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ABSTRACT: Introduction. Currently, one can witness a boom of renewable energy in foreign countries: zones with earth, coastal and
even offshore wind power plants are emerging, and the roofs of houses, hotels, schools and hospitals are being "dressed" by solar
batteries and by panels to generate electricity and water. At the same time, despite the fact that these installations are unreliable
and rare sources, many experts and politicians begin to mistakenly consider them as the basic ones. All that poses a scientific and
technical problem of determining the place of nature-like technologies in the structure of life support systems of the population.
Methods, models and tools. The paper analyzes the engineering systems of multi-apartment residential buildings and individual
residential buildings that deliver life support resources (electricity, gas, cold and hot water, etc.). But one should also note that the
engineering systems often keep potential fire-energy and environmental harm. To resolve the mentioned problems, some nano-
technologies and Russian patents concerning autonomous electricity, water, heat supply of individual residential buildings on them
were proposed. Results and discussion. Modeling has shown that the combination of "Shukhovskaya" and vortex wind turbines
with domestic hydraulic panels and solar panels makes it possible to create duplicated and tripled engineering systems of individual
residential buildings, which, in terms of quality, reliability and safety parameters, are several orders of magnitude higher than the
existing centralized resource supply systems for the residential sector of cities and rural settlements. Conclusion. The proposed
approach makes it possible to determine the place of the so-called renewable energy in the structure of the resource supply system
for cities and rural settlements, and it remains to assess its effectiveness, which is supposed to be done using the Leontiev-Ford
model and the retro-forecasting method.
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INTRODUCTION

For more than five years, a set of rules “Engineering
systems of high-rise buildings” has been in force,
which require [1]:

firstly, vertical zoning of high-rise buildings, i.e. their
separation by technical floors every 50 meters of height,
on which engineering equipment and communications
are located,

secondly, automation of engineering systems of high-
rise buildings to ensure the reliability and safety of their
operation.

© Belozerov V.V., Voroshilov 1.V., Oleinikov S.N., Belozerov VL.V., 2022

The conducted studies have shown [2, 3], in addition
to administrative high-rise buildings and multifunctional
residential complexes, these rules included typical multi-
apartment residential buildings with 25 floors and above,
behind which there is the future development of Russian
cities [1, 4, 5].

To improve the reliability and safety of engineering
systems of high-rise buildings, nanotechnologies and in-
novations were proposed, including the intellectualization
of household electrical appliances, which proved the pos-
sibility of achieving the required level of safety for living

in them — 0.999999 [6—8].
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Fig. 1. Dynamics of RES electricity generation in the world in 2000—2020 (%): 1 — Great Britain; 2 — Germany;
3 — Canada; 4 — China; 5 — Russia; 6 — USA; 7 — France; 8 — Australia; 9 — India; 10 — Novegia

However, all the proposed solutions to the problems
of safe life in high-rise buildings entailed significant ad-
ditional costs for their construction and operation, as
well as an increase in energy consumption in them [3,
7, 9]. In this connection, it was decided to return to the
problems of centralization and decentralization of gas-
energy-heat-water supply and wastewater disposal of
buildings and structures, which can remove almost all
existing problems, but requires a comparative analysis
of the costs of scientific and technical work (research,
design, manufacturing, testing) and construction (design,
construction, installation and commissioning) [2, 10, 11].

Moreover, despite the fact that renewable energy sourc-
es (RES) are unstable, low-concentrated and periodic en-
ergy sources, many experts and politicians, of course, mis-
takenly begin to consider them as the basic ones, because
over the past 15 years (Fig. 1), their installed capacity has
increased 10 times and by the end of 2019 exceeded the
output of nuclear power plants [12, 13].

As for Russia, the renewable energy industry, although
it has been very actively developing in recent years, still its
share is extremely small. So, for example, by 2020 wind
power plants (WPP) with a capacity of 184 MW and
1.4 GW — solar power plants (SPP) were put into opera-
tion, which is less than 1% of the capacity of the entire
energy system, since traditional generation still dominates
in our country: 66.8% is accounted for by thermal power
plants using coal and gas, 20.2% by nuclear power plants
and 12.3% by hydroelectric power plants (HPPs) [14].

At the same time, in our country, mostly in rural
areas, and also because of the huge undeveloped ter-
ritories, construction of individual residential buildings

and gasification of the rural settlements, in which these
buildings are located, are also being intensively devel-
oped [10].

