
WASTE 

FORUM 
 

ELECTRONIC PEER-REVIEWED JOURNAL ON ALL TOPICS 
OF INDUSTRIAL AND MUNICIPAL ECOLOGY 

 

RECENZOVANÝ ČASOPIS PRO VÝSLEDKY VÝZKUMU A VÝVOJE 
Z OBLASTI PRŮMYSLOVÉ A KOMUNÁLNÍ EKOLOGIE 

 

YEAR 2020              No. 1 

Pages 1 – 60 

 

 

 

Patron od the issue / Patron čísla 

 

WASTE MANAGEMENT FORUM 

ODBORNÝ MĚSÍČNÍK PRO PRŮMYSLOVOU A KOMUNÁLNÍ EKOLOGII 

MONTHLY JOURNAL FOR INDUSTRIAL AND MUNICIPAL ECOLOGY 

www.odpadoveforum.cz 

 

© Czech Environmental Management Center 2020 



Patronem tohoto čísla je ODPADOVÉ FÓRUM – odborný měsíčník pro průmyslovou a komunální ekologii (www.odpadoveforum.cz) 

   WASTE FORUM 2020, číslo 1, strana  2 

OBSAH / INDEX  

Úvodní slovo šéfredaktora / Editorial 3 

Pro autory / For authors 4 

Consequences of the application of municipal sewage sludge with risk elements 
content for the agricultural utilization 
Následky aplikace městkých odpadních kalů obsahujících těžké kovy v zěmědělství 
Gábor GULYÁS, József RÁDI, Viktória PITÁS, Endre DOMOKOS, Árpád KÁRPÁTI 

5 

Assessment of some indices of environmental sustainability of transport in 
Tashkent 
Posouzení některých ukazatelů environmentální udržitelnosti dopravy v Taškentu 
Maria RADKEVICH, Kamila SHIPILOVA, Natalia MYAGKOVA, Malokhat 
ABDUKODIROVA, Abdusamin GAPIROV 

16 

System improvement of protection of employees against ionizing radiation from 
orphan sources in scrap metal collection facilities 
Zkvalitnění ochrany zaměstnanců před ionizujícím zářením z opuštěných zdrojů 
v zařízeních určených pro shromažďování kovového šrotu 
Martin JAKUBČÍK, Eleonóra BENČÍKOVÁ, Júlia MIHOKOVÁ JAKUBČEKOVÁ, 
Miroslav TOMEK* 

33 

Identifikace nelegálních skládek metodami dálkového průzkumu Země 
Identification of illegal dumps by remote sensing methods 
Zdeněk SUCHÁNEK, Jiří VALTA, Jaroslav ŘEŘICHA, Jan KRHOVSKÝ 

45 

ODPADOVÉ FÓRUM 60 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WASTE FORUM – recenzovaný časopis pro výsledky výzkumu a vývoje pro průmyslovou a komunální ekologii 
ISSN: 1804-0195; www.WasteForum.cz. Vychází čtvrtletně. 
Vychází od roku 2008, od roku 2017 je indexován v databázi SCOPUS.. 
Ročník 2020, číslo 1 
Vydavatel: CEMC – České ekologické manažerské centrum, z.s., IČO: 45249741, www.cemc.cz 
Adresa redakce: CEMC, ul. 28. pluku 524/25, 101 00 Praha 10, ČR, fax: (+420) 274 775 869 
Šéfredaktor: Ing. Ondřej Procházka, CSc., tel.: (+420) 723 950 237, e-mail: prochazka@cemc.cz 
Redakční rada: Ing. Vratislav Bednařík, CSc.; doc. Ing. Vladimír Čablík, Ph.D.; prof. Dr. Ing. Miroslav Černík, CSc.; prof. Ing. 
Tomáš Havlík, DrSc.; prof. Ing. František Hrdlička, CSc.; Ing. Slavomír Hredzák, CSc.; doc. Ing. Emília Hroncová, PhD.; prof. 
Ing. Dagmar Juchelková, Ph.D.; prof. Ing. František Kaštánek, CSc.; prof. Ing. Mečislav Kuraš, CSc.; prof. Mgr. Juraj 
Ladomerský, CSc.; prof. Ing. Petr Mikulášek, CSc.; prof. Norbert Miskolczi; prof. Ing. Lucie Obalová, Ph.D.; Ing. Miroslav 
Punčochář, CSc., DSc.; Ing. Klára Slezáková, PhD.; Ing. Lenka Svecova, Ph.D.; doc. Ing. Miroslav Škopán, CSc.; prof. Ing. 
Lubomír Šooš, PhD.; prof. dr. hab. inž. Barbara Tora. 
Web-master: Ing. Vladimír Študent 
Redakční uzávěrka: 8. 1. 2020. Vychází: 18. 3. 2020 



Maria RADKEVICH, Kamila SHIPILOVA, Natalia MYAGKOVA, Malokhat ABDUKODIROVA, Abdusamin 
GAPIROV: Assessment of some indices of environmental sustainability of transport in Tashkent 

