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Abstract: The critical role of energy in contemporary life and the environmental challenges associated
with its production imply the need for research and exploration of its novel resources. The present
review paper emphasizes the continuous exploitation of non-renewable energy sources, suggesting
the transition toward renewable energy sources, termed ‘green energy’, as a crucial step for sustainable
development. The research methodology involves a comprehensive review of articles, statistical
data analysis, and examination of databases. The main focus is biomass, a valuable resource for
bioenergy and biopesticide production, highlighting not only its traditional diverse sources, such
as agricultural waste and industrial residues, but also non-edible invasive alien plant species. This
study explores the utilization of invasive alien species in circular economy practices, considering
their role in bioenergy and biopesticide production. The potential conflict between bioproduct
acquisition and food sector competition is discussed, along with the need for a shift in approaching
non-edible biomass sources. The paper emphasizes the untapped potential of under-explored biomass
resources and the necessity for policy alignment and public awareness. Species with a significant
potential for these sustainable strategies include Acer negundo L., Ailanthus altisima (Mill.) Swingle.,
Amorpha fruticosa L., Elaengus angustifolia L., Falopia japonica (Houtt.) Ronse Decr., Hibiscus syriacus
L., Koelreuteria paniculata Laxm., Paulownia tomentosa Siebold and Zucc., Partenocissus quenquefolia
(L.) Planch., Rhus typhina L., Robinia pseudoacacia L. and Thuja orientalis L. In conclusion, the paper
highlights the intertwined relationship between energy, environmental sustainability, and circular
economy principles, providing insights into Serbia’s efforts and potential in adopting nature-based
solutions for bioenergy and biopesticides acquisition.

Keywords: biofuels; biogas; biomass; biopesticides; biowaste; circular economy; invasive alien
species; nature-based solutions; sustainable development goals; urban greenery

1. Introduction

Energy represents a primary need of a contemporary man, enabling the normal
functioning of all aspects of life. Since the dawn of human civilization, people have adapted
to different environmental conditions through the utilization of available natural resources
for energy production. The industrialization and urbanization processes, combined with
the continuous population growth, strongly affect the sector of energy production, which
is reflected in the increasing exploitation of non-renewable energy sources [1]. Excessive
energy consumption has led to serious environmental issues, such as global warming and
climate change, as a result of greenhouse gas emissions from fossil fuel combustion, further
causing the deterioration of both the environment and biodiversity [2]. The intense need
for carbon-based fossil fuels has prompted many countries around the world to establish
short-, medium-, and long-term systems aimed at transitioning to the use of renewable
energy sources [3]. To adequately approach the preservation of the environment and
natural resources, new technologies need to be accepted, which implies the development of
the innovative concept of “green energy” [4-6]. The Global Renewable Energy Community
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announced that the amount of energy produced from renewable energy sources worldwide,
such as hydropower, geothermal energy, wind energy and especially bioenergy, records a
positive trend [7]. In the future, it is expected that renewable energy will play an essential
role in the world’s energy supply, enabling the sustainable development of countries
around the globe [8].

Biomass is a valuable source of raw material for the production of bioenergy, including
biopower and biofuels [9]. Besides forests, agricultural plants, and newly introduced
algaculture as a source of bioenergy, biomass encompasses different kinds of waste, such as
biodegradable parts of by-products, waste or residues from agriculture (plant or animal
origin), forestry and related industries, as well as biodegradable parts of industrial and
municipal waste [3,10]. Unsustainable biowaste management practices are responsible for
soil, groundwater and air pollution, with toxic compounds released into the environment,
posing a serious threat to human health through the biological food chain [11]. Along with
the energy-related environmental challenges, pesticides’ utilization in food production and
plant breeding in general endangers sustainable development, jeopardizing environment
preservation and human health improvement strategies. Biomass, except for its usage
in bioenergy production, also offers numerous possibilities as a source of biopesticides.
Biopesticides are pesticides of biological origin, developed from naturally occurring living
organisms, mostly microorganisms (e.g., bacteria, fungi, and baciloviruses), animals (ento-
mopathogenic nematodes), and plants. Biopesticides are alternatives to synthetic chemical
pesticides and are key components of integrated pest management systems [12,13]. Biopes-
ticides have several advantages over their synthetic chemical predecessors: they are usually
less harmful, target-specific, effective in small quantities, decompose quickly, do not leave
harmful residues in the environment and the development of resistance is less. To be ac-
cepted by producers, biopesticides must be as effective as the synthetic chemical pesticides
they would replace [12].

The need for energy security paired with environmental degradation are the main
issues associated with a linear economy based on conventional non-renewable energy
sources [14-17]. The circular economy, unlike the linear economy, represents a sustainable
economic system in which economic growth is related to the reduced utilization of non-
renewable resources [18].

The acquisition of bioproducts may be competitive with the food sector if food com-
modities are used as feedstock for bioenergy and biopesticides, or if the crops needed for
production are cultivated on soil suitable for agricultural activities [19]. An additional
problem that could arise from the increased bioproduct acquisition is the reduction of
water availability for food production, as a larger amount of water is directed toward
the manufacturing of bioproduct feedstock [20,21]. To address those essential questions
while enabling the achievement of sustainable development goals set by Agenda 2030 [22],
the approach to non-edible biomass sources as feedstock for bioenergy and biopesticide
production must be altered [23].

The Republic of Serbia, a country situated in south-eastern Europe, does not fully
utilize the possibilities regarding sustainable biomass usage due to many restraints. As can-
didates for joining the European Union, Serbia and other Balkan countries, have accepted
the obligation to follow EU policies and programs, which implies that these countries
need to introduce and intensify the production and use of renewable energy sources by
2030 [22,24]. The National Strategy for the Sustainable Use of Natural Resources and Goods
highlights the main issues concerning the production and use of renewable energy, includ-
ing the insufficient availability of technology, a lack of knowledge and professional skills to
use necessary technologies, the undeveloped biomass market, the need for the introduction
of measures for the purpose of biomass production monitoring, and the non-compliance of
policies between the energy sector and other related sectors [25]. Although suitable for the
production of bioproducts, in terms of feedstock availability [26], Serbia is not equipped
with sufficiently developed capacities to achieve its full potential concerning nature-based
solutions in this field. The low level of public awareness about the benefits related to
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renewable energy, a lack of financial resources and the absence of a legal framework, make
it difficult for Serbia to properly approach the issues of sustainable development [27,28].
This paper provides insight into the current status of bioenergy and biopesticide production
in Serbia, evaluating the progress in this sector concerning the progress of the neighboring
countries and the general development of renewables in the world.

