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Abstract: The goal of mentioned contribution is to moderate inwanted effects of economics on environmettien
form of more purposed economy with material soufics recycling, collection, separation and prooessf returnable
products. It is a global trend nowadays to lowest@groduction and to minimize effects on the eminent. We are
going to deal with effectiveness of partly undetgmd containers in Slovakia and new trends abougibitises of other
uses of PET bottles. The article deals with thdyaisof whether the level of waste managementisesys at the required
level due to the wide range of services providethiwireverse logistics. Article’s output is creat@ddel of reverse
logistics and subsequently analysis of cost effeaiéss considering economic aspects entering lietoelverse model
has been made during its use.

1 Introduction transportation, storage, reprocessing (recycling)waste

Reverse logistics is a term for all types of reglrs recovery, which originates during production, wriagp
aimed logistically solved motion of goods, wasttemion ~ and distribution of waste while we consider envinemtal
and wrappings from customer to the distributor,siilg ~ IMmpacts. _ _ .
producer in order to register a complaint or reuseycle General drivers, which most influence waste
or disposal in accordance with the regulations in aProduction not only in Slovakia but on global scaiee
ecologically desirable way. Additionally, waste aggion, Mainly population growth and therefore urbanisation
storing of separated waste and wrappings, traregfmmtof ~growing concerns among public about the state ef th
waste and wrappings to the users or processoragseto €nvironment, increasingly stringent national and

reverse logistics. transnational measures and regulations regardirgiewa
According to Lambert, Stock, Ellram [1]: ,reverseand waste management. .
logistics deals with removal of waste material, ebhi ~ Waste and its handling are among the most prominent

originates in the process of production, distributand Problems in Slovakia. Country is not able to sifntly
wrapping of goods. Typically, it is an activity suas handle it despite of growing pressure from EU tigtou
securing the temporary storage of these matetiadsy ~Stricter requirements focused on these issues. _
subsequent removal from the site of disposal, [ssing, Linear economic njodgl is still profour)d in Slovakia
reuse or recycling. wh!ch consists of entries in the form (_)f mmer:ﬂcrgrces
According to the Mesjasz-Lech [2], the most effeeti Which are through design and production, transformt
method of elimination of waste production and #gative Possessions, then are supplied through distributzorals
environmental effects is economical waste evalnatiot0 particular users and used. Waste productiohedast
Sizes of flow concerning waste in cities are thénngmal part of the chain as aresult of consumption of
of reverse logistics of waste management. Conaemtfo Manufactured possessions. This current economiel®d
waste-free city needs activities of reverse logisthbecause based on high difficulty of entries (mineral resms), high
it is not possible to reduce communal waste witpooper fate of possession consumption and associated waste
organisation of waste flows and infrastructurenclion of ~Production. _ _
the reverse logistics. Ecologically and economjcall The development of supply chain regulation methods
effective waste flow organisation often encompassdn logistics, including the regulatory frameworlashdirect
greater region beyond city’s borders. and |.nd|rect impact on the activities of Ioglstmstltlgs,
The purpose of reverse logistics in the field ofstga creation of document flows and the implementatién o
management is securing garbage collection, separatilogistics operations and functions [3].
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In response on unsustainable consumer way of living Strong dependency on industry is one of Slovak
and increasingly significant changes in the envitent, specifics, which prevents its effort to allevidte pressure
EU adopted a package of measures in 2015, pregenton the environment. This is the main reason whya{a
recommendations and legislative proposals for ttdoes not fulfil the requirements from action plang other
implementation of alternative economic model inleodel legislative EU documents. Slovakia as a whole ithist
of circular economy. Unlike the linear model, ibssed on moment not able to adopt previously mentioned moféel
repeated material returning, components and prediaatk circular economy. It creates deviations from EU
into the production process. There is a constacommitments and also other regional disproportigitisin
transformation of production outputs into matenmgduts, the country.
while the main goal of circular economy is to redbh Waste managementis an activity aimed at the
highest possible usability and product value opées and prevention and reduction of waste production, rédoof
at the same time burden the environment as litle #&s environment hazards and waste disposal in dacce
possible. with this act. Waste disposal is collection of veastaste

