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ARCHITECTURAL TECHNIQUE
FOR SMOG ELIMINATION IN ALMATY

Abstract. The weather of Almaty is calm for more than 200 days a year, which results in a steady smog in an
urban environment. This phenomenon is associated with the terrain of Almaty. The increase in development density
and temperature inversion over the city, which prevents both horizontal and vertical air displacement. For this
situation of stagnant smog in valley the authors of the article propose architectural and town-planning techniques for
forced acration of the city territory. The article discusses their authorial projects using contrast zones, as well as
water properties to reduce the harmful effects of polluted air in Almaty and other cities.
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The problem of smog has been known for a long time. Millions of people on the planet get poisoned
from pollution every day! Millions of people die of smog every year. However, toxic substances in the
atmosphere continue to increase. Environmental pollution has penetrated the soil and water resources [1].
The existing biodiversity and of forest ecosystems has been diminished [2]. Scientists have been raising
alarm for the pending environmental disaster for several decades in a row.

Smog is the product of urban civilization; it covers many cities, including Almaty. According data of
the World Health Organization (WHOQ), almost 92% of the population on Earth lives in places with
polluted air [3]. It is associated with about 3 million deaths per year. The level of air pollution due to the
development of industry and vehicles has increased dozens of times from year to year. Referring to these
facts, Kazakhstan scientists come to the conclusion that European countries before the others began to
apply various environmental standards [4]. The high level of environmental pollution in Almaty was noted
compared with the world leaders in pollution [5].

The active growth of the city leads to an increase in development density, an increase in the number
of private cars and bus routes, and growth of private housing and high-rise residential compounds.
According to studies, 80% of Almaty's air pollution comes from motor vehicles. There are 800 thousand
cars in the city, which annually emit about 260 thousand tons of harmful substances into the air. The
studies also show CHP-2 and CHP-1, located within the city boundaries and buming coal and fuel oil are
the major reason for the formation of smog. In 2014, CHP-2 feed 32 880 tons of hazardous chemicals into
the atmosphere. The private sector, often heated by coal, makes an enormous contribution to air pollution
[6]. In February, a snapshot of a black curtain over Almaty was published in the article “One Day in the
Life of a Suffocating Planet” in The Guardian. In the article, journalist Chris Michael made a selection of
photographs of the dirtiest cities in the world [7]. “Today, our daily MPC is exceeded by eight times. All
day long, we are absorbing air that is hazardous when you are breathing it for more than half an hour™, -
says Pavel Alexandrov, the author of the airkaz.org website [8].

It seems like the mountain-valley circulation and the west-castward flowing wind directions flushes
toxic air out of the city. But in real the situation is quite different. The following key reasons result in such
a situation: firstly, the terrain of Almaty, which is located in the piedmont basin, delays the ventilation;
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secondly, the increase in the development density associated with the active growth of the city has
worsens the aeration of residential area; thirdly, the temperature inversion over the city, which not only
prevents the vertical displacement of air masses, but in addition it acts like a screen and throws the entire
torch of hazardous substances back to the ground, increasing their concentration on the surface of the
atmosphere multiple times. Thus, we can assume that residents of Almaty live in a tightly closed container
filled with toxic gas.

Inadequate registration of the aeration mode is one of the problems of today’s urban planning.
Employees of the newly established «AlmatyGenPlan» Research Institute deem it necessary to address
this problem. The results of the theoretical studies and researches conducted by Institute are reflected in
the reports and articles [9-12]. Institute is trying to find out the options for financial opportunities for the
further scientific research for the improvement of the air environment in Almaty, the implementation of
experimental design and subsequent practical application of the results in urban design and development.

It is known that urban development makes significant changes in the wind pattern. Hence it appears
that aeration is a controlled process. Consequently, the task is to conduct an in-depth study of the depen-
dence of the velocity and direction of movement of air currents in the territory of the projected develop-
ment on the relative position of buildings and their location in relation to the winds. The geographical
position of Almaty and its development forms more than 200 days a year of calm weather, which results in
smog stagnation. Thus, in order to disperse this stagnant air, it is first necessary to create conditions for the
wind generation, which in turn will provide the city with forced aeration.

Consider town planning methods of wind flows generation. The simplest ones are the creation of
contrasting zones in the building, such as “water-land”, “sun-shadow”, “cold-heat”, “black-white”, “oasis-
desert”, “open-closed spaces™, “low - high pressure zones”. In this, formation of various “transitional”,
“connecting” spaces between them in the form of through openings, arches, terraces, courtyard, and
supported buildings, is important. This will ensure the flow of air masses, and transformation of negative
environmental factors, such as intense insulation, high wind velocity, into positive ones. In some cases,
they can be enhanced, while in other situations they can be reduced, depending on the goal.