Rural and urban ecosystems represent an inexhaustible source of biomass needed for
the implementation of nature-based green solutions. In addition, the green infrastructure
including different types of green spaces—from small domestic gardens to great urban
parks and forests—plays a significant role in the invasion of ornamental allochthonous
species that represent “hotspots” of the spread and adaptation of invasive alien species
(IAS) to different environmental conditions [29]. By the utilization of biowaste produced by
IAS, the eradication of such species could be omitted, without compromising biodiversity
preservation [30]. This study further questions the potential of IAS utilization in the
context of a circular economy, exploring their suitability for the production of bioenergy
and biopesticides.

2. Research Methodology

This review encompasses articles available in Scopus and Scholar databases. The
statistical data were analyzed and gathered through the investigation of official databases
such as the Statistical Office of the Republic of Serbia, the statistical office of the European
Union (Eurostat) and International Energy Agency (IEA). The research was conducted
by using of the following search strings: ‘bioenergy’, ‘biowaste’, ‘biomass’, ‘biofuels’,
‘biodiesel’, ‘bioethanol’, ‘biogas’, ‘biopesticides’, ‘circular economy’, ‘invasive alien species’,
‘sustainable development’, ‘urban areas’, etc. Research articles, review papers, books and
conference papers written in English and Serbian were examined.

3. Biowaste in the Context of Sustainable Development, Circular Economy and Invasive
Alien Species Utilization

In 2015, the United Nations member states endorsed the 2030 Agenda for Sustainable
Development’, with the goal of promoting advancements in health and education, allevi-
ating poverty, fostering economic growth, mitigating climate change, and conserving the
environment and its natural resources [31,32]. The seventeen Sustainable Development
Goals (SDGs) were constituted to create a common vision and concept towards a sustainable
world, and their adoption can help many cities to achieve their goals and strategies through
sustainable practices that are based on nature solutions [33]. In this Agenda, waste man-
agement is considered a crucial element in making inclusive, safe, resilient and sustainable
cities and human settlements (SDG 11) and ensuring a sustainable production and con-
sumption patterns (SDG 12) [22]. These objectives entail minimizing adverse effects on air,
water, and soil quality through environmentally responsible waste management practices.
They also involve decreasing food losses throughout production and supply chains, along
with waste reduction achieved through prevention, reduction, recycling, and reuse strate-
gies. In that context, biowaste could provide the feedstock for energy production, securing
affordable, dependable, and contemporary energy access, while boosting the proportion
of renewable energy within the global energy blend (SDG 7) [31,32]. On the other hand,
the production of biopesticides from biowaste enables improvements in the promotion of
sustainable agriculture and the implementation of resilient agricultural practices (SDG 2).
Such environmentally sound waste utilization affects greatly the accomplishment of many
goals leading to sustainability, including food security achievement (SDG 2), good health
and well-being (SDG 3), gender equality (SDG 5), water availability (SDG 6), sustainable
economic growth and work opportunities (SDG 8), industry, innovation and infrastructure
improvements (SDG 9), sustainable cities and communities (SDG 11) and climate change
mitigation (SDG 13), as well as the prevention of biodiversity loss and preservation of
ecosystems (SDG 15) [32,34].
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The biowaste utilization in the acquisition of bioproducts supports the concept of
circular economy, by increasing the reuse of natural resources and the reduction of non-
renewable resources exploitation, concurrently increasing the economic benefits [35,36].
The circular economy represents a strategy of sustainable development based on three
principles: (1) sustainable amount of raw materials; (2) sustainable processes of production
and/or consumption of products; (3) circular flow of matter (a closed loop system) [37].
A closed-loop system in which green feedstock is transformed into value-added product
streams that are further used as a starting point for the production of new sustainable
technologies, increases the amount of energy, as well as economic and environmental
benefits [38,39]. Thus, sustainable development through the circular economy is based on
reduce, reuse, recycle, recover and return [40]. Such an approach represents a departure
from the linear economic model, characterized with the take-make—consume-throw con-
sumption pattern [28]. In March 2022, the European Commission unveiled the initial set of
initiatives aimed at facilitating the shift from a linear to a circular economic model. These
measures are designed to foster the development of sustainable products and enhance
public awareness of the green transition [41].

The city’s green infrastructure, comprising parks, urban green spaces, street plantings,
courtyards, squares, and residential complexes, boasts a diverse array of native and intro-
duced ornamental plant species. Biowaste collected from these areas represents potential
green feedstock for the bioproducts utilization—biomass for heating, liquid biofuels, biogas
and biopesticides, offering a number of sustainable green solutions based on nature [29].
One of the biggest challenges of circular economy is to systematize by-products from
nature (stems, leaves, husks, barks, seeds, fruits and other bio-waste that can be found in
public areas) using integrated processes that enable sustainable management of biowaste
while creating raw materials with high functional value for energy application [42]. The
production of eco-friendly products from ornamental dendroflora through sustainable
practices, green technology and nature-based solutions tends to promote the development
of the circular economy concept that will have a positive impact on the environment and
biodiversity [43,44]. In a review, Ljubojevi¢ et al. [32] presented the innovative approach
of ‘greening the economy and economizing the greenery,” which proposes the utilization
rather than eradication of ornamental IAS that are rich in oil, adding a new ecosystem
service to species otherwise considered detrimental for the growth of non-invasive species
found in the same environment. The selection criteria for optimal feedstock imply factors
such as lipid content, growth characteristics, and geographical adaptability, while the
objective of proper species’ selection is not restricted to the identification of high-yielding
individuals only, but also needs to be in line with sustainable and economically viable
production practices.

4. Current Status and Potential for Bioenergy and Biopesticides Production in Serbia
4.1. Biomass, Liquid Biofuels and Biogas

Bioenergy represents the largest renewable source of energy, based on several feed-
stock types. Mostly exploited feedstock includes residues from forestry (fuelwood, wood
chips, sawdust), crops cultivated specifically for the purpose of energy production, wastes
and agricultural residues (animal waste, paddy straw, rice husk), as well as some munic-
ipal solid waste partitions [45]. The overall energy demand records continuous growth,
with a growth rate of 4% in 2021 in comparison with the pre-pandemic period, where
modern renewables counted 8.8% in 2011, 11.7% in 2019 and 12.6% in 2021 of total energy
consumption [46]. When compared to fossil fuels” utilization of around 80% in overall
consumption, renewables were responsible for the significantly lower share of energy, but
the positive trend showed valuable improvement in renewable energy production. From
the total share of renewable energy utilization, the same source reported that biofuels for
transport participated with 1%, while biomass joined with the geothermal, ocean, solar and
wind power participated with only 3%. In 2022, the biomass feedstock provided 2.4% of
the overall generation of electricity [47].