Patronem tohoto čísla je ODPADOVÉ FÓRUM – odborný měsíčník pro průmyslovou a komunální ekologii (www.odpadoveforum.cz) 

   WASTE FORUM 2020, číslo 1, strana  16 

Assessment of some indices of environmental 
sustainability of transport in Tashkent 

Maria RADKEVICHa*, Kamila SHIPILOVAa, Natalia MYAGKOVAa, Malokhat 
ABDUKODIROVAa, Abdusamin GAPIROVb 

a Tashkent Institute of Irrigation and Agricultural Mechanization Engineers, 
39 Kary – Niyoziy str., 100000 Tashkent, Uzbekistan,  
* e-mail: maria7878@mail.ru 

b Tashkent Institute of Design, Construction & Maintenance of Automotive Roads, 
20 Amir Temur str., 100000 Tashkent, Uzbekistan  

 

Abstract 

The aim of the study is to find an answer to the question of environmental sustainability of transport in 
Tashkent by 2030. The OECD targets for 2030, which establish an allowable increase in emissions 
compared with 1990, are accepted as evaluation criteria. The analysis of changes in the structure of 
public transport, level of its electrification, growth rate of personal cars is carried out.  Official data 
examination shows that, in general, the environment – friendly class of vehicles has increased. At the 
same time, calculations show that toxic and greenhouse gases emissions have increased and continue 
to grow due to an increase in total number of cars and poor electrification of vehicles (31% for public 
transport). Compared with the 1990 level, total emissions of automobile transport in Tashkent increased 
by 541.4%, greenhouse gas emissions by 436%. Studies have shown that the current state of the 
Tashkent transport system is not sustainable. To achieve sustainability, the transport system of the city 
needs major changes, in particular, the development and electrification of public transport. 

Keywords: transport sustainability, automobile transport, environmental indices, air pollution 

 
1. Introduction  

Sustainability has recently been a major development area in many countries. The concept of 
sustainable development was the logical outcome of the greening (ecologization) of scientific knowledge 
and socio – economic development, which rapidly began in the 1970s. 

The concept of “sustainable transport” is not included in the list of UN Sustainable Development 
Goals (SDG), however, the SDG such as Industrialization, Innovation and Infrastructure (SDG 9), 
Sustainable Cities and Settlements (SDG 11), and Combating Climate Change (SDG 13) are directly 
related to the transport system state. The term “sustainable transport system” is widely used when 
discussing sustainable development issues. 

In the Republic of Uzbekistan in recent years increased attention has been paid to ensuring 
sustainability. Our paper aim at answering the main question: is it possible to ensure transport stability in 
the capital of Republic of Uzbekistan, Tashkent, by 2030 under the current conditions of development? 

There are various definitions of a sustainable transport system, for example: 

1) sustainable transport is a transport that is able to satisfy society’s mobility needs in such a way 
that it is the least harmful to the environment and does not harm the mobility needs of future 
generations [1]. 

2) sustainable transport system is a system in which fuel consumption, vehicle emissions, safety, 
traffic holdups and social and economic access have levels that can persist for an uncertain future 
without causing irreparable harm to future generations around the world [2]. 

3) sustainable transport is trying to solve the issues of economic development, environmental 
protection and social justice of present and future generations [3]. 
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Although there is still no acknowledged definition of sustainable transport, most researchers 
recognize three dimensions of sustainability: economic, environmental, and social ones. Ecological 
sustainability of transport is ensured by reducing the negative impact on the environment.  

Despite the great number of studies conducted in the field of determining transport sustainability, 
there is no generally accepted strategy for determining the sustainability criteria. As a rule, various 
researchers describe arbitrarily selected criteria in the context of their own country or individual city [4, 5, 
6, 7]. One of the most extensive studies in the field of transport sustainability, covering 35 different 
countries, was conducted by Michael Eva [8]. The study is devoted to the analysis of the carbon footprint 
of transport in the countries under consideration. 

The economic dimension in transport takes into account the productivity of resource use, its 
contribution to country’s economy and the satisfaction of economic needs of population. Transport 
services not only contribute to economic growth through the production of vehicles, fuel production and 
the provision of transport infrastructure, but also expand the scope of business activity of population. 
Literature sources on developing countries have shown that although transport is not a panacea for 
poverty, it provides an increase in agricultural production, access to markets and basic services [9]. 

The transport sector is governed by social changes. For example, a growth in prosperity leads to an 
increase in the purchasing power of the population, to the opportunity of acquiring vehicles in personal 
ownership. On the other hand, unreasonable planning of transport system can lead to undesirable 
consequences in the field of social relations [6]. In particular, the priority of highway development over 
public transport has an unfair effect on low – income population. In cities of many developing countries, 
poor families sometimes spend up to 20 % of their income on transport, while the average family does 
not need even half this amount for their transport needs [4, 6]. 

The environmental dimension of transport is connected to the use of renewable resources and 
a friendly environment for present and future generations. Transport contributes significantly to 
environmental pollution. Worldwide, the transport sector accounts for 14 % of greenhouse gas emissions 
[10]. Traffic noise during transportation is also considered one of the main factors in environment quality 
deterioration [11]. In addition, it is necessary to analyze the use and suitability of the space. Cars take up 
much more space on the streets than buses or bicycles that can carry an equivalent number of 
passengers. 95% of their service life, cars usually stand motionless, 40 % of cars remain in their parking 
space during the day [12].  

