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The paper examines approaches to low-emission spatial planning for small
industrial towns in the Republic of Tatarstan, using Mendeleevsk and Zainsk as
comparative case studies. The relevance of the study is determined by the fact that,
under the transition to low-carbon development, the environmental burden in small
towns is distributed unevenly and is shaped by sectoral specialization, the structure
of stationary and mobile emission sources, energy infrastructure, and the spatial
relationship between industrial zones and residential areas. The empirical basis of
the study includes strategic and spatial-planning documents, the Heat Supply
Scheme of Zainsk, regional environmental analytical materials, and data on
stationary emission sources. The comparison is carried out using a unified
framework that includes the number of stationary emission sources, the volume and
sectoral profile of emissions, dominant sources of pollution, infrastructure
conditions, spatial-planning constraints, and potential instruments of municipal
implementation. Available environmental materials indicate that Mendeleevsk has
about 649 stationary emission sources and approximately 3.709 thousand tons of
stationary-source emissions, with the fuel and chemical sectors forming the main
industrial contribution; Zainsk has about 1071 stationary sources, including 1 061
within the town, and about 11.741 thousand tons of stationary-source emissions,
including 11.728 thousand tons within the town. It is established that Mendeleevsk
represents a type of small town with a chemical-industrial core, where priority
measures include technological decarbonization, modernization of gas-cleaning
systems, stricter environmental monitoring, and spatial regulation of zones adjacent
to industrial sites. Zainsk is characterized by a combination of power generation,
heat supply, transport flows, and agro-processing, which requires modernization of
generating capacities, optimization of district heating, energy-efficiency measures,
and circular solutions based on industrial symbiosis. The paper concludes that low-
emission planning in small industrial towns should be differentiated by territorial
type and embedded in municipal strategic, spatial-planning, infrastructure, and
monitoring systems.
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Introduction. Small industrial towns are becoming increasingly important in
the transition to lower-carbon urban development. Although national and
international frameworks for reducing greenhouse gas emissions already exist,
municipal climate-oriented planning has been elaborated mainly for large cities.
Small towns with a pronounced industrial specialization remain less studied, even
though their environmental pressure is often shaped by one or two town-forming
enterprises. This is consistent with international research showing that climate
measures in small and medium-sized municipalities are often fragmented and weakly
connected to systems for monitoring actual emission reductions, while climate plans
themselves frequently have limitations in implementation and evaluation [1, 2].

The research problem lies in the insufficient elaboration of approaches to low-
emission spatial planning for small industrial towns that take into account differences
in industrial specialization, the structure of emission sources, and the spatial
organization of the urban environment.

In this study, low-emission spatial planning is understood as a municipal
planning approach that connects emission sources, functional zoning, infrastructure
systems, sanitary-protection regimes, transport flows, and social effects within a
single development model. This interpretation is especially important for small
towns, where the environmental profile of the settlement may be determined by a
limited number of dominant industrial or infrastructure complexes. The topic is also
relevant because, according to UN-Habitat, around 70% of global anthropogenic
greenhouse gas emissions are associated with cities. In Russia, the strategic
framework for this agenda is set by the Strategy of the Socio-Economic
Development of the Russian Federation with Low Greenhouse Gas Emissions until
2050 [3, 4].

The novelty of the study lies in comparing low-emission spatial planning
scenarios for small industrial towns of Tatarstan with different sectoral
specializations. Theoretically, this approach corresponds to contemporary research
on integrating climate goals into municipal land and planning policies, where low-
emission development is viewed as part of a broader system of spatial governance
[5]. Despite its developed industrial base, the Republic of Tatarstan is characterized
by an uneven distribution of pollutant emissions, which is especially visible in small
towns. National environmental reviews indicate that in a number of territories
pollutant concentrations exceed admissible standards, which calls for targeted
measures to reduce pollution and improve the resilience of small towns [6].

The aim of the study is to develop and compare low-emission spatial planning
scenarios for two small industrial towns of Tatarstan: Mendeleevsk and Zainsk.

Materials and Methods. The study is based on a comparative geographical
approach combined with elements of scenario planning and policy analysis. The
object of the research is two small industrial towns of the Republic of Tatarstan:
Mendeleevsk and Zainsk. These towns were selected, because they represent
different types of industrial environmental pressure: a chemical-industrial profile in
Mendeleevsk and an energy-infrastructure profile in Zainsk.

The empirical basis of the research includes:

1) the Strategy of the socio-economic development of the Russian Federation
with low greenhouse gas emissions until 2050 [4];
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2) regional environmental analytical materials for Mendeleevsky and Zainsky
municipal districts [7, 8] and state environmental reports for the Republic of
Tatarstan [9];

3) municipal and infrastructure documents, including the Heat Supply Scheme
of Zainsk up to 2036 [10];

4) materials characterizing the industrial specialization and principal emission
sources of the two towns;

5) contemporary international studies on local climate planning, municipal
land policy, decarbonization of ammonia production, and industrial symbiosis.