Therefore, taking into account domestic inventions in
the field of autonomization of obtaining energy resources
(electricity, water, etc.) [14—22], a scientific and techni-
cal problem arises to synthesize a decentralized system of
safe life of the population, i.e. creation of an autonomous
engineering system of an individual residential building
(AES IRB).

METHODS, MODELS AND TOOLS

Partially, from the point of view of power supply and
heating / cooling of an individual residential building,
such a problem has already been solved by us and it can be
argued that the currently produced water, air or infrared
electric heating installations, in addition to the possibil-
ity of their independent installation and operation, have
significant advantages [9, 10]:

firstly, the simplicity of control and regulation of work,
by setting the required temperature (control of fuel con-
sumption is not required),

secondly, modern radiators, convectors and infra-
red emitters allow you to set a comfortable mode within
10 minutes after turning them on,

thirdly, electric heating makes it possible to exclude
explosions and fires from domestic gas leaks, which have
become more frequent in recent years in Russia.

A comparative analysis of the existing methods and
means of life support for individual residential buildings
led to the conclusion that it became possible to consis-
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Fig. 2. Combined home heating / cooling system:

1 — Inverter; 2 — Controller; 3 — Remote control
access; 4 — Battery; 5 — Electricity meter-detector;

6 — Compensator reactive power; 7 — Household
electrical appliances; 8 — Washing machine;

9 — Dryer for clothes; 10 — Heat pump-vortex cooler;
11 — Electric boiler; 12 — Socket; 13 — Power grid;
14 — Router

tently increase the efficiency of the system (Fig. 3) of
electric heating / cooling (electric boilers, split systems,
etc.) by installing and integrating solar batteries (Fig. 2),
with a wind power plant (WPP), in particular with
a small-sized wind generator (Fig. 4, 5) and a source
for obtaining water from the air (Fig. 6), i.e. creation of
an autonomous and environmentally friendly automated
engineering system of an individual dwelling house (AIS
IRB) [7, 8, 10].

The weak point of electric heating systems, but quite
surmountable, as studies have shown, are electric boil-
ers, the fire hazard of which, for example, EPO-108, was
reduced by its intellectualization — the introduction of
thermoelectronic protection modules [9, 23], or by using
an electric boiler with induction heating (Fig. 3).

This type of heating boilers has a number of advan-
tages over traditional heating elements [9, 24]:

firstly, the complete absence of any heating elements,
as well as moving and highly loaded elements that are
subject to wear during operation and require periodic
replacement;

secondly, the ability to operate from a low voltage and
constant current power supply, which is usually unaccept-
able for other types of electric boilers;

thirdly, the boiler design does not contain detachable
connections, i.e. the likelihood of leakage is completely
excluded;

Fig. 3. External view of the installation with induction
heating

fourthly, significantly faster heating to operating tem-
perature, in comparison with any other types of heating
electric boilers, and low inertia allows you to save energy
due to effective control of the boiler using automation (by
maintaining the temperature at a strictly specified level,
i.e. when it rises, the power supply to the boiler is turned
off and resumed only when the temperature drops below
the one set by the user);

fifth, protection against scale formation due to the
small temperature difference between the heater and the
coolant, not exceeding 3°C, as well as due to high-fre-
quency vibrations caused by eddy currents that repel salt
ions from the inner walls of the pipe;

sixth, high fire resistance and electrical safety, since
the heating element (core) is not electrically connected
to the inductor (primary winding) directly, and the tem-
perature difference between the core and the coolant does
not exceed 30°C;

seventh, there is no need to install the induction boiler
in a separate room, because it is absolutely silent, and its
installation does not require the involvement of highly
qualified specialists;

eighth, like any electric heater, the efficiency of such
a boiler is close to 100% and does not change over the
years of its operation, unlike electrode boilers and with
heating elements, with an average service life of 25 years
and more (depends on the thickness of metal pipes form-
ing the core of the boiler), while no maintenance work is
required with this equipment;

ninthly, it allows you to use almost any coolant in the
heating system (water, antifreeze, oil, etc.), and with-
out any preliminary preparation and replacement of the
spent coolant in the system no more than once every
10 years and use for any closed heating systems, includ-
ing for warm floor and for baseboard heating, because
the minimum threshold for the heating agent heating
temperature is 35°C.
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Warm floors were developed almost half a century ago
for livestock farms [25], therefore, the use, along with
water batteries, of modern polymer structures of water
heat-insulated floors ensure their safety and high reli-
ability [26], and in the solar subsystem high indicators of
reliability and safety are provided by the controller and
the intellectualization of the inverter [9,12].