The environmental impact of transport should be regularly monitored, since in the absence of control 
it can become so significant that it will begin to impede economic and social functions of transport 
systems [13]. 

Sustainability analysis covers both positive and negative aspects of transport system. A sustainable 
transport system makes a compromise between the positive aspects (the benefits associated with the 
transportation) and the negative factors (that is, the negative external effects of transport) in the short 
and long term. 

 

 

2. Materials and methods 

To get an answer to the main question of this study, it is necessary: 

1. Assessment of transport sustainability in the Republic of Uzbekistan, as a whole. 

2. Analysis of some indices of transport sustainability in Tashkent 
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2.1. Assessment of the current state of transport in the Republic of Uzbekistan 

The Republic of Uzbekistan occupies one of the leading places in the Central Asian region in 
industrial and agricultural production. The Republic has a developed transport network, in particular, the 
highest density of road networks in Central Asia, amounting to 41 km per 100 km2. For comparison: in 
Tajikistan the road density is  –  19.4 km per 100 km2, in Kyrgyzstan  –  17 km per 100 km2, in 
Kazakhstan  –  4.7 km per 100 km2, in Turkmenistan  –  2.8 km per 100 km2. 

The presence of our domestic automotive industry ensures a constant increase in motorization. 
Already in 2013, Uzbekistan with an index of 67 cars/1 000 inhabitants was ahead of China and India (49 
and 11 cars/1000 inhabitants, respectively). Today Uzbekistan (83 cars/1000 inhabitants by data of JV 
“Uzavtosanoat”) is ahead of India (39 cars/ 1000 inhabitants; in the USA this index is 875 cars, in Russia  
–  357, in Belarus  –  320, in China  –  148, in Turkey – 145 [14]. 

Experts note that over the years of independence, the availability of personal vehicles in the republic 
has grown by 2.4 times. According to their forecasts, the growing demand for cars is associated with 
accelerated growth in middle – class incomes. 

According to JV “Uzavtosanoat” (“Uzbekistan auto industry”), more than 63% of cars produced in the 
republic are sold in the domestic market. The following car brands are currently in operation: sedans  –  
Nexia, Lacetti, Malibu, Gentra, Epica and Cobalt, subcompacts  –  Tico, Matiz and Spark, off – road 
vehicles  –  Captiva and Tracker, minivan Orlando and minibus Damas. The production volume in the 
automotive industry of Uzbekistan is growing at an average of 10 % per year. The goal of JV 
“Uzavtosanoat” (published by the media) is to bring the motorization level to 237 cars per 1000 
inhabitants in 2025. 

Road transport is the most developed and in demand, but it is also the most problematic in terms of 
“sustainability”. According to [15, 16], the main problems for Uzbekistan, as a whole, are: 

1) insufficient level of accessibility of road transport services for the population. This is primarily due to 
the density and quality of roads. Many regions have areas poorly or insufficiently provided with public 
transport [15]. 

2) poor provision of the population with public transport: on average, 2.3 licensed buses for 10 thousand 
people (while, for example, in Russia this figure is 11.7). At that, the provision of public transport is 
very uneven in the regions of Uzbekistan. The highest index is in Tashkent: 5.8 buses and 4.8 
minibuses per 10 thousand people. The lowest bus provision is in Surkhandarya region (1.1), and 
minibus provision in Fergana (0.1), Surkhandarya (0.2) and Samarkand (0.3) regions [16]. According 
to the State Statistics of the Republic of Uzbekistan, the share of the population with convenient 
access to public transport is 84.9 % [17]. 

3) severe depreciation of the car fleet: the average age of the buses is 9.7 years, and the depreciation of 
the bus fleet is 46 % [16]. 

Thus, in Uzbekistan, the private transport sector is actively developing, while the availability of public 
transport is at a low level. It can be assumed that this situation reduces the availability of transport for the 
poor, whose share in Uzbekistan is 11.4 % [17]. 

 

2.2. Transport sustainability analysis in Tashkent 

For the capital of the Republic – the Tashkent city – the problems of transport sustainability are 
particularly acute ones, since about 40% of all vehicles of the Republic are concentrated in the capital 
(431 398 units of personal cars only in 2018 – according to the data obtained by the authors through an 
official request to Tashkent Road Safety Administration). Considering that in 2018 the number of 
inhabitants in Tashkent was 2 497.9 thousand people, it can be easily calculated that the level of 
motorization in Tashkent already reached 173 cars per 1 000 inhabitants in 2018, which is 2.08 times 
higher than the average value in Uzbekistan.  



