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HOBOKEHHA 3 BIIXOJAMMU B KOHTEKCTI CYUACHHUX
BUKJIUKIB

The article examines the issue of environmental safety in the context of
managing various waste streams, including military waste, which has become
particularly relevant in the context of armed aggression against Ukraine. The
author justifies the need to move from a fragmented and technology-oriented

approach to a systematic and spatially integrated waste management model that



would take into account the multi-level structure of risks and the interconnection
between their sources, infrastructure facilities and technological processes.

The study is based on an analysis of the legal, institutional and
infrastructural framework for waste management, as well as public participation
in the formulation of environmental safety policy. The scientific novelty of the work
lies in the development of methodological principles for the formation of a ‘safety
space’ that integrates environmental risks at three levels: waste flows,
infrastructure facilities and technological operations. This approach allows for the
structuring of risks, the identification of their endogenous and exogenous factors,
and the creation of conditions for their effective management during wartime and
post-war periods. The article outlines the methodological principles for the
formation of a security space, which involves the identification of environmental
risks at three levels: waste flows, infrastructure facilities, and technological
operations. Particular attention is paid to military waste as a separate type of
hazardous waste that requires specific approaches to classification, neutralisation,
and remediation. A structured risk assessment model has been developed, taking
into account endogenous and exogenous factors, which allows for increasing the
effectiveness of environmental policy in conditions of martial law.

The proposed recommendations are aimed at strengthening the role of
regional management, developing logistics infrastructure, complying with
environmental standards, and establishing a system of monitoring and public
control. The article also substantiates the integration of environmental safety
principles into the processes of land restoration, land use planning, and the
location of landfills and waste treatment and disposal facilities, taking into
account logistical, social, and economic factors. The results obtained are of
practical importance for improving the waste management system in transitional

and post-conflict periods.



YV cmammi poszensioaemvcsi numanHs ekono2iuHOi Oe3neku 6 KOHMeKCmi
VAPAGNIHHA DI3HUMU HOMOKAMU B6I0X00i8, BKIOUAIOUYU BIUCLKOGI 8i0X00U, WO
CMano ocooau80 akmyaibHuUM 8 ymosax 30pounoi azpecii npomu Yxpainu. Asmop
00IPYHMOBYE HEOOXIOHICMb nepexody 8i0 (OpacMeHmapHo20 Ma MexXHOI02IUHO
OpPIEHMOBAHO20 NIOX00Y 00 CUCMEMHOI Ma NPOCMOPO8O [HMEe2POBAHOI MoOei
VNPABAiHHA 8I0X00aAMU, KA 8paxo8ysana b bazamopieHesy CmpyKmypy pusuKie ma
83AEMO38 130K MIJIC 0dcepenamu ix GUHUKHEHHS, IHDpacmpyKmypHumu 00 ekmamu
I MEeXHONO02IYHUMU NPOYECAMU.