RESULTS AND DISCUSSION

Vane-type wind turbines with powers ranging from
1—-3 kW to 5—6 MW are currently the most widespread.
At the same time, hundreds of companies and firms
in Europe, USA, China, Japan, India, Brazil, etc. are
engaged in the production of wing-type wind turbines.

Such wind turbines generate exclusively direct current,
in connection with which, like solar batteries, they are
supplemented with batteries and converters (inverters)
of direct current into alternating current, and due to their
overall dimensions, they require special supports (Fig. 4).
At the same time, the boom of VEUization has reached
the point that they are beginning to be placed not only on
fields and roads (Fig. 4a), but also in the sea (Fig. 4b) [13].

In Russia, the production of wind turbines is in its
infancy [13, 27] and, unlike bulky vane wind generators,
there are developments of wind turbines with a vertical
axis of rotation (Fig. 5a), incl. small-sized with the origi-
nal “Shukhov” scheme (Fig. 5b) [28, 29].

So, for example, the head prototype with a longitu-
dinal rotaring type of blades (VES-15) “Wind-Rotor” of

Fig. 4. Placement of wind turbines

Fig. 5. Wind turbines with a vertical circuit
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Table 1
Comparative data of wind turbines
Wind generator Wind turbine Wind turbine
Parameters . .
vane type vertical axis «Shukhova»
Power, kW 1.0 1.0 1.0
. . Diameter — 2800 Diameter — 454, Diameter — 520,
Dimensions, mm (the circle described Blade heieht — 4000 Height — 850
by the blades) g &
Weight, kg (wind turbine+ 70 98 43
generator)
Wind force when starting, m/s 2.0 3.0 1.0
Rotation frequency, rpm 300...400 180...300 600...900
Wind turbine, Wind rotor,
Generator, Generator, Wind turbine,
Battery, Rectifier,
Complete set Generator,
Inverter, Controller, Transformer
Cable assembly, Cable assembly,
Guyed mast Guided mast
1300 3350 250
Cost, EUR (manufacturer China) (manufacturer Ukraine) | (manufacturer Russia)

the Design Bureau of the Research Institute of Mestprom
(Nizhny Novgorod) has a power of 15 kW and has the
following advantages over vane wind generators [28,29]:

firstly, effective work at low wind speeds (from 1 m/s
and above);

secondly, heir wind resistance, because with increas-
ing wind speed, stability increases (spinning top effect);

thirdly, work in any directions of wind speed;

fourthly, modular design, which allows you to gain the
required power due to the number of modules;

fifth, the ability to work in stationary and mobile ver-
sions.

The technical and economic data of the listed wind
generators (Table 1) indicate, firstly, the significant para-
metric advantages of the small-sized “Shukhovskaya”
wind power generating turbine, and secondly, its competi-
tive of quality price in comparison with vane and verti-
cal rotary installations — almost an order of magnitude
cheaper [28, 29].

Small-sized “Shukhovskaya” wind power generating
turbine (PGT) with a capacity of 1 KW (Fig. 5b) for do-
mestic use (design range 3.5 and 7 KW), has the following
characteristics [29]:

a) the largest rotor diameter — 550 mm, height —
850 mm;

b) the mass of the unit is 43 kg, the mass of the rotor
is 10.4 kg.

c¢) the line of contact of the active layer of the air
flow washing the hyperboloid is 1.6 times longer than
the similar line of the rotating cylinder of a rotary-type
wind generator with straight blades, and therefore, the

efficiency of the wind turbine will be higher in proportion
to the same value;

d) the total moment of inertia of the structure is deter-
mined as the sum of the products of the masses of mate-
rial points by the value of the square of the length of the
radius, that is

1= Zmn * an

whence it follows that the moment of inertia at rest
of the structure is at least twice less than the moment
of inertia of the rotating cylinder of a wind turbine with
straight blades, and, therefore, the required wind force at
the moment of the start of movement is two times less,
and also conditions of self-priming and self-support are
created as in helicoidal turbines;

e) the constructive structure of the working body,
combined with lightness, strength and balance, allows
the installation units (gearbox, electric generator, etc.)
to be placed inside the built-in volume, which reduces
the dimensions and weight of the entire installation as
a whole.

Thus, by installing PGT (Fig. 5b) on the roof ridge
(Fig. 2) of an individual residential building (next to so-
lar panels), we will get a duplicated system of its power
supply.