Maria RADKEVICH, Kamila SHIPILOVA, Natalia MYAGKOVA, Malokhat ABDUKODIROVA, Abdusamin 
GAPIROV: Assessment of some indices of environmental sustainability of transport in Tashkent 

Patronem tohoto čísla je ODPADOVÉ FÓRUM – odborný měsíčník pro průmyslovou a komunální ekologii (www.odpadoveforum.cz) 

   WASTE FORUM 2020, číslo 1, strana  19 

As an object of this study, Tashkent is characterized by a large population density (2 554.9 thousand 
people) and a high density of industrial and transport facilities (industrial and transport lands account for 
66 % of the total area of the city [17]). The territory of Tashkent (Figure 1) is divided into 11 
administrative regions with different lengths of road – transport network and construction density. 

The available data from the State Statistics of the Republic of Uzbekistan were used as materials for 
studying environmental indices of transport sustainability in Tashkent; as well as information published in 
regulatory documents, in the open press and on the websites of various organizations on the number 
and rate of population growth, the nature of development, the structure and number of Tashkent 
transport fleet. 

Atmospheric air of the city of Tashkent in terms of the pollutant amount is at the level of regulatory 
requirements and generally complies with sanitary standards. The concentration of nitrogen dioxide in 
1991 exceeded the standard by 2.5 times, as for the current period it is almost within the norm, with 
individual excesses up to 1.2 times. According to Uzhydromet (Uzbek hydrometeorological center) data, 
the air pollution index (API) of Tashkent in recent years is at the level of 3.3  –  3.6 (Figure 2), which 
corresponds to a low level of pollution [18]. 

 

 

Figure 1: Tashkent city plan 
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Figure 2: Diagram of changes in the air pollution index in Tashkent  
(based on the materials by Lana Tskhai [18]): 

API < 5 – low pollution, API = 5 ... 6 – relatively high pollution; API = 7 ... 14 – high pollution, 
API > 14 – very high pollution 

 
According to Uzhydromet data [19], in 2019, of all districts of the city, the highest excesses in nitrogen 

dioxide were recorded in the Yashnabad district  –  2.5 MPC (maximum permissible concentration). By 
the amount of excesses, the most polluted areas of Tashkent city are Chilanzar and Mirabad districts, 
and the least polluted is Yakkasaray district. 

About 400 thousand tons of pollutants are discharged into the air of the city annually from industrial 
enterprises and vehicles – 14 % of the total gross pollutant emission in the republic. The motor vehicles 
accounted for 97 % of emission in 2018 [19]. This situation is typical for all large cities, where emission 
from road transport account for 80 – 99 % of the total amount of pollutants emitted into the air basin. 

 
2.3. Environmental sustainability research methods 

The methods for determining the indices of transport sustainability somewhat differ in the studies by 
different authors; they are based on the ordinary quantitative assessment [5, 6, 19, 20, 21, 22, 23], and 
on the determination of relative indices by empirical formulas [8]. As the method we have used the 
approach to determine some indices of the environmental sustainability of transport, proposed by the 
OECD in 1999 [19, 21]. The indicated quantitative target indices are oriented towards environmentally 
sustainable transportation. To solve a wide range of tasks related to the transport impact on health and 
the environment, six minimally necessary criteria were established. They aim to provide long – term 
protection for ecosystems, human health and valuable resources. 

These quantitative criteria imply that transport can be characterized as environmentally sustainable 
target up to 2030 under the following conditions [21]: 

• CO2: total emission from transport should not exceed 20% of total CO2 emission in 1990 (European 
Environment Agency sets another 2030 transport target: 8 % increase in greenhouse gas emissions 
from transport compared with 1990); 

• NOx: total emission from transport should not exceed 10% of the emission level in 1990; 

• VOCs: VOCs should not exceed 10% of the emission level in 1990, 

• particulate matter: depending on local and regional conditions, particulate emissions in transport 
systems should be reduced by 55 – 99%; 

• Noise: the noise level should not exceed 55 – 65 decibels in the daytime and 45 decibels at night and indoors; 

• Land use: compared with 1990’s data, it is necessary to reduce the share of land allocated for 
transport. 
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The methods of Moscow Atmospheric Research Institute (MARI) and European Environment Agency 
(EEA) were used to estimate motor vehicle emissions, taking into account the type and environmental 
class of vehicles and the type of fuel [24, 25]. 

To carry out an analysis of sustainability indices in Tashkent is very difficult due to the inaccessibility 
of reliable statistics on the number and characteristics of vehicles. Therefore, the study could only be 
done on some indices. 

 

3. Assessment of some indices of transport environmental sustainability 
in Tashkent 

3.1. Assessment of emissions of automobile transport in Tashkent 

As mentioned above, for a complete analysis of transport sustainability indices in Tashkent, there are 
not enough data available. We have estimated emissions of toxic substances and greenhouse gases, 
and the land use. Besides, the degree of electrification of public transport was assessed, which is not 
included in the OECD indices, but is considered by some researchers [6] as one of the criteria for 
transport sustainability. 

To assess the transport environmental sustainability in Tashkent, it is necessary first of all to study the 
growth rate and structure of the motor transport fleet of the Republic of Uzbekistan. 

Figure 3 shows graphs of growth in the level of motorization and the population of Tashkent.  

You can see that the growth rate of the level of motorization is higher than population growth. A 
particularly strong discrepancy in growth rates has been observed since 2014. 