Jocniooicenns bazyemvcs Ha aHani3i CMAHy NPAaso8o2o, IHCMUMYYIIHO20 Ma
iHgpacmpykmyprozo 3abe3neuents cghepu no8OONHCEHHA 3 8i0X00AMU, A MAKONHC
yuacmi epomaocbkocmi Yy (popmyeanui nonimuxu Oesnexu 0oskiniig. Haykosa
HOBU3HA pPOOOMU NOAAAE Y PO3POOJIEHHI MemOOONOCIUHUX 3acad HOopMYyBaHHs
«npocmopy 0Oe3nekuy, AKUU IHmMezpye eKON02IUHI PUSUKU 3a MPbOMA DIBHAMU:
nomoxu 8i0xo0ie, 00 ’ekmu iHppacmpykmypu ma mexHono2iuni onepayii. Taxuil
nioxio 00360J5€ 30IUCHUMU CIMPYKMYPU3AYII0 PUUKIB, BUHAYUUMU iX eHOO2eHHI
Ma eK302eHHI YUHHUKU, A MAKOMC CMEOopumu nepeoymosu O eqheKmugHo2o
VAPAGNIHHA HUMU )Y BOEHHUU 1 MICIABOEHHUU nepiodu. Y cmammi OKpecieHo
MemoO0ono2iuHi  3acadu  Gopmyeanus npocmopy 6esneku, wo nepeobavae
BUAIBIEHHS €KOJIO2IYHUX pPU3UKIE HA MPbOX PpIGHAX! 3d NOMOKAMU BI0X00i8,
00 ’ekmamu ingppacmpykmypu ma mexuono2iyvnumu onepayisimu. Ocobausy ysazy
NPUOIIEHO BILICHKOBUM 8I0X00AM K OKDEMOMY 6UOY HeDEe3NeyHUXx 3aiuliKis, wo
sumazaroms  cneyu@iunux nioxodie 00 kaacugikayii, Heumpanizayii ma
pemediayii. Po3pobieno cmpykmypoeany mooeinb OYiHKU PU3UKIE 3 YPAXYBAHHAM
EeHOO2EHHUX MA eK302eHHUX (DaKkmopis, wjo 00360.14€ NiOUWUMU eheKmMUBHICMb
eKOJI02IYHOI NONIMUKU 8 YMOBAX B0EHHO20 CMAHY. 3aNpONOHOBAHI PeKOMeHOayii
CNPAMOBAHI HA NOCUNEHHA POJIi PE2IOHAIbHO20 YNPAGAIHHA, PO36UMOK JN02ICIMUYHOT
iHgppacmpykmypu, OOMPUMAHHA eKOJO02IYHUX CMAHOapmie ma @QopMyEaHHs
cucmemu MOHIMOPUHZY MA 2POMAOCbKO20 KOHmMpoao. Y cmammi maxooic
00TPYHMOBAHA IHMe2payis NPUHYUNIE eKOJI02IUHOI be3neKu y npoyecu 8i0HOBIeHH S

mepumopitl, NIaHY8AHHS 3eMAEKOPUCMYBAHHS, PO3MIWEHHS NOJII2OHIB, 00 €KMIi8 3



nepepooKu ma 3HewKOONCeHHsL 8i0X00I8 3 YPAXYBAHHAM JOLICIMUYHUX, COYIATLHUX
ma ekoHomiunux ¢hakmopie. Ompumani pe3yibmamu Mawmev NPAKMuUyHe
3HAYeHHsl OJisl 6OOCKOHANIEHHS CUCTNEMU NOBOOINCEHHST 3 810X00aMU 6 NepexiOHUl

ma nocmKOH@IIKMHUL nepioou.

Keywords: environmental safety, waste management, military waste,
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Statement of the Problem. Imperfect industrial processes, irrational land use,
inadequate infrastructure to meet modern production requirements, and outdated
waste collection, processing, and disposal systems cause significant pollution of
the air, water, and soil. This, in turn, worsens the sanitary and hygienic state of the
environment and the overall environmental situation.

The absence of an integrated approach to spatial planning of settlements, their
improvement, location of waste disposal facilities, as well as to the regulation of
land relations, organization of land use, land management and land protection,
combined with fragmentation of management processes and duplication of
management functions, leads to low efficiency in the field of waste management.
In this context, the problem of creating a proper infrastructure for waste
management and land regulation is of particular relevance.

The current environmental situation in Ukraine and globally demonstrates the
importance of a systematic approach to waste management. Growing volumes of
industrial, household, agricultural and hazardous waste, combined with an

underdeveloped infrastructure for their processing, utilization and disposal, pose



complex threats to the environment, public health and sustainable development of
territories.

Under these conditions, the development and implementation of scientifically
based methodological approaches to identifying, assessing and minimizing
environmental risks associated with waste is of particular relevance. One of the
most important tasks is to build an effective model for the formation of a safe
space that takes into account both waste flows and the specifics of the spatial
location of infrastructure facilities, the institutional environment, and the level of
public participation.

Analysis of Recent Research and Publications. The issue of waste
management as a key component of environmental safety is considered in
numerous scientific studies covering various aspects - legal, managerial,
technological, spatial and social. Particular attention is paid to the classification of
waste by hazard level, assessment of risks to the environment and public health,
development of infrastructure for storage, utilization, neutralization and processing
of waste.

