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Abstract. Ecology has become an urgent global problem for modern metropolises.
Cities seek to balance their economic growth and preserve the state of the environment.
One of the programs that more and more cities are implementing at the municipal
level is the sustainable development program (based on the Paris Climate Agreement).
This study presents cities' environmental and economic profiles through the prism
of their economy. The main focus of the work is on waste management, reducing
harmful emissions, and increasing the economic development of cities. The principles
of integration of a modern green city were worked out and analyzed to determine the
optimal strategies for its development. Such a strategy should synchronize the economic
activities of the city with the goals of the sustainable development program.

A study has been carried out using a multi-disciplinary approach to collecting and
analyzing quantitative and qualitative data on the life of cities. With the help of statistical
modeling, general social and economic indicators were assessed, and the results of the
calculation of important environmental data were presented. Among the data processed,
we can highlight the general programs of urban budget expenditures, waste management
indicators, and emission profiles. The following three cities were selected to conduct the
study and test the results: Kyiv, Paris, and New York. The information on the leading
socio-economic indicators of their development was analyzed. The authors considered
the norms of the current legislation related to cities' ecology and land use. This made
it possible to provide an assessment of the implementations and plans of sustainable
development programs. This will allow us to further assess the impact of the sustainable
development program until 2035 on the current (annual) level of economic development.

Based on the studies, the selected cities successfully implemented sustainable
development programs based on the climate agreement in stages. Green areas are
expanding in selected cities, and investment in development programs and support for
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the renewable energy initiative continues. It can be confidently stated that at the local
level, harmful emissions have been reduced, and the effectiveness of waste management
programs has been increased. For example, Paris and New York allocate significant portions
of their budgets to sustainability programs, demonstrating effective alignment between
investments in environmental conservation programs and the sustainability of economic
development. Despite limited resources, the city of Kyiv is demonstrating progress in
modernizing waste disposal systems and adopting EU environmental regulations.

The economic development of cities can harmonize harmoniously with implementing
environmental programs. First, this is due to targeted investment programs and the
adaptation of new urban programs related to the environment. In the future, it is
advisable to develop mechanisms of cooperation between municipal authorities, public
organizations, and private businesses to solve environmental problems and overcome
the negative impact of their consequences. This makes it possible to create a roadmap
for effective city management. Such city development programs will improve their
environmental and economic profiles, supporting the global pursuit of sustainable

development.

Keywords: urban economic, green city, waste management, harmful emissions,

economic development.

Introduction

Modern cities are at the forefront
of the global trend towards sustainable
development, where great importance
is attached to environmental issues and
sustainable economic  development.
Therefore, the concept of a "green" city
1s gaining more and more popularity as a
model that integrates environmental im-
provement with the economic develop-
ment of cities. Today's cities increasingly
face significant challenges, including
managing harmful emissions, optimizing
waste management systems, and promot-
ing sustainable economic growth. These
issues necessitate raising the issue of
environmental protection and economic
support. As cities develop and econom-
ic indicators of their life, the impact of
such processes on the environment, as a
rule, increases. This causes the need to
develop strategies for the sustainable de-
velopment of cities that would be consis-

tent with economic activities. This study
aims to strike a balance between eco-
nomic growth and reducing environmen-
tal impact, proposing a focus on policies
and practices that will enable cities to
move towards sustainable development.

The transition to sustainable urban
development is timely and necessary,
partly due to the aggravation of envi-
ronmental problems. Therefore, waste
management, recycling, and reduction
of harmful emissions are critical aspects
of sustainable urban development, which
directly affect the health of citizens,
ecosystem stability, and most economic
indicators. In addition, cities are the eco-
nomic centers of the respective regions,
so their role in the path to sustainable
development is indispensable. The rel-
evance of the materials presented in the
article lies in the focus of research on the
economic strategies of cities and how to
implement "green initiatives," such as
renewable energy sources, alternative
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energy, and the efficient use of all types
of resources. Such studies contribute to
analyzing the impact of urbanization and
urban development strategies and aim to
improve environmental performance.

Analysis of recent researches and
publications

The issue of urban development has
become an important topic for many re-
searchers considering the consequences
of rapid urbanization and environmen-
tal problems [1-7]. Klopp and Petretta
(2017) focus on integrating the Sustain-
able Development Goals of cities into
global development programs [1]. They
explore the political and technical chal-
lenges associated with developing in-
dicators accurately reflecting the city's
life. The authors emphasize that the
urban environment is a complex sys-
tem that often needs to consider local
features, which can lead to false results.
Their research highlights the importance
of engaging with local governments to
analyze indicators for effective, sustain-
able urban development.