Many patents of the Russian Federation are devoted
to the production of water from atmospheric air [16—22].
However, from the point of view of the reliability of en-
gineering systems of buildings, in particular, the water
supply subsystem, the most effective is the use of a small-
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sized installation with a Venturi pipe (Fig. 6), which is
a device for obtaining water from atmospheric air and
generating electricity. The installation works as follows.
Atmospheric air enters the outer vertical cylinder 7 and
moves downward through the dry channel 9, cooling
due to contact with the cold wall of the inner vertical
cylinder 6 of the wet channel 10. Due to the evapora-
tion of water from the hydrophobic capillary-porous sur-
face 8 covering the inner side of the inner cylinder 6, the
temperature in the lower part of its cold wall drops to a
temperature close to the dew point temperature. In this
case, condensation of moisture vapor contained in the
atmospheric air occurs, drops of condensate of these va-
pors are collected on the droplet grid 12, and through
the moisture drain plates 13 the condensate flow enters
the water tank 14. A smaller part of this condensate is
pumped through the pipeline 11 to the upper part of the
hydrophobic surface 8 to wet it with water, and most of the
condensate from the water tank 14 is fed to the consumer
through the second pipeline for removing condensed fresh
water 15. The cooled air flowing around the plates 13 turns
and moves upward along the wet channel 10. Due to the
evaporation of water into the air from the moist hydro-
phobic capillary-porous surface 8, covering the inner side
of the inner vertical cylinder 6, the relative humidity of the
air approaches 100%. In this case, when the humidified air
moves along the wet channel 10, its mass increases and its
density decreases. Therefore, the pressure of moist air at
the exit from the wet channel 10 becomes lower than the
pressure of atmospheric air, which increases the vacuum
in the narrow section of the Venturi pipe 3. The increasing
difference in atmospheric air densities at the entrance to
the annular air nozzle 2 and in the narrow section of the
Venturi pipe 3 provides an increase in the speed of the
air flow in the dry 9 and wet 10 channels, and also leads
to an additional acceleration of the air speed into tube of
Venturi 3, that increase in the generation of electricity by
the electric generator 4 [22].

Thus, the use of the PGT design, which, in addition to
fresh water from the air, allows using a wind power plant
with a horizontal wind wheel and an electric generator to
also receive electricity, creates conditions for obtaining a
“triple power supply system” of an individual residential
building, as is customary at nuclear power plants [30],
i.e. with a probability of failure not higher than 10~7. This
means that over 100 years (8760 hours « 60 minutes «
100 years = 5.256 « 107 minutes), the permissible power
outage will be 5.3 minutes!

It is appropriate to compare the reliability of the exist-
ing system of centralized power supply of the residential
sector of cities and rural settlements, which is spelled out
by law in Article 38 of the Federal Law-35 “On Electri-
city” [31]:

“1. Subjects of the electric power industry that ensure the
supply of electrical energy to consumers of electrical energy,
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Fig. 6. Vortex water-wind power plant: 1 — air vane;

2 — stationary annular air nozzle; 3 — Venturi pipe;

4 — wind power plant with a wind wheel and an electric
generator; 5 — bearing; 6 — inner vertical cylinder;

7 — outer vertical cylinder; 8 — hydrophobic capillary-
porous surface; 9 — “dry” channel; 10 — “wet”
channel; 11 — irrigation water pipeline with a pump;

12 — drip grid; 13 — plates of condensed moisture
drain; 14 — water tank; 15 — fresh water outlet pipeline

including energy sales organizations, guaranteeing suppliers
and territorial grid organizations (within the limits of their
responsibility), are responsible to consumers of electrical
energy for the reliability of supplying them with electrical
energy and its quality in accordance with the requirements
of technical regulations and other mandatory requirements....

2. The basis of the system for the reliable supply of elec-
tricity to consumers is a reliable power supply scheme and
the fulfillment of all the requirements of the rules for the
technical operation of power plants and networks, as well
as the presence of specialized organizations on the retail
markets — guaranteeing suppliers” .

