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Abstract: This article proposes modern ways to improve the energy efficiency of buildings in the Republic of Uzbekistan at the design stage.
Analyzed existing methods for improving energy efficiency of buildings and their individual elements determined the main factors of influence on
the formation of energy-efficient buildings.
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1.

INTRODUCTION

Increasing in energy prices, rapidly climate change in the
Republic of Uzbekistan are all grounds for introducing ways to
growth energy efficiency of buildings at the design stage.
Today, a large number of houses in Uzbekistan do not meet
the requirements of energy conservation. The development of
new and the development of existing methods, in the early
stages of project development increase the energy efficiency
of buildings, is an urgent task. Energy conservation is a global
scientific challenge. Studies have been and are being
conducted for many purposes. The methods of modeling the
thermal regime of buildings are dominated by a systematic
approach, in which the house is considered as a single energy
system, consisting of interconnected elements. The aim of this
research is to analyze existing methods for improving the
energy efficiency of buildings and their individual elements, to
determine the main factors of influence on the formation of
energy-efficient buildings. The results of the analysis are the
basis for the implementation of the corresponding components
of computer-aided design of buildings and structures.

2 METHODS OF RESEARCH
Energy efficiency is the rational use of energy resources, the
achievement of economically justified efficiency of the use of
fuel and energy resources with the current level of
development of engineering and technology and compliance
with requirements to environmental protection. An energyefficient house is one that is characterized by the rational use
of energy resources and improved summary indicators of heat
loss compared to standard ones. Energy-efficient design is
aimed at building an object that uses heat efficiently, is a
collector and accumulator of thermal energy. All elements of
the building must be consistent with the main principle,

contribute and regulate the flow of solar heat into the house.
The task of designing energy-efficient buildings:
 is the possibility of obtaining a design of a building in
which the minimum environmental impact on the house is
achieved;
 a building characterized by a building protected from
adverse natural phenomena with a favorable orientation.
The task of designing a separate object is to create
houses, characterized by maximum heat accumulation
inside, compact shape, optimal orientation to the cardinal
directions, differentiation of glazing, passive and active
use of the solar possibility of seasonal energy storage
elements by temperature zoning of the house. The main
factors in the energy efficiency of the building are solar
radiation, temperature and humidity, and the use of
renewable energy sources. Regulatory and technological
requirements for insolation, natural lighting, acoustics,
noise protection, aeration, etc. directly affect energy
efficiency.
Energy opportunities of the external climate for building heat
supply External climate, land heat, water resources, biomass,
etc. are sources of energy, therefore, the possibility of their
use with the help of heat pumps, solar collectors, power
plants, etc. should be provided. (Fig. 1).
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Fig. 1. The influence of the external climate on the building
The methodological basis for studying the energy capacity of
the external climate (heat of the earth, water resources, etc.) is
the statistical processing of the results of meteorological
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towers. When constructing a mathematical model of the
cohesion of the external climate, one can use deterministic or
probabilistic approaches. The deterministic approach is based
on the use of a real combination of a set of indicators of the
external climate of each geographical location over a multiyear period, hourly and current climate indicators for this
geographical location, collected in the archives of weather
stations over many years. In the case of a probabilistic
approach to constructing a mathematical model of a set of
indicators of the external climate, a change in these indicators
is a random process, moreover, non-stationary and
multidimensional. According to experimental data, it is possible
to construct both the two-dimensional models of the
distribution function of indicators of the external climate, and
two-dimensional ones: temperature - wind speed, temperature
- solar radiation, temperature - relative humidity, outdoor air
enthalpy - solar radiation. The principles of forming the
architecture of energy-efficient buildings when designing an
energy-efficient building adhere to several basic architectural
and construction principles for improving energy efficiency:
 optimization of the architectural forms of the building,
taking into account the possible impact of the wind;
optimal location of the building relative to the sun,
provides the opportunity to maximize the use of solar
radiation;
 increase in thermal resistance of building envelopes
(external walls, coatings, ceilings over unheated
basements) to the technically possible maximum level;
minimizing the amount of thermal conductivity available in
the design of thermal bridges ensuring the necessary air
 the density of the building structure by the influx of
outdoor air;
 increase to the maximum technically possible level of
thermal resistance of translucent walling; creating a
ventilation system for supplying fresh air, removing
exhaust air, distributing heat in the room and organizing
heat recovery of ventilation air.
The design methodology for energy-efficient buildings is based
on a systematic analysis of the building as a single energy
system. Representation of the building as a sum of
independent innovative solutions violates the principles of
consistency and leads to a loss of energy efficiency of the
project. Designing an energy-efficient building in accordance
with the principles of system analysis includes three stages:
 construction of a mathematical model of heat transfer
processes in the building;
 choice of the objective function, that is, the boundary
conditions and the formulation of the optimization
problem, depending on the goal of optimization;
 solution of the optimization problem.
The main influence on the formation of the thermal regime
and, accordingly, the energy status of the house (energy costs
to ensure the necessary thermal regime) is provided by its
heat-insulating shell. The choice of parameters of the heating
subsystem depends on the properties of this energy
subsystem.
The combination of the above solutions ensures the minimum
energy consumption of the building, while the determining
factors for increasing the energy efficiency of the building are
the increase in thermal resistance of its structural elements
and the reduction in the number of thermal bridges.
Architectural energy-saving solutions should best take into
account the positive impact of the external climate and should
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neutralize its negative impact as much as possible, taking into
account the orientation and shape of the building, which is
naturally associated with glazing, heat, sun protection of
building envelopes. According to the methodology of the
system analysis of the mathematical model of the thermal
regime of the building as a single heat energy system, it is
advisable to present in the form of three interconnected
models that are more convenient for study.
In the case when the implementation of the optimal solution is
impossible for one reason or another, it is proposed to
introduce an indicator h, which characterizes the degree of
difference between the implemented solution and the optimal
one and is an indicator of the heat and power efficiency of the
design solution. In other cases, the same indicator can serve
as a criterion for evaluating the art of a designer. A-priory:
h = ref / Qnp,

