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Abstract: The relevance of this topic is due to the high level of importance of sustainable waste 

management and the need for effective decision-making tools. The purpose of the article is to justify 
the possibility and expediency of using the life cycle assessment method in managing the logistics 
of municipal waste management. The research was conducted using general scientific methods of 
cognition: system analysis, synthesis, generalization, deduction, abstraction, concretization, and 
formalization. Given the results of the conducted research, the meaning, and essence of the 
evaluation method life cycle are highlighted. It was determined that the life cycle assessment method 
is possible and advisable to be used for analyzing the impact of waste on the environment, namely 
on the quality of the ecosystem, state of health of the population, and use of natural resources. It is 
noted that this method is an effective tool for ensuring the rational use of natural resources and 
effective management of waste, allowing optimizing the process of management of logistics of waste 
according to the criteria of time and cost. Separate attention is assigned to considering the process of 
adopting management solutions in the part of optimizing logistic processes in the system of managing 
municipal waste, which is outlined as a choice of one option from several possible ones. It is proposed 
that the method of life cycle assessment be applied by local authorities in Poland to substantiate 
management decisions regarding the choice of alternative options for processing, disposal, or 
dumping of municipal waste based on the criterion of minimizing the harmful impact on the 
environment. 
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1.  Introduction 
At the current stage of global socio-economic 

development, the problem of generation, accumulation, 
and disposal of generated waste is one of the main tasks 
and areas of activity in the field of environmental 
protection. If in developed countries, more and more 
waste is processed, composted, and thermally processed 
in order to reduce its entry into landfills as much as 
possible, in Poland, the open method of their disposal is 
still the most used. This approach has the greatest 
ecological danger due to the high degree of environmental 
pollution and the loss of opportunities to reuse material 
and energy resources that can be obtained in the process 
of waste processing. 

The mentioned circumstances determine the need to 
improve the waste management system, primarily at the 
municipal level, which requires further scientific research 
aimed at finding and implementing effective management 

methods and tools. One of the methods that can be used to 
effectively manage municipal waste is the life cycle 
assessment method. Life cycle assessment is a relatively 
new, but sufficiently researched abroad method, used in 
the field of environmental management, which allows 
identifying environmental threats that arise at individual 
stages of production and the existence of products or 
processes. 

In recent years, the life cycle assessment method has 
become the subject of consideration by individual Polish 
and foreign scientists. For example, the Italian researcher 
A. Mazzi1) presented the main stages of development of 
the theory of life cycle assessment and the prospects of its 
application in various spheres of social life. J. Kulczycka 
et al.2) can be noted among the Polish authors who devoted 
their works to the analysis of the evolution of the life cycle 
assessment method, they reviewed the world experience 
and came to the conclusion that in Poland, the 
development of research on this method is at the stage of 
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“attracting attention”, requiring detailed study and 
development of research in this direction. The analysis of 
the scientific works of Polish scientists showed that 
research on the life cycle assessment method is mostly 
conducted in the field of technical sciences and has an 
applied nature. In particular, K. Grzesik and M. Usarz3) 
consider the life cycle assessment method from the point 
of view of use in the field of management of logistics 
mechanisms in order to reduce its harmful impact on the 
environment, using the example of a specific municipal 
unit. 

Life cycle assessment as a method of environmental 
safety was investigated by P. Zaleski and Y. Chawla4) 
paying special attention to the peculiarities of its 
implementation in small towns. I. Jonek-Kowalska5) 
devoted her own research to studying the positive and 
negative consequences of applying the life cycle 
assessment method, as well as determining the level of its 
effectiveness. K. Kossakowska and K. Grzesik6) propose 
to use the life cycle assessment method in the field of 
logistics management of municipal waste collection, 
given mechanical and biological processing. In turn, M. 
Karthik et al.7) proposed a way to increase the 
effectiveness of the life cycle assessment method in waste 
management using innovative intelligent systems. D. Sala 
and B. Bieda8) study in scientific research, modeling of 
municipal waste management systems using life cycle 
inventory. So, in the Polish scientific space, in recent years, 
the evolution of the life cycle assessment method and 
certain aspects of its application in some spheres of 
activity have been studied, among which the sphere of 
municipal waste management is not represented, which 
determines the relevance of scientific developments in this 
direction. 

The purpose of the article is to study the essence, 
significance, features, and possibilities of applying the life 
cycle assessment method in the field of municipal waste 
collection logistics management. To achieve the goal, the 
following tasks are defined: 
− to investigate the essence, advantages, and 

disadvantages of the life cycle assessment method; 
− to consider the models and tools on the basis of which 

its practical implementation is carried out; 
− to determine the expediency of using the specified 

method in the field of municipal waste management, 
including for the purpose of substantiating managerial 
solutions aimed at optimizing the logistics of their 
collection. 