The change in total number of personal cars is shown in Figure 4. At present, by data of Main 
Department of Internal Affairs of Tashkent the number is 494 403 units (as of January 2018 – 431 398 
units). The total number of vehicles in the capital is approximately 700 thousand units. 

As was already stated, one of the main indices of transport sustainability is the quality of the 
environment. The quality improvement of urban air can be achieved in two ways: the use of alternative 
fuels and the use of electricity to propel the transport vehicles. 

 

  
Figure 3: Graphs of population growth and the number of cars in Tashkent 

(the dotted line shows the predicted values) 
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Figure 4: The graph of changes in the number of personal cars 

 
According to Uzhydromet data for 2015, when monitoring atmospheric pollution, it turned out that the 

number of cases of exceeding the maximum allowable concentrations (MAC) of toxic pollutants in 
Tashkent amounted to 10 % of the total number of observations over the previous two years, which 
corresponds to a reduced level of atmospheric pollution. This can be explained by the appearance of 
modern cars, the transition to gas fuel, the optimization of traffic, the widening of main streets, the 
construction of ring roads and a number of road junctions and overpasses, and the renewal of the city’s 
passenger transport fleet. Despite the fact that the specific average emissions per one vehicle for the 
period of 1991  –  2018 decreased by 2 times and the share of cars with increased toxicity decreased 
from 16 % to 6.0 %, the total volume of pollutant emissions from vehicles increased to 2.8 times due to 
increase in car number [18]. Uzhydromet data do not account for greenhouse gases effect. Therefore, 
we have determined the carbon emission index by calculation, taking into account the structure of 
transport fleet of Tashkent city by types and environmental classes of cars. 

The necessary initial data (Table 1) to assess the emission mass were obtained through own studies 
of the authors, a survey of car owners, analysis of available documents and publications [26, 27, 28, 29]. 

 

Table 1: Initial data to calculate motor vehicle emissions in Tashkent 

Index  1990 2019  

Number of cars in Tashkent 193 thousand units  700 thousand units 

Average annual mileage  15 thousand km/year   24 thousand km/year   

Environmental classes of cars: 

Euro – 0 and lower 

Euro – 3 and higher 

 

100 % 

 –  

 

7 %  

93 % 

Cars in types of fuel: 

Petrol 

Gas  

Diesel oil 

 

95 %  

0 % 

5 % 

 

70 %  

28 % 

2 % 
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Calculations of toxic substances and greenhouse gases emissions were carried out according to the 

MARI method [24] (established for the cars run in the CIS countries), and calculations of particulate 
matter were carried out according to the method given in [25]. 

These methods are based on the value of mileage emissions for each type of vehicle. When 
determining emissions of vehicles during movement in settlements, the formula from [24] was used: 

Mij = Σmij ·Lj , t 

where mij is the mileage emission of the i – th pollutant by a j – type car while driving on city streets 
and roads, g / km (the mileage emissions for gaseous pollutants are taken from [24], for particulate 
matter from [25]);  

Lj is the total annual mileage of j – type cars when driving on city streets and roads, million km / year. 

Calculation results are given in Table 2. 

 

Table 2: Automotive emissions in Tashkent in 1990 and 2019 [Authors] 

Pollutant Emission mass, t/year Emission ratio in 
2019 and 1990, % 

1990 2019 

СО 66 000 62 381.2 94.5 

VOC 11 290 5 369 47.55 

NOx 4 343 4 727.8 108.8 

N2O 15 786.8 520.5 

NH3 6 1 094.8 182.5 

SO2 113 463.4 410 

Pb 113 36.4 32.2 

CO2 632 550 3 849 209 436 

NMVOC 109 26 4 697 42.98 

CH4 365 670.6 183.7 

PM 38.4 39.8 103.6 

Total 7 257 594 3 929 476 541.4 

Thus, from Table 2 it is seen that in general, there is not a decrease, but a strong increase in 
emissions from vehicles. Thus, not a single criterion adopted for assessing transport sustainability in 
Tashkent reaches the required indices. 

Since 2008, in pursuance of the Environmental Action Program of the Republic of Uzbekistan for 
2008  –  2012 the transition to gas fuel (methane and propane) has begun [15]. Figure 5 shows the 
changes in car fleet in Tashkent in the period 2008 – 2018 and the corresponding increase in CO2 
emissions. It can be seen that despite the decrease in number of Euro – 0 cars, the growth rate of CO2 
emission is steadily increasing. 
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Figure 5: Change in increase in CO2 emissions from cars and the number of cars of 

different environmental classes [Authors] 

 

Observations made on the streets of Tashkent revealed that the number of cars with a minimum 
engine capacity (0.8 – 1 l) in the traffic flow is 15.9 %, with a maximum capacity (2.5 – 3.5 l) – 10.2 %, 
the rest of the traffic (71.25 %) are the cars with an engine capacity of 1.4  –  1.6 l. Accordingly, the 
average fuel consumption is high, amounting to 9.12 l/100 km [29]. The number of powerful cars 
(unreasonably used in urban conditions) increases the amount of harmful emissions into the 
atmosphere. Unfortunately, the ambitions of car owners who want to have a “prestigious” car impede the 
process of minimizing emissions. 

