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Abstract: The heat engineering characteristics of external enclosing structures and their influence on the 

microclimate of the building are analyzed. Potential spheres in the field of providing microclimate for 

energy saving are considered. The potential for savings in the implementation of automated regulation of 

microclimate systems is presented. 
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1. Introduction 

 

The rise in the cost of fuel and energy resources prompts producers and consumers of thermal energy to 

be more attentive to the reserves of its saving. When introducing energy-saving technologies at the end-

use facilities of thermal energy, a comprehensive energy audit is carried out, within the framework of 

which they analyze the thermal characteristics of the building and heat losses, with the subsequent 

development of measures for energy saving. One of the typical measures of this kind has recently 

become the equipping of buildings with high-tightness windows. However, the introduction of such 

windows does not always ensure the preservation of comfortable parameters of the microclimate in the 

building and real savings in heat energy and money. In this case, an important role here is played by the 

combination with capital external enclosing structures. 
 

2. Real characteristics of external enclosing structures  

 

Thermal protection of buildings directly depends on the resistance to heat transfer of enclosing 

structures, in particular walls. For example, external wall enclosures built of expanded clay concrete 

panels with glass tiles on the outer surface and mortar grout from the inside have the following 

characteristics [7]. 

The design resistance to heat transfer of such a building envelope is: 
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The required resistance to heat transfer of walls that meets sanitary and hygienic and comfortable 

conditions is: 
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The required resistance to heat transfer of walls, based on the conditions energy saving is: 
 

           82.2pr
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In this case, an experimental study of such a wall shows a result that differs from the calculated one 

(Fig. 1). 

 

 
 

Figure 1: Experimental determination of the heat transfer resistance of the outer wall of a building. 

 

According to the data obtained, it follows that the actual resistance of heat transfer at the reference 

point of the enclosing structure is 38,00 R  m2·°С/W 

Considering: 

- the absolute error in determining the resistance of heat transfer ,0470R
 m2·°С/W; 

- relative error in determining heat transfer resistance %4,12100
0
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A clear deviation of the actual transmission resistance from the calculated and normative ones is shown 

in Fig. 2. 

 

 
 

Figure 2: An illustration of the numerical values of the heat transfer resistance of the outer wall of the 

building: 1- the actual heat transfer resistance; 2 - design resistance of heat transfer; 3 - the required 

resistance to heat transfer of walls, corresponding to sanitary and hygienic and comfortable conditions; 

4 - the required resistance to heat transfer of walls, based on energy saving conditions. 

 

 

 

3. Energy efficiency and energy saving potential in providing microclimate  
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The main parameters of the microclimate of buildings, regulated in domestic and foreign standards, are: 

temperature, relative humidity, speed of movement (mobility) of indoor air [1]. For residential, public 

and office buildings, in addition to the listed microclimate parameters, the concentration of carbon 

dioxide CO2 is strictly regulated, which has a significant impact on the performance and health of a 

person (Table 1). 

 

Table 1: Influence of the concentration of carbon dioxide in the air on a person 

Concentration of  

carbon dioxide, cm3/ m3 
Symptoms in healthy adults 

350 - 450 Normal level in the open air  

up to 600 Acceptable levels  

600 - 1000 Complaints about stale air 

1000 Maximum level of ASHRAE standards and OSHA  

1000 - 2500 General Sluggishness 

2500 - 5000 Potential Undesirable Health Effects 

 

Maintaining the above parameters within the established limits is the responsibility of the microclimate 

engineering systems. It should be noted that in buildings, especially old ones, repairs and 

reconstructions of varying complexity are often carried out, changing the technological load and the 

purpose of the premises. At the same time, they often do not pay due attention to the existing 

microclimate system, which should also be reconstructed and modernized in accordance with changing 

conditions. Taking into account the above, the purpose of the work is a comprehensive study of the 

effect of high-tightness windows on the microclimate of buildings on the example of the main 

educational building of the Ulyanovsk State Technical University [2]. 

The heat balance compiled for a single room or building as a whole consists of the following 

components: 

 

         Q1 + Q2 + Q3 + Q4 = Q5 + Q6 + Q7          (4) 

 

Where Q1 - thermal power of the heating system, W; Q2 - total thermal power of lighting devices, W; 

Q3 - the flow of heat from the people inside, W; Q4 - heat input due to insolation, W; Q5 - heat losses 

due to heat transfer through the enclosing structures, W; Q6 - heat losses associated with infiltration of 

outside air, W; Q7 - heat losses associated with ventilation of the premises, W 

Monitoring of the thermal state of the building (before equipping with windows of increased tightness) 

showed that up to 60% of heat losses fall on the component Q5 and at least 40% falls on the 

components Q6 and Q7 (fig. 3). From the analysis of a priori information, it follows that the 

introduction of windows of increased tightness has a direct effect on the component Q6 of the heat 

balance, reducing it to almost zero, and an indirect effect on the components Q1, Q4 and Q7. It is due to 

the indirect effect that the real savings of thermal energy, provided by the introduction of windows with 

increased tightness, turns out to be significantly less than expected. Let us consider the features of this 

indirect influence in more detail [3]. 