The object of this study is the process of using the life 
cycle assessment method in the logistics management 
system of municipal waste management. The subject of 
the study is the theoretical aspects of municipal waste 
management based on the life cycle assessment method. 
The scientific novelty of the research lies in highlighting 
the applicability and potential benefits of using LCA in the 
specific context of municipal waste management, 
particularly in Poland. 

Materials and Methods 
In the process of conducting scientific research, a 

number of general methods of scientific knowledge were 
used. The research is based on a hypothetical method, on 
the basis of which the assumption of the possibility and 
expediency of using the life cycle assessment method in 
the logistics management system of the municipal waste 
collection was formed. 

The deductive method was employed in this study to 
validate the hypothesis regarding the feasibility and 
benefits of utilizing the life cycle assessment method in 
the logistics management system of municipal waste 
collection. Through deductive reasoning, the researchers 
examined existing knowledge and theories in the field to 
establish logical connections and support the hypothesis. 
By drawing conclusions from general principles and 
applying them to specific scenarios, the study confirmed 
the viability of integrating the life cycle assessment 
method into waste management logistics. 

The general scientific method of deduction was also 
applied to determine the essence of the life cycle 
assessment method; the synthesis method was used to 
form conclusions regarding the possibility of applying the 
life cycle assessment method in the logistics management 
system of municipal waste collection. The abstraction 
method was used to form an idea of the management 
decision-making process in the field of municipal waste 
management based on the application of the life cycle 
assessment method, and the concretization method was 
used to determine the stages of the life cycle and the stages 
of life cycle assessment. 

The formalization method was employed in this study 
to facilitate the process of drawing conclusions based on 
the results of the research. By applying formalization, the 
researchers structured and organized the collected data, 
analysis, and findings in a systematic and standardized 
manner. This involved establishing clear criteria, defining 
variables, and developing a formal framework for 
evaluating the effectiveness and feasibility of integrating 
the life cycle assessment method in the logistics 
management system of municipal waste collection. 

The theoretical basis of the research is scientific 
publications on the topic of waste management, including 
at the level of municipalities, the study of the impact of 
waste generation and accumulation on the state of the 
environment, coverage of various aspects of the 
application of the life cycle assessment method in certain 
spheres of life, the use of a logistic approach in waste 
management at different stages of the product life cycle. 

The application of the search method made it possible 
to use the research articles, monographs, and materials of 
scientific conferences that are in public access, including 
in searchable scientometric databases on the Internet. In 
the course of the study, the works of Polish and foreign 
scientists were examined. The analysis of the scientific 
achievements of Polish scientists was performed based on 
a search for their publications on the query “method of life 
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cycle assessment”, “municipal waste” and “municipal 
waste management” in Google scientific information 
databases Scholar and Meta, in which more than two 
hundred publications were reviewed. 

It has been established that, according to the given 
request, the publications were mostly completed in the 
period up to 2015, and in the last three years (2020-2022) 
there was not a significant number of publications by 
Polish scientists devoted to the use of the life cycle 
assessment method in waste management, which reveal 
certain aspects of these problems and have a fragmentary 
nature. In this regard, this study was based on the 
publications of foreign scientists, which were found in the 
international scientific search databases ScienceDirect 
and WorldWideScience.org. In addition, the international 
standards ISO 14040:20069) were used in the research 
process: Environmental management – Lifecycle 
assessment – Principles and framework and ISO 
14044:2006 Environmental management – Life cycle 
assessment Requirements and guidelines10). 
 
Results 

Life cycle assessment is a relatively new method used 
in environmental management, but the first attempts to 
pay attention to the conservation of natural, primarily 
energy resources were made at the beginning of the sixties 
of the last century. The first studies and attempts to 
implement the life cycle assessment method were applied 
in order to justify the choice of product packaging material 
according to two criteria: the amount of waste and the 
number of natural resources used for the manufacture of 
packaging. For many years, the life cycle assessment 
method attracted the attention of scientists in certain fields, 
the research was narrowly targeted, carried out, in 

particular, on the order of individual enterprises, and did 
not differ in its systematicity and globality. At the 
beginning of the 21st century, simultaneously with the 
aggravation of environmental problems in the global 
world space, life cycle assessment is increasingly 
attracting the attention of scientists as a method that 
allows estimating, predicting, and reducing the harmful 
impact of production on the environment. 

During this period, not only the worldwide recognition, 
spread, and improvement of the life cycle assessment 
method but also its institutionalization and formalization 
take place. In the first decade of the current century, a 
number of organizations were created in the field of 
application of this method, in particular, on the initiative 
of the United Nations (UN), a digital platform “Life cycle 
initiative”, and the European platform began to operate in 
the European Union Platform on Life Cycle Assessment 
(EPLCA), both aimed to draw attention to the use of the 
life cycle assessment method, to spread knowledge and 
best practices in its use, and to improve the methodology. 
The formalization of the life cycle assessment method was 
carried out through the development and approval of a 
number of regulatory documents, the most important of 
which are international ISO standards: ISO 14040:20069), 
and ISO 14044:200610). The active development of the life 
cycle assessment method is associated with political and 
public recognition, improvement of the methodology, and 
formalization of procedures for its use, institutionalization, 
and standardization2). 