The works of domestic researchers indicate that the modern waste
management system in Ukraine remains fragmented, with insufficient coordination
between state bodies, low efficiency of the regulatory framework, and the absence
of a comprehensive regional development strategy in the field of environmental
safety. The studies emphasise the need to move from a linear ‘collection-disposal’
model to a circular economy that includes recycling, reuse and minimisation of
waste generation [2,3].

International experience, presented in the works of authors from the European
Union, such as P. Borner, M. Scarlat, A. Watson, demonstrates the effectiveness of
the extended producer responsibility (EPR) system, which allows placing
responsibility for waste on the producer, as well as the importance of using GIS
technologies for spatial planning of waste infrastructure [1,4].

Modern research indicates the need to take into account the multifactorial

nature of risks in the field of waste management. For example, the works of J.



Seadon and M. Wilson examine the interrelationships between political, social and
economic conditions in the formation of the waste management system, as well as
the importance of public participation in ensuring transparency in decision-making
and reducing protest potential [5,6,7].

Of particular interest are works devoted to the spatial aspect of risk
management. The studies of V. Kravets and I. Yakimenko (2021) emphasize the
need to integrate environmental planning into the process of forming master plans
for settlements, taking into account environmentally hazardous objects and waste
streams.[8]

Despite the significant scientific work, the issue of methodological
generalization of all factors within the concept of forming a safe space - as a
category that includes risks, infrastructure, spatial planning, institutional support
and strategies for influencing them - remains insufficiently developed. There is
also a lack of applied risk assessment models adapted to Ukrainian realities and the
capabilities of the management system at the local level.

Formation of the objectives of the article. Formation of the objectives of
the article. Given the current environmental threats associated with the
accumulation and improper management of waste, there is a need to rethink
approaches to managing this area. Traditional management models, focused mainly
on the utilitarian logic of waste extraction and disposal, do not take into account
the complex systemic nature of risks that arise as a result of man-made
environmental impacts, as well as socio-economic consequences caused by habitat
degradation.

The formation of a safe space in the field of waste management requires the
integration of multi-level factors - from the generation of waste flows to the spatial
placement of infrastructure and institutional support for management processes. At
the same time, the lack of effective monitoring, insufficient coordination between
authorities, low levels of public participation and underdeveloped infrastructure

exacerbate environmental and social risks.



In this regard, the main objective of the study is to form a methodological
approach to identifying and systematizing risks in the field of waste management,
as well as to develop a structured model of the safety space taking into account the
classification of waste flows by hazard level and management features, and to
identify endogenous and exogenous factors that influence the formation of
environmental threats.

Results of the Study. Within the framework of the implementation of the
Association Agreement with the EU, which provides for the institutional
development of the environmental sector, Ukraine is gradually approaching
European environmental standards. This is additionally facilitated by the
implementation of the EU Environment project, which is being implemented with
the support of the European Union.

Generalizing the European experience in waste management in the context of
the organizational and economic state of producers in Ukraine allows us to identify
a number of key mechanisms: regulatory and legal framework; institutional
responsibility; financing system; economic incentives; identification and
classification of waste as secondary raw materials. The above indicates the need to
transition from an extensive to an integrated policy in the field of waste
management, which includes: prioritizing resource conservation; establishing a
hierarchy of waste management goals; supporting producers; implementing a
system of accounting, registration and control.

The accumulation of waste generates a complex of interrelated risks, which
negatively affects both the living conditions of people and, ultimately, their
economic well-being. The problem of managing such risks is now becoming
global. Its effective solution is becoming one of the determining factors of
sustainable development of society both in terms of environmental safety and
preservation of natural resources.