However, the Technical Regulations for the electric
power industry do not exist — there is only Order of the
Ministry of Energy of the Russian Federation of Octo-
ber 25, 2017 No. 1013 “On approval of requirements for
ensuring the reliability of electric power systems, reli-
ability and safety of electric power facilities and power
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receiving installations” Rules for organizing maintenance
and repair of electric power facilities “, in which there is no
specific value of reliability and safety for the system [32].
And the only document remains — GOST 32144-2013
[33], from which it follows (clause 4.3 Random events
“and subclause 4.3.1” Voltage interruptions “) that “Ac-
cidental voltage interruptions are divided into long-term
(duration more than 3 minutes) and short-term (duration no
more than 3 minutes). The annual frequency of long voltage
interruptions (lasting more than 3 minutes) largely depends
on the characteristics of the power supply system (primarily,
the use of cable or overhead lines) and climatic conditions. “
Therefore, taking into account the climatic conditions
and almost 25% of losses in the existing “cable or over-
head lines”, the minimum probability of a power outage
is allowed — 5.7 « 10~° (3 minutes / 8760 hours), and
the maximum — 1.0 « 103 (9 hours / 8760 hours), if we
take into account the following “permit for poor quality
supply of electricity” [33]: “A.2 Overvoltage. On average,
about 30 overvoltage’s are possible at the point of connection
per year. ... The level of such overvoltage’s with significant
non-symmetry of phase loads can reach the values of line
voltage, and the duration — several hours” (i.e. less than 10).
Thus, the reliability, safety and quality of power supply
of the proposed replicated autonomous engineering system
of an individual residential building (AES IRB) is at least
60 times higher than the centralized power supply of the
residential sector, and taking into account overvoltages
that are excluded in the triple system by nanotechnology of
their suppression [6—8] — 10 800 times higher in AES IRB.
Duplication of the water supply subsystem of the AES
IRB can be carried out with 4 domestic hydropanels
(Fig. 7a), each of which can generate up to 5 liters of water

per day. The hydropanel (heliothermal adsorption genera-
tor of atmospheric water) works on the principle of physi-
cal adsorption on a daily cycle: at night at a temperature
of 20°C or less, the air flow passes through a nanoporous
adsorbent (Fig. 7b), which selectively absorbs moisture
from the air, and during the day solar energy heats up
a selective screen, which transfers heat to the adsorbent,
moisture is released from it, which condenses on the cold
screen and flows from it into the collector [34].

It is advisable to organize the tripling of the engineer-
ing system of an individual residential building in terms
of water supply using the “AQUAMATIC” installation
(Fig. 8), in which air passing through an electrostatic
filter (1) enters the condenser (2), where it is cooled to
the dew point and the steam present in it turns into water.
The water flows into the water collection tray (3), and,
passing through the zeolite filter, enters the lower stor-
age tank. Here the water undergoes the first ultraviolet
sterilization. Then, the high pressure pump (4) pumps
water through the filter system (5) and it enters the upper
storage tank with a volume of 12.5 liters. (6), and from
it into the tank (7) of cold water (temperature 4—10°C,
volume 2 liters) and hot water (temperature 90—95°C,
volume 1.8 liters). The performance of the installation
(Fig. 8) depends on the humidity of the ambient air [35].

Calculations, by analogy with power supply, have shown
that the reliability, safety and quality of the proposed AES
IRB, in terms of water supply, is 10 000 times higher than
centralized water supply and heat supply for the residential
sector and 1000 times higher than borehole systems with
combined gas water heating devices (GWHD).

Consequently, the place of nature-like technologies,
alternative energy in particular, in the world energy sys-

Fig. 7. Hydro panels of “ITR UNISORB” LLC

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (1):
33-42

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

PROBLEMS OF USING NANOMATERIALS AND NANOTECHNOLOGY IN CONSTRUCTION

a
JJ%

28.5

25
22

18.5

10

0 35 40 50 60 70 80 90

2

Fig. 8. Block diagram and performance diagram of “AQUAMATIC”:
1 — Electrostatic filter, 2 — Condenser, 3 — Lower tank with zeolite filter, 4 — Pump, 5 — Filter system, 6 — Upper
water tank (12.5 L), 7 — Tanks: for cold water (2L, 4—10°C) and hot water (1.8 L, 90—95°C)

tems of various states, including in our country, becomes
obvious. And it will remain to carry out a comparative
analysis, but not the socio-economic efficiency of the
proposed approach, as is customary in modern economic
theories, but taking into account the self-organization of
the received benefits and the harm produced (public, col-
lective and private), that is, by the method of retro fore-
cast of socio-economic losses in society, from the point
of view of life safety (fire, environmental, etc.) [36, 37].
This will be done in a separate article and, it is perti-
nent to note that of all the unnatural-mathematical mod-
els of economics for which the Nobel Prizes in economics
have been handed out over the past 45 years, will be used
the method of intersectoral balance of a Russian scientist,
Nobel laureate, foreign member of the Academy Sciences
of the USSR Leontiev V.V., in the form of the Leontiev-
Ford model adapted for these purposes [39], together
with the models of retro-forecast of noosphere [38, 39].

CONCLUSION
An analysis of the directions and rates of development

of renewable energy in the world has shown that these
installations are unstable, low-concentrated and periodic
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