Any product or production process has its own life 
cycle, which is called “cradle to grave” and consists of 
five consecutive and interconnected stages (design, 
production, circulation (distribution and implementation), 
consumption (use), disposal (dumping, processing) of 
waste) (Fig. 1)11).

 
Fig. 1: Assessment of the life cycle of the municipal waste management process. 
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Source: composed by the authors. 
 

At the first stage, in the process of designing a product, 
the use of life cycle assessment involves determining its 
capacity for secondary use of spent material resources and 
waste processing. In the second stage, in the production 
process, the main task is the rational use and reduction of 
losses of material resources, and the use of secondary 
resources obtained by processing defective products and 
waste. In the third stage, in the implementation process, 
the manufacturer faces the task of timely identification 
and removal of products that have lost their consumer 
properties for further processing or disposal. The first 
three stages of the product life cycle are in the producer's 
area of responsibility and represent his internal logistics in 
terms of waste management. It should be noted that the 
first three stages of waste management, it concerns both 
the generation of waste, which requires management 
actions aimed at reducing its volume, and its use, 
processing, and disposal. 

In the fourth stage – consumption of products, the main 
task is to influence consumer behavior, in terms of 
forming demand mainly for products that have a lower 
ecological burden among analogs, which are made from 
secondary resources and have a greater ability to be 
recycled and recycled. In the last, fifth stage, products that 
have been completely used or have lost their consumer 
properties and will no longer be used by the consumer are 
disposed of. That is, at this stage, the process of using 
waste is carried out, the effectiveness of which is 
determined at the first four stages of the product's life 
cycle. The main task at this stage is to minimize the 
amount of waste that cannot be processed and disposed of 
and therefore needs to be buried. The fourth and fifth 
stages of the product's life cycle are in the zone of 
extended responsibility of the manufacturer and also fall 
into the zone of responsibility of other subjects: 
consumers, heads of local authorities, and the public. 

Life cycle assessment is a method of managing the life 
cycle of a product, which consists in collecting 
information about the flow of all stages of the life cycle, 
evaluating input and output material flows, and 
determining the degree of environmental impact of the 
product at each of the five stages. It should be noted that 
the life cycle assessment method alone does not ensure a 
reduction in the harmful impact of product production on 
the environment. The main task of the method is the 
formation of an information base for the justification and 
adoption of management decisions that have social, 
economic, and environmental significance in the 
management of product production. 

In a life cycle assessment (LCA), a functional unit 
quantifies the performance or service provided by a 
product or system, allowing for comparison. In municipal 
waste management, it is the management of a certain 
amount of waste or the services provided over a certain 
period of time. System boundaries in LCA define the 

study's scope, including relevant processes, inputs, and 
outputs. Waste management, covers waste generation, 
collection, transportation, treatment, and disposal. 
Boundaries can extend from waste generation to the final 
stages of management. The selection of functional units 
and system boundaries should be justified and transparent 
to ensure comparability and accuracy. LCA with 
appropriate units and boundaries enables comprehensive 
assessments and identifies areas for waste management 
improvement. 

In accordance with international standards, life cycle 
assessment is carried out in four stages: determination of 
goals and scope of application, inventory analysis, 
assessment of environmental impact during the life cycle, 
and interpretation of the obtained results12). The first stage 
consists in establishing the main goal of applying the 
product life cycle assessment, defining time and space 
boundaries, forming an information base, and 
substantiating research methods and tools. The parameters 
determined at the first stage are not static, they may be 
subject to changes at subsequent stages in case of need for 
their adjustment. 

In the second stage, an inventory analysis is performed 
for each stage of the life cycle of incoming and outgoing 
material flows that arise in the production process. Given 
the results of a thorough analysis of the evaluated 
technology, system, or product, quantitative data are 
obtained, allowing to objectively choose the most 
effective method of waste management. Environmental 
impact indicators, expressed in so-called impact 
categories, calculated taking into account the ratio 
between the given impact, are determined on the basis of 
average European conditions. Hence, the outcomes of the 
life cycle assessment method do not consider specific 
local characteristics but enable the identification and 
establishment of potential categories of detrimental 
environmental effects. These categories include the 
consumption of material and fuel resources, emission of 
harmful substances, negative impacts on human health, 
global warming, the greenhouse effect, and others. 