Neass (2001) offers his perspective
on sustainable urban planning, explor-
ing the relationship between urban de-
velopment and environmental impacts
[2]. Ness criticizes traditional urban
planning paradigms for their inability
to balance the economic performance
of the city's development with envi-
ronmental management. The scientist
advocates for the direction of urban
planning programs towards long-term
sustainable development goals, empha-
sizing the role of compact urban design,
efficient use of resources, and commu-
nity participation in all processes. The
scientific study results provide a theo-
retical basis for integrating environmen-
tal principles into urban planning and

are consistent with current research on
ecological urbanization.

Song (2011) delves into the concept
of environmental urban development
programs that align urban development
with environmental systems [3]. Using
examples, Song demonstrates how en-
vironmental principles can be integrat-
ed into urban environments to improve
quality of life. The study highlights the
importance of investing in green space
development, energy efficiency, and ur-
ban ecosystem support. Thanks to this,
it is possible to achieve sustainable ur-
banization. Considering cities as eco-
logical objects, Song demonstrates the
gap between urban planning processes
and the current state of ecology in cities.
This hypothesis complements existing
sustainability programs by promoting
strategies that simultaneously address
cities' environmental and socio-eco-
nomic problems [4-7]. By conducting
a study of scientific works, the authors
of this article have formed a fundamen-
tal comprehensive understanding of the
theoretical, practical, and political as-
pects of sustainable urban development
that it is possible to formulate and pres-
ent new ideas that should be taken into
account by politicians, managers, econ-
omists, and urban planners.

Purpose. The study aims to establish
the link between economic growth and
environment-related costs and imple-
ment the sustainable development plan
at the municipal level by using selected
cities from around the world as a refer-
ence and presenting a framework for fu-
ture economic-ecological urban profiles
of cities.

Methods

The study is based on several differ-
ent materials that have been selected to
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analyze urban areas' environmental and
economic profiles in the context of im-
plementing the sustainable development
program. Key sources of information
include statistical and current economic
data, environmental impact reports, and
case studies of cities aimed at imple-
menting green city initiatives. Statistical
data on the effectiveness of waste man-
agement, emission levels, environmen-
tal status, and indicators of economic
development create the basis for quan-
titative analysis. In addition, legislative
acts and regulations, urban planning
plans, and best practices of cities from
around the world are reviewed and an-
alyzed to consolidate the study results.
tools are used to visualize environ-
mental performance and its effects in
cities. According to some indicators, a
spatial map of territories is presented
about sustainable development. Such
materials comprehensively assess the
interaction between environmental indi-
cators and economic factors for imple-
menting the city's sustainable develop-
ment program. Table 1 shows the list of
cities selected for the study and general

S
. CE IS,

1. Cities waste management
economic profile *

City Waste generated Waste
per person per | management
year, tons expenses per
person per
year, $
Kyiv 450 3.84
Paris 520 64.52
New York 920 52.3

* prepared by Nazarenko V.A. based on open
research data

data on waste generation, which is one
of the main factors influencing the state
of the environment, along with harmful
waste and emissions.

The study uses an integrated ap-
proach that combines quantitative and
qualitative methodologies to study in-
dicators of urban economic activity and
current environmentally related urban
programs. Quantitative analysis in-
cludes statistical modeling to assess the
relationship between urban economic
development data and environmental
indicators, such as waste generation and
harmful emissions. The authors use a

ex per year, tons

City ‘Waste generated per person

Waste management
expenses per person per year, $

;| Kyiv 450

3.84

Paris 520

64.52

< New York 920

323

source: based on authors research data

Fig. 1. City's location, planned economic growth and general waste related
data (based on Nazarenko V. and Voytovich O. research data and IMF world
economic outlook database)
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comparative analysis of case studies to
identify successful strategies of "green"
cities that effectively balance economic
growth and environmental preservation.
The study also includes an analysis
of the content of legislative and regu-
latory documents and reports on sus-
tainable urban development, providing
additional information on governance
structures and regulatory frameworks.
Analytical work has been carried out,
and a methodological system has been
developed that has made it possible to
conduct a multidimensional study to
highlight important factors that form
sustainable urban development. Figure 1
shows the geographical location of the
cities selected for the study. The expect-
ed level of economic development of the
territories is shown in green, and data on
the generation and costs of waste man-
agement in these cities are indicated.