(1)

where ref - is the energy consumption for creating a
microclimate in the premises of an energy-efficient building;
Qnp - energy consumption for creating a microclimate in the
premises of the building accepted for design.
Given the accepted division of the mathematical model of the
thermal regime of the house as a single heat energy system
into three interconnected submodels, we can write:
h = p1 • p2 • p3
where p1 is the indicator of heat and power efficiency of the
optimal accounting of the influence of the external climate on
the building;
p2 is an indicator of the energy efficiency of the optimal choice
of heat and sun protection characteristics of the external
building envelopes;
p3 - an indicator of the energy efficiency of the optimal choice
of microclimate systems.
1. External building envelopes are divided into light-tight
(walls, coatings, floors) and translucent (fill light openings) with
sun protection devices.
2. The task of determining the optimal thermal performance of
lightproof enclosing designs formulated depending on the
totality of the requirements that apply to them.
So, the energy efficiency indicators of buildings are:
 specific heat losses for heating a house during the heating
period QE, kW · h / m2 [kW · h / m3];
 total heat transfer coefficient of the heat-insulating shell of
the building Kw, W / (m2 · K);
 combined heat transfer coefficient of the heat-insulating
shell of the building kΣpr, W / (m2 · K);
 conditional heat transfer coefficient of the building
envelope kinf, W / (m2 · K), taking into account heat loss
due to infiltration and ventilation;
 average rate of air exchange during the heating period,
no, year;
 coefficient of glazing of the facades of the house fspeed;
 an indicator of the compactness of the building Λк d, m.
The principle of alternative designing a heat-insulating shell
adopted to ensure integrated energy characteristics of the
system (buildings as a whole) - specific maximum allowable
heat losses for heating. The determination of this indicator is
carried out on the basis of modeling the thermal regime.
The task of optimizing the level of thermal insulation by
choosing the rational orientation and dimensions of the house
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is accomplished thanks to the maximum use of solar radiation
in the winter and constructive protection against solar radiation
in the summer period of the year, as well as the choice of such
a geometry when, all other things being equal, per unit of
usable area or volume minimum heat energy is consumed for
heating and cooling. Objective function to be followed
minimize represents energy costs and its search is determined
by:
SEQ
min, F F0
const (V V0
const)