In the third stage, it is necessary, given the results 
obtained in the previous stage, to carry out a quantitative 
assessment of the impact of each category and to rank 
them according to the degree of impact. These 
assessments can be performed using various methods, 
such as CML, IMPACT 2002+, Eco-indicator 99, or 
ReCiPe, which are most often implemented in computer 
programs used for life cycle assessment (SimaPro, Gabi). 
The developed variety of assessment methods testifies to 
the continuous development and improvement of the life 
cycle assessment method. The most common method used 
in Europe is “Eco-indicator 99”. The Eco-indicator 99 
method is based on modeling the impact on the 
environment at the endpoints of the ecological 
mechanism13). 
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The method of using Eco-indicator 99 requires first 

determining the categories by which the impact on the 
environment will be assessed, after which the results of 
the analysis of the product's overall impact on the 
environment are included in the selected categories14). The 
Eco-indicator 99 method was created as a result of the 
improvement of the Eco-indicator 95, an environmental 
analysis tool aimed at determining the overall 
environmental burden of a product or process14). The 
value of the indicators of the impact category is calculated 
on the basis of material and energy flows, as well as 
emissions of harmful substances and waste during the life 
cycle of the product being evaluated. On this basis, more 
than two hundred normative environmental indicators, 
adopted in the Eco-indicator 99 methodology, are 
calculated for the materials and processes most often used 
at all stages of the product's life cycle. The total value of 
the environmental indicator is expressed in points, and for 
some standardized indicators of environmental impact 
categories, the values of weighting coefficients are set. 

At the last, fourth stage of the life cycle assessment, 
proposals, and measures aimed at minimizing the harmful 
impact on the environment of the production of the studied 
product are developed. During this stage, the 
environmental friendliness of the product or process is 
finalized, and the better its characteristics in this aspect, 
the more advantages the manufacturer gains. These 
advantages include reduced material and energy intensity 
of production, lower material costs, the establishment of a 
positive image as a socially responsible manufacturer, and 
more. 

The life cycle assessment method can be used to 
support management decision-making, as it allows 
identifying environmental problems, and determining the 
economic and energy effect of the selected production 
technology, which helps in improving the waste 
management system. Thus, the life cycle assessment 
method is an effective tool for reducing the use of natural 
resources, including energy resources, provided that an 
adequate supply of goods and services is maintained, and 
the waste generated in the production process is 
effectively managed. 

The life cycle assessment method is a complex and 
time-consuming process; therefore, it is performed using 
specially developed models. It should be emphasized that 
this method operates with a large amount of accurate data 
and requires the use of tools that simulate ecological 
mechanisms and effects caused by the product's negative 
impact on the environment. Several models have been 
developed to assess the life cycle of waste management 
systems, including IWM-2, ORWARE, WISARD, 
WRATE, EASEWASTE, and LCA-IWM. 

Traditional models used in the life cycle assessment 
method are supported by universal computer programs, 
for example, EASETECH25, SimaPro, GaBi, and 
Umberto. The SimaPro program deserves special attention, 
which is considered one of the best tools for applying life 

cycle assessment and is often used to compare different 
technologies in environmental management. In addition, 
the life cycle assessment method allows for determining 
the harmful impact on the environment and losses caused 
by household waste, which confirms the possibility of its 
application in the municipal waste management system in 
order to choose the most effective way of handling it. 

The effectiveness of waste management at all stages of 
the product life cycle can be ensured by using logistics as 
an effective tool, which is conditionally divided into waste 
generation logistics and waste consumption (use) logistics. 
Through the combination of these two types of logistics, 
it is possible to achieve the formation of a single complex 
waste management system with one organizational 
structure15). A key feature of the application of the life 
cycle assessment method in the municipal waste 
management system is the targeting of products that have 
turned into waste. The main goal of managing the logistics 
of municipal waste collection is the choice of optimal 
solutions for their further handling: collection, processing, 
utilization, or disposal. 

At the same time, life cycle assessment is applied at the 
fifth stage of the product life cycle. The functional unit of 
management is the amount of generated municipal waste 
(usually in tons) per resident. It is expedient to apply the 
life cycle assessment method to build the optimal 
infrastructure of the municipal waste logistics 
management system. In Poland, following the Law “On 
Waste”16), the powers of waste management are 
decentralized to local self-government bodies 
(communes). In addition, since 2018, a general electronic 
database on waste management has been in operation. 

Each local self-government body in Poland is entrusted 
with the function of ensuring the separate collection of 
waste and secondary raw materials, with the separation of 
waste subject to biological degradation (green, food). At 
the same time, communes are responsible for the 
collection of highly hazardous waste and their further 
transfer for disposal. Polish legislation in the field of 
waste management provides for the possibility of 
communes creating waste management associations. At 
the same time, it is worth noting that the payment to 
carriers engaged in waste logistics is realized based on the 
actual amount of waste removed. To organize the logistics 
process, special electronic systems (scales, navigators) are 
used, which are equipped with carriers' cars. 