Considering it in the national context, it should be taken into account that
waste management goes beyond technological issues, since it essentially concerns

complex issues. At the regulatory and legal level, the requirements for waste



management in the conditions of the modern economy are not met, and the places
for their placement in landfills at existing landfills have largely exhausted their
resource, while the landfills themselves have become a factor in environmental
pollution. Due to opposition from the population, public organizations and the lack
of practice of providing social guarantees, the resolution of issues regarding the
allocation of land plots for the construction of new landfills for household and
other waste is delayed, or even blocked. Therefore, the problem arises of creating,
primarily at the regional level, an adequate management system for the specified
area, capable of responding to the challenges that have arisen in their current and

strategic dimensions. (see Fig. 1)
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Figure 1. Generalized system for the emergence and prevention of threats

associated with the generation and accumulation of waste

Environmental safety issues related to waste should be considered as a
component of the overall environmental safety system. This aspect is closely

integrated into production and consumption processes, which necessitates its



structural distribution in accordance with the nature and directions of waste flow

formation in these areas. (Table 1)

Table 1. Waste streams as source objects for identifying environmental risks
and threats

Basic waste streams Features of safety identification
Industrial waste A significant range of hazardous properties.
Various types of placement and disposal systems
Mining waste Mainly low-hazard, inert. Open storage
Construction waste Safe, possible toxic contamination. Open
storage, backfilling, etc.
Energy waste Highly pronounced low-hazard. Industrial
storage and disposal
Agricultural waste Dominance of disposal management. Active
pollutants with improper storage
Chemical waste, sludge, mixed materials Often high degree of hazard. Local disposal
systems

Municipal (solid household) and similar | Low-hazard, possible contamination with toxic
components. Disposal dominant

Medical waste Infectious. Autonomous low-power destruction
systems (incineration)
Unusable pesticides and agrochemicals Highly toxic. Centralized disposal system
Metal waste Fully involved in recycling (targeted collection
and procurement)
Waste oil products Disposal dominant management
Worn tires and rubber products Disposal dominant management
Worn vehicles Disposal dominant management
Waste containers and packaging Disposal dominant management
Waste electronic and electrical Disposal dominant management
equipment
Military waste (munitions fragments, High level of hazard. Requires specialized
destroyed equipment, contaminated technologies for disposal, disposal and
materials) reclamation

Each waste stream and the corresponding waste management facility form a
separate zone or safety space. Such a space includes specific risk factors that can
negatively affect the environment, living organisms and public health. As a result,
these individual safety zones are superimposed on the general ecological
background, modifying it and affecting the state of environmental safety in
general. [9,10]The formation of such a space at the state level or individual regions
should be focused on effectively reducing potential threats as a key condition for

strengthening the safety of production and consumption systems. (see Fig. 2)
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Figure 2. A generalized system for the emergence and prevention of

threats arising from the accumulation of waste

Thus, environmental safety in the context of waste management is considered
as a dynamic system with spatial characteristics, the elements of which are
classified by functional purpose - transportation, storage, processing, utilization,
neutralization, disposal, etc. The main safety characteristic of such an approach is

the identification of risks, both by types of waste streams and between individual



stages of their processing. Therefore, the identification of endogenous
environmental risks and threats should be carried out systematically - according to
the structure of waste flows and all components of the chain.

Reducing the volume of waste remains a key theoretical and methodological
prerequisite for ensuring environmental safety in the field of waste management.
This becomes especially relevant in the context of a full-scale war, which has led
to a significant increase in the volume of not only household, industrial or medical
waste, but also military waste - in particular, ammunition fragments, destroyed
equipment, contaminated building materials, etc. Therefore, within the framework
of the system for identifying environmental risks and threats, it is advisable to
distinguish three levels of analysis and management.

The first level concerns the classification of waste by its origin and
physicochemical characteristics, which allows the formation of separate waste
flows. This is the basis for the development of specialized management programs,
which must take into account the need for specialized regulatory and legal
regulation. Such flows, along with traditional ones (domestic, medical, industrial),
must now include military waste as a separate group with an increased degree of
danger. The second, object level covers specific infrastructure facilities for
collecting, storing, processing and disposing of waste. In this context, the
formation of specialized facilities and logistical solutions for handling waste of
military origin is particularly important. It is important to ensure strict compliance
with environmental standards, hygiene requirements and technological regulations,
as well as the development integrated networks of waste disposal facilities of all
types.