Contrast zones ensure non-uniform heating of the underlying surface, which creates an uneven
distribution of atmospheric pressure, due to which air masses are displaced. The air masses movement
occurs in the direction from high to low pressure. The greater the pressure difference, the faster the air
moves, the stronger the wind. It should be noted that there is also feedback - the long-term air movement,
which transports some air from some districts to another, affects the difference in atmospheric pressures in
these districts.

Today, many demand to eliminate high-rise buildings in Almaty for the aeration of the city. But does
a high-rise building always prevent the city from airing? The authors of this article believe that it all
depends on their design. High-rise buildings not always hinder acration, but if designed properly also can
initiate the movement of the air flow and can also act as filter (figure la, 1b). This can be achieved by
creating an atrium inside a building, in accordance with Bernoulli’s law - this will draw air currents from
the surrounding territory pushing them up, and turning carbon dioxide into oxygen using a specially
developed technology that has already been tested and licensed [13].
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Figure 1a — Design of "Tau Samal" multifunctional residential complex at the intersection of Zhandosov and Navoi Streets.
Changes in the aeration of the central building, depending on the upper floor structure of the atrium
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Figure 1b — Design of "Tau Samal" multifunctional residential complex at the intersection of Zhandosov and Navoi Streets.
3D image of a residential building

This technique that was proposed in Tau-Samal pilot project at the intersection of Navoi and
Zhandosov streets, created under the authorship of the candidate of architecture, L. Rakhimzhanova
(figure la, 1b). Preliminary studies have shown that this method will work even with zero wind levels at
ground level. However, to determine more accurate atrium proportions, a special calculation of
atmospheric physicists is needed in order to avoid uncomfortable human stay when air flows through the
building and its surrounding territory.

Virtually any through atrium creates an updraft. But our project, as noted above, transforms the air
quality: in the process of pushing it up, it purifies it using specially developed technology, turns carbon
dioxide into oxygen, and also generates additional energy.

The Tau Samal project has also used water properties to improve air quality. An artificial channel
created would be filled from Big Almatinka River and flowed by gravity through the center of the resi-
dential complex, sometimes even flowing it into the interiors of buildings. In addition for comfortable
conditions the water was intended to create a variety of visual and psychological effects. The channel
would play a public and social role, being the core of various social and youth activities.

The role of water in the e¢limination of smog in urban environments is enormous. It cleans the air
pool, improving air quality [14]. Moreover, it performs two fundamental functions, namely: 1) a modifier
of the external environment able to transform negative factors into positive ones; 2) a source of comfort
and (figure 2).

Depending on the relief of the underlying surface, water changes the speed and direction of the wind.
Its abilities to absorb, refract, disperse environmental factors (sun, wind) depending on its thickness,
texture, position in space, allowing to regulate low and high pressure zones, which in tum contributes to
the wind strength for aeration of the territory. Water properties of being still, falling, splashing, cascading,
allow for its use as screens and barriers in improving microclimate. At the same time, its properties vary
depending on the position of water surfaces in space: to be vertical, inclined, to serve as the upper screen
or middle screen inside streets, centers and complexes. The authors refer to water screens as “shielded
systems”.

Ability of water to improve air environment of the most polluted district of Tastak were proposed for
the entertainment and business center on Lake Sairan (figure 5, 6). This is another project with an atrium,
but of a spherical shape, inscribed in a conical one. Here, the use of water has been fully developed. First
of all, for the most part it bases directly on the water; it has an underwater part with a museum and a
surface part with various water effects.
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Figure 5, 6 — Entertainment and Business Center on Lake Sairan
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Noteworthy is the fact that the projected center had various fog and cloud-forming installations
(figure 7), which were already proposed to be used in the urban environment in the dissertation of
Rakhimzhanova L.Sh. back in the 80’s, where various nozzles and water curtains were carefully studied in
industrial workshops [14]. Today, the use of some nozzles can already be seen in street restaurants of
Almaty to provide a cool microclimate on hot days.
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Figure 7 — Examples of the use of fog for the elimination of Figure 8 —
smog in the urban environment Water-drip curtain project of Serik Burkutbvayev

There are other suggestions for Almaty in using water to eliminate smog, for example, the Alma-
sagyn water cascades project (A/ma is Almaty, as is pouring, and agun is water) by Serik Burkutbvayev,
Doctor of Physics and Mathematics (figure 8). This is something like a Roman aqueduct, from where a
water droplet curtain forms, drops (asagyn) are dripping and water is naturally sprayed in the air [15].