The streets of Tashkent are characterized by high traffic. The main streets and major intersections are 
overloaded. According to [30], the traffic on Aktepa Square is 10 500 cars per hour with a calculated 
traffic of 8000 cars (1.3 times exceeding), at the Rustaveli – Mukimi junction – 11 500 and 6 000 (1.92 
times exceeding), and on Bunyodkor – Mukimi – 8 500 and 6 000 cars (1.4 times exceeding), at the 
intersection of Sagban str. and the Small Ring Road, 12 000 cars per hour with the normative 5 400 (2.2 
times exceeding). Observations of urban traffic on – line (interactive maps 
https://kartologia.ru/karta/tashkent#yandexmaps – scheme) show that the speed of traffic flows is 
distributed unevenly: in the central part of city due to frequent traffic congestion, the average speed does 
not exceed 25 – 30 km / h, in the area of the Tashkent ring road the average speed is 45 – 50 km / h. In 
the evening rush hours, the average traffic congestion intensity in the city is up to 7 – 8 points on a 10 – 
point scale (Figure 6). The average bus speed is 21 km / h outside rush hours and 16.9 km / h during 
rush hours [30]. 

It should also be noted that in the city of Tashkent there are practically no conditions for the use of 
bicycle transport. Bicycles are mainly used as a means of entertainment and outdoor activities. Despite 
the large number of bike rental points, the practical use of bicycles as a transport is unsafe and 
inconvenient due to the lack of necessary infrastructure and rules. Only a few wide city streets have 
a bike path (allocated from the sidewalk and not fenced off from it). There are practically no parking 
spaces for bicycles near the offices and public buildings. 
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Figure 6: Traffic jams on the roads of Tashkent in the evening peak hours  
(data from the site https://kartologia.ru/karta/tashkent#yandexmaps – scheme) 

"dark grey" – free movement, "grey" – movement is difficult, "black" – traffic congestion 

 

3.2. Assessment of the degree of electrification of public transport 

Tashkent's public transport is as actively developing as personal one. The volumes of passenger 
traffic (significantly larger than the personal transport) allow efficient use of space and provide the 
opportunity for a great number of people to move in different directions and at any distance. 

The change in public transport structure in Tashkent is shown in Figure 7. A diagram of the change in 
ratio of electric and traditional public transport in Tashkent is shown in Figure 8.  

Diagram 7 is built taking into account not only the quantity, but the nominal passenger capacity of 
each type of transport [26, 27, 28]:  

High – capacity bus – 110 people;  

Medium – capacity bus – 51 people;  

Minibus – 12 people;  

Taxi – 4 people;  

Tram – 130 people;  

Trolleybus – 120 people;  

Metro car – 320 people 
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Figure 7: Graph of changes in public transport structure in Tashkent, in years (data presented by 
Tashkent City Passenger Transport JSC) 

 

Figure 8: The ratio of electric and traditional public transport in Tashkent [Authors] 
 

The total nominal passenger capacity of all modes of transport is taken as 1.0 (100 %), and then the 
shares of electrified vehicles and ICE vehicles in the passenger transport are determined. 

Electrified urban transport currently makes up 31 % of the total passenger traffic. Trolleybuses and 
trams were liquidated in 2010 and 2016, respectively. According to the statement of the Hokim (Head of 
the city) of Tashkent, the official reason for this are: 1) a small share of passenger transportation by 
trolley buses and trams; 2) dilapidation of wagons and the high repairs cost; 3) run – down state of street 
railway [30]. Instead of trolleybuses and trams the bus routes were launched. 

An increase in the share of public electric transport is predicted through the introduction of electric 
buses. Currently, only 1 electric bus runs in Tashkent, next year it is planned to increase the number of 
electric buses to 20, which will increase the overall degree of electrification of public transport in 
Tashkent by only 1 %. In addition, it is planned to develop a subway network, which will also allow 
a slight increase in electrification transport vehicles. 
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3.3. Assessment of land use by motor transport 

One of the indices of transport sustainability is the use of land resources. This index refers to the land 
area occupied by transport infrastructure enterprises (garages, car services, car washes, parking lots) 
[23]. In Tashkent, the number of parking lots is very small, and indeed this is one of the major problems 
of the motor transport sustainability. Most inhabitants park their cars in yards, driveways, and even on 
the streets. According to urban planning standards, the width of streets and passages in residential 
apartment blocks should be from 2.75 to 4 m with sidewalks from 0.75 m. As a rule, there are no 
equipped sidewalks in the driveways of Tashkent. When parking cars in such passages, there is no 
place left for pedestrians to pass, the road carrying capacity is sharply reduced, and the likelihood of 
accidents increases. 

To obtain data on the areas actually occupied by parked cars, a survey of the residential areas of 
Tashkent was conducted. Since parked cars cannot be reliably calculated from satellite maps due to the 
presence of a large number of trees in the courtyards of residential buildings, the analysis was carried 
out using the observation method. 