Processes 2024, 12, 407

50f25

The highest amount of the renewable energy produced in Serbia in the period 2017-2021
was utilized in the sectors of electricity and the sector of heating and cooling, while the
sector of transport used less than 2% of renewable energy (Table 1) [48]. In the selected
five-year period, the average renewable energy share in total energy consumption was
22.73%. From the total amount of energy used for heating and cooling purposes in 2021,
35.47% belonged to renewables.

Table 1. Share of renewable energy in gross final energy consumption in Serbia in period 2017-2021
(in %) [48].

Year Total Sector of Electricity = Sector of Transport  Sector of Heating and Cooling

2017 20.29 27.45 1.21 24.90
2018 20.32 28.66 1.18 24.29
2019 21.44 30.11 1.14 26.65
2020 26.30 30.70 1.17 35.68
2021 25.28 29.90 0.62 3547

The bioproducts acquisition from biomass is not a new process, but its use and
application represent a major challenge for developing countries [49]. The increasing
import of fossil fuels and the increasing demand for non-renewable energy sources in
Serbia are considered the key reasons why it is necessary to invest in the development of
renewable energy sources as well as in procedures for biowaste management [50]. The
energy sector in Serbia is considered one of the most important and largest sectors of the
country’s economy, but also very inefficient, as it is largely dependent on oil imports as its
reserves of non-renewable energy sources are very limited [51]. Serbia’s energy dependency
stands at 40%, which is deemed average when compared to other EU nations [52].

Biomass can be produced from edible and non-edible raw materials from the natural
environment. In Serbia, agricultural edible crops such as sunflower, flax, soy and other
crops are mainly used. Taking into account the factor of feedstock competition with food
sector, non-conventional and non-edible oils have an advantage over edible oils when
it comes to the production of bioenergy, and at the same time, they should represent a
feedstock that has a high energy value [53].

In the total amount of primary energy production in Serbia in 2020, the energy
produced from biomass—firewood, wood chips and residue, participated with 14.83%
(67,334 TJ) [54]. With that share of production, the biomass derived bioenergy followed the
coal based energy production which participated with 65.11%. The bioenergy production in
the form of biogas counted 1624 TJ, i.e., only 0.36%. In the same year, wood fuels accounted
for 65,359 T] (16.4%) in total energy available for the final consumption [54]. Such low
share of biomass sourced bioenergy is by no means an indicator of the real potential of
biomass since the availability of biomass for the purpose of energy production is very
high at the whole territory of the country. In 2021, the highest production of energy from
biomass in Serbia was obtained from firewood—64,506 T], while significant amount of
2432 T] was produced from wood residuals and wood chips (Table 2). The import of wood
pellets was the highest, while country imported and exported almost equal amounts of
energy from wood fuels. The energy from firewood and wood pellets was mostly used for
households’ consumption needs, followed by industry sector. The level of use of forest
biomass is relatively high, with 66.7% of biomass utilized, in contrary to the utilization of
biomass from agriculture—about 2% and the use of biodegradable municipal waste, which
is not integrated into the sustainable practices at all and which potential is irreversibly
lost [55]. The forest resources, as a valuable biomass source, in Serbia in 2020 counted over
2 million ha, from which the largest potential lies in southern and eastern part of Serbia
(1,072,271 ha), followed with the éumadija region and Western Serbia (988,494 ha) [54]. On
the other hand, the agricultural biomass is mostly located in Vojvodina, i.e., northern part of
Serbia [55]. To provide an increase in the agricultural biomass potential (especially residues
from plant, fruit and grape production), it is important to enable cultivation of energy
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crops that will not jeopardize production of food crops. That means that such energy crops
should be cultivated at limited suitable or degraded land, abundant in the central part of
Serbia [56]. Because of the high rate of population transition from rural to urban areas,
the area of unused agricultural land is expected to increase, opening the possibility for
the increase in energy crop cultivation [57]. Plants most commonly used as energy crops
are wild or cultivated perennial grass family species, characterized by the production of
large amounts of aboveground biomass and minimal energy inputs for cultivation and
utilization [58,59].

Table 2. Balance of wood fuels in 2021, according to the Statistical Office of the Republic of Serbia [60].

Wood Fuels

. . Wood Residual Wood Wood

(Including Firewood . . Charcoal

Charcoal) * and Wood Chips Briquettes Pellets
Primary production 66,938 64,506 2432 - - -
Import 1761 118 - 82 1506 55
Export 1664 243 - 119 1024 278
Gross available energy 68,999 65,655 2744 —42 854 —212
Final energy consumption 68,003 61,343 - 568 6073 19
Industry ** 7282 5148 - 360 1756 18
Households 59,793 55,728 - 166 3899 0
Agriculture 80 40 - - 40 -
Other users 848 427 - 42 378 1

* In Terjoules (TJ). ** Industry, excluding energy sector.

Local governments and urban communities face mounting pressures to manage, col-
lect, process, and dispose of waste appropriately in Serbian cities struggling to manage the
effects of uncontrolled urbanization [52]. Because of that, biodegradable waste as a biomass
source remains unutilized, despite its potential in bioenergy production. Although Serbia
has been in the process of joining the European Union for decades, developing an effective
biowaste management system is essential, aligning with the broader societal and economic
progress and in accordance with the European Union’s renewable energy agenda [52].
Today, the most common policy of waste management in Serbia is disposal in landfills or on
free-untouched surfaces, which represents a huge danger to the environment in the form
of gas emissions, CO, and CH,4 leakage and the production of wastewater. It is necessary
to change this technology through sustainable practices to encourage development and
reduce the harmful impact on the environment [61].

The development of biofuels markets, investment rates and the construction of new
facilities is strongly affected by different factors, including policy uncertainty, competition
for feedstock, crop productivity dependence on the weather conditions, competition of
biofuels production with food production in terms of land and water resources, concerns
about production impacts on environment [62]. The production of liquid biofuels in the
world was 162 billion liters in 2021, which corresponds to 3.6% of total energy consumption
in the transport sector [47].