Below is a comparison Tab. 1 of two cities to evaluate the conditions for low-
emission spatial planning:

Table 1

Comparative framework for assessing low-emission spatial planning conditions
in Mendeleevsk and Zainsk

Planning
implication
the towns require

Zainsk

energy-infrastructure town

Indicator Mendeleevsk

Industrial and | chemical-industrial town

volatile organic
compounds, carbon
monoxide, particulate
matter, and nitrogen
oxides

transport, and industrial
processing of agricultural
raw materials

infrastructure | with a nitrogen-chemical |with a large power- different low-emission
profile complex and related generation node, district priorities rather than
production chains heating, transport flows, one universal model
and agro-processing
Stationary about 649 stationary about 1 071 stationary quantitative indicators
emission-source | emission sources; emission sources, including | justify a comparative
base approximately 3.709 1,061 within the town; rather than purely
thousand tons of approximately 11.741 descriptive analysis
stationary-source thousand tons of stationary-
emissions according to source emissions, including
regional environmental 11.728 thousand tons
analytical materials within the town
Dominant fuel and chemical sectors |the main pressure is monitoring should be
contributors and | are the main contributors; |associated with power differentiated by
pollutants key pollutants include generation, heat supply, industrial technology in

Mendeleevsk and by
energy/heat-supply
infrastructure in Zainsk

Spatial-planning
constraints

need to coordinate
industrial-zone
development, sanitary-
protection regimes,
monitoring points, and
adjacent residential areas

need to coordinate power-
generation facilities, heat
networks, transport
corridors, industrial sites,
and residential energy
demand

low-emission measures
should be linked to
functional zoning,
infrastructure schemes,
and municipal
development programs

Main
environmental
risks

technological emissions
from chemical production,
concentration of industrial
sources, and risks for areas
adjacent to the industrial
zone

combustion-related
emissions, heat-supply
losses, transport pressure,

and seasonal agro-industrial

logistics

scenario planning
should identify not only
technologies but also
spatial exposure and
implementation barriers

Source: compiled by the author using regional environmental analytical materials and municipal
infrastructure documents [7, 8, 10].
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To make the comparison analytically consistent, the following indicators were
used:

— number of stationary emission sources;
volume of stationary-source emissions;

— sectoral structure of the main contributors;

dominant types of pollution sources;

— infrastructure systems influencing emissions;

spatial relationship between industrial zones, residential areas, and transport
corridors;

— potential environmental risks;

municipal instruments, through which low-emission measures can be
incorporated into spatial-planning and strategic-development documents.

The comparative procedure included three stages. First, the environmental and
economic profile of each town was described using industrial specialization and
available emission-source data. Second, the towns were compared according to a
unified indicator framework. Third, three scenario options were formulated for each
town: an inertial scenario, a modernization scenario, and a low-emission
transformation scenario. The scenarios were assessed according to implementation
conditions, expected environmental effects, constraints, social and economic
implications, and criteria for monitoring effectiveness.

Results. The comparative analysis shows that the two towns differ not only in
the scale of emissions, but also in the spatial logic through which environmental
pressure is formed. In Mendeleevsk, the main planning problem is the concentration
of industrial-technological sources connected with chemical production and the need
to separate, monitor, and modernize the industrial core. In Zainsk, environmental
pressure is more infrastructure-based: it is produced by the interaction of power
generation, heat supply, transport, and agro-processing. Therefore, the same low-
emission measure may have different planning effects in the two towns.

For Mendeleevsk, the main priority is the technological and spatial
modernization of the chemical-industrial zone. The inertial scenario preserves the
existing production and planning structure and relies mainly on compliance with
current environmental standards; therefore, its effect is limited. The modernization
scenario includes best available technologies, renewal of gas-cleaning systems,
targeted monitoring near the industrial zone, and stricter coordination with sanitary-
protection regimes. The transformation scenario links ammonia and chemical
production with carbon capture and utilization, lower-carbon hydrogen and energy
sources, and a municipal GIS-based monitoring system that connects emission
sources with land-use restrictions and public reporting.

