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Abstract. The problem of energy consumption of modern high-rise buildings is becoming 

increasingly important. The growing number of high-rise buildings and the development of 

urban infrastructure have resulted in the increased energy consumption. Modern high-rise 

building construction affects the density of urban space and significantly changes local climatic 

conditions. The development of local climatic factors in thigh-rise building construction and 

their impact on the energy efficiency of buildings is a relevant and insufficiently studied 

problem. The article analyzes the influence of modern urban development on the climatic and 

aerodynamic conditions of the terrain. The assessment of climatic factors influencing heat 

losses of a high-rise building is carried out. High-rise buildings in the city of Moscow are 

considered; calculations are made and qualitative and quantitative parameters of the variation 

in the main climatic factors are given with reference to the architecture of the building. Using 

the example of the Evolution Tower, calculations have been made and dependency graphs of 

the temperature and wind speed on the height of the building are presented. The results of the 

research can be used to assess the influence of climatic factors on the energy costs of high-rise 

buildings, and can be taken into account in the design of modern energy-efficient buildings. 

 

1.  Introduction  

Being one of the main problems of modern society, lack of free space in big cities leads to an increase 

in the demand for residential, public, administrative and commercial spaces, and an increase in the 

number of cars. Architects seek for solutions for the maximum use of space, its multifunctionality and 

accessibility. In this regard, high-rise multifunctional buildings are of great interest. On the one hand, 

an increased area of the foundation is beneficial, but on the other hand, the high cost of designing and 

constructing high-rise buildings results in higher maintenance costs. It is noteworthy that the higher 

the building is, the more expensive it is to operate. 

It is known that buildings are affected by external climatic factors, such as outside air temperature, 

wind, solar radiation. The intensity of the impacts of these factors depends on both the climatic zone 

where the building is located, and the architectural forms and orientations of the building. It is obvious 

that the natural and climatic factors influence the choice of architectural forms of buildings and the 

structure of urban development [14]. 

Another urgent problem of the modern world is that the cost of energy is increasing, while its 

reserves are decreasing from year to year. Consequently, the issue of reducing the energy consumption 

of modern high-rise buildings is becoming increasingly important. 



2

1234567890‘’“”

FORM 2018 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 365 (2018) 022020 doi:10.1088/1757-899X/365/2/022020

It has been found that the energy consumption of all civil buildings is greater than the energy costs 

of all industrial facilities, including factories, plants, metallurgical plants and energy spent on transport 

with all its cars, trains and ships (Fig. 1) [4]. 

    

 

Figure 1. Distribution of energy consumption in Europe 

 

Distribution of energy consumption in different countries can depend on the natural and climatic 

factors, the pace of development of industry and cities, the introduction of energy-saving technologies, 

etc. 

The city, as a rule, includes an industrial area, a residential area, a public and a natural area. With 

the rapid pace of development of countries’ economies, and the increasing density of population, it has 

become necessary to improve big cities by developing their transport and engineering infrastructure. 

The increasing density of population in modern big cities significantly affects the density of residential 

and public areas [6]. As a result, many multifunctional high-rise buildings are changing the 

architecture of these areas, which significantly affects the consumption of energy resources. 

Skyscraper architecture, transforming the aerodynamics of the terrain, affects the heat and wind 

conditions of residential and public areas [11]. The modern construction industry is characterized by 

the density of urban development, well-developed infrastructure, and transport networks. Rapid 

development of cities and the growth of modern high-rise buildings change the natural landscape of 

the area and significantly affect the existing climate conditions. Thus, modern cities are subject to 

constant changes, increasing the demand for energy resources. In big cities, the problems of finding 

ways to save energy, creating multifunctional energy-efficient high-rise buildings and developing 

technologies are quite acute today. 