Biodiesel derived from biomass sources stands out as a promising alternative to
petroleum diesel fuel. It represents a biodegradable, non-toxic, nearly sulfur-free, and
non-aromatic fuel, originating from vegetable oils or animal fats [63]. Globally, biodiesel
has been gaining growing attention, serving either as a blending component or as a direct
substitute for conventional diesel fuel in vehicle engines [64]. Feedstock materials utilized
in biodiesel production encompass various triglyceride-based substances, traditionally
categorized into the following main groups: vegetable oils (including both edible and
non-edible types), animal fats (such as chicken fat, pork lard, beef tallow, and poultry fat),
waste oils (such as waste cooking oils or waste industrial oils), and algal oils [63].

The limited adoption of biodiesel as a replacement for fossil diesel is mainly attributed
to its relatively higher production costs and the restricted availability of feedstock [65]. In
Serbia, sunflower, rapeseed and soybean are recognized as the most significant oilseed
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crops. According to Purisi¢-Mladenovi¢ et al. [63], if sunflower and/or rapeseed, along
with waste cooking oils, are going to be the main sources of biodiesel production in Serbia,
the annual biodiesel output has the potential to reach approximately 285,000 tons. This
quantity would replace nearly 20% of the diesel fuel consumed in the transportation sector
in Serbia. Alternatively, if soybean oil is considered the primary biodiesel feedstock, the
substitution rate would be 10%.

The contribution of oilseed crops to the total biodiesel production potential in Serbia
is substantial, ranging from 88% to 93% [63]. The utilization of edible oils poses a challenge
to global food production, which is further exacerbated by fertile soil scarcity. Therefore,
there is a pressing need to explore biodiesel production from non-edible or lower-quality
edible oils derived from existing urban and peri-urban greenery. Investigating these
alternative sources could help address the conflict between biodiesel production and the
demands of fertile soils for food production [53]. A segment of agricultural waste biomass
and used frying oil is identified as highly appropriate feedstock for biodiesel production,
offering advantages from both environmental and economic standpoints. By utilizing these
materials as feedstock, not only is the problem of waste disposal addressed, but it also
reduces the demand for agricultural feedstock that could otherwise be utilized for food
production [66]. Recent studies by domestic researchers discussed some novel feedstock
alternatives that could be introduced in Serbia for the purpose of bioenergy production,
suggesting the non-edible species that are relatively easy to grow, that are characterized with
intensive annual vegetative biomass growth, which production is more cost-effective or
that are suitable even for degraded soils [67,68]. The potential of the following species have
been discussed: Phragmites australis, Miscanthus x giganteus, Beta vulgaris L., Saccharum
sp., Ricinus communis L. Prosopis sp., Arundo donax L., Thinopyrum ponticum, Panicum
virgatum [68-70]. Current legislatives in Serbia do not recognize specifically the IAS as a
source of biomass for liquid biofuels nor biogas production thus such feedstock could be
assigned to the residuals from forestry or horticulture and biodegradable part of municipal
waste. However, the potential of many IAS for bioenergy acquisition has been investigated
and recognized by researchers in Serbia and worldwide, including species Koelreuteria
paniculata [53,71], Reynoutria japonica [72], Ailanthus altissima [73], Paulownia tomentosa [74],
Dichrostachys cinerea [75], Acacia Holosericea [76], etc. The process of biodiesel acquisition
from invasive species in Serbia has been investigated and explained in the works of
Ljubojevi¢ et al. [30] and Tomi¢ et al. [53].

The fact that diesel vehicles will be banned in many European cities in the near future,
decreased prices of used vehicles, which enabled citizens of Serbia to buy those cheaper
vehicles, further increasing already high consumption of diesel fuel for transportation
purposes. To address the negative environmental impacts of this trend, and decrease
foreign trade deficit, Serbia has to find sustainable ways of imports’ reduction, highlighting
the need for domestic production of biofuels [77]. The directive 2009/28/EC set a goal to
achieve 10% of biofuels in petroleum fuels by the end of 2020. A previous directive implied
5.75% share of biofuels, including biodiesel and bioethanol, in total transport fuels, by the
end of 2010. This goal has led to several important investments in production of biodiesel
in Serbia, where investors indeed believed that state will provide incentives and aid to
overcome obstacles in production [77,78].

After the initial installation of biodiesel plants in Serbia, several government moves
led to almost complete termination of production, including high excise taxes on biofuels,
the absence of subsidies for production and transportation fuel marking regulations [66,78].
Central Serbia currently has a modest share of approximately 2% of oil crops out of its
total arable land area. This implies that a significant expansion in the cultivation of
oil crops is more likely to occur in Central Serbia rather than in Vojvodina, where the
cultivation potential has already been realized [77]. The country encompasses around
4.2 million hectares of cultivable land, with an annual portion ranging from 170,000 to
200,000 hectares left unused [79]. It was estimated that within a span of five to seven years,
it is possible to produce enough feedstock for the production of 300,000 tons of biodiesel,
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utilizing 200,000 hectares of available land [79-81]. The balance of biodiesel production and
consumption in Serbia appears for the first time in 2021 in the data of the Statistical Office
of the Republic of Serbia [60]. The import of biodiesel in its pure form counted 1139 t, while
758 t of biodiesel fraction in blended biodiesel (biodiesel blended with fossil fuel) were
exported, with no primary production of this form of biodiesel. Gross available energy of
pure biodiesel was 28 TJ, but this biofuel was not utilized.

Although Serbia has basic prerequisites for the production of bioethanol, the level of
industrial bioethanol production is very low. Bioethanol is mostly used for medical and
pharmaceutical purposes, as well as in the production of alcoholic beverages [82]. Serbia is
not producing bioethanol as an energy source and in order to provide capacities for the
production of bioethanol as a fuel, new capacities need to be constructed [24,83].

According to the Energy Development Strategy of the Republic of Serbia, the raw
materials required for bioethanol production include cereals, millet, Jerusalem artichoke
(topinambour), and potatoes [55]. The primary source for bioethanol production is sugar
beet molasses [84], but maize is presently the most appropriate as bioethanol feedstock in
Serbia [83].

An estimate suggests that roughly 100,000 hectares of marginal land in the Republic of
Serbia could be utilized for the cultivation of millet and Jerusalem artichoke, potentially
leading to the production of around 3 million tons of ethanol per year [55]. The utilization
of field crops for biodiesel and bioethanol production has been consistently increasing until
recently. Particularly noteworthy for cultivation, given their substantial energy potential,
are prairie grass, reed canary grass, giant reed, and miscanthus [85]. Alternative feedstocks
not suitable for the food production are actively being sought [86].

