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KyniHiu TetaHa BonognmupiBHa
HauioHanbHWiA yHiBEpCUTET «J1bBiBCbKa NONITEXHIKA»

HaropHuia Bitanin BonognmupoBuu
HaujioHanbHWIA yHiBepcuTeT 6iopecypciB i NPUPOLOKOPUCTYBaHHA YKpaiHu

Py6aH Onbra OnekcaHgpiBHa
HauioHanbHWiA yHIBEPCUTET GiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHu

In the modern world, the issue of sustainable development is becoming increasingly relevant, as it is driven
not only by global environmental challenges but also by new economic realities that focus on the transition
from a traditional economy to a sustainable one. Such an economy involves resource reuse, waste minimiza-
tion, and greening of production processes. As a result of the increasing relevance of these needs over the
past decade, the development of economic systems today is focused on ecological entrepreneurial initiatives
(startups) and the green technologies developed within them. These technologies are capable of ensuring
sustainability both for society and for business. Thus, the article aims to study innovative approaches to sus-
tainable development implemented through ecological startups and green technologies. These technologies
can reduce carbon emissions, promote renewable energy use, enhance energy efficiency, minimize risks, and
adapt economic processes to new climate conditions.

Keywords: renewable energy sources, scaling, social responsibility, biodegradable components and
materials, sustainable development.

Y cy4acHOMy CBITi MUTaHHS CTasI0r0 PO3BUTKY CTa€ BCe BifibLl aKTyasibHUM, OCKi/IbKM BOHO 3yMOB/IEHE He
nviwe rnobasibHAMMN eKOAOTIYHUMW BUKIMKAMK, @ 1 HOBUMU peanissMy rocnofaptoBaHHs, sSiki OPIEHTYHOTbCS Ha
nepexig BiA TpaguLiiHOI eKOHOMIKM A0 cTanoi. Taka ekoHOoMiKa noTpebye NOBTOPHOIO BMKOPUCTaHHS pecyp-
ciB, MiHiMi3aLii BigxoaiB Ta ekosorizauii. BHacnifgok aktyanisauii Lmx noTped npoTAaromMm 0CTaHHLOro AecATU-
piyys PO3BUTOK EKOHOMIYHMX CUCTEM OPIEHTOBAHWUI Ha €KOMOTIYHI NiANPUEMHULBKI iHILiaTUBK (CTapTanu) Ta
3€eNeHi TeXHO/OTIi, po3p006/ieHi B iXx Mexax (BpaxoBYyHUM LLIO BOHW 3[aTHi 3a6e3neunTn A0CATHEHHS CTa/10CTi
SK ANS CyCcninbCTBa, Tak i Ans 6isHecy). Takum YMHOM, METOK CTaTTi € AOC/IMKEHHS iIHHOBaLiMHUX NiAXoAiB A0
CTas10ro PO3BUTKY, AKI peani3ytoTbCa Yepes eKosloriyHi ctapTany Ta BUKOPUCTOBYBaHI HUMW TEXHOOTIT, 34aTHi
3HWXyBaTW BYI/ieueBi BUKMAN, 3abesnevysaty BUKOPUCTAHHA BiAHOB/IOBAHUX [KEPEeN eHepril, nigsuLLysatu
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eHeproeeKkTNBHICTb, a TakoX MiHIMi3yBaTu pU3MKN Ta aZlanTyBaTy eKOHOMIYHI npoLecy 40 HOBUX KaiMaTny-
HUX YMOB. 3a pesy/ibTataMu LOCNIIKEHHA AOBEAEeHO, L0 eKOMOriYHi cTapTany Yepes 3aCTOCOBYBaHI TEXHO/0-
rii cNpusitloTb TpaHcopMaLii EKOHOMIYHUX MoAesei, 3abe3neuyodn nepexid Big NiHiHOT eKOHOMIKKM («6epw,
BMPOOGIAN, BUKMAA») A0 LMPKYNIAPHOI, ika nepeabdayae MiHiMizalito BigxoaiB Ta MakCUMasibHE BUKOPUCTaHHS
BTOPUHHUX pecypciB. Lli ctapTanu Takox npautooTb y cdiepi BiAHOB/IIOBaIbHOI eHEePreTukM, CApUsYn 3HW-
XXEHHIO CMOXMBAaHHSA BMKOMHOro nanusa. Kpim Toro, 3eneHuidi 6i3Hec NpONoOHye HOBI NiAXOAM 4O KOMEpLii-
HOI [isiIbHOCTI, 30KpemMa Mofeni «NpoayKT siK nocyra» Ta «3e/eHi qpiHaHCcK». 3a pe3ynsTataMu JOC/igKEHHS
[IOBEIEHO, L0 EKOJOriYHI cTapTany Yyepes 3acTOCOBYBaHi TEXHOMOTNIT CNPUSIOTL €KOONYHO 36a1aHCOBaHOMY
PO3BUTKY, BHACMIAOK CNPUSAHHS 3MEHLUEHHIO PIBHA 3abpyAHEHHS, PO3BUTKY €KO/0rYHOro TpaHcnopTy. Kpim
TOro, Ui cTapTany CnpusaoTb Nonynsapusauii eKonoriyHo YMcTMx NPOAYKTiB, 6I0po3KNaLHOI YNakoBKu, PO3yM-
HOro CMOXMBaHHA pecypcisB Ta CTasioro NiaxoAy A0 BefeHHs 6i3Hecy, hopMyodn HOBY KyNbTYpPY CMOXUBAHHS.
3a 3MiCTOM OTpMMaHUX pe3y/ibTaTiB 3a3HaurMOo, WO NepPCrnekTUBHUMU HanpssAMaMy NoAasiblumxX AOCMILKEHb €
oLjiHKa edpeKTUBHOCTI eKO/IorYHMX cTapTanis, WO 3aCTOCOBYOTLCA HUMM Y Pi3HUX rasly3siXx eKOHOMIKW, aHani3
MeXaHI3MIB iX PiHaHCyBaHHS Ta MaclITabyBaHHSs, & TaKOX BMBYEHHS BM/IMBY 3€/1IEHMX TEXHOONI Ha coLiasib-