The specific feature of Mendeleevsk is that technological decarbonization and
spatial planning cannot be separated. If modernization is implemented only inside
the enterprise without changes in municipal planning documents, the town will not
receive a full low-emission effect. Therefore, the general plan, land-use and
development rules, environmental monitoring programs, and sanitary-protection-
zone management should be coordinated with enterprise modernization plans. This
creates a planning mechanism for reducing exposure of residential areas and for
preventing new sensitive land uses near zones of elevated environmental risk.
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For Zainsk, the basic effect is associated with modernization of generating
capacities and the district heat-supply system. The inertial scenario preserves the
existing energy and heat-supply configuration and reduces emissions mainly through
routine repairs and operational measures. The modernization scenario includes
higher generation efficiency, lower heat-network losses, energy audits of public
buildings and industrial sites, and freight-traffic management related to agro-
processing. The transformation scenario combines energy modernization with
circular solutions, including the use of by-products, resource exchange between
enterprises and municipal infrastructure, and gradual formation of industrial
symbiosis. Tab. 2 presents possible development scenarios for the two cities and
their descriptions:

Table 2

Scenario differentiation and implementation logic for the two towns

Scenario

Mendeleevsk

Zainsk

Expected effect and
evaluation criteria

Inertial

preservation of the
existing chemical-
industrial structure; local
environmental measures;
compliance with current
standards

preservation of the
current energy and
heat-supply
configuration; routine
repairs; limited traffic
measures

low effect;

criteria: absence of
deterioration, compliance
with standards, limited
local reductions.

Modernization

best available technolo-
gies, gas-cleaning
renewal, monitoring near
the industrial zone,
coordination with
sanitary-protection
regimes

generation-efficiency
measures, reduction of
heat-network losses,
energy audits, freight-
transport optimization

medium effect;

criteria: reduction in
specific emissions, lower
heat losses, better
monitoring coverage,
fewer complaints

Low-emission
transformation

carbon capture and
utilization, lower-carbon
hydrogen/energy sources,
GIS-based monitoring,
integration of industrial
modernization with land-
use regulation

energy modernization
plus circular use of
agro-processing by-
products, industrial
symbiosis,
infrastructure renewal,
integration with the
heat-supply scheme

high effect;

criteria: structural
reduction of emissions,
institutionalized
monitoring, inclusion in
planning documents,
improved quality of life

Main
constraints

high capital intensity,
technological dependence
on industrial enterprises,
need for coordination
between enterprise and
municipality

investment needs in
generation and
networks, institutional
coordination, seasonal
logistics of agro-
processing

constraints should be
reflected in scenario risk
assessment and financing
plans

Social
dimension

risk reduction for
residential areas; need for

workforce retraining and | transport exposure, measures, quality-of-life
new environmental- possible new circular- indicators, accessibility
engineering competencies | economy jobs of monitoring data

improved reliability of
heat supply, lower

criteria: public
participation, training

In Zainsk, low-emission spatial planning should therefore be tied to the
heat-supply scheme, infrastructure investment programs, transport planning, and
industrial-site development. A separate environmental section in planning
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documents would be insufficient; emission reduction should be built into the logic
of infrastructure renewal. In practical terms, this means prioritizing areas with high
heat demand, worn-out networks, freight concentration, and industrial sites, where
by-products can be transformed into energy or material resources.

Discussion. The results demonstrate that the comparison of Mendeleevsk and
Zainsk has broader theoretical significance for the study of small industrial towns. It
shows that emission-reduction measures cannot be interpreted only as technological
modernization; they must also be connected with the functional and planning
organization of the territory, infrastructure systems, exposure of residential areas,
and municipal implementation instruments.

At the municipal level, the key issue is the transition from general
environmental declarations to measurable and administratively supported actions.
Such actions should be embedded in general plans, land-use and development rules,
heat-supply schemes, municipal infrastructure programs, and local monitoring
systems. The most relevant instruments include environmental criteria for
infrastructure projects, coordination between enterprises and public authorities,
regular inventories of stationary emissions and heat losses, and publication of
monitoring results in an accessible municipal report or GIS platform.

The social and economic effects also differ between the two towns. In
Mendeleevsk, the main expected outcome is the reduction of environmental risks for
residential areas near the industrial zone and the creation of new competencies in
industrial modernization, monitoring, and engineering services. At the same time,
technological renewal may require workforce retraining and cooperation with local
educational institutions. In Zainsk, the main benefits are associated with more
reliable heat supply, lower energy losses, reduced transport exposure, and new links
between the energy sector and agro-processing.

The proposed comparative framework makes it possible to move from a
descriptive comparison to an indicator-based assessment. Stationary-source data,
sectoral emission profiles, infrastructure characteristics, environmental risks, imple-
mentation conditions, and monitoring criteria provide a clearer basis for municipal
decision-making and for evaluating the effectiveness of alternative scenarios.

The study has a number of limitations. Available open data do not always
provide a detailed municipal breakdown of greenhouse gas emissions by source and
substance; therefore, stationary-source emissions, sectoral specialization, heat-
supply structure, and infrastructure characteristics are used as proxy indicators. This
limitation confirms the need for municipal environmental monitoring and regular
emission inventories as part of the proposed planning mechanism.