Biogas is an another efficient renewable energy source that contributes to the reduction
of greenhouse gas emissions and aids in waste disposal [87]. Reducing the release of
greenhouse gases into the atmosphere involves preventing methane emissions that occur
naturally during the storage of substrates. Biogas is primarily composed of methane
(CH,4) within the range of 50-70%, along with carbon dioxide (CO;) at a concentration of
30-50% [88]. It is predominantly utilized for the generation of heat and electricity. When
upgraded to pure biomethane, it is employed as a vehicle fuel, serving as an alternative
to fossil fuels [89]. As a renewable energy source, biogas holds advantages over solar and
wind energy due to its constant (and variable) energy generation and the potential for
energy storage in the form of biomethane [87].

Biogas can be produced in different facilities like landfills, sewage treatment plants, or
anaerobic digestion plants. The characteristics of biogas, such as its chemical composition,
energy potential, and fuel properties, vary depending on where it originates [89]. Various
feedstocks can be utilized for biogas production, including agricultural products (such as
energy crops) and by-products (like livestock manure and crop residues), industrial wastes
and residues, municipal organic waste, among others [87,90].

The biogas sector exhibits considerable diversity across Europe, with well-developed
systems in countries such as Germany, Denmark, Austria, and Sweden, followed by the
Netherlands, France, Spain, Italy, the UK, and Belgium [91,92]. The study conducted
by Cvetkovi¢ et al. [93], showed that Serbia has a great potential for biogas production.
There are 24 registered biogas power plants that commenced operations between 2011 and
2021, boasting a combined installed capacity of 9415 kW [94]. The construction of 73 more
biogas power plants is planned. The Energy Development Strategy until 2025 including
projections up to 2030, foresees the construction of power plants with a cumulative
capacity of up to 80 MW by the year 2030 [95]. The direct production of biogas from
energy crops grown in agriculture presents the greatest potential for biogas production
in Serbia. However, the official data on the raw material composition used in Serbian
biogas power plants are currently unavailable [94]. Given that natural gas consumption in
Serbia amounts to 2.5 billion m?, these findings suggest a considerable opportunity for
substituting natural gas. The estimated potential of biogas production from municipal
solid waste in Serbia is 95.6 million m? per year, equivalent to 49.72 ktoe, indicating
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that municipal solid waste could become a significant energy source for the Republic of
Serbia [93]. Djatkov et al. [96], argue that the utilization of municipal biodegradable waste
as a substrate for biogas production will only become viable if there is a primary waste
selection process in place.

According to Eurostat [97], the renewable energy share in total amount of energy,
among Serbia and the neighboring countries differ significantly (Figure 1). Generally, the
highest share in five-year period was recorded in Albania, Montenegro and Bosnia and
Herzegovina. In 2022, the countries which participated with the share of energy from
renewable resources around 40% were Albania and Montenegro, while share in Serbia
reached more than 25%. Interestingly, Serbia showed higher or similar rates of renewable
energy production, depending on the year, when compared with Slovenia, while these
differences are even more prominent in comparison with Hungary. Such data indicate that
the development of a country does not have to be directly correlated with the application
of sustainable forms of energy.
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Figure 1. Share of energy from renewable sources (%) in Serbia and the neighboring countries of
Western Balkan in a five-year period [97].

Figure 2 shows that in Serbia, the complete renewable energy available was near
3 million toe, which represent about half of the estimated total renewable energy potential
of 5.65 million toe per year [55]. Among the selected neighboring countries of Serbia,
Romania was characterized with the highest amount of energy from renewables in the
five-year period, reaching about 6.5 million toe in 2021. Figure 3 shows complete energy
balances (non-renewable plus renewable energy) per country in 2017-2021, showing the
ratio between total and renewable energy in one year. In Table 3, the share of renewable
fuels in total gross final consumption in 2021 is shown. From total energy produced,
Serbia produced 25.58% renewable energy, being placed behind Albania, Montenegro,
Bosnia and Herzegovina, and Croatia, which reached share higher than 30%. The National
Renewable Energy Action Plan for the Republic of Serbia established a target to achieve a
share of 27% of energy produced from renewable sources in relation to the total gross final
energy consumed by 2020 [98]. Despite the numerous ambitious projections that Serbia
would accomplish the planned goal, the target share was not achieved. In 2021, the share
of renewable energy in total consumption was even lower than in 2020, after which the
highest share was recorded in 2022 [97,99]. Bearing in mind that Serbia is aiming to further
increase the share of renewable energy sources in the future, the goal is to provide more
feedstock and develop capacities for the increased production [28].
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Figure 2. Complete energy balances of Renewables and biofuels per country in 2017-2021 (in
thousand tons of oil equivalent of gross available energy) according to Eurostat [97].
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Figure 3. Complete energy balances per country in 2017-2021 (in thousand tons of oil equivalent of
gross available energy) according to Eurostat [97].

Table 3. Share of renewable fuels in total gross final consumption of energy in 2021, per country [97].

Country Share of Renewable Fuels (%)
Bulgaria 16.99
Croatia 31.32
Hungary 14.09
Romania 23.85
Slovenia 25.00
Bosnia and Herzegovina 36.56
Montenegro 39.89
North Macedonia 17.29
Albania 41.39
Serbia 25.28

In 2018, the EU set a challenging goal of achieving a 32% share of renewable energy in
the total energy consumption of its member states by 2030. The directive (EU) 2018 /2001
of the European Parliament and of the Council brought regulations established to abolish
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barriers, incentivize investments, and promote cost reductions in production of renewable
energy, which will enable citizens, consumers, and businesses to take part in transitioning
their personal consumption towards clean energy alternatives. In 2021, the European
Commission proposed an increase in this percentage to 40%, and then in 2022, it put
forward a proposal for the share of renewable energy sources in the energy mix to be raised
to even 45% [100]. Securing multiple permits and licenses from both local and national
authorities is essential for implementing projects that utilize renewable energy sources. The
intricate nature of this process acts as a deterrent to making more significant investments
in this sector. This issue is commonly noted in reports by the European Commission,
identified as a significant barrier to meeting quotas for specific renewable energy sources
more quickly [101]. It could be tackled by actively involving potential producers of biomass,
educating them about diverse possibilities and benefits, and adopting a unique approach
to assessing biomass in contrast to other sources of renewable energy. In March 2021, the
Government of the Republic of Serbia submitted a proposal for a set of energy laws to
the National Assembly for adoption. One of these is the recently implemented Law on
the Use of Renewable Energy Sources, which became effective in April 2021. Through
the implementation of this legislation, the Republic of Serbia officially recognizes the
importance of utilizing renewable energy sources in energy production as one of its top
priorities. The law delineates several incentive measures designed to attract investments in
this field [99,102].