SEQ
dz

z2
z4
∫ S (Q E )QE dz ∫ S (Q Л )Ql
z1

,

z3

where S (QE), S (Ql) - the cost of a unit of heat and cold; (Z1z2), (z3-z4) - the duration of the periods of heating and cooling
the house.
Designing of building envelopes according to thermal comfort
indices Thermal comfort indices or sanitary and hygienic
thermal requirements are determined (3) where Δtpr, Δtcg is
the actual (or calculated) temperature difference allowed by
the sanitary and hygienic requirements between the internal
temperature air and the composite temperature of the inner
surface of the building envelope, 0С. The main methodological
feature of condition (3) is the provision of thermal comfort
parameters of the premises, which are a prerequisite for
energy efficiency at home. At the same time, it should be
borne in mind that thermal comfort is not an exact technical
term and there is no clear definition in one regulatory
document. The main advantage of the regulatory approach to
designing a heat-insulating shell with economic thermal
performance is a clear certainty of the requirements for each
shell element. The main energy characteristic of the building is
the heat consumption for providing the thermal parameters of
the premises necessary for sanitary and hygienic
requirements. For a comparative analysis of buildings
operating in different conditions, specific heat loss indicators
should be used. For this, a specific heat loss parameter for
burning a house was introduced, and the physical meaning of
this parameter is to determine the amount of energy (J) spent
on providing optimal thermal rooms and refers to 1m2 of
heated area or 1m3 of heated volume for the heating period of
the year, which is characterized by the number of degree
degrees. The value of this indicator is determined by the
thermotechnical indicators of the insulating shell of the
houses, the intensity of the filtration processes and
parameters of the ventilation subsystem of the house, the
shape of the house or its compactness, the orientation of the
facade relative to the cardinal points. The quality of a building
object depends on these characteristics to consume more or
less energy to provide the specified thermal parameters of the
premises, i.e. the energy efficiency of the object. The
normative characteristics of the specific heat loss for heating is
the result of optimization calculations and should not, at the
present stage, as shown in, achieve this value below 40 kWh /
m2. Choosing the optimal orientation of the building let us
consider the possibility of optimizing the heat and energy
effect of the external climate on the heat balance of the
building by changing its shape and orientation, as well as
taking into account the climatic features of the area using
Tashkent. The choice of the optimal orientation of the building,
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taking into account the directions of the prevailing winds and
prevents significant heat loss and undesirable effects of solar
radiation, that is, a reduction in heat gain in summer and heat
loss in winter. Based on the analyzed data, it was concluded
that the latitudinal orientation of the building is better. A
number of advantages of the latitudinal orientation over the
meridional orientation can be noted:
 in winter, the largest amount of heat from direct solar
radiation enters the walls of buildings of a southern
orientation;
 in summer, the highest amount of heat from scattered
solar radiation arrives per day on the walls of eastern and
western orientation.
The room with windows oriented to the south has a favorable
insolation in the summer, and in the winter they get low, deeply
penetrating into the room sunlight. Given the prevalence of
western and eastern winds during the heating season, the
latitudinal orientation is optimal. The climate in Tashkent is
temperate continental. The isotherm of January is -5.90 ° С
July + 40 ° С. In winter, southeast and east winds dominate, in
summer, north-west and west. Wind speed reaches 20-30 m /
s. The shape, size and orientation of the building should be
selected in such a way as to maximize the use of the positive
and neutralize the negative impact of the external climate on
the heat balance of the building. We provide information on the
calculation formulas for determining the optimal sizes of
buildings of various shapes in terms of minimizing heat loss.
The designations are as follows:
characteristic heat fluxes passing in the plan, respectively, with
dimensions a, b, c, d; through the floors of the first floor,
coatings and vertical walling, (W / m2);
F - total usable area of the building, m2;
H0 - building floor height, m;
a, b, c, d - house dimensions in plan, m;
Z is the number of floors.
The effectiveness of the design solution is calculated by the
formula:
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qw, i - specific heat fluxes through the external enclosing
structures, W / m2, while i = 1, 2, 3, 4 refer to the walls, i = 5 to
the coating,
i = 6 - to overlap;
q w, j - specific heat flux of the holes, W / m2; through filling
light
Pi - external glazing coefficient fencing i-orientation; H - floor
height, m.
In the process of choosing the shape of the building, an
important task of the architect is to minimize the surface area
of the external enclosing structures in order to minimize heat
loss in the cold season and heat gain in the warm season.
The most effective in terms of minimizing heat loss is a round
shape. It has the smallest perimeter, and, therefore, buildings
of a round shape will have the smallest area of the external
walling. Also, this form is favorable in terms of the influence of
wind flows. The issues of optimizing the shape of bodies
reduces howas a rule, to determine the most rational form
among a predetermined class of bodies. The solution of the
inverse problem is to search for the shape of buildings that
best meet the conditions of energy saving in the functional
space, in applied geometry. The regularities of changing the
optimal shape of the body depending on the characteristics of
the radiation field that surrounds it are investigated.

3.CONCLUSION
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Today, a systematic approach prevails in the methods of
modeling the thermal regime of buildings, in which the house
is considered as a single energy system, consisting of
interconnected elements. At the same time, the focus is on
optimizing the composition of the insulating sheath and the
climate control systems of buildings. But the most important
place in improving the energy efficiency of buildings is the
problem of optimizing their shape, since it is the basis for
further optimization. Methods for optimizing the shape of
buildings are, as a rule, built to determine the most rational
form among a predetermined class of bodies. The
development of an optimal model requires a comprehensive
analysis and modeling of formative factors, environmental and
climatic conditions, regulatory physical and technical
processes in the structures and environments that these
structures share, and technological requirements. The
methods discussed above can significantly increase the
energy efficiency of the building at the design stage. But at the
moment, there are no comprehensive automation tools for
energy-efficient buildings that have sufficiently modeled the
heat transfer process of building envelopes taking into account
the influence of the external climate and automatically
calculated the optimal location of the building and its
geometric shape. From the perspective of a systematic
approach, an analysis is made of methods for improving the
energy efficiency of buildings, which are essential for use in
the process of developing components of design systems for
construction projects.
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