They record the route, the fact of waste collection and 
its weight, as well as its transportation to the final point of 
disposal (composting, incineration, recycling points). The 
limit of liability for irrational waste management, which 
is carried out contrary to the current legislation of Poland, 
is quite significant, including imprisonment. In this way, 
conditions are created to motivate the creation of an 
optimal waste management system within each municipal 
unit, because in Poland it is forbidden to move waste 
beyond the boundaries of defined administrative units. 

In recent decades, in Poland, the traditional positioning 
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of waste as a pollutant has shifted towards considering it 
as a resource, especially in view of the position of a 
sustainable circular economy, which all developed 
countries strive for. At the same time, life cycle 
assessment in waste management plays a significant role, 
has many modifications, and is quite successfully used in 
practice, because it is both an effective method of analysis 
and an effective tool for environmental management. The 
methodology of life cycle assessment in the Polish version 
of implementation is considered an appropriate tool that 
supports the decisive processes of management of the 
waste management cycle, providing at the same time a 
comprehensive and multifaceted analysis of the impact on 
the environment. The results of the application of the life 
cycle assessment method in the management of the 
logistics of municipal waste collection are tangible from a 
positive aspect already today, however, there is still room 
for further development and improvement. 

The municipal waste management system is quite 
complex, and its effectiveness has a significant impact on 
the ecological state of the region, so its effectiveness 
should be evaluated according to the following criteria: 
ecological and economic effect and social perception17). 
The complexity and multifaceted nature of the tasks that 
arise in the process of managing the logistics of municipal 
waste management dictates the need for methodical and 

informational support for making management decisions 
related to the optimization of logistics processes. Any 
decision in any sphere of life, including management, is 
the result of a choice. If a person who has to make a 
managerial decision is faced with numerous possible 
options, which he evaluates according to numerous 
criteria, and at the same time makes an intuitive 
unfounded choice, this can lead to an unfavorable result. 

A person who makes a management decision not only 
makes a certain choice from a list of alternative options 
but also takes responsibility for the consequences of the 
decision. The process of making a managerial decision 
consists of logical, interconnected mental and calculation 
operations that lead to the necessary result – deciding by 
choosing the option that is optimal in the opinion of the 
person deciding all that was considered. In the process of 
making a managerial decision, it is necessary to evaluate 
as many factors as possible (dependent and independent 
of the manager) that influence the decision. Of particular 
importance is the acquisition, analysis, assessment, and 
rethinking of information about the source of the problem, 
its dimensions, significance, causes, and consequences of 
the impact. That is, the decision made is a choice made 
based on information from the past and present, but its 
implementation concerns the future period (Table 1). 

 
Table 1: The process of making optimal logistical decisions. 

No. of stage Stage Description 

1 Goal and task setting 

In this stage, the objectives and tasks of the optimal logistical 
decision-making process are established. The target function, 
which represents the desired outcome, is defined to guide the 
decision-making process. 

2 Modelling 

The modelling stage involves constructing a model that 
represents the logistics system and captures relevant variables, 
constraints, and relationships. This model serves as a tool for 
analyzing different scenarios and evaluating the potential 
outcomes. 

3 Approval of the constructed model 

Once the model is developed, it undergoes a review and 
validation process. Experts and stakeholders assess the model's 
accuracy, completeness, and suitability for addressing the 
specific logistical challenges in municipal waste collection. 

4 Decision making 

Based on the approved model, decision-making takes place. 
This stage involves evaluating various alternatives, considering 
factors such as environmental impact, cost-effectiveness, and 
social considerations, to determine the optimal logistical 
decision. 

5 Implementation and control 

The chosen decision is implemented, and its execution is 
closely monitored and controlled. This stage ensures that the 
adopted decision is put into practice effectively, and any 
necessary adjustments or corrective actions are taken as 
required. 

 
Source: composed by the authors based on 17). 
 

Making a management decision in the presence of a set 
of alternative options requires the use of multi-criteria 

analysis. At the same time, the main task is to justify the 
assessment criteria and determine their leverage. Multi-
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criteria analysis involves the use of both quantitative and 
qualitative criteria, but the latter must be defined in 
quantitative terms for the possibility of their comparison. 

For the most part, multi-criteria methods of supporting 
managerial decision-making are divided into three groups. 
The first includes selection (optimization) methods, 
according to which the decision-maker determines the 
best options according to a defined set of evaluation 
criteria. The second group includes the ranking method, 
according to which the decision-maker ranks alternative 
options from the best to the worst. The third group is 
represented by classification (sorting) methods, according 
to which the decision-maker divides the plurality of 
alternative options into subgroups in accordance with 
accepted standards. Numerous situations that require 
making important managerial decisions have contributed 
to the development of multi-criteria methods of 
supporting managerial decision-making based on a choice 
among a set of alternative options. One such method is the 
life cycle assessment method. 

