heat energy when
reconstructing ventilation systems in residential buildings.
Together with the introduction of new standards for the quality of indoor air of premises in
residential buildings, large-scale studies of the microclimate of existing buildings [17, 18, 19]
are carried out in Estonia, the purpose of which is to establish of the need of using mechanical
inflow and exhaust ventilation in such buildings. It has been established that individual energy
efficiency measures do not significantly affect the use of energy. Therefore, a complex of
energy saving measures is proposed: insulation of external walls, replacement of windows,
installation of ventilation systems with heat recovery and use of solar collectors for hot water
preparation [20]. The following variants are recommended for renovation of ventilation
systems of existing buildings [19]:
- mechanical inflow-exhaust ventilation with ventilation unit in the apartment;
- central exhaust system of mechanical ventilation and supply of inflow air through
radiators and valves of fresh air;
- mechanical exhaust ventilation from the kitchen and sanitary premises, installation of
radiators and valves of fresh air.

4 Conclusion

Despite the existence of identical regulatory documents in Ukraine and Estonia regarding the
design of residential ventilation systems and the requirements for air exchange in their
premises, in Ukraine, when designing ventilation systems for dwelling houses, in addition to
high-rise buildings, there was no widespread use of the mechanical ventilation systems. This
leads to unsatisfactory microclimate parameters in residential buildings, in particular,
significant concentrations of carbon dioxide, increased relative humidity of air and the
appearance of fungi and mold on the internal surfaces of external walls. The results of real
studies of the internal microclimate of existing buildings in Estonia confirm the necessity of
using mechanical inflow-exhaust ventilation in residential buildings, in particular in Ukraine.
One of the ways to accomplish this task is to bring national Ukrainian norms to European
standards.
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