HO-EKOHOMIYHWIA PO3BUTOK i HOPMYBaHHS MOMITUKX CTaSIOr0 PO3BUTKY.

KniouoBi cnoBa: BigHOBMIOBaHI mkepena eHepril,

MacluTabyBaHHSl, coljasibHa BiAMOBIAa/IbHICTb,

6iopo3knafHi KOMNOHEHTU Ta MaTepiasin, CTasinii PO3BUTOK.

Problem statement. In the modern world,
the issue of sustainable development is
becoming increasingly relevant, as it is driven
not only by global environmental challenges
but also by new economic realities that focus
on the transition from a traditional economy to
a sustainable one. Such an economy involves
the reuse of resources, waste minimization, and
environmentalization. As a result of the rising
demand for these needs over the last decade,
the transition to sustainable development has
become a primary priority for economic systems,
considering the following:

1. Population growth and industrialization
drive an increasing demand for natural resources
while reserves are limited. It is important to
emphasize that the depletion of minerals, the
shortage of fresh water, and soil degradation
pose threats to both economic stability and food
security.

2. The increase in industrial production and
consumption leads to significant pollution of
air, water, and soil. It is important to emphasize
that the consequences of this process result
in a deterioration of public health, a decline in
biodiversity, and environmental degradation.

3. Global warming is causing more frequent
natural disasters, extreme weather events, and
changes in the water balance. This negatively
impacts agriculture, infrastructure, and the
energy sector.

Thus, the development of economic systems
today is focused on ecological entrepreneurial
initiatives (startups) and green technologies
developed within them.

These technologies can reduce carbon
emissions, ensure the use of renewable energy
sources, improve energy efficiency, minimize

risks, and adapt economic processes to new
climatic conditions.