The application of the life cycle assessment method 
requires complex changes in the current management 
system of the logistics of municipal waste management. 
The application of the life cycle assessment method makes 
it possible to optimize both the time and the cost of the 
entire process of managing the logistics of municipal 
waste management. The management system becomes 
more transparent, which allows warning and avoiding 
violations that arise as a result of the activities of 
individual participants of the logistics system. Improving 
the quality and transparency of the waste management 
logistics control system makes it possible to increase the 
quality and efficiency of the work of individual employees 
of enterprises engaged in waste collection. 

An important task in the management system of the 
logistics of municipal waste collection is the 
determination of the sphere of responsibility of individual 
participants of the system, which requires the construction 
of an effective information transmission system, and the 
establishment of effective communication links between 
them. The use of the life cycle assessment method allows 
for minimizing errors in the construction of the balance of 
losses and benefits arising from the consequences of using 
a certain method of waste disposal. For example, the 
results of the conducted analysis can be used to compare 
the quality and efficiency of individual treatment facilities 
or other municipal waste disposal technologies. One of the 
most important results of the introduction of the life cycle 
assessment method is the possibility of performing a 
complex and thorough analysis of a specific management 
model of waste management logistics. 

In addition, the introduction of the life cycle assessment 
method into the municipal waste management logistics 
control system makes it possible to improve the 
management of information that is used both for the needs 
of the system organizer and for the needs of individual 
participants. Access to information is crucial for the 

organization of the logistics management system and its 
management as a whole18). Therefore, it can be argued that 
the application of the life cycle assessment method in 
managing the logistics of municipal waste collection is not 
only possible but also expedient in view of the advantages 
of the method and the effect of its implementation. 

In Polish realities, it is advisable to use the life cycle 
assessment method at the level of local communities in 
order to optimize the municipal waste management 
system based on the comparison of alternative options for 
their utilization, processing, and disposal. At the same 
time, it should be assumed that waste disposal is the least 
acceptable technology, which has the maximum 
ecological burden on the environment of all the existing 
ones. Preference should be given to technologies of reuse 
and recycling of waste19). However, the final decision 
must be made on the basis of an assessment of a number 
of conditions at the local level: volumes, composition, 
properties of waste, climatic features of the region, and the 
need for waste processing products (secondary raw 
materials, biofuel, fertilizers). In addition, an important 
criterion for selection is economic and social efficiency, 
which should be determined by assessing the effectiveness 
of capital investments and current costs, the cost of waste 
disposal (processing), the tariff policy in the field of 
rubbish collection services, the ecological effect of 
reducing the harmful impact on the environment, public 
health, etc. 

 
Discussion 

The conducted research showed that the life cycle 
assessment method can be applied in municipal waste 
management systems. Given the advantages and benefits 
of its implementation, which were disclosed above, it is 
possible to recommend this method for use by local 
authorities in Poland, subject to its further improvement 
of the methodology taking into account local conditions. 

Fundamental research problems of municipal waste 
management based on the application of the life cycle 
assessment method were conducted by M. X. Paes et al.20). 
Theoretical developments were tested by scientists on the 
example of a medium-sized municipality in the city of 
Sorocaba in Brazil. The difference between the approach 
presented in the published scientific work and the 
traditional ones is an attempt to use environmental and 
economic indicators within the framework of combining 
methods of life cycle assessment and life cycle cost 
calculation. The opinion is continued by the research team 
of Polish authors J. Kulczycka et al.2). The authors 
suggested that the evaluation of the impact on the external 
environment should be carried out with the help of a 
complex system that takes into account the stages of 
production and processing of solid household waste. The 
economic analysis was based on the inclusion of capital 
and current costs in the cost of external environmental 
consequences, which allowed estimating the level of total 
costs for the local community, comparing the results of 
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using different life cycle assessment models. The research 
aligns with previous studies on LCA in municipal waste 
collection. It confirms the effectiveness of LCA in 
evaluating environmental impacts and emphasizes the 
need for further advancements. 

According to the results of the integration of ecological 
and economic analysis, it was proved that the best results 
can be achieved by combining composting, mechanical 
biological treatment, and recycling of waste, which 
significantly reduces their negative impact on the 
environment. The life cycle assessment method based on 
mechanical and biological treatment is proposed to be 
used by K. Kossakowska and K. Grzesik6). The authors 
came to the conclusion that the application of life cycle 
assessment allows implementing of a comprehensive 
analysis into the practice of management decision-making 
in the municipal waste management system, and the 
integration of economic and environmental indicators 
using the concept of life cycle assessment provides a 
consistent diagnosis of complex and extensive systems. 
The research aligns with existing LCA studies on 
municipal waste collection, confirming the effectiveness 
of the method and emphasizing the integration of 
economic and environmental indicators. 

K. Grzesik and M. Usarz3) are convinced of the 
effectiveness of using the modeling process, which allows 
for quantitatively assessing the potential impact on the 
environment, as well as the economic aspects of municipal 
waste management systems. The authors also proved the 
expediency of implementing this method into the system 
of strategic planning and development of state policy in 
the field of waste management. Results of this and K. 
Grzesik and M. Usarz3) studies contribute to the 
understanding of LCA’s potential in decision-making 
processes and underscores the relevance of advancing 
LCA research and application in the field of waste 
management. 