It should be mentioned that today China began to use fog guns to purify its cities from smog [16].
These mechanisms are installed on machines that are commonly used to combat dust in factories and
construction sites (figure 9). As is well known, China took up a serious fight against smog and intends to
spend $277 billion to do it. Sprinklers are going to be installed on high buildings in Chinese cities, which
are able to suppress smog and bring the level of hazardous e¢lements in the atmosphere to the recom-
mended level in just a few hours (figure 10).

Figure 9 — Fog Guns Figure 10 — High-Rise Sprinklers

The authors of this article from AlmatyGenPlan are aware of projects to purify the air basin of
Almaty and of other authors of the world, in connection with which they intend to unite uncoordinated
scientific forces and make air in Almaty other cities clean. The strong established mechanism of the
country in the field of engineering will be useful to combine with the developed concepts such as air
ozonation [17], air purification and disinfection systems of tenre-aerolife LLP [13], as well as artificial
creation of clouds and fogs.

The results of the research presented in the article can be used in the development of the master plan,
the development of detailed plans, as well as in the development of regulatory and technical documents in
the field of urban planning, architecture and construction of Almaty.
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AJIMATBIHBIH TYTIHTYMAHBIH COVJIETTIK
KOIO AMAJIJIAPBI

AnHoTammst. AnMaTbina SkbUTbIHA 200 TOYIIKTEH apTHIK YaKbIT OOMbBIHA JKEICI3 THIMBIK aya-paibl OpHA,
KaJaJblK OPTaza TYPAKThI TYTIHTYMAHIbI KANbIITACTHIPAABI. Bya KyObUTBIC AnMAaThI KaJachIHBIH Kep OcaepiHe,
KYPBUIBIC Cay THIFBI3ABIFBIHBIH APTYHI KOHE KAIAHBIH YCTIHACTI TEMIIEPATYPA HHBEPCHUSCHIHBIH YIFAFOBIMCH THIFBI3
OalIaHBICTHI 00BN TAOBLTAIBL, OYJT JKaMIap aya MaCCACHIHBIH KOACHCH *KOHC TiK KO3FAIBICHIHA KCACPT1 KEATIPE i
TybmHgaraH karmalifa OAHIAHBICTHI, MAKAJAHBIH ABTOPIAPHI KAJNAHBIH ayMAFbIH MOKOYPJCH JKCAACHAIPY YIOiH
COYIICTTIK- Kajla KYPBUIBICTHIK aMaJxgapAbl YCHIHAABL Makanaaa KOHTPACTTHIK aHMAKTapabl, COHmAH-aK AJMAarhl
KAJACBIH/IA TA3/IaHFAH ayaHbIH 3USH/BI 9CEPIICPiH KO0 YIIIH CYABIH KACHETTEPIH MAHIATaHATHIH OJAPIBIH ABTOPIBIK
sk00aIapsl KApacTHIPHLIAIBL.

Tyiiin ce3aep: coyner, TYTiIHTYMAaH, aspaums, atMocdepa PU3NKaCHL..
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APXUTEKTYPHBIE IPUEMBI SJIUMUHA IIAA
AJIMATHHCKOI'O CMOT'A

Annoramust. B Anvatsr 6onee 200 mrel B rogy Oe3BeTpeHHAs MOroaa, Ito (POPMHUPYET YCTOHUMBEI CMOT B
TOPOACKOH Cpeac. 3TO SABICHHE CBA3AHO C Peibe()OM MCCTHOCTH AJIMATHI, YBCITHUCHHCM IDIOTHOCTH 3aCTPOMKH H
TEMIECPATYPHOH HMHBEPCHEH HAA TOPOAOM, YTO HPEHATCTBYET KAK TOPH3OHTAIBHOMY, TAK H BEPTHKAIBHOMY
MEPEMCIICHHIO BO3AYIIHBIX Macc. B CBA3M ¢ CO3AABINCHCA CHTYAUMEH aBTOPBI CTATHH MPEMUIATA0T APXUTCKTYPHO-
TPagOCTPOUTENbHBIC MPUEMBI IPHHYAUTCIBHOTO MPOBETPHBAHMA TEPPUTOPUH ropoda. B craTee paccMaTpHBArOTCA
HUX aBTOPCKHUC MPOCKTHI, HCTOJIB3YKINIHEC KOHTPACTHBIC 30HBI, A TAKKE CBOMCTBA BOABI U MOTAICHHUA BPCOHOTO
BO3ICHCTBHSA 3ara30BAHHOTO BO3AYXA B AIIMATHI H APYTHX TOPOJaAX.

KmoueBnie Cj10Ba: apXHTCKTYPA, CMOT, a3pauud, (u3nka atMocepsl
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