Analysis of research and publications.
The issues of applying innovative approaches to
sustainable development have been explored in
the works of scholars such as Dem’ianiuk A. V.
[2], Maslihan O., Kushch L., Dudnyk S., and
Goblyk-Markovych N. [3]. This research primarily
focuses on the general aspects and components
of sustainable development, analyzing its
economic, social, and environmental dimensions.
At the same time, insufficient attention has been
given to the research on the role of ecological
startups and green technologies as important
tools for stimulating and adjusting sustainable
development. Innovative eco-startups contribute
to solving environmental problems by developing
cutting-edge technologies for efficient resource
use, reducing pollution, and implementing a
circular economy. Thus, further research in
sustainable development requires a deeper
analysis of the impact of ecological startups and
green technologies, as they play a key role in
the transformation of economic models and
contribute to the transition to environmentally
balanced development.

Formulation of the article's objectives.
The article aimsto study innovative approachesto
sustainable development implemented through
ecological startups and green technologies.

Presentation of the main research
material. Within the framework of the research,
the authors highlight that it's the ecological
startups and the green technologies they use are
modern triggers accelerating the achievement
of Ukraine's sustainable development goals or
guiding the local transition to an environmentally
responsible economy [5].
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So, Zaverny A. S. and Chukaieva |. D. [1]
note that, categorically, ecological startups
should be considered entrepreneurial entities
and essentially, as innovative businesses aimed
at implementing initiatives to create solutions
for addressing environmental problems.
Considering the outlined provisions, it should
be noted that such businesses focus on the
development of technologies for the production
of new materials, alternative energy sources,
efficient waste recycling methods, and reducing
the carbon footprint of production.

The growing importance of such startups
in Ukraine is confirmed by the fact that their
number has been steadily increasing since 2020
(Table 1). Despite the full-scale invasion by the
russian federation, as of 2024, over 100 such
startups are successfully operating, actively
working on solving environmental issues
and expanding the range of available green
technologies in Ukraine.

The content of modern practices in the
development of domestic environmental
startups allows us to state that they play a core
role in changing traditional economic models by
fostering environmentally balanced development
(which is aimed at implementing a range of
innovative features that significantly accelerate
sustainable development, as is also evident from
the data in Figure 1).

This is due to the fact that, in the context
of increasing environmental pressure on the
surrounding environment, such entities not only
offer effective solutions for its reduction but
also change the very principles of economic
management and production [3—4; 6].

It should be noted that a core feature of the
innovativeness of environmental startups is their
focus on the development and implementation
of green technologies that contribute to solving
global environmental problems [4]. These
startups are creating innovative solutions to

on the environment. In particular, they may
develop and improve filters and purification
systems to reduce industrial emissions, propose
new methods for recycling plastic waste, which
lowers pollution levels, or create biodegradable
components and materials to replace traditional
synthetic counterparts.

Therefore, we agree with Rudych O. O.,
Herasymenko |. O., and Tkachenko K. V. that
such initiatives contribute to the conservation of
natural resources, reduction of greenhouse gas
emissions, and the implementation of circular
economy principles, as outlined in the specifics
shown in Figure 2.

With this focus, innovative eco-startups play
a key role in shaping a sustainable future, as
their technologies reduce harmful environmental
impacts and create economically viable,
environmentally friendly alternatives to traditional
production processes.

It should be noted that in Ukraine, among
the examples of environmental startups aimed
at solving general environmental problems, the
following can be highlighted [4]:

1. "EcoStartup" focuses on creating
innovative solutions for the recycling of household
waste and reducing environmental pollution.
Specifically, this startup has already developed
and commercialized over 20 technologies
for effective plastic waste recycling and
producing new materials used in construction
or manufacturing products, including plastic
composites for creating environmentally friendly
panels, facade materials, and soundproofing
boards; paving stones, curbs, and sidewalk tiles
made from recycled plastic, which are resistant
to wear and weather conditions; thermal
insulation blocks combining lightness and energy
efficiency; various household items made from
compressed plastic waste.