Results and discussion

The study models a system of a
comprehensive but achievable balance
between the economic growth of cities
and their environmental sustainability.
Cities that adopt green city principles
show notable reductions in harmful
emissions through policies that encour-
age using renewable energy, public
transport systems, and energy-efficient
infrastructure.

Efficient and energy-saving waste
management becomes the cornerstone
of sustainable urban policies, with cities
implementing circular economy mod-
els, demonstrating increased resource
efficiency and cost-effectiveness. For
example, introducing recycling pro-
grams and technologies for the use of
waste for energy reduces the environ-
mental impact and contributes to job
creation and innovation in the city's
economic sector. Table 2 outlines the
summarized data for three cities - Kyiv,
Paris, and New York in the context of
sustainable development, namely - car-
bon emissions, waste generation, and
the level of urban green cover.

The analysis emphasizes that the
economic development of cities does
not contradict environmental objec-
tives; instead, targeted investments
in green technologies and regulatory
frameworks can contribute to sustain-
ability. However, significant problems
still need to be solved in financing envi-
ronmental initiatives and providing so-
cio-economic groups for the population.
The findings highlight the importance
of political responsibility, public aware-
ness, and multi-stakeholder cooperation
to promote sustainable urban develop-
ment and urbanization.

Table 3, "Sustainable Urban Devel-
opment Profiles," provides a detailed
comparative analysis of urban perfor-

2. Cities emissions and green cover related data*

City Total carbon emissions, | Total waste generated, Urban green cover
millions of tons per year | millions of tons per year areas, km’
Kyiv 53 1 450
54% of city area
Paris 16.8 10 250
8.8% of city area
New York 157 14 2546
21% of city area
* prepared by Nazarenko V.A. based on open research data
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mance indicators by three important
parameters: waste profile, emission
profiles, and sustainable development
programs. The "Waste Profile" column
includes indicators such as the total
amount of waste generated per capita in
the city, recycling rates, and the percent-
age of waste removed from landfills.
Cities with robust waste management
systems, such as those that adopt the
principles of a circular economy, indi-
cate that their recycling rate exceeds
50%, combined with little reliance on
landfills. Conversely, cities that lack an
efficient waste management infrastruc-
ture developed over the years show a
large amount of waste generation and
significant use of landfills, indicating in-
efficiencies that hinder their movement
toward sustainable development. These
data highlight the potential of integrated
waste management systems in reducing
their environmental impact while sup-
porting the economic activities of cities
by restoring resources and creating new
jobs.

The data in Table 3 on "Emission
Profiles" provide information on green-
house gas emissions in cities, air qual-
ity indices, and reductions achieved
thanks to the intervention of the au-
thorities. The data shows that cities that
take several precautionary measures,
such as switching to renewable ener-
gies and expanding the public transport
(e-transport) network, achieve signifi-
cant reductions in harmful emissions.
For example, cities that introduce car-
bon tariffs and energy-efficient building
standards have seen a 30% reduction in
annual CO, emissions compared to the
baseline. The "Sustainability Programs"
column of Table 3 describes key initia-
tives, including introducing renewable
energy sources, green infrastructure
projects, and community engagement
activities.

Cities that have been implement-
ing sustainable development and green
investment programs for some time
combine the social stability of the pop-
ulation with environmental goals, for

3. Cities sustainable development profiles*

Waste profile Harmful emissions profile Sustainability Programs
Type of waste: — CO, emissions — Plan for the sustainable development
— Plastic — Temperature deviation of territories or cities
— Metal — Annual emissions — Climate agreements
— Glass — Green and fossil fuel energy
— Paper ratios
— Organic
— Other species
Type of waste recycling: — Reducing carbon emissions | — Ecological fee
— General landfill - landfill; | — Subsidizing green energy — Green tax
— Burning; — Ecosystem maintenance costs
— Recycling; — The cost of ecosystem restoration
— Composting; — Taxation % of income § per month
— Spontaneous landfills — Calculation of green tax
— Waste Policy and Legal | — Air condition monitoring — Provision of resources
Regulation — Inspection of territorial — Quality of natural resources
— Waste Management (Trans- | objects and various sources of | — Biodiversity
portation and Storage) pollution - making appropriate | — Microclimate and bio-heritage
— Waste sorting decisions to overcome the
— New technologies for gar- | consequences and minimize
bage collection and recycling | damage

* prepared by Voytovich O. based on open research data
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example, providing subsidies for ener-
gy-efficient appliances in low-income
areas and projects for the restoration
of forest and park areas in cities. The
study highlights various city strategies
to address environmental issues, em-
phasizing the role of local solutions and
governance in driving sustainability.
Figure 2 shows maps of green zones in
the cities selected for research. On these
maps, the current state and distribution
of green areas in different city districts
and their overall concentration level can
be traced.