Conclusion. The comparison of Mendeleevsk and Zainsk demonstrates that
small industrial towns require differentiated models of emission-oriented territorial
policy. The determining factors are industrial specialization, the structure of
emission sources, infrastructure configuration, and the spatial relationship between
production, transport, heat supply, and residential areas.

For Mendeleevsk, the priority is coordination between chemical-industry
modernization, sanitary-protection regimes, land-use regulation, and environmental
monitoring. For Zainsk, the main potential is linked to modernization of power
generation and district heating, reduction of heat losses, transport-flow management,
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and circular use of agro-processing by-products. In both cases, spatial planning acts
as a mechanism for translating climate and environmental goals into long-term
municipal development decisions.
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C. A. AKMAJIETAMHOB

HU3KOOMUCCHUOHHOE TIVTAHMPOBAHUE MAJIBIX
NHAYCTPUAJIBHBIX I'OPOJOB PECITYBJIMKU TATAPCTAH:
MEHJEJIEEBCK U 3ANMHCK

Pesome

B craTpe paccmaTpHBaroTCs NOAXOAbI K HU3KO3MUCCUOHHOMY TEPPUTOPHAIb-
HOMY IIJIAHUPOBAHMIO MAJIBIX MHYCTPHAIBHBIX TOpoa0oB Pecrybnuku TaTapcran Ha
npuMepe MenzaeneeBcka 1 3anHCKa. VccnenoBanue onupaeTcs Ha €IUHYIO0 CPaBHH-
TEJNIbHYI0O PaMKy, BKJIIOYAIOINIYI0 YHCIO CTAllMOHAPHBIX HCTOYHHKOB BBIOPOCOB,
00beM BBIOPOCOB OT CTalMOHAPHBIX HCTOYHUKOB, OTPACIEBYIO CTPYKTYpY
3arps3HeHMs, MHQPACTPYKTYpHBIE YCIOBHS, NPOCTPAHCTBEHHO-TIAHUPOBOYHBIE
OTpaHMYEHUS, SKOJIOTHUECKUE PUCKH U BO3MOYKHBIE MEXaHU3Mbl MyHHIIMIIAIBHOMN
peann3anuu. Y CTaHOBIIEHO, YTO MeHIeIeeBCK OTHOCHUTCS K THITY MaJIOTO ropoJa ¢
XUMUKO-TIPOMBIIUIEHHBIM SIAPOM, [J€ KIIOYEBOE 3HAYCHHE HUMEIOT TEXHOJIOIHU-
yeckas JeKapOOHHM3aLusl, MOJIEPHU3AMS Ta3004YUCTKU, Pa3BUTHE IKOJIOTHYECKOTO
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MOHHMTOPUHTA U PETYJIMPOBAHHUE 30H, MPHUJICTAIONUX K MPOMBIIUICHHBIM TEPPHUTO-
pusiM. 3aWHCK XapaKTepU3yeTCs] COUETaHWEM DHEpPreTHUeCKOW WH(PacTpyKTypEI,
TETUIOCHA0XKEHMSI, TPAHCIIOPTHOW HArpy3KH W arpomnepepadoTKH, 4TO Tpedyer
MOJICPHH3AIIMH TCHEPUPYIOIIUX MOITHOCTEH, CHIXKCHUS TIOTEPh B TEIUIOBBIX CETSX,
MOBBIIIICHUS  3HEPro3(PPEKTUBHOCTH W  Pa3BUTHS IUPKYJISAPHBIX  PEIICHUM.
JIOTIOTHHUTENLHO PACKPBITHl  CONMAILHO-3KOHOMUYECKUE TIOCIIEACTBUS TaKOTO
MOJX0J1a, B TOM YHUCJIC €0 BIUSHUEC HAa KAY€CTBO TOPOJICKOM Cpellbl, 3aHATOCTH,
npodeCcCHOHANBHYIO TIEPETOATOTOBKY, y4acTHE HACENICHUSI M JIOCTYITHOCTh 3KOJIO-
THYECKOT0 MOHUTOpWHTra. ClienaH BBIBOM O HEOOXOIUMOCTH BKIFOUCHUS HU3KO-
OMHUCCUOHHBIX MEPOTPUATHH B JOKYMEHTHl TEPPUTOPHAIHLHOTO TUIAHHPOBAHUS,
MpaBuJIa 3eMJICTIONB30BAHMS M 3aCTPONKH, CXEMBbI TEIIOCHAOKEHUS, MYHHUITUTIAIb-
HBIC WHPPACTPYKTYPHBIC MPOTPAMMBI U CHCTEMBI PETYJISPHOTO KOJOTHYECKOTO
MOHHTOPHHTA.