2. "BioGreen,"whichspecializesinbioplastic
packaging production, that decomposes in the

minimize the negative impact of human activity natural environment. It significantly reduces
Table 1
The dynamics of the increase in the humber of environmental startups
in the Ukraine economy, 2019-2020
The number of entities in the economy The rate of change
of Ukraine at the beginning of the . 9
. . - . of the indicator, %
Indicator reporting period, units
2020/ | 2021/ | 2022/ | 2023/ | 2024/
2019 | 2020 | 2021 | 2022 | 2023 | 2024 2019 | 2020 | 2021 | 2022 | 2023
Environmental
startups, units 50 50 64 73 86 104 | 100 | 128 | 114 | 118 | 121

Source: compiled based on EY data [4]
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The focus on using green technologies to
address general environmental problems

(the specificity of such startups lies in reducing

the negative impact on the environment
through individual innovative solutions in the
field of sustainable development).

The use of green technologies to reduce the
negative impact on the environment and
enhance the efficiency of natural resource
utilization
(the specificity of such startups lies in the
implementation of cutting-edge technologies
that help optimize resource use, reduce
emissions, and improve the efficiency of
production processes).

Development based on the principles
of a circular economy
(the specificity of such startups lies in
the transition to the reuse of
materials, waste recycling, and the
creation of products from
biodegradable or environmentally
friendly materials).

Key features of
the innovativeness
of environmental
startups

Focus on reducing the carbon
footprint (the specificity of such
startups lies in the development of
solutions that contribute to the
reduction of greenhouse gas
emissions).

Social responsibility
(the specificity of such startups lies in being

based on scientific developments, cutting-edge

technologies, and unconventional business
models, which allows for finding unique
solutions to overcome environmental
challenges).

Scalability potential
(the specificity of such startups lies in their
focus on international markets, as
environmental problems are global, and
effective solutions can be applied in different
countries).

Figure 1. List of core features of the innovativeness of environmental startups

Note

* For example, through the development of renewable energy or the implementation of energy-

efficient technologies.

Source: compiled based on [2; 4; 6]

plastic pollution and lowers the environmental
impact, as plastic remains one of the largest
sources of pollution.

These examples show that currently, startups
are actively working on solving environmental
problems by creating new, environmentally
friendly technologies that help reduce the
negative impact on nature.

A core feature of the innovativeness of
environmental startups is the use of green
technologies aimed at reducing the negative
impact on the environment and improving
the efficiency of natural resource use,
including: renewable energy sources; waste
recycling technologies; green transportation;
environmentally friendly production methods
(Figure 3).

In particular, in Ukraine, among the examples
of using environmental technologies to reduce
the negative impact on the environment, startups
include [4]:

1. "SolarGaps," which develops and
manufactures solar blinds that combine the
functionality of regular blinds with the ability to

collect solar energy. These blinds are equipped
with solar panels, allowing them to reduce the
energy consumption of buildings and generate
electricity used for internal needs or sold to the
grid. This technology helps reduce dependence
on traditional energy sources and lowers the
carbon footprint.

2. "Ecodetergent" specializesin eco-friendly
production using biodegradable components that
do not pollute water or harm the environment.
The technology used to manufacture these
products reduces the impact on ecosystems and
improves natural resource use.

The startups outlined by us demonstrate
that innovative environmental technologies in
Ukraine help reduce the environmental burden,
increase resource efficiency, and contribute to
sustainable development.

Among the features of the innovativeness
of environmental startups, an important aspect
is the development based on the principles
of a circular economy, specifically the focus
on green technologies that ensure maximum
resource conservation, waste reduction, and
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Innovative solutions based on the
development and improvement of purification
systems to reduce industrial emissions.

Innovative solutions based on the
development and improvement of specific
filtration systems to reduce industrial
emissions. !

The focus on using green technologies to address general
environmental problems.

Innovative solutions based on the
development and improvement of
biodegradable components and materials to
replace traditional synthetic counterparts.

Innovative solutions based on new methods of
recycling plastic waste, which reduce pollution
levels.

Figure 2. Components of using green technologies to address global environmental problems
Note

1. Filtration based on nanotechnology, filtration using graphene-based materials, biofiltration
and bioremediation, filters using activated carbon and adsorbents, filtration systems using plasma
technologies.

Source: compiled based on [3-4; 6]

Innovative solutions based on the
implementation of waste recycling
technologies. 2

Innovative solutions based on the
implementation of renewable energy sources *

Reducing the negative impact on the environment through innovative
solutions in the field of sustainable development.