The area of public parking in different districts of Tashkent is different and ranges from 0.5 to 2 %, 
amounting to a total of 3.32 km2. This space does not provide parking even for personal cars: the total 
number of personal cars registered in Tashkent in 2019 is 494 403 units. With the standard size of the 
parking space 2.5 by 5.3 m (13.25 m2), 6.54 km2 is required to accommodate all these vehicles. Thus, 
the provision of parking spaces is 58 %. It should be borne in mind that reliable data are available only 
for personal vehicles, excluding the vehicles owned by legal entities. 

The density of residential quarters is 0.38 – 0.44. Thus, out of 8 556 hectares of urban area 
(Wikipedia, Tashkent), the vacant territory is 3 251 ... 3 765 hectares If to occupy 50 % of this area (to 
the detriment of city roads, green areas and playgrounds), a parking space can be provided for 180 800 
personal cars (42 % of the total number of personal cars). 

In our opinion, it is necessary to take into account that almost all cars occupy twice the space 
necessary for parking: at night  –  at the owner’s place of residence (usually in residential courtyards), at 
daytime  –  near his/her workplace (often on roads and in driveways). Thus, when planning parking lots, 
it is necessary to provide a space for twice the number of vehicles. 

 

3.4. Some social aspects of transport sustainability in Tashkent 

The standard of living in Uzbekistan is characterized by a high level of poverty. According to the 
rating, which was compiled according to Eurostat, the International Labor Organization, the Organization 
for Economic Cooperation and Development, as well as national statistics, Uzbekistan ranks 118th in 
terms of average wages, which is $ 235 per month [17]. 

 However, according to official figures, the population of Uzbekistan is on average higher than the 
“extreme poverty” line specified by the World Bank ($ 1.9 per day). 14 % of the population now lives at 
the level of the “lower poverty line” ($ 3.9 per day). The average salary in Tashkent is 2.9 million soums 
($ 305) per month, which corresponds to approximately $ 10 per day [17]. 

The cost of fare in public transport is: 

• city buses and metro 1 400 soums (approximately $ 0.15); 

• fixed – route taxis (minibus) – from 2 000 soums to 45 00 soums depending on the route length 
($ 0.21 – 0.47); 

• passenger taxis – 1 000 ... 3 000 soum/km ($ 0.1 ... 0.3). With an average length of city trips of about 
6 km, this corresponds to 6 000 – 18 000 soums per trip ($ 0.6 ... 1.8). 

Thus, for the poorest people, only public transport can be considered affordable, the cost of which will 
be 7.7% of the budget (subject to trips without a transfer). 

For urban residents with an average level of wages, the cost for bus trips is 3 %, fixed – route taxis  –  
6.8 %, passenger taxis  –  12 ... 36 % of the budget. 
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Since one of the most vulnerable categories of the population is pensioners, in Tashkent they are 
provided with free metro trips during the daytime. Thus, transport accessibility for families including 
pensioners is slightly increased. 

 

3.5. Comparison of results with other studies 

Ranking and comparison by country is very important, since discussions about inequality between 
countries are becoming increasingly important, from the point of view of carbon dioxide emissions as 
well [8]. If to compare the results of CO2 emissions obtained for Tashkent (Figure 8) with the indices in 
other countries (Figure 9) studied by Michal Eva [8], it can be seen that the general trends in emissions 
in Tashkent (and therefore in Uzbekistan) are close to trends observed in China (corrected for emissions 
scale). In general, the situation in the transport sector of Uzbekistan is similar to the situation in the most 
countries of the world.  

If we compare the data obtained with the increase of CO2 emissions in Europe, we can see that the 
436 % increase in emissions in Uzbekistan exceeded the worst index of 247.9 % (Turkey) [31]. 

 

 

Figure 8: Growth of CO2 emissions in Tashkent [Authors] 

 

 

Figure 9: CO2 emissions in different countries (based on data by M.Eva [8]) 
 

Based on this indicator alone, it can be concluded that the transport system in the city of Tashkent 
and Uzbekistan as a whole cannot be considered sustainable. The rest of the obtained data correspond 
to the same statement – the increase in emissions of VOCs, NOx, Particulate matter, as well as an 
increase in the area of land used for transport. 
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Conclusion 

Based on the results of the analysis, it can be concluded that the transport system in Tashkent cannot 
be called environmentally sustainable, despite some attempts made by the government. At the moment, 
to reduce emissions into the atmosphere, the main direction is the transition to gas fuel. However, this 
decision does not make it possible to reduce the amount of greenhouse gas emissions. The policy of the 
Uzbek automobile industry aimed at increasing the level of motorization embarrasses to achieve towards 
sustainability. 