4.2. Biopesticides

Biopesticides have emerged as a green tool in the era of sustainable agriculture and
as suitable for the production of ‘organically produced food” and ‘biologically based
products’ [103]. Plants have developed many strategies to defend themselves from being
assaulted by predators by developing compounds that are highly toxic to pests and/or
phytopathogens [13]. Botanicals are biopesticides derived from different plant tissues
or organs and can be used in different ways, mostly like different kind of extracts or
essential oils. Some botanicals are highly effective against pest insects [104,105], plant
pathogens [106,107] or other plants [107,108].

Currently, 68 biopesticide active substances are registered in the EU, while over
1000 biopesticide-based products are imported worldwide [109,110]. The development of
biopesticides was recognized and defined by EU regulation (2009/128/EC) with the goal of
promoting sustainable agriculture and mitigating the adverse effects of synthetic chemical
pesticides on the environmental and human health [111]. However, only a few member
countries have recognized biopesticides as a separate group of alternative pesticides, which
has led to their reduced use due to a lack of awareness of their importance, effectiveness
and environmental safety [112].

According to the official data, a total of 1215 plant protection products were registered
on the market in Serbia in 2023, of which a total of 1.31% are biopesticides (biofungicides
0.74%, bioinsecticides 0.33%, bioacaricides 0, 16% and other products based on biological
substances 0.08%) [113]. Biopesticides occupy a small share with 16 registered products in
the total market for plant protection in Serbia. In Serbia, the largest number of products
based on biofungicides were registered in 2023, followed by bioinsecticides and bioaca-
ricides, while no bioherbicides have yet been imported. The agricultural strategy in the
Republic of Serbia still largely relies on the use of chemical selective pesticides [114]. Data
from research conducted by Vlajkov et al. [115] show that in the period from 2015 to 2020,
biopesticides participated with only 1.3% of the total market, and that the largest amount
of imported biopesticides was related to bioinsecticides, followed by biofungicides and
bioacaricides, which does not represent a significant difference compared to the previous
results in 2023. Based on the previous research, it could be noticed that the market of
biopesticides on the territory of Serbia is not yet sufficiently developed, therefore there
is a need for novel research that will raise public awareness that biopesticides represent
renewable resources with added value and a sustainable strategy for reducing the harmful
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effects of pesticides and ecological acceptability [116-118]. Despite biopesticides not having
reached the same level of utilization as chemical pesticides, enhancing their efficacy and
stability through the development of new active ingredients and advanced formulations is
imperative [119].

The most commonly used biopesticides on the territory of Serbia, which are used as
plant protection agents to combat invasive disease agents, are mainly microbiological and
biochemical in nature. The utilization of these biopesticides is in accordance with the Law
on Organic Agriculture. In their research, Golijan-Pantovi¢ and Se¢anski [120] showed
that biopesticides with microbiological effects containing bacteria such as Bacillus subtilis
and Bacillus thuringiensis have great effectiveness in protecting and suppression of disease
agents and pests. The bacterium B. subtilis has found the most effective when applied in
biological protection and has the power to indirectly inhibit the growth and development
of parasites. The bacterium B. thuringiensis is predominantly used in the control of harmful
insects, having a great potential to control a wide range of pests, while it produces toxins
that are harmless to humans and plants [119]. Some scientific papers note that 75% of
biopesticides contain the Gram-positive bacterium B. thuringiensis in their composition [121].
The current status of biopesticides in Serbia is shown by biochemical research of biological
pesticides containing plant extracts and essential oils. In their work on alternative sources of
biopesticides, Sunjka and Mechora [119] stated that the application of essential oils can have
a negative effect on plants if applied in high concentrations, although insecticides based on
essential oils are less effective when applied in low concentrations. They also highlighted
that plant extracts that have found application in the production of biopesticides offer an
unlimited source of biodegradable, ecological and renewable resources as an innovative
measure in the control of a large number of pests and diseases. In their work, Tanovi¢
et al. [122] demonstrated that 16 varieties of essential oils exhibited partial or complete
inhibition of pathogenic mycelia growth under in vitro conditions. In research conducted
by Goljjan-Pantovi¢ and Sec¢anski [120], rosemary, pine, and orange essential oils exhibited
the least potent effect, while basil, thyme, cinnamon, anise, geranium, and mint essential
oils completely inhibited pathogen growth. The remaining essential oils demonstrated a
reduction in fungal growth and development. Many studies suggest that in the coming
years, the importance of biopesticides in agricultural practice will be equal to chemical
pesticides and will become a dominant strategy for controlling and suppressing a large
number of pests and diseases both in Serbia and around the world.

5. Invasive Alien Species in the Urban Environment—The Allies of the Cities’
Sustainable Development

The Sofia Declaration on the Green Agenda for the Western Balkans, adopted by
the EU and Western Balkan countries in 2020, supports the sustainable development and
regional cooperation of Western Balkan countries [123]. This document emphasizes the
need to address serious environmental challenges, focusing on six key areas, including
the promotion of sustainable energy and the biodiversity protection [28]. The need for
protection and restoration of the rich biodiversity of the Western Balkans is particularly
highlighted. The occurrence of biological invasions due to the intentional and/or unin-
tentional introduction of ornamental allochthonous species represents a global threat to
natural resources and biodiversity [124-126]. Ornamental IAS are defined as allochthonous
species that threaten urban ecosystems, degrade habitats and suppress autochthonous pop-
ulations [127], leading to the serious changes in biodiversity and whole environment [128].
Introduced (exotic or allochthonous) species tend to overcome certain barriers to naturalize
and create localized self-sustaining populations, after which they rapidly spread before
being characterized as IAS [129,130]. Typically, naturalized IAS lack a documented intro-
duction history. Additionally, predicting their spread speed and impact on urban green
area biodiversity across cities proves challenging due to their high adaptability and ease
of distribution between different regions [29,131]. The majority of IAS are introduced into
various regions as ornamental horticultural plants, typically through channels such as
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garden centers, botanical gardens, nurseries, or the exchange of plant material [30,132].
Due to their adaptability, rapid growth, and aesthetic appeal, IAS have gained popularity
not only in public green spaces as part of urban infrastructure but also in private gardens.
Beyond their distinctive decorative features and quick development, these species often
exhibit large flowers and produce a substantial quantity of fruits and seeds in their crowns.
The green biomass of these ornamental species is readily available in abundance throughout
the year and can be stored for extended periods.