This package of measures was supplemented bgipment, waste recovery and waste defusing, imdud
specific objectives. In 2018, this goal was com@atad taking care of disposal sites.
especially in the area of recycling and waste prges. In Pursuant to § 19, par. 1 of this Act, the produser
2016, 193 countries committed to fight for a befteare  obliged to collect created waste, separated bystgpel to
of our planet together by signing UN Agenda 2030iclv  protect them against devaluation, prevent them fveing
comprises 17 goals of sustainable development [4]. stolen or other undesirable effects and to usdaentemaste

In the Slovak Republic, the issue of waste managemeas a source of secondary raw materials or eneppcesly
the rights and obligations of legal entities andividuals in their own activities. These appointments defireebasic
in waste prevention and waste management, resplagsib obligation for the originators to carry out separat
for breach of obligations in the waste managemectios collection of waste [5].
and the establishment of a recycling fund and hence The waste consists of unused materials and auxiliar
retrospective logistics Act No. 223/2001 Coll. oaste in  substances in the manufacturing process, interieslia
the last version are regulated and observed by tmalformations and surplus from manufacturing preces
competences of state administration bodies arused packages and products. The originator of waste
municipalities. everybody, whose activity waste originates in, drow

Act No. 223/2001 Coll. on Waste and on Amendmenimanages modifications, mixing or other acts witlsteaif
to Certain Acts defines waste as a belonging ligtetthe the result is changing of character or compositibne
Annex to this Act which the holder discards, wislies waste holder is the producer of waste, individuathe
dispose or is in compliance with this Act or spkcidegal entity by whom the waste is located. Wasfesieg
regulations is obliged to discard it [5]. is a waste disposal, which does not harm the emviemt

A new Circular Economy Action Plan for a Cleaned anor threatens human health. Waste recoveries asevaath
More Competitive Europe was introduced by Europeclead to physical, chemical or biological properhaoges
Commission in 2020. In the document it is stateat:th of the waste. Waste separation is dividing wastkitg or
despite efforts at both EU and national level,ahlmunt of segregation of waste components, which can ber afte
waste generated is not declining. 2.5 billion ofrtes of segregation, ranked as independent kinds of waste.
waste is generated across the EU from all economic The purpose of waste management is:
activities, that means 5 tonnes of waste per capita « To preventwaste creation and to limit it mostiythg

addition, every person generates on average haifree of development of technologies that conserve natural
communal waste. The segregation of waste production resources; the production of products which, a$ wel
from economic growth will require considerable effo as the resulting products, minimize the amount of
throughout the value chain and in every househfgl” waste and reduce pollution of the environment as
The document further mentions that the implemeotati much as possible; the development of suitable
a sustainable product policy will be a key to make methods of defusing dangerous substances contained
progress in waste prevention, increasing recyctedent, in waste destined for defusing.

promotion of safer and cleaner waste flows andm@mgu « \Waste recovery by recycling, reusing or other
high-quality recycling. In addition, as part of &ar set of processes that enable secondary raw materials to be
waste prevention measures, the Commission willgoites recovered if waste prevention is not possible.

waste reduction targets for preventing the wasidymtion « To use waste as an energy source, if the material
regarding regulation 2008/98/ES [7] for particuflamws. recovery is not possible.

All these measures are intended to contributed@tial of .  Ejliminate waste in a manner that does not endanger
significant reduction of the overall waste generati human health and does not harm the environment.
namely, to halve the amount of residual (non-resyxl

municipal waste by 2030. Municipal waste is a waste created by households in

the territory of municipality owned by individuaind
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waste of similar characteristics created duringaiets of
legal persons or individuals-entrepreneurs andiedely
municipal activities during cleaning of public reaot open

years, but decomposition of PET bottles takes 400rsy
Every minute, people in the world buy a million gila
bottles. One Slovak produces 8.4 kg of waste irfdha

spaces, which are managed by municipality and durirof plastic bottles per year.
maintenance of public greenery, including parks and From the economy and ecology point of view, pnorit

cemeteries [5].