Figure 3 presents the results ofa com-
parative analysis of environmental cost

priorities in the cities of Kyiv, Paris, and
New York. Regarding waste and carbon
dioxide reduction costs, New York City
is the leader, with 17% of the city bud-
get allocated to modern waste-to-energy
systems and carbon capture technolo-
gies. It is followed by Paris with 15%
on such spending, focusing on reliable
recycling systems and the transition to
a low-carbon transport network. Kyiv
allocates 11% for such needs, mainly
focusing on the modernization of waste
processing infrastructure. In terms of
spending on the maintenance of "green
zones," Paris allocates an average share
of 8% of its city budget, guided by its

Fig. 2. Citys green-cover maps (based on Nazarenko V. and Voytovich O.
research data and USA Regional Plan Association, Kyiv Gen. plan)

0.254

‘ 0.2
0.15
0.1
- 0.075
D032 0.05
0

New York Paris

m Vaste, C02

s Green areqs ™ Total expenses

03

0.25

Kyiv

Sustainable development
2035 goal

Fig. 3. The ratio of environmental expenditures to the total expenditures of
city budgets for the year and planned expenditures under the sustainable
development program until 2035 (prepared by Nazarenko V. based on author
research data)
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Kyiv

*Profile: Ukraine (Europe}); city budget $2b; cityarea 1407km?; population 2.9M

people

*Waste program: most of the garbage is placed inlandfills, a small partis

incinerated

*Emissions program: by 2060, the city plans to reachzero CO2 emissions
*Green cover program: in 2021, a draft planfor the development of the Green City

Concept was adopted

Paris

+Profile: France (Europe); citybudget $12B; city area 2509km?; population 2,15M

people

*Waste program: implemented municipal zero waste strategyistoreduce the
volume of waste incineration, instead itis necessary to reduce, reuse, recycleand

recover waste

*Emissions program: by 2050, the city plansto reachzero CO2 emissions
*Green cover program: green cover conservation plan ( part of sustainable
development goal) until 2030

New York

+Profile: USA(NA); city budget $92.5B; city area 11667km?; population 8.4M people

*Waste program: garbage removal from the city and the city hires public and private
contractorsto dispose of garbage (about a quarter of garbage isincineratedat
energy plants); waste processing 6868 perton

+*Emissions program: by 2030, the city plans to reduce emissions by 60% and by
2050 to reduce COZ2 emissions by 85%

*Green cover program: the city and state have introduced an Open Space
Conservation Plan {adopted in 2016)

Fig. 4. Sustainable city plan and related data (based on Nazarenko V. and
Voytovich O. research data)

strategy for preserving urban parks and
implementing biodiversity zones. New
York allocates about 1%, emphasizing
the introduction of projects to restore
urban forests and green roofs (in the
future, it is planned to reach 6%). Kyiv
spends the most, with a relative com-
parison of 10%, focusing on restoring
urban green spaces.

The analysis of total expenditures of
city budgets shows that environmental
investments in the context of cities are
18% in Paris, 15% in New York, and
11% in Kyiv, which reflects the differ-
ent levels of financial capacity of cit-
ies in different countries and the state
of political commitment to sustainable
development. The 2035 Sustainable
Development Plan indicates quite am-
bitious goals for all cities: Paris plans
to increase environmental spending
by 30% to achieve carbon neutrality,
New York envisages a 25% increase

in spending focusing on infrastructure
development, and Kyiv plans a 20%
increase, directing funding to align its
policies with the European Union on
environmental standards (the current ra-
tio of the level of investment under the
Sustainable Development Program to of
total urban expenditures is shown by the
line in Figure 3).