Every year, a considerable amount of green biomass, including leaves, fruits, seeds,
and twigs, is permanently lost in public green spaces [29]. The collection of green biomass
from ornamental IAS, particularly those rich in oil, contributes to the advancement of
nature-based green solutions. This approach facilitates the decrease in the spread and
deposition of seeds and fruits in the soil, thereby reducing the level of invasiveness. Simul-
taneously, the harvested fruits and seeds can be utilized as feedstock for the acquisition of
bioproducts (Figure 4). The green feedstock obtained from IAS has great potential for the
production of alternative sources of bioenergy and biopesticides, as a source of essential
oils that play a significant role in the pharmaceutical and cosmetic industry, or alternative
feedstock in the fiber industry [53,133-135]. Such sustainable exploitation of raw materials
from nature does not endanger the urban ecosystem functioning [29,30].

[ ey |
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Figure 4. Green feedstock of invasive alien species (A) Koelreuteria paniculata Laxm.; (B) Thuja orientalis
L.; (C) Hibiscus syriacus L.; (D) Partenocissus quinquefolia L.

According to Borsi¢ et al. [136], IAS produce large quantities of reproductive progeny
that occur spontaneously in free green areas, sprout from surrounding greenery, or form
small associations at considerable distances from parent trees (Figure 5). Fruits and seeds
of IAS are very light and have well-developed dispersal structures that allow them to
disperse more easily and have a high degree of germination. They are characterized by
high vegetative and generative reproduction, the seeds germinate very quickly, which
causes an uncontrolled spread on other public green areas. Invasive alien species can
undisturbedly grow from concrete, stone, soil, etc., providing damage to the city’s green
infrastructure [30,137,138].
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Figure 5. Invasive alien species on different public green areas.

Compared to native species, IAS are usually more widespread, more tolerant to differ-
ent climatic conditions and possess highly competitive biological properties. For the reasons
mentioned, they are easier to adapt to new environmental conditions, indicating that cli-
mate change and biological invasions have a synergistic effect on biodiversity [139-141].
The term used to describe IAS in the scientific literature is often characterized by the xeno-
phobic expression of “biological invasions” or “hotspots” which inevitably contribute to the
transmission of the message that naturalized species are enemies of people or nature [142].
Regardless of their shortcomings, these ornamental species provide significant benefits
in the form of ecosystem services that have a positive impact on biodiversity. Programs
to eradicate or control IAS can cause unwanted effects and further environmental degra-
dation [143], which may prove even more harmful than the invasion itself over a longer
period. Although the eradication of IAS is considered the best way to control and manage
them, and many researchers tend to do so, it is not a necessary solution to reduce the degree
of invasiveness on public green areas.

Invasive alien species can provide new resources that would improve the function
of urban greenery through sustainable practices and nature-based green solutions, so
these species should be approached as a rich source of raw material that provides a
new ecosystem service [144-146]. Thus, IAS produce large quantities of fruits and seeds,
which represent their tool for coexistence, but through their growth, these species also
provides a by-product (biomass) that freely settles and decays on green areas. Many cities
grapple with the challenge of invasive potential, necessitating appropriate measures like
meticulous selection of planting materials or implementing green solutions to mitigate
invasiveness [147,148]. The harvest of biomass from invasive alien species can notably
decrease their invasive potential by curbing vegetative reproduction, allelopathic effects,
competition, and the release of toxic substances into the environment. In this way, the
sustainability of ornamentals would be achieved, influencing the preservation of urban
infrastructure through sustainable practices [149,150]. Many studies claim that IAS could
be utilized as a source of bioenergy and biopesticides. Table 4 provides insight into the
potential of some moderately or highly invasive plant material for the production of
environmentally friendly products.
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Table 4. The potential of different invasive alien species for the production of different forms of
bioenergy and biopesticides.
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Box elder Acer negundo L. High Ve v v [151]
Tree of heaven Alanthus altisima (Mill.) v v v v v [152-157]
Swingle.
False indigo-bush Amorpha fruticosa L. High v v v v v [156,158-161]
Russian olive Elaengus angustifolin L.~ Moderate v v v v [162]
Falopia japonica (Houtt.) .
Japanese knotweed Ronse Decr. High v v v v [163-166]
Rose of Sharon Hibiscus syriacus L. Moderate v v v [30,32,167]
Chinese golden rain ~ K¢lreuteria paniculata High v v v V. [30,32,53,71]
Laxm.
Paulownia tomentosa .
Foxglove tree Siebold & Zucc. High v v v v v [168-170]
o Partenocissus quenquefolia .
Virginia creeper (L) Planch. High v v v [29,32]
Staghorn sumac Rhus typhina L. High v v v [171,172]
Black locust Robinia pseudoacacia L. High v v v v v [151,173-175]
Oriental cedar Thuja orientalis L. Moderate v v v v [32,176-179]

* According to Stojanovi¢ and Jovanovié [179]; Pusi¢ et al. [29], Anackov et al. [180]. ** Check mark indicates the
confirmed potential.

On average, invasive plant species exhibited a greater total number of secondary
metabolites in comparison to native species. Lugli et al. [181] provided the review of numer-
ous utilization possibilities of Paulownia species, broadly used in the traditional medicine
due to high content of phenolics and antioxidant compounds. The studies showed that its
flowers, fruits, leaves, and bark contain compounds with anti-inflammatory, antioxidant,
neuroprotective, antibacterial, antiviral, antiphlogistic, and cytotoxic activity [182-185].

The elevated chemical diversity and distinct phytochemical composition observed in
invasive plant species may serve as indicators of their biological invasion potential [186].
The chemical properties and constituents of these plants make them good candidates for
environmentally friendly biopesticides. Additionally, Falopia japonica (Houtt.) a highly
invasive species currently highly expanding in Romania, a neighboring country of Serbia,
is one of the richest sources of resveratrol, of an interested in medicinal purposes [187]. Its
rhizome is well known for its antioxidant and anticholinesterase effects [187,188]. A recent
study showed that the aerial parts also represent valuable source of biologically active
phenolic secondary metabolites, including besides resveratrol, rutin, and rosmarinic and
chlorogenic acid, which are mostly stored in leaves and stems, while plant extracts have
shown significant potential in anti-cancer therapy [188,189].