is given to recycling, but plastic cannot be reeycl

Paper accounts for about 20% of the mass of indefinitely because it loses its properties. Gfaesb

municipal waste. Paper can be recycled very well (8

plastics produce various pulps or granules, whioh a

times) and can be subsequently composted. Whensubsequently used in the production of new products

recycling, the paper is pulverized into celluloseilbres
and then processed again. In Slovakia we produce @5
thousand tonnes per year. The total annual produatin
of the paper is 800 kg/SR inhabitant. Up to 50% of
feedstock is a secondary raw material for paper
production. Recycling 100 tonnes of paper saves alio
1 hectare of a 100-year-old forest. The paper wastan

The packaging industry is the largest plastic pecedu
in Europe. Up to 40% of plastic production in the@ean
market ends in packaging, less in consumer goods an
household, construction, automotive or electronics.
Europeans dispose 25 million tonnes of plastic evaach
year, of which only 30% is recycled.

Metals make up to 4% of the total amount of municipal

also produce egg packages, kitchen towels, otherwaste - a much better package is e.g., alumini@talse

packaging, toilet paper, cardboard and other paper
products.

metal or aluminium cans are a great commoditychatbe
recycled to infinity. Recycling aluminium cans cantes

Paper packaging can be a part of global food was95% less energy than their primary raw material

solution, which represents up to 1.30 billion tasr@ne-
third of food produced globally for our consumptioby
minimizing waste and food damaging [8].

The primary function of packaging in all forms, gtia
packaging, cans, glass and cardboards is to protects

production.

Biowaste accounts for 45% of the total amount of
municipal waste or waste that goes to the composter
respectively. Recycling of biodegradable waste ict&of
compost, which results in the formation of a ndtura

during transportation, storage and distribution.eyfh fertilizer. Usable in both large and small - in iagiture
prevent generation of waste resulting from breakacand in peoples’ gardens.
spoilage and contamination and prolong the life of Classed collection is free for citizens of the @lov

products. Secondary, but also an important puriose
provide consumers with product information and éfph
identifying and distinguishing brands. Minimizingaste,
especially food, is a major global challenge. Resjizle
recycling of waste and packaging paper reduceartt@int
of waste on landfills.

Republic. The citizen does not bear the cost dirgpin
the local fee for municipal garbage and small coesibn
waste. Financial responsibility for sorted collentis bore
by the business entity whose products or packaging in
communal waste.

By recycling from primary production, we save eryerg

Glassconstitutes to 12% of the total municipal waste for each raw material, it represents an energingeof

mass. It is hygienic, ecologically significant ah@0%
recyclable. Glass containers can be reused 15 toneés.
Melting results in losing its properties only insificantly.
According to the ecological ladder, re-use is mofea
priority than recycling, because it is more envimamtally
friendly to use reusable packaging instead of pytii to
recycling after use, so passing it back to theest@lass is
biologically inactive material - it does not decarsp in
nature (or decomposes for up to 4000 years). Sottess
is processed directly in glassworks (no speciatgssing
plants are needed). For correct recycling, it iessary to
carefully sort glass by colour. When recycling glas
handled, it is best to break the glass into de kthards as
possible and separate other components (labelgsures)
from the glass products.

97% for plastics, 95% for aluminium, 74% for ste&%
for paper and 25% for glass.

Innovations focused on smart packaging for products
that meet environmental, quality, safety or product
identification standards within the logistics chaame
currently gaining prominence. Effective operatingthe
market is not possible without these innovationghe
packaging within the integrated innovation procasshe
market as well as without suitably organized lagsstin
the future, this supports the development of prtslwith
smart packaging that can be considered as a sysens
when it becomes part of a control or feedback meisha
in relation to its usage environment (Improved $tigal
handling and reduction of logistic costs, controtjoality
of packaging and contents, improved safety during

Plasticsaccount for 7% of the total mass of municipapackaging use, improvements in production of paickpg

waste. Total annual production of plastics is 280SR
inhabitant. Plastics are made from crude oil, whikka
non-renewable natural resource. Plastics haveaivelly

and in reusing and recycling of packaging) [9].