P. Zaleski and Y. Chawla4) emphasize in scientific 
works the synergy of applying the life cycle assessment 
method in municipal waste management with the basic 
principles of the circular economy, and it is impossible to 
disagree with them. In addition, scientists deepened the 
development in the field of the concept of product life 
cycle assessment, and the results of their research should 
be used in the process of scientific and methodological 
substantiation of ways to improve the management of the 
logistics of handling municipal waste at the state and 
regional levels in Poland, and especially within the limits 
of small municipalities. 

I. Jonek-Kowalska5) raises controversial issues 
regarding municipal waste management, highlighting the 
most difficult points that require further research. Special 
attention is paid to the need to abandon the disposal of 
multi-component waste and to implement a strict 
monitoring system of the logistics management and waste 
management process. The study’s findings are in line with 
other LCA studies on municipal waste collection. They 

validate the effectiveness of LCA for assessing the 
environmental impact of product production and 
consumption. The research underscores the necessity of 
suitable models, tools, and documentation to facilitate 
LCA implementation. 

On the other hand, A. Mesjasz-Lech21) considers the 
issue of handling municipal waste within the framework 
of applying the life cycle assessment method. The author 
proposes a concept of zero waste, which requires reverse 
logistics. At the same time, scientist is convinced that it is 
impossible to reduce the amount of municipal waste 
without the proper organization of waste flows and the 
corresponding infrastructure, and this kind of 
management is the function of reverse logistics. An 
interesting and important point is the fact that the 
ecological and economic efficiency of the organization of 
waste flows mostly goes beyond the boundaries of a 
specific municipality and has a much larger field of 
effectiveness22-24). Both of the studies underscore the 
necessity of appropriate models, tools, and regulatory 
frameworks to facilitate LCA implementation in waste 
management. 

Among foreign studies, it is also appropriate to pay 
attention to the scientific work of Indian scientists K. Sh. 
Bhupendra and K. Ch. Munish25), dedicated to the analysis 
of the life cycle cost method in household waste 
management. This study provides a comparison of the 
economic efficiency of different municipal waste 
management scenarios from the point of view of the life 
cycle concept, which makes it possible to justify 
management decisions by assessing costs and planning 
waste management strategies. The study was conducted 
on the basis of the city of Mumbai in India, which 
accumulates more than 9 thousand tons of solid household 
waste every day, most of which is sent to landfills. 

The problem of burying a larger share of waste in open 
landfills is also relevant in local Polish communities, 
therefore, the use of the results of the significant research 
has practical significance for Poland. The authors 
proposed six integrated scenarios of municipal waste 
management, which are a combination of different 
methods of waste management: recycling, composting, 
anaerobic digestion, incineration for electricity generation, 
and landfill with biogas recovery. In order to carry out an 
assessment in order to choose the optimal scenario, the 
authors suggested using the method of current value 
analysis with an estimate of current costs and received 
income from waste processing. The current research 
underscores the necessity of suitable models, tools, and 
regulatory frameworks. In comparison, the Indian study 
focuses on the economic assessment of waste 
management scenarios using the life cycle cost method. 
Together, these studies contribute to the broader 
comprehension and practical implementation of LCA in 
making informed waste management decisions. 

V. Subramanian et al.26) devoted their research to the 
study of scientific approaches to the introduction of safe 
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products based on a combination of life cycle assessment 
and risk assessment at the early stages of their 
development. Scientists have proven that the combination 
of life cycle assessment and risk assessment is advisable 
to be used at the stage of product design for the purpose 
of early diagnosis of the environmental safety of 
production. At the same time, the authors include the use 
of safe chemical materials, reduction of harmful emissions 
into the environment, and safe disposal of waste in the 
concept of safety. The results of this study are of interest 
for further scientific developments in the direction of 
finding means for early diagnosis of the impact of product 
waste on the environment. 

That is, at the product development stage, it would be 
advisable to evaluate the volume, composition, properties, 
recyclability, and safe disposal of waste, which arise both 
during the production process and at the final stage of the 
life cycle when the product itself turns into waste27-30). The 
application of such an approach in the municipal waste 
management system can significantly reduce the total 
amount of waste generated on the territory of local 
communities and reduce the share of waste that cannot be 
processed and needs to be disposed of by landfilling. That 
is, the application of the proposed approaches, provided 
they are adapted to Polish realities, would allow local 
authorities in Poland to achieve a significant reduction in 
the environmental burden of waste at the level of local 
communities. The research’s findings, along with the 
study by V. Subramanian et al.26), emphasize the value of 
incorporating life cycle assessment and related 
methodologies in waste management strategies. They 
provide valuable insights into addressing environmental 
concerns and improving waste management practices at 
different stages of product development and disposal. 