A high-rise building is a building taller than 75 m or more than 25 floors. For the rational use of 

areas, high-rise buildings are designed to be multifunctional. According to the famous Russian 

architect and urban planner A A Tsvetkov, buildings and structures up to 120 m high (30-35 floors and 

below) belong to the class of high-rise buildings, and buildings of 120 m high (40 floors) and higher 

belong to skyscrapers. The 120 m boundary is chosen because the lowest clouds float precisely at this 

altitude. Maintenance of high-rise buildings and skyscrapers requires considerable energy costs. In this 

regard, the problem of constructing energy-efficient high-rise buildings to reduce their operating costs 

is one of the most important tasks. To solve this problem, it is necessary to identify the main factors 

affecting the energy efficiency of modern high-rise buildings. 

 

2.  Methods 

Obviously, the main factors affecting the energy efficiency of buildings are natural climatic factors 

(Fig. 2). 
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Figure 2. Climatic factors of external effects on buildings 

 

Natural and climatic factors, being an important quality of the urban environment, are subject to 

significant changes with the development of modern buildings. Such factors as the temperature of the 

outside air and the wind speed might change along the height of the building. In addition, solar 

radiation affects the insolated facades and causes the formation of upward convective currents, 

modifying the aerodynamics of the urban environment. The processes of absorption and emission of 

radiation, evaporation and heat transfer on different surfaces of the urban environment form various 

microclimate conditions in a geographic area with the same type of climate. Thus, local climatic 

parameters are formed due to the heterogeneity of urban development and the underlying surface 

[5,14]. 

Obviously, solar radiation changes the microclimate of the adjacent territory of modern urban 

development and has a significant impact on the energy efficiency of high-rise buildings. In turn, the 

intensity of solar radiation depends on the transparency of the urban atmosphere. About 20% of the 

solar radiation can be lost due to the turbidity of the atmosphere in conditions of big industrial cities 

with high-density construction. In the summer, differences in the intensity of direct solar radiation in 

residential and industrial areas of the city reach 20-22%. There intensity of direct solar radiation in a 

radius of up to 3 km in close proximity to big industrial enterprises is weakening, and it can reach 35-

40% [1,2]. Similar phenomena coupled with the violation of the aerodynamic conditions of the area 

lead to the formation of the urban heat island. The urban heat island is a phenomenon, in which the 

temperature of urban space is higher than the temperature of surrounding rural areas. The intensive 

development of modern high-rise buildings promotes the intensive operation of engineering and 

transport networks and the formation of anthropogenic factors causing the emergence of the heat 

island [3]. 
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As a result, it should be noted that with the development of high-rise buildings, the natural and 

climatic factors affecting the microclimate of the urban environment are experiencing significant 

changes. 

Changes in the main parameters of climatic factors were investigated using the example of 

Evolution Tower. Based on the calculations performed, graphs are plotted for the change in outdoor 

air temperature and wind speed, depending on the height of the building. Obviously, the change in 

external climatic parameters has an effect on the heat and air conditions at different floors of a high-

rise building. 

The change of the outside air temperature and atmospheric pressure depending on the height of the 

building can be calculated by the following formulas [7]: 

 

                                    Chtth

0

0 ,0065.0                                                                 (1) 

                         Pahpph ,)1025577.21( 2559.55

0  
                                                      (2) 

where ht , hp  is temperature, °С, and pressure, Pa, at a height h, m, respectively. 

0t , 0p is temperature, °С, and pressure, Pa, near the ground surface, respectively. 

Estimated climatic parameters according to [4] were for the city of Moscow. 

Using the data obtained, the dependence graphs of the outside air temperature along the height of the 

building were constructed (Fig. 3). 

 

а)     b)  

 

Figure 3. Variation of outside air temperature along the height of the Evolution Tower in the city of 

Moscow: а- for the coldest 5-day period; b- for the warm period. 

 

Various models are used to estimate the change in wind speed by height: the Ekman spiral, the 

logarithmic law, the power law. [5,6] These models are used to estimate the wind speed V at a height 

h if the wind speed 0V is known at a height 0h . 