 

 
Figure 3: Comparison of energy costs for heating a building (upper curve) with heat losses due to heat 

transfer through the enclosing structures (lower curve) 

 

Obviously, the benefits of using high-tightness windows can only be realized if the heat output Q 

reduced accordingly1 of the heating system is. If the component Q1 of the heat balance is not adapted to 
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the change in the component Q6, this will lead to an increase in the temperature in the rooms. So, after 

equipping the main educational building with windows of increased tightness, the temperature in the 

premises exceeded the comfortable level by an average of 5 ... 6 °C. The consequence of this is an 

increase in latent heat losses due to ventilation of the premises, which nullifies the positive effect of 

reducing the component Q6.  

One of the options for a technical solution in this case is the introduction of automated systems for 

optimal control of heat consumption in buildings based on its regulation over the time of day, along the 

facades and floors of the building. In conditions of a decrease in the value of the component of the heat 

balance Q1 (potentially, by more than 1.4 times), the significance of all other components of the left 

side of the heat balance (1) increases, and in particular the component Q4, which was considered 

negligible in the conditions of windows of traditional structures [4]. 

The indirect influence of windows of increased tightness on the component Q7 of the heat balance (1) is 

that at zero infiltration of outside air, the load on the ventilation system increases. In this case, the 

calculation of the additional load on the ventilation system should be carried out according to the 

permissible concentrations of pollutants. So, in relation to carbon dioxide, the additional volumetric 

flow rate of air removed from the room by the ventilation system can be calculated by the formula: 
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where 
2COG  - the volumetric flow rate of carbon dioxide emitted in the room, cm3/ h; n1 and n2 - 

permissible concentration of carbon dioxide in the outside air and in the air of the room, cm3/ m3; 0vG  

- volumetric productivity of the existing ventilation system in the room, m3/ h. 

In fig. 4 shows the experimental and calculated graphs of the dependence of the concentration of CO2 

in the air from time to time in one of the auditoriums of the main educational building with windows of 

increased tightness. In the calculations, 0vG  it was taken equal to 580 m3/ h, the values of n1 and n2 

were taken equal to 1000 and 380 cm3/ m3, respectively [1]. 

 

 
 

Figure 4: Changes in the concentration of carbon dioxide in an auditorium with increased airtightness 

windows: 1 - experiment; 2 - calculation; 3 - audience loading; 4 - maximum permissible gas 

concentration; 5 - concentration of carbon dioxide in fresh air. 

 

Based on the results of measuring the concentration of CO2 in the air, a peak excess of the permissible 

concentration of carbon dioxide was revealed (see Table 1). Studies have shown that the installation of 

high-tightness windows without modernization and regulation of the microclimate system has a 

negative effect on the parameters of the indoor air of the premises. The additional load on the 

ventilation system under the analyzed conditions was 40 ... 50%, which requires the reconstruction of 

the ventilation system or the introduction of automatic ventilation control systems [5]. 

Next, we will consider an example of the mutual influence of automatic ventilation control and heat 

consumption of a building, where heat consumption control is implemented. 

The simulation of the mutual influence of the automatic control of the ventilation system and heat 

consumption has shown that saving heat energy when regulating the ventilation system on demand can 

save up to 30% of the thermal energy consumed by the building. In fig. 5 shows the results of this 
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simulation in the implementation of constant maintenance of a comfortable temperature at around 200С 

and ventilation control on demand [6]. 

 

 
 

Figure 4: Heat consumption of the building: 1 - without automatic ventilation control; 2 - if there is an 

automatic ventilation control system. 

 

 

4. Conclusion 

 

The real savings in thermal energy provided by the introduction of high-tightness windows, as a rule, 

turns out to be significantly less than expected due to a concomitant increase in latent heat losses due to 

ventilation of the premises, or due to an increasing ventilation load in the microclimate system. The 

influence of the actual performance significantly affects the energy saving potential of the building. 

Technical appraisal and economic benefits from the use of high-tightness windows can be realized only 

if the following measures are taken comprehensively: 

- a decrease in the thermal power of the heating system in proportion to a decrease in the infiltration 

component of the heat balance in the building. 

- adaptive control of the heat output of the heating system based on time-of-day regulation, along the 

facades and floors of the building. 

- optimization of the operation mode and structure of the ventilation system, considering changes in the 

components of the thermal balance of the premises and the increased ventilation load. 
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