2 Methodology

small weight but a large volume. They are the worst pirst feasible step in the research was detailed
recyclable material that has the most enwronmentgbquisition and study of basic theoretical knowteérgm

burden. In nature, plastic bottle is decompose8080

the literature for the creation of a model of reeer
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logistics, which has been applicable to SlovakineSe one. Therefore for the construction of EKE criteriwe
theoretical models are based on the assumption ofwdl use the following formula (2):
transdisciplinary approach, because limited undadihg
of reverse models could affect the creation andofiseir (2)
model in Slovak conditions.

General theoretical models depicting variousvhere if EKE > 1, then the expenditure is efficiantd EE
approaches to reverse logistics from different axgh — max [12].
which decribed Fleischmann [10] in his Quantitative The data that were analysed and compared in tickeart
Models for Reverse Logistics and Bloemhof-Ruwaardiere used from the Eurostat database and fromttidy s
[11], with collective in their scientific publicath Reverse Analysis of Waste Management in the 8 largest <iiie
logistics, have been used for the creation of meverSlovakia [13]. It was an analysis and comparisouatf

Er=1/CEA=E/C>0

logistics model of waste collection. Authors implamted
local specifics which took into account logistiopesses
and frameworks typical for waste procession in Skis
(Figure 1).

Secondary material market represents in this mieel
place, where reverse flow (reverse logistics) happiEom
where the waste in the form of material resources dgpack
into the production process. Their circulation tradically
minimizes the consumption of new material resouerebs
energy needed for the production of new inputsvaaste
generation is minimized as well as the total castociated
with the production of goods. The most efficiene wf
resources within the technical and biological regearycle
is the closure of material flows, ie. constant @msion of
production outputs into inputs.

dealing with the areas of municipal waste, expemeiper
capita and expenditure on municipal waste prodogtio
using statistical methods.

3 Result and discussion

Main goal of reverse logistics is to gain the bigge
value from elements, which form backflows, andiaiso
important to know how to deal with them.

Reverse model of waste collection and recycling in
Slovakia is described on the Figure 1. Model wasited
by authors and comes from general models, which had
been created by Fleichmann [10] and Bloemhof-Ruevaar
et al. [11].

There are many options how to deal with returned
goods. However, actual viability is limited by timrinsic

~ Waste management can be evaluated from the point@fture of the product (construction, degree of dghand,
view of various indicators and aspects - economigf course, economic criteria- if demand exists femly

environmental or social, or qualitative. When dreathe
model, we dealt with economic factors and evaluatid
economic efficiency. Within these evaluations, ¢hare
basic models, the authors Soukupova and Strukdlk?)
describe in their publications. The most commorggdl
methods for evaluating efficiency of public expeudk are

Cost-minimization Analysis (CMA), Cost-effectiverses

Analysis (CEA), Cost-utility Analysis (CUA) and QGes
benefit Analysis (CBA). We dealt specifically wi@ost-
effectiveness Analysis. This consisted of an assessof
two aspects: the effectiveness of expenditure peita

(E1) and cost-effectiveness of producing one tonne of

municipal waste (B.
Then the cost efficiency of given expenditure cdagd
expressed as follows (1):
CEA=C/F>0- min Q)
where C is the environmental protection expenditires
the indicator of cost efficiency evaluation.

If CEA < 1, the expenditure is efficient, if CEA > °

1, the expenditure is inefficient. Because theedph is
minimizing, it needs to be transformed into maximig

acquired materials, parts, whole products in theketalf

this is not the case, the products must be staradandfill

or be incinerated. The goods taken can be dividéal i

categories according to the method of processiagety

[14]:

» Direct rescue — direct usage without any correstion
(cleaning, repacking).

e Correction — broken products are repaired into
functional condition.

* Recycling — product, or its part, is stripped-dosm

its basic materials, which are, after processisgdu

again. Substances, which would otherwise end as

a waste, will be used as a raw material.