The power law of variation of the wind speed with respect to height has the form [8,9]: 
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smhhVV ooh /,)/( 
             (3)

 

 

where hV is wind speed, m/s, at a height h, m; 

0V is wind speed, m/s measured at a height 0h , m (the wind speed is measured at a height of 10-15 m, 

therefore 0h = 10—15 m); 

 is an exponent that depends on the terrain type and is found experimentally; it is recommended for 

centers of big cities  = 0.33, for suburban areas   = 0.22 and for open space  = 0.14 [9]. 

Based on the results of the calculation, a graph of the change in wind speed along the height of the 

building was constructed (Fig.4) 

 

 
Figure 4. Variation of the wind speed along the height of the Evolution Tower in the city of 

Moscow 

 

As can be seen from Fig. 4, with an increase in the height of the building, the wind speed increases, 

and in urban development areas this occurs more intensively.  

 

 

3. Results of the study 
Using the example of the Evolution Tower, the calculation of the heat losses of the multi-storey 

buildings for the city of Moscow was carried out. 

The heat loss of the room due to heat transfer through the outer walls is determined by summing 

the heat losses through each external wall, which are calculated according to the formula [10]: 

                WnttFkQ i

x

oiiimni
),1()(    (4) 
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where: nttFk x

oiii )(  are main heat losses; 

    ki is coefficient of heat transfer of the wall, W/ºС×m
2
; 

    Fi is outer wall surface area, m
2
. 

           ti is design temperature inside the building 

to
х
 is outside temperature at a height h

х
; 

β is tolerance for the main heat losses depending on the orientation of the vertical wall in the 

cardinal directions. 

ni is coefficient taken depending on the position of the outer surface of the enclosing structure 

with respect to the outside air, i.e. coefficient reducing the temperature difference (ti– to) for walls that 

do not contact with the outside air.  

Using the calculation of heat losses in the building, a graph was constructed (Fig. 5) 

 
Figure 5. Heat losses at different floors of the Evolution Tower for the city of Moscow. 

The power of the ventilation system is calculated by the formula: 

                         6.3/)( CttLQ x

oi

V   ,   kW    (5) 

L is air consumption, m
3
/h; 

 is air density, 
3/2.1 mkg  

С is air heat capacity, CkgkgC 0/005.1  

Based on the calculation of the ventilation capacity of the building, a graph was constructed  

(Fig. 6). 
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Figure 6. Ventilation capacity at different floors of the Evolution Tower for the city of 

Moscow. 

 

The change in external climatic parameters affects the heat and air conditions at different 

floors of a high-rise building. As can be seen from Fig, 5 and 6, the heat loss of rooms and the capacity 

of the ventilation system increases with the height of the room location. 

 

4. Conclusions  

1. With the increasing building height, the outside air temperature and atmospheric pressure decrease, 

while the air pressure difference between the upper and lower floors increases. This can lead to a 

significant flow of air masses from the lower floors to the upper ones, to the violation of the estimated 

air balances, to a decrease in the winter air temperature on the lower floors. 

2. Due to the irradiation of the external surfaces of the building by solar radiation during the warm 

period of the year, their temperature increases sharply and differs significantly from the outside air 

temperature. As a result of the temperature difference, a convective heat flow directed upwards of the 

building is formed, and there is a so-called near-surface (boundary) layer of heated air, which is of 

great importance for designing air intake devices and determining the air permeability of the enclosing 

structures because of the changing values of the air flow velocity at the outer surface of buildings. 

3. The increase in wind speed with the height of the building during the cold period of the year 

influences the heat transfer coefficient of the outer surface of the enclosing structure. It will increase 

slightly, while reducing the heat transfer resistance of the external enclosing structure and reducing the 

overall resistance to heat transfer of the enclosing structures. 

4. The decrease in the air temperature with the height affects the value of the surface density of the 

heat flow passing through the outer enclosing structures, which leads to an increase in the heat losses 

of rooms located at different floors. 

5. Decrease in the outside temperature with the increasing height of the building affects the 

capacity of the ventilation system.  

When solving problems of city planning and constructing high-rise buildings at the stage of 

development of design documentation, it is necessary to take into account the specifics of climatic 

factors that affect the heat and wind conditions of the environment and the energy efficiency of 

buildings. 