Innovative solutions based on the transition to

Innovative solutions based on the use of green i i )
environmentally friendly production methods *

transportation 3

Figure 3. Components of using green technologies to reduce the negative impact
on the environment and improve the efficiency of natural resource use

Note
1. Integration of solar panels with building materials, energy from biomass and waste, geothermal
energy systems, energy storage technologies, next-generation wind turbines, smart grids, etc.
2. Includes methods and processes aimed at the efficient use of waste as resources for producing new
materials, energy, or goods, including plastic waste recycling, energy recovery from waste, electronic
waste recycling, composting of organic waste, sorting and purification technologies, etc.
3. Electric vehicles, infrastructure for electric vehicle charging, hybrid vehicles, hydrogen vehicles,
biofuel-powered transport, etc.
4. Green materials and technologies, green chemical processes, and the development of electric and
hydrogen mobility.

Source: compiled based on [4-6]

material reuse. Among such technologies are
mechanical and chemical plastic recycling,
organic waste recycling, upcycling, transitioning
to biodegradable materials and bioplastics,
using bacteria for cleaning water and soil from
pollutants, heat recovery technologies, etc.
(Figure 4). So, in Ukraine, among the examples
of startups that operate based on the principles
of a circular economy [4]:

1. "Ukroplast,” which focuses on recycling
plastic waste to create new products, significantly

reducing the need for new plastic materials
and minimizing the environmental impact of
plastic waste. The project actively implements
innovative technologies for plastic recycling and
its reuse in various manufacturing processes,
such as the production of building materials,
furniture, packaging, and more.

2. "Green City,” which focuses on
creating environmentally friendly materials
from secondary resources, including the use
of organic waste for producing biodegradable

EKOHOMIKA
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Innovative solutions for the implementation of
mechanical and chemical plastic recycling
technologies.

Innovative solutions for the implementation of
organic waste recycling technologies.

Innovative solutions for the
implementation of water and soil
purification technologies from
pollutants.

Development based on
the principles of a
circular economy.

Innovative solutions for the
implementation of heat
recovery technologies.

Innovative solutions for the implementation of
upcycling technologies®

Innovative solutions for the implementation of
technologies for the transition to
biodegradable materials and bioplastics.

Figure 4. Components of using green technologies for development based
on the principles of a circular economy

Note

1. Upcycling involves transforming waste or old materials into new products with higher value or utility.

Source: compiled based on [1-2; 4]

packaging. By utilizing renewable materials
and resource reuse technologies, the project
reduces the amount of waste sent to landfills and
supports the principles of a circular economy.

These startups in Ukraine show that
environmental technologies help develop a
circular economy, effectively use resources,
reduce waste, and minimize environmental
impact.

Among the features of innovation in
environmental startups with a focus on reducing
the carbon footprint is the orientation toward
green technologies that reduce the amount
of greenhouse gas emissions (primarily CO,)
into the atmosphere (these emissions are the
main cause of climate change) [1-2]. First
and foremost, these are carbon capture and
storage (CCS) technologies, which capture CO,
produced during the burning of fossil fuels or
industrial processes, preventing it from entering
the atmosphere. For example, the domestic
startup Carbominer is working on Direct Air
Capture (DAC) technology, which captures CO,
directly from the air. The captured CO, is then
used in greenhouse farming to enhance plant
growth, making the process more eco-friendly
and reducing the carbon footprint.

In addition, technologies for reducing the
carbon footprint include CO, emission monitoring
and reduction systems, as well as systems
aimed at minimizing dependence on fossil fuel
energy sources. Notably, in Ukraine, examples
of environmental startups focusing on reducing
the carbon footprint include [1; 4]:

1. "Ecois.me", which specializes in creating
solutions for calculating and reducing the carbon
footprint for both companies and individuals. In

particular, the startup develops and offers various
tools for real-time CO, emission monitoring and
reduction, allowing businesses and individuals
to reduce their environmental impact through
analytics and recommendations on optimizing
energy consumption, reducing fuel usage, and
adopting eco-friendly technologies, among
others.