Adaptation — requires a considerable amount of work

The product is discarded on parts that are chethed,

damaged and worn are replaced by new.

* Upgrade — similar to correction, but with the

difference that more work is needed, and the riesult

product is of higher quality and value.

Cannibalization — one or more parts of the produet

used to repair another product.
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factors infl o collection points: for municipal
w:st:':(:;ecl:?::':f 4 waste (MW), plastics (PL), paper waste collection points
(P}, glass (G}, metals (M), and transhipment waste treatment sites [ waste recovery / disposal sites
management biowaste (B), electronics (E) stations (TS)
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material market

\ reverse material floi‘/

Figure 1Reverse model of waste collection and recyclinglavak Republic

Reversely aimed distributional channel represengovernments, the most important aspect is consideree
collection of projects which provide reverse motioh the economic aspect, namely the efficiency of pulinds
waste and wrappings. Its existence and operatiperde spent on waste management. Therefore, we focustgton
on multiple factors, such as country’s legislatetpnomic  Cost-effectiveness  Analysis (CEA) in  selected
conditions, motivation, awareness and interest hia t municipalities, specifically in the eight largesto@&k
solution of waste collection. cities: Bratislava (BA), KoSice (KE), PreSov (Pjitra

Reverse logistics nowadays represents a remarka(NR), Banskéa Bystrica (BB), Zilina (ZA), Trnava (Jand
part of logistics processes of the company. Undleve® Trercin (TN). These municipalities were also chosen
conditions, it is possible to find ways of its d@pption in  because of the availability and completeness atively
an indirect form, especially in the form of wasteup-to-date data (2019) related to their waste memagt.

management. The data were drawn from the study Analysis of Wast
Management in the 8 largest cities in Slovakia [12]
3.1 Case study: Cost efficiency analysis in the In 2019, these 8 local governments produced a dbtal
selected Slovak municipalities 559,268 tons of municipal waste, which is approxetya

Municipalities play a significant and a very imgoit  One quarter of all waste produced in the same jrear
role in waste management. They set their goalsdstev Slovakia. The average level of waste separatiothése
management, try to meet them, while Spending cities was almost 41%. The individual data for dbeve-

substantial part of their budgets on them. For llocmentioned eighth municipalities are given in thelda
below (Table 1).

Table 1 Information about selected municipalities gheir waste management

201¢ BB BA KE NR PC TN TT ZA

Populatiol 76147 43772} 23875 7835! 8846¢ 5469¢ 6375! 8286
amount of

municipal waste ( 45070.! 213047.! 97403.: 47382. 41586.- 28562. 39717.1 46497.
amount of MW pe

inhabitant (t 0.5¢ 0.4¢ 0.41 0.6( 0.47 0.52 0.5¢ 0.5¢
separation ra 53.37% 31.30% 29.33% 42.00% 39.06% 40.27% 46.55% 43.53%
mixed wast 39% 53% 50% 50% 54% 48% 43% 43%
costs in waste

management€) 372418 28723806. 1266772 3869321. 4791941.| 230589(| 354465'| 319772

Source: authors' computation

~ 99 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 8 2021 Issue: 2 Pages: 95-106 ISSN 1339-5629

ANALYSIS OF THE PRINCIPLES OF REVERSE LOGISTICS IN WASTE MANAGEMENT
Monika Zatrochova; Martina Kuperova; Julius Golej

According to the above-mentioned methodology, w In order to transform the minimization criteria ant
calculated the Cost-effectiveness Analysis (CEAIST maximization, according to the above-mentioned
consisted of an assessment of two aspects: ttiefieess methodology, we calculate the effect of using the
of expenditure per capita {Eand cost-effectiveness of effectiveness of expenditure per capita)(&nd the effect
producing one tonne of municipal waste)(H he results of using the efficiency of expenditure per one ®rof
are shown in the tables below (Table 2 and Table 3)  waste produced ¢&. More in Table 4 and Table 5.