The presented results of the data cal-
culation highlight the trends toward in-
creasing expenditures on environmental
conservation as the main component of
sustainable urban development. Howev-
er, certain economic planning features
are related to different regional priori-
ties and resource constraints (usually
financed). Figure 4 simulates the sus-
tainability profiles of the cities selected
for the study with detailed information
on current and planned sustainability
programs and general socio-economic
indicators for these cities.
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Conclusions

According to the study results, the
balance between preserving the envi-
ronment and maintaining the economic
development of cities is likely achiev-
able. Maintaining such a balance is es-
sential for sustainable urban develop-
ment. Cities that adhere to the "green
city" principles show significant prog-
ress in reducing harmful emissions and
optimizing waste management methods,
strengthening economic resilience and
well-being of the population. The stud-
ies highlight investments in sustainable
development programs such as renew-
able energies, green infrastructure, and
efficient waste disposal systems. This, in
turn, leads to creating a communication
cycle that promotes economic develop-
ment, minimizing environmental im-
pacts. For example, cities such as Paris
and New York are leading the way, al-
locating large portions of their budgets
to environmental spending and demon-
strating that proactive regional policies
can align environmental goals with eco-
nomic priorities. However, while mak-
ing significant progress, cities like Kyiv
need help scaling up these efforts due to
limited resources. The results show the
important role of developing strategies
based on processing large databases and
ineffective policy decisions at the local
and state levels. An important factor for
the effective implementation of sustain-
able development programs is the in-
volvement of all responsible parties in
promoting the sustainable development
of urban ecosystems. The study con-
firms that sustainable development is a
dynamic process that requires constant
adaptation and innovative approaches to
solve new problems facing cities effec-
tively..
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AHomayia. Cmammsa euceimae BUKOPUCMAHHA 2eoiHopmayiliHux cucmem (T1C)
019 8uUpiWeHHA aKmyanabHUx npobnem Mos’a3aHuUx 3i cmpamezaiyHUM MaAaHY8AHHAM ma
pPE2iOHANbHUM PO3BUMKOM 8 KPU308UX YMOBGX. Y KOHMeKCMi B0EHHO20 CMAHY, AKUl
ecmaHosneHull 8 YKpaiHi yepes giliHy, nompeba 8 echeKmusHOMY MAAHY8AHHI, ynpasniHHi ma
MOHIMOpUH2y pe2ioHasnb6HUX pecypcie cmasaa 0cobauso 20cMporo.

JaHa Haykoea npauys po32asa0a€ 3acmocy8aHHA cyMacHux C ak iHcmpymeHmy 0n4 360py,
aHanizy ma sisyanisayii 2eonpocmoposux OaHuUX, WO 00380a4€ orepamusHo npulimamu
pileHHA w000 pe2ioHasbHO20 PO3BUMKY Y chepi 8i0HOBAEHHA IHhpacmpykmypu, yrnpasniHHA
3emMesIbHUMU pecypcamu ma oyiHKU eKono2iyHux Hacniokie gilicokosux 0il.

Asmopu aHani3ylome Kaw4osi acnekmu enposaodxeHHs [1C-mexHonoeili 'y cmpameaii
MAGHYB8AHHA PO38UMKY Pe2ioHi8 YKpaiHu, 30Kpema, 6Uu3Ha4Yarme pPOsAb MAKuX cucmem y
3ab6e3neyeHHi 6esneku, cmabinbHOCMi Ma eKOHOMIYHO20 8iOHOB/AEHHA MOCMPAaMOanux pezioHis.

Okpemo posensHymo npobaemu iHmeepauii C 3 iHWUMuU cucmemamu MOHIMopUHay
ma ynpaeniHHA, 0 MAKOX HO20/0WEHO HA 80M(/IUBOCMI MIiXCEeKmopasabHOi crienpayi Ha
depxasHOMy ma Micyesomy pisHsx 0718 epeKmuBHOI peanizayii cmpameziyHo20 NaAAHY8AHHS.
Y cmammi maKox aKyeHmMyemoCa y8aaa Ha BUKOPUCMAHHI 0aHUX OUCMAHUYiliHO20 30HOYB8AHHA
3emni 0na MoHimopuHey mepumopili, wo nepebysarome ni0 PUUKOM eKos02iYHuUx abo
iHppacmpykmypHUX MOWKOOH(EeHb.

lposedeHe 00cnidHeHHA rnpornoHye iHHOBAUIUHI NiOxodu 00 BUKOPUCMAHHA 2e0iHpopma-
yiliHux mexHonoeili y 3abe3nevyeHHi cmasno020 pe2ioHasnbHo20 pPo38UMKY YKpaiHu nid uac
8ilicbKOBUX KOH(IKMi8 ma iHWUX Kpu308ux A8UW,.

Knrwuoei cnoea: zeoiHopmauiliHi cucmemu, cmpameziyHe MAAHYBAHHA, MOHIMOPUHE,
oucmanyiliHe 30HOY8AHHA 3eMii, yrpasiHHA 3eMenbHUMU Pecypcamu, pe2ioHasnbHa besrneka.
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