M. Ikhlayel’s17) research results are useful from the 
point of view of the possibility of implementation in the 
municipal waste management system in Polish local 
communities Khalil in terms of the development of solid 
waste management systems in developing countries. The 
author applied a systematic approach to life cycle analysis 
and proved that municipal waste management is a 
complex problem for the sustainable development of local 
communities due to its internal connection with many 
environmental and economic factors, which confirms the 
conclusions presented in this article. The author devoted 
her own research to the analysis of the practice of 
uncontrolled disposal and disposal of household waste in 
Lebanon and to the assessment of its impact on the 
preservation of the environment. For this purpose, the 
scientist modeled thirty alternative systems of waste 
management, which can be used in Poland as well. Based 
on the results of evaluating the ecological and economic 
indicators of each system, the author concluded that waste 
processing in combination with composting significantly 
reduces the harmful impact on the environment. 

These conclusions made it possible to formulate the 
proposal presented in the article to local authorities in 

Poland in the process of evaluating alternative options for 
dealing with municipal waste to give preference to their 
reuse and recycling. In addition, the author proved that the 
different composition of waste plays an important role in 
the environmental characteristics of the system of their 
management, so this factor should be taken into account 
when making management decisions in terms of 
optimizing the logistics of handling municipal waste. In 
general, according to the results of the study, it was 
concluded that municipal waste management is a broad 
concept and should be determined at the local level, while 
the most urgent environmental problems should be solved 
by each country separately. The findings of M. 
Ikhlayel’s17) provided a fairly informative basis for 
understanding the process of analyzing local authorities in 
Poland when assessing waste management alternatives. 
Overall, these studies contribute to the improvement of 
waste management practices and decision-making 
processes. 

N. Sharma et al.31) conducted a global review of the 
closed-loop economy and the concept of life cycle 
assessment in terms of their application in construction, 
namely in the demolition of buildings, that is, at the final 
stage of the product life cycle. In Poland, a significant 
problem is the collection and disposal of construction 
waste, which accumulates, including at household waste 
collection points32),33), so the results of the conducted 
research are relevant and interesting for both scientists and 
local authorities. The authors of the study identified more 
than thirty strategies for the management of building 
demolition waste, which can be considered as alternative 
options in the decision-making system for the 
management of construction waste management by local 
authorities in Poland. 

Particular attention should be paid to such components 
of the defined strategies as standardization of building 
materials, extended responsibility of builders and 
manufacturers of building materials, inspection, and audit 
before demolition, and blockchain technology34),35). The 
global review by N. Sharma et al.31) focuses on the 
management of construction waste during demolition, 
suggesting alternative strategies for local authorities, 
including this practice as a basis for considering the 
suitability of the model for Poland. These findings 
contribute to the understanding of waste management 
practices and offer practical recommendations for 
improving sustainability. 

The considered results of research by foreign scientists 
not only confirm the validity of the conclusions and 
proposals given in this article but also form a vector of 
further scientific research in this issue. 
 
Conclusions 

The conducted research showed that one of the effective 
methods of determining the environmental impact of the 
production and consumption of products is life cycle 
assessment. This method has been used in various sectors 
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of the economy since the middle of the last century, given 
the fact that each product or process has its own life cycle, 
which consists of five stages from design to disposal, and 
at each stage, it is necessary to determine its 
environmental load, from rational use of natural resources 
for waste disposal. 

The life cycle assessment method can be applied in 
logistics management systems for the handling (including 
collection) of municipal waste. The expediency of using 
life cycle assessment in the field of municipal waste 
management is determined by the availability of a 
sufficient number of models and analysis tools, unified 
software for conducting the necessary calculations, and 
regulatory documentation in terms of the methodology for 
applying this method. The advantage of using the life 
cycle assessment method in waste management systems at 
the regional level is the possibility of obtaining ecological, 
social, and economic effects, which primarily consist in 
reducing environmental pollution and harmful effects on 
the health of the local population, obtaining economic 
benefits due to the rational use of natural resources, 
including through the use of secondary raw materials, 
obtaining fertilizers and energy sources from waste 
processing. The method itself does not reduce the 
environmental load of products and the harmful impact of 
waste on the environment, but it can be used as a tool that 
helps in the process of making management decisions in 
terms of optimizing the logistics of municipal waste 
management. 

Currently, in Poland, the research of the life cycle 
assessment method and its use in practice is at the first 
stage of evolutionary development (“attention”), which 
determines the relevance of further scientific and applied 
developments in this direction. In particular, measures 
aimed at improving Polish legislation in terms of further 
solving environmental problems and bringing it into line 
with EU requirements require scientific justification. In 
addition, methodological developments aimed at 
improving analysis models and software, and their 
adaptation to Polish realities, are interesting for local 
authorities from the point of view of the practical 
application of the life cycle assessment method in 
municipal waste management systems. 
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