Table 2 Expenditure per capita related to municiwakte (€) Table 4 The effect of using the efficiency of edipere per
Municipality CEAj __capita

. . Municipality Ees

Banska Bystric 48.¢ Banska Bustrica =
Bratislave 65.€ Bratislz;/va 0,0204
KoSice 53.1 e 0,0152
Nitra 49.L — 0,0188
PreSo 54. S 0,0202
Trendin 42.2 ot 0,0185
Trnave 55.€ Trnava 0,0237
Zilina 38.¢ il 0,0180
Source: authors' computation Zilina 0,0259

Source: authors' computation
The average expenditure per capita on municipaleva: . N .
in the eight municipalities was 50.9€. Expenditupes Table 5 The effect of using the efficiency of edipere on

capita consider the minimization criterion, i.de tower expenditure per tonne of waste produced
the expenditures, the more efficiently they arenspe Municipality Ee;
waste management. The highest expenditures areein t Banska Bystrica 0,0121
E:sgléizl)Bratlslava (65.6€) and the lowest in thy Zilina Bratislava 0.0074
o Kosice 0,0077
Table 3 Expenditure on the production of one tasfne Nitra 0,0122
municipal waste (€) Preso
Municipality CEA] = V,V 0,0087
Banska Bystrica 82.6 Trercm 0,0124
- rnava
Bratislava 134.8 ST v 0,0112
Kosice 130.1 fina 0,0145
_ Source: authors' computation
Nitra 81.7
PreSov 115.2 The above calculations show that the highest effect
Trercin 807 the efficiency of expenditures used per capitaneper
T : tonne of waste produced is achieved in the cityibiha
vr-n.ava 89.2 and, conversely, the lowest is in the capital ef 8lovak
Zilina 68.8 Republic - Bratislava.

Source: authors' computation
3.2 Reverselogistics system

The average expenditure per tonne of municipalavast Some studies [15] show, that the total cost of the
in the eight municipalities was € 97.9. Expendisuagain reverse logistics system is largely determinedhgydost
consider the minimization criterion, i.e., the lowthe of transport activities required to collect packadeod
expenditures, the more efficiently they are spanwaste waste from the retail stores and ship it to thérihistion
management, with the highest expenditures in tiptata centres for storage; conversely, the transportfcost the
Bratislava (€ 134.8) and the lowest in the cityiril distribution centres to the main facilities contibs to the
(€ 68.8). The differences between individual exjitemels total cost of the system to a very limited extent.
per capita and expenditures per tonne of municifzete Recycling is an extensive re-entry of solid, liquid
produced are mainly due to the sale of secondamy ragaseous waste into the circulation and the re-figemste
materials, subsidies for certain types of waste ath@ér energy and heat. Recycling of industrial waste is a
fees associated with waste management (e.g..dagies backflow into original manufacturing process anéhgz
fees). secondary raw materials for manufacturing new, rothe
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products. Recycling of consumer goods mean backflow Waste landfilling is characterized by high
into original manufacturing sector and gaining ravenvironmental burden, in which case waste is teared
materials for new products. Reverse usage of paskiaga to a landfill and dumped there without further prssing
reverse move of wrapping packages, i.e., recyclingr use. This way of waste destruction is the most
manufacturing technology. unecological one and there is a risk of possihileosaater

Recycling is repeated use and product evaluaticm orcontamination, possibly air pollution by harmful
part of the product in the form of material and rgge substances.
circulation, which: saves primary raw material ses; The specific chapter are dangerous substancesgty
lowers power consumption by using secondary rawnportant when handling them to familiarize the keys
materials; reduces amount of waste, which is nacgss with the valid legal regulations in order to enspreper
defuse, respectively eliminate; lowers environmientdandling, transportation, storage and disposal in
burden. compliance with the safety regulations. By "hazasio

We can distinguish between several possible saariwaste"” we mean any solid or liquid waste as defimed
for waste treatment: reuse of substances (recycling)Article 1 par. 4 of Council Directive 91/689 / EESh
thermal treatment and landfill. hazardous waste.