Mdee et al. [190] explored acetone extracts from various parts (flowers, leaves, seeds,
and fruits) of seven invasive plant species found in South Africa as potential reservoirs
of antifungal agents against various plant pathogenic fungi. The fungitoxic properties of
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these extracts suggest the potential of IAS as natural sources of fungicides. Antifungal
efficacy was observed across all tested plant species; however, leaf extracts exhibited greater
activity in inhibiting the mycelial growth of various pathogens compared to seed or flower
extracts. Popov et al. [191] examined the fungicidal activity of the Asclepias syriaca water
and methanol extracts against the three plant pathogenic fungi isolates. The findings
from this study indicate that the water extract of A. syriaca exhibits notable fungistatic
and potential fungicidal effects against the tested plant pathogenic fungi, suggesting its
potential utility as a biological control agent against them.

Extracts of six invasive weed species growing in sub-Saharan Africa were investigated
in different concentrations over two years on common bean plants. Each tested plant
species provided effective control of key pest species, resulting in bean yields aligned to
those achieved with standard pesticides. Furthermore, the plant-based pesticide treatments
showed significantly fewer adverse effects on natural enemies [192]. Tanaskovi¢ et al. [193]
assessed the antifeeding and insecticidal activity of 0.5%, 1%, and 2% extracts derived
from the bark and leaves of Ailanthus altissima against Lymantria dispar larvae (gypsy moth)
in laboratory settings. The study’s findings suggest that these extracts from A. altissima
bark and leaves could serve as cost-effective natural protectants capable of managing
gypsy moth populations in ecosystems. Specifically, the bark extracts exhibited strong
antifeeding activity and significant insecticidal effects on gypsy moth larvae across all
tested concentrations.

Allelopathic activity can be one of the key mechanisms enabling the spread of invasive
species into new habitats and their dominance in communities. Allelopathic activity varies
depending on the type of plant organ tested and the habitat from which they were taken.
Allelopathy is an adaptive ecological phenomenon whereby plants release biochemical
compounds into their environment that influence the growth, survival, and reproduction of
neighboring organisms [194,195]. These compounds, known as allelochemicals, can have
diverse effects, ranging from inhibiting the germination and growth of competitor plants
to deterring herbivores and pathogens. The study of allelopathy has gained increasing
attention in the recent years due to its implications for agriculture, ecology, and natural re-
source management. Understanding how plants interact chemically with their environment
through allelopathy provides valuable insights into ecosystem dynamics, plant community
structure, and strategies for sustainable weed and pest management, as promising nature-
based solutions. Allelochemicals may have positive, negative or even deadly effects on
target plants [195]. Extracts of some invasive plant species could be used as bioherbicides
in weed control. Balah et al. [196] presented that extracts of Solanum elaeagnifolium had
significant phytotoxic effects on summer and winter weeds in Egypt. The same authors
also demonstrate that extracts of S. elaeagnifolium could have negative physiological effects
on cultivated crops too. Extracts of some other invasive plant species have negative effects
on physiological and biochemical parameters of crops. Popov et al. [191] showed that the
A. syriaca water extract caused notable inhibition of germination in maize, soybean, and
sunflower, whereas no inhibition was observed with the methanol extract compared to the
control. Additionally, both types of tested extracts significantly decreased the shoot and
root length of all the plants under examination. Extracts of invasive plant Ambrosia trifida
can induce severe oxidative stress in sunflower seedlings [104]. Seedlings of soybean and
maize expressed more tolerance to the applied extracts of this plant.

Essential oils play a vital role in the allelopathic interactions among plants and their
effect spans over the habitats, influencing weeds, microorganism and insects. IAS-derived
essential oils such as from T. orientalis [197] and Eucalyptus sp. [198] express strong herbici-
dal effects toward numerous weedy species, comparable to glyphosate, suiting them as
bioherbicides.

6. Conclusions

Natural resources’ utilization based on the principles of circular economy encourages
the creation and implementation of nature-based solutions, leading to sustainable develop-
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ment on both a local and global level. The production of bioenergy and biopesticides from
abundant biomass sources brings numerous benefits, including improvements in biomass
and biowaste management, reduced utilization of non-renewable energy sources, mitiga-
tion of related environmental issues, sustainable agricultural practices implementation
and biodiversity preservation. The analysis of published papers and statistical databases
showed that although Serbia has high potential for the production of bioenergy, includ-
ing biopower and biofuels, the amount of renewable energy acquired from the available
biomass sources is substantially low. Currently, the utilization of biomass for the purposes
of biopower production is mostly realized. The energy produced from biomass, including
firewood, wood chips and residue, in 2020 accounted for 14.83% of the total amount of
primary energy production. With the estimated potential of over 280 thousand tons of
annual biodiesel output, production based on available feedstock utilization could provide
enough biofuels to replace 10-20% of diesel fuel consumed for transport in Serbia. Substan-
tial areas of unused land for the production of non-edible energy crops offer an alternative
approach to the acquisition of biofuels without jeopardizing the already insecure food
production, seriously affected by climate change. Estimated production of bioethanol in
Serbia reaches 3 million tons per year, while the estimated potential of biogas production
based just on the utilization of municipal solid waste is around 95 million m? annually,
not counting the potential for utilizing other raw materials. In 2021, around 30-35% of
energy utilized in the sectors of electricity and heating and cooling belonged to renewable
energy, while the share of energy from renewable sources in the sector of transport was
less than 1%. In 2022, the share of renewable energy was around 27%, in relation to the
gross final energy consumption in Serbia. To meet the established goal of achieving a
32% share of energy acquired from renewable sources by 2030, set by the last adopted
EU Directive, numerous enhancements are required to ensure continuous growth in the
Serbian energy sector. In the market for plant protection products, biopesticides occupy
a small share, with only 16 registered products, showing that Serbia still largely relies on
the use of chemical pesticides. From 2015 to 2020, biopesticides comprised only 1.3% of
the total market share, with the majority of imported biopesticides being in the form of
bioinsecticides. More research efforts are needed to recognize the importance of botanicals
in sustainable plant protection, in order to raise public awareness and initiate adequate
policies. As an important source of biomass and biowaste, invasive alien species could be
utilized for the purposes of both bioenergy and biopesticide production, which will prevent
the need for their eradication from green areas and provide additional ecosystem services
from the existing greenery. Investigated study shows that many invasive species hinder
potentials for these sustainable strategies, including Acer negundo L., Ailanthus altisima
(Mill.) Swingle., Amorpha fruticosa L., Elaengus angustifolia L., Falopia japonica (Houtt.) Ronse
Decr., Hibiscus syriacus L., Koelreuteria paniculata Laxm., Paulownia tomentosa Siebold & Zucc.,
Partenocissus quenquefolia (L.) Planch., Rhus typhina L., Robinia pseudoacacia L. and Thuja
orientalis L.
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