To achieve sustainability, it is necessary to increase the degree of electrification of both public and 
personal transport. In this regard, prohibitions and benefits regulated at the state level, as the ones 
planned in some European countries, can help. For example, in Spain it is planned to completely 
abandon gasoline and diesel fuel vehicles by 2050, in Denmark, Germany, Ireland and the Netherlands 
a ban on selling such cars is planned beginning from 2030, and in Norway  –  from 2025. The German 
government in November of this year announced an increase in benefits for the purchase of electric 
vehicles and hybrid cars. In Uzbekistan, electrification of transport is only at its very beginning: this year, 
the customs duty on electric vehicles import has been canceled and the launch of factories for the 
production of electric vehicles is planned. Of great importance for reducing the amount of transport 
emissions will be the commissioning of metro lines under construction. However, it will take a very long 
time to completely replace the existing car fleet. In addition, the electrification of cars runs counter to the 
interests of domestic manufacturers of cars using traditional fuels. With an increase in the share of 
electrified transport, the method of generating electricity in the state is of great importance. Currently, 
according to the data of Ministry of Energy of Uzbekistan, 85.7 % of electricity in Uzbekistan is generated 
at TPPs 13.3 %  –  due to hydropower, the rest – from solar and wind power plants. However, firstly, 
more than 80 % of the country's electric power is provided by natural gas, the share of coal stations is 
only 5 %; secondly, it is planned to increase the share of electricity production using renewable and 
alternative sources (an increase of 20 % is planned by 2025) [32]. Thus, for Uzbekistan, replacing 
existing cars with electric cars seems to be efficient. 

Measures to promote transport sustainability have their limits. It must be remembered that transport 
infrastructure and even types of transport cannot be changed fast enough to solve the bulk of the 
problems of transport sustainability. The different life spans of vehicles and infrastructure make 
synchronous sustainability impossible. For example, it would be possible to replace most of the car fleet 
with more efficient vehicles for a decade, while changing road infrastructure takes about a quarter of 
a century. From this it follows that under the current conditions of development, ensuring the 
sustainability of transport in Tashkent by 2030 is impossible. 

At present, in our opinion, to improve the indices of transport sustainability in Tashkent, it is 
necessary: 

1) to promote sustainable transport, introduce the concept of "sustainable transport" in school and 
university educational courses. This practice is carried out in many countries to increase public 
awareness and draw attention to the existing problems and ways to solve them [33]; 

2)  to limit the number of cars purchased per 1 family according to the principle 1 = 1. This measure 
has not yet been applied in other countries, but the authors suggest that it would allow to contain the 
growth of vehicles number in the city; 

3)  to prohibit the parking of cars in courtyards and driveways of residential apartment blocks. Such 
a measure exists in countries such as the United States and Australia. This will improve the safety of 
citizens and especially children, as well as remove obstacles to ambulances and fire engines; 

4) to ensure the construction of accessible public parking lots with a total area of at least 700 hectares 
(taking into account the predicted number of cars in 2030). This measure should be applied in 
conjunction with proposals Nos. 2 and 3. If the construction of parking lots is carried out without the 
simultaneous introduction of restrictions, then it could motivate to even faster growth of automobilism; 

5) to limit the sale of cars with high fuel consumption to residents of Tashkent. Such a measure will 
not only reduce emissions of pollutants, but also reduce the required area of the parking space, as small 
cars have smaller dimensions; 
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6) to provide the conditions for the use of cycling (traffic standards and the necessary infrastructure). 
This practice has been successfully implemented, for example, in Germany, the Netherlands, and 
Colombia. In particular, in Amsterdam a network of separate cycle lanes, with a total length of over 500 
km requires to spent only US $ 30 per 1 person per year on the infrastructure; cycling network   
implemented in Bogota allowed to reduce CO2 emissions by 86 431 t in 4 years [34]; 

7) to stimulate the import and sale of electric vehicles. Replacing a taxi fleet with electric cars ensures 
not only emissions reduce, but also the availability of transport by reducing the travel cost. For example, 
in China, the cost of traveling 1 km by electric taxi is 4 times less than by a conventional one [35]. 

These measures can be implemented in a relatively short time. Although they will not solve the 
problem of sustainability by 2030, they will temporarily improve the situation. 
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Souhrn 

Cílem studie je najít odpověď na otázku environmentální udržitelnosti dopravy v Taškentu do roku 
2030. Jako kritéria pro hodnocení byly přijaty cíle OECD do roku 2030, které stanoví přípustné zvýšení 
emisí ve srovnání s rokem 1990. Článek se zabývá stavem dopravy v Taškentu. Je provedena analýza 
změn ve struktuře veřejné dopravy, úrovně její elektrifikace, rychlosti růstu počtu osobních automobilů.  

Oficiální údaje ukazují, že ekologická třída automobilů celkově roste. Výpočty zároveň ukazují, že 
emise toxických a skleníkových plynů vzrostly a nadále rostou v důsledku nárůstu celkového počtu 
automobilů a slabé úrovně elektrifikace (pro veřejnou dopravu 31 %). Ve srovnání s úrovněmi roku 1990 
se celkové emise vozidel v Taškentu zvýšily o 541,4 %, emise skleníkových plynů o 436 %. Studie 
ukázaly, že současný stav dopravního systému Taškent není udržitelný. Pro dosažení udržitelnosti 
potřebuje dopravní systém města zásadní změny, zejména rozvoj a elektrifikaci veřejné dopravy.  

Klíčová slova: stabilita dopravy, silniční doprava, ekologické ukazatele, znečištění ovzduší 

 