In the re-evaluation of the waste, the waste isriakver When we focus on processes of reverse logisties fro
and transported to a special sorting and proce$atily the point of economic expenses, it is possibleivide
where the material balance of the fractions it ia®fis these expenses into expenses for recycling, cafect
taken into account, taking into account the pokés of separation, transportation, storage and furthertewvas
further use as a secondary raw material for thpgpegion treatment. Expenses for waste elimination in thenfof
of a new product, respectively their use as auéi&a landfill or waste incineration cause environmemtaiden,

For thermal treatment, the waste is transported towhich are hardly quantifiable. The state is theretoying
special thermal treatment plant (incineration plavitere to regulate by means of orders, prohibitions, taxes
it is directly incinerated and, most of the timleeimal or  subsidies and other economic instruments. In liitle the
electrical energy is generated. This scenarioitalgde for Slovak Waste Management Program, industrial ensagr
residual plastic films and paper. Waste incinerafdant should preferably focus on the recovery before aliah
means any stationary or mobile technical unit anthus gaining a competitive advantage for the future
equipment designed for the thermal treatment ofewaih Figure 2 shows the share of different economic
or without the utilization of the combustion heat i activities and households in a total waste gerwraii
generated. It includes the process of combustion 2016. In the EU-28 in 2016, 36.4% of the total washs
oxidation of waste as well as other heat treatppestesses generated in construction, followed by mining and
such as pyrolytic, gasification or plasma proces$dhe quarrying (25.3%), manufacturing (10.3%), waste and
substances resulting from the treatment are subs#lyu water services (10.0%) and households (8.5%). The
incinerated. remaining 9.5% generated waste was from other eoizno

activities, mainly services (4.6%) and energy (3.126].

Households; 8,5% Wi

L7

Wholesale of . 13.3;::
waste and srap; .
1,0%

Services (except
wholesale of
waste and srap);
4,6%

Waste, water;
10,0%

Construction;
36,4%

Figure 2 Waste generation by economic activities laouseholds, EU-28, 2016 (%) [16]
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The goal of EU waste treatment policies is to redhe Each Slovak produces on an average of 321 kg déwas
impact of waste on the environment and healthamtiike per year. Of this, only about 20 kg is recycledeifyv
EU resources used more efficiently. Proper wasteuropean on average accounts for 475 kg of muricipa
management is a key element in ensuring the efficise  waste. Of this, about 133 kg is recycled (Figure 3)
of resources and the sustainable growth of European
economies [16].

80 76
70
60
50
40
30 28 28 27
| .
20 4 | | | ] 16
= J T
10 | 5 . I 6 |
: | =B HER =
Landfill (%) Recycling (%) Combustion (%) Composting (%)
mSR WEU
Figure 3 Comparison of waste management with EUhic@s [17]

Priority goals for waste politics in EU: deposited for the purpose of its preparation ptioits
e To reduce the amount of created waste. further transport to a location where it is treatedlaimed
« To maximize recycling and reusing. or disposed of, and the time of its storage priit$
To limit combustion- burn only non- recovery or modification does not normally excelecté

recyclable materials. years or does not exceed one year [5].
«  To gradually remove landfilling of waste, Advantages of a landfill: availability, low operag
which can be recycled and evaluated. costs and use of methane (only on some landfills).
«  To ensure full achievement of waste policy inDisadvantages of landfilling include space-related
all EU Member States [16]. challenges, hazardous landfill gas (forming methtae

heats the atmosphere) and the risk of contaminaifon

Supporting Member states in waste managemeﬂ'iound‘{vate_r- Methane is generatgd on the Iandﬁill [:
requires additional efforts. There is a threat thaif of ~Production is one of the most serious impacts odiils
them will not be able to fulfil the goal for theare2020, ©N the environment. The process of fermentatioregak

which is to recycle 50% of communal waste (inclggdin place in com.munal waste i.e., the biodegradaticbn. I
Slovakia, which recycled 39% of it in 2019). In erdo releases landfill gas - methane and carbon dio:8dee

push political reforms, Commission will organiseStudies say methane has a 25 to 72-fold greatewntpan
exchanges regarding circular economy and wasté, witOQ2 on global warming. Up to 80-90% of methane is
intensify cooperation with Member states, regions a eleased in the first 10 days, and then it decaythe
cities to make the best use of EU funds. According |andfill for the next 30 years. That is why the Bipushing
survey conducted by Sensoneo in 2019 [18], Sloviakia for a restriction on Ifandfllls. An _effectlve s_olqn to '[.hIS
among the worst waste managers among OECD countriB&oblem in combating waste is waste incineratiam. |