2. "Vega Solar" focuses on implementing
solar power stations for small and medium-sized
enterprises, helping reduce dependence on fossil
fuel sources and, consequently, lowering CO:
emissions. The use of renewable energy sources,
such as solar energy, significantly reduces the
carbon footprint of production processes and
supports sustainable development at the local
level.

These examples show that startups are
actively working on reducing greenhouse gas
emissions and lowering their carbon footprint,
which is a crucial component of the fight against
climate change.

One of the key signs of innovation in
environmental startups is social responsibility,
which focuses on green technologies. These
businesses operate in a way that considers the
interests of society, protects the environment,
and promotes sustainable development. Such
technologies include eco-friendly products (e.g.,
corn starch packaging, eco-friendly cleaning
agents, organic textiles); green spaces (creating
and maintaining urban parks, eco-roofs, green
walls, and landscape projects that improve air
quality and biodiversity), and more [5].

In  Ukraine, an example of an eco-
friendly startup actively demonstrating social
responsibility is "Smachno," which specializes
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in producing environmentally clean food
products, particularly healthy snacks made
from local organic ingredients. They prioritize
consumer health and support local farmers
by using eco-friendly production methods,
avoiding chemical additives, and eliminating
plastic packaging. This startup actively reduces
waste, promotes a healthy lifestyle, contributes
to sustainable development, and mitigates
negative environmental impacts. Additionally,
this group can include startups like "Framiore"
and "Anastasia lvanova," which specialize in
eco-friendly clothing using organic materials
and sustainable production processes. These
companies prioritize environmental responsibility
by creating products that minimize ecological
impact and promote ethical consumption.

Given the aforementioned points, it's clear
that startups of this type can take on social
responsibility by focusing on green technologies
that improve the quality of life and protect the
environment.

Among the characteristics of innovation
in ecological startups: are active scaling,
focused on the process of rapid and efficient
expansion of operations; a focus on reaching
a larger market share; gradual increase in
production volumes; improving services or
growing profitability [1-2]. Among the examples
of domestic ecological startups that are
successfully scaling [4]:

1. "Bioformat,” which specializes in the
production of biodegradable packaging for food
products. In 2010, this business was focused on
small-scale production, but due to high demand
and investments in advanced technologies, they
were able to scale and expand production.

2. "SolarGiga," which specializes in installing
the latest solar panels on residential buildings
and businesses. Currently, the startup is rapidly
expanding its market presence and reducing the
cost of projects for installing electricity generation
stations for end consumers.

Proactive scaling of environmental startups
enables broader access to green technologies,
improving their impact on the economy. This

positively impacts the sustainable development
of economic entities and reduces environmental
footprint.

Conclusions. The research proves that
environmental startups and green technologies
play a key role in transforming traditional
economic models, contributing to the formation
of environmentally balanced development.
Amid the growing ecological burden on the
planet, startups working in the field of green
technologies not only offer effective solutions to
reduce the negative impact on the environment
but also change the very principles of economic
management and production. The following
conclusions have been made:

1. Environmental startups contribute to the
transformation of economic models by promoting
the shift from a linear economy model ("take,
make, dispose") to a circular one, that focuses
on waste minimization and maximizing the use
of secondary resources. They operate in the field
of renewable energy and contribute to reducing
fossil fuel consumption. In addition, green
businesses offer new approaches to commercial
activities, including models such as "product
as a service" (for example, rental instead of
ownership) and "green finance" (investments in
projects that meet environmental standards).

2. Eco-startups contribute to environmentally
balanced development by helping to reduce
pollution levels and promote the growth of eco-
friendly transportation. Moreover, these startups
play a key role in popularizing environmentally
clean products, biodegradable packaging,
smart resource consumption, and sustainable
business practices, thus shaping a new culture
of consumption.

Based on the obtained results, it can be
noted that promising areas for further research
include the assessment of the effectiveness of
environmental startups in various sectors of the
economy, the analysis of their financing and
scaling mechanisms, as well as studying the
impact of green technologies on socio-economic
development and the formation of sustainable
development policies.
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