References 

[1]    Stepanova N V, Shlychkov A P  Vlijanie kompleksa meteorologicheskih uslovij 



8

1234567890‘’“”

FORM 2018 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 365 (2018) 022020 doi:10.1088/1757-899X/365/2/022020

na zagrjaznenie atmosfernogo vozduha goroda [The effect of meteorological conditions on 

atmospheric air pollution of the city] // Kazanskij medicinskij zhurnal. 2004, Vol. 4, Issue 5, pp. 

380. (Rus) 

[2]   Chistjakova S B  Ohrana okruzhajushhej sredy [Environmental protection]. M.: Strojizdat, 1988. 

(Rus) 

[3] Lokoshhenko M A Gorodskie ostrova tepla [Urban heat islands] // Tezisy dokladov XX 

Vserossijskoj shkoly-konferencii molodyh uchjonyh Sostav atmosfery. Atmosfernoe 

jelektrichestvo. Klimaticheskie jeffekty. Tipografija Instituta prikladnoj fiziki RAN Nizhnij 

Novgorod, 2016, pp. 9–10. (Rus) 

[4]   Bulatova A S  Mirovaja jekonomika: Uchebnik [World economics; textbook]/ Pod red. prof. A,S. 

Bulatova. M., 2005. (Rus) 

[5]  Gijasov B.I.  Rol' solnechnoj radiacii v formirovanii teplo-vetrovogo rezhima mezhdomovogo 

prostranstva [The role of solar radiation in the formation of the heat-wind conditions of the inter-

house space] // Zhurnal Vestnik MGSU, 2012, Vol. 3, pp. 13-15. (Rus) 

[6] Gijasov B I Vlijanie razvitija infrastruktury gorodov na zhiluju sredu [Influence of urban 

infrastructure development on residential environment] // Zhurnal Vestnik MGSU 2012, Vol. 4, 

pp. 17-21. (Rus) 

[7] Nauchno-prikladnoj spravochnik po klimatu SSSR. Serija 3. Mnogoletnie dannye. Ch. 1-6 

[Scientific and Applied Handbook on the Climate of the USSR. Series 3. Perennial Data. Part 1-

6]. SPb.: Gidrometeoizdat, 1989-1998. Vyp. 1-34. (Rus) 

[8]  Simiu Je, Skanlan R  Vozdejstvie vetra na zdanija i sooruzhenija [The impact of wind on buildings 

and structures]. M.: Strojizdat, 1984. (Rus) 

[9]   ASHRAEHandbook. Fundamentals. SIEdition,1997. 

[10] SP 50.13330.2012 “Teplovaja zashhita zdanij. Aktualizirovannaja redakcija SNiP 23-02-2003” 

[Thermal protection of buildings. Updated version of SNiP 23-02-2003]. M.: FGUP CPP, 2012. 

(Rus) 

[11] Tabunshhikov Ju A, Shilkin N V Ajerodinamika vysotnyh zdanij  [Aerodynamics of high-rise 

buildings]// AVOK. 2004, № 8, pp.14-24, (Rus) 

[12] SP 131.13330.2012. Stroitel'naja klimatologija [Building Climatology]. M.: FGUP CPP, 2012. 

[13] Maljavina E G, Birjukov S V  Raschet vozdushnogo rezhima mnogojetazhnyh zdanij s  

razlichnoj temperaturoj vozduha v pomeshhenijah [Calculation of the air regime of multi-storey 

buildings with different air temperatures in rooms] // AVOK, 2008, Vol. 2, pp.40-48, (Rus) 

[14] Volkov A A , Gijasov B I , Chelyshkov P D , Sedov A V , Strigin B S  Optimizacija arhitektury i 

inzhenernogo obespechenija sovremennyh zdanij v celjah povyshenija ih jenergeticheskoj 

jeffektivnosti [Optimization of architecture and engineering support for modern buildings in order 

to increase their energy efficiency] // Nauchno-tehnicheskij vestnik Povolzh'ja 2014,№6, pp.111-

114. (Rus) 