The third level concerns technological operations. Risk identification should
be carried out in accordance with such stages as transportation, sorting, selection,
burial, utilization, recycling, energy use. In the case of military waste, special
technologies for demilitarization, neutralization of hazardous components and

reclamation of contaminated areas should also be envisaged.



A systematic study of endogenous and exogenous risks, including those of a
military nature, allows for a comprehensive classification of factors that determine
the level of threats to the environment. The analysis (see Table 2) reveals key gaps
in management and indicates the need to update the institutional structure adapted
to war conditions.

Table 2. System of endogenous and exogenous environmental risk factors

Endogenous factors Exogenous factors
High rates of accumulation of all types of | Armed aggression, active hostilities, shelling of
waste, including military waste settlements
(ammunition fragments, equipment,
construction ruins)
Imperfect infrastructure for the collection, Destruction of engineering, logistical and
storage and disposal of hazardous and communal infrastructure
toxic waste
Lack of specialized facilities for the Military occupation, mining of territories, lack of
neutralization of military waste access to certain areas
Low level of management coordination | Lack of strategic environmental policy during the
between civilian and military structures war
Fragmentation of the regulatory Military-political instability, weak international
framework for the classification and support for the environmental direction
management of military waste
Insufficient databases and mapping of High level of risk to public health, growth of
military contamination zones technogenic and environmental threats
Limited funding for environmental Mass internal displacement of the
monitoring and post-war reclamation population, changes in land use

Conclusion. Analysis of the current state of waste management in Ukraine
indicates the need for systematic and coordinated management, without which it is
impossible to ensure environmentally and socially safe development. This problem
becomes particularly urgent in conditions of martial law, when significant volumes
of military, including hazardous, waste are added to the total mass of waste. This
applies to debris of equipment, ammunition, contaminated soil, construction debris
of destroyed facilities and other remnants of military activity.

In conditions of armed conflict, special attention is required for effective
cross-sectoral management of lands and infrastructure facilities for handling all
types of waste, including military. Such an approach should include the

comprehensive application of administrative, economic, legal and information



management tools, as well as the integration of modern mechanisms of state
regulation that take into account new security challenges.

Today, the legal framework of Ukraine creates the prerequisites for expanding
the powers of local authorities in the field of land resources management and waste
management infrastructure facilities, in particular in conditions of military
operations. This allows for a prompt response to new threats associated with the
environmental consequences of war, and to involve organizational and scientific
and intellectual potential.

Regional management bodies should implement state policy taking into
account the specifics of the regions, the level of military load, the volume of
military and domestic waste, the peculiarities of logistics and infrastructure. Their
functions should be implemented through the preparation and implementation of
comprehensive programs for socio-economic and environmental restoration,
including the reclamation of destroyed territories, monitoring the management of
hazardous waste, ensuring environmental control and coordinating the actions of
enterprises at the local level.

Decision-making processes should be based on an integrated assessment of
the state of the waste management sector, taking into account the security context,
forecasting risks, identifying development alternatives and optimizing costs for the
restoration and operation of infrastructure.

Planning land use and the placement of facilities for the storage,
neutralization and disposal of both conventional and military waste is of particular
strategic importance. In these conditions, compliance with environmental
standards, minimizing the negative impact on the population, limiting land
withdrawal, logistical convenience, and taking into account the socio-economic
situation of the territories are critically important.

The methodology of rational management involves the analysis of a set of
alternatives (projects, solutions), each of which is evaluated according to the
criteria of safety, technical feasibility, economic efficiency, and environmental

expediency. Particular attention should be paid to the location of facilities for the



disposal and neutralization of military waste that pose an increased threat to the
environment. All decisions should be made taking into account the opinion of the
public and the needs of local communities.

The system of land management and waste management facilities should be
implemented as a single whole. This involves the coordination of land and
economic relations at all stages of the operation of facilities, in particular in
military and post-war realities. Based on this approach, it is possible to achieve a
balance between environmental and social requirements, support sustainable
development, preserve natural resources, and create prerequisites for the economic

recovery of Ukraine.
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