The landfill site is a waste disposal site whersteas >lovakia, we currently have only two municipal veast
permanently deposited on the surface of earth dhén incinerators (B_ratlslava, KosSice). For comparisdn the
ground. The waste disposal site is also considerbd the CZ€ch Republic, they have 4 such incinerators, ust#a
place where the waste producer carries out thesigpf 12, in Germany 164. Of course, if something buibs,
their waste at the site of production (internaldiil), as Produces hazardous waste, but the combustion déugs
well as the place that was used longer than oneayehis Subject to the strictest emission control by alergy
used for the temporary storage of the waste. Wasdill  Producers. Flue gas cleaning is the most expersied
shall not be considered as a facility where waste §OStS-

~102 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics

Volume: 8 2021 Issue: 2 Pages: 95-106 ISSN 1339-5629

ANALYSIS OF THE PRINCIPLES OF REVERSE LOGISTICS IN WASTE MANAGEMENT
Monika Zatrochova; Martina Kuperova; Julius Golej

At present, we have 125 legal waste dumps in Slavakeliminate landfill waste, Slovakia has the biggasiount

There are 2500 registered illegal landfills, uroéily
7000. While some countries are advancing in thection

of waste, which ends in the landfills (Figure 4jamly a
small part is recovered. Goal, which we want taexah is

of waste disposal and managed to reduce or totakyactly the opposite.

Slovakia

Austria

Czech

Hungary

Poland

0% 10%  20%  30%

40% 50% 60% 70% 80%

Figure 4 Comparison of municipal waste in landf[lL9)]

Benefits of combustion: waste reduction, reducesnovative solution in waste management. The smhutid

landfilling, energy production that melts into ehagty

this problem is, for example, the introduction afwn

and heat. Among the disadvantages of patio indilmgra systems for a semi-submersible waste collectiotesys

are higher costs, little incinerations and mistofgtitizens.
Of course, it is way of enlightening people, todrae

using semi-submersible containers. It is a subsint
larger container that is embedded in the grounadtéioers

more conscious and to conscientiously separateewasteed just a small area, as 60% of the containey od
Waste separating, respectively it is further usafe underground). This system saves up to 80% of tha iar

secondary raw materials in production process &ffé®
final product cost- producers have lower expensbaf in
the end lowers final costs for consumers.

the collection points and holds up to 6 containefs
standard 1100 litres containers in one containbesé
types of waste containers are most often instalbedad in

Waste management is a very wide area for busihess public places such as shopping malls, airportsiceff

the current state, most towns and villages in Hiavare
also collecting and exporting through standard 17D,
240 and 1100 litres collecting containers, whichvjie
space for the collection of mixed, especially mipat
waste, and at the same time offer the opportupityairy
out sorted waste collection. However, this situatie
inadequate in the light of an evolving living stand]

complexes, metro stations and other projects. Ay ver
important added function has recently been the
implementation of 10T technology in containerstia form

of scanners and sensors. Using 10T and data initegra
information about waste, its quantity, current dood of
containers and their location is collected, andinagit
routes for waste collection are selected. Therefbere is

particularly in terms of increasing waste quarsitidue to a further reduction in labour costs, fuel, respetyi
the development of living standards and packagingehicles.

technology, as the amount of waste is increaseecesly
in municipal waste, mainly in terms of its volumkhis

Main difference, which these semi-submersible waste
containers in comparison with the typical groundstea

creates pressure to increase the number of wastlection have, is an advantage of the locatiateidicated

containers, resulting in increased space requirtsrend
the limitation of other necessary functions in asaiee
housing such as static transport, greenery, anlikéhe

Global population growth and urbanization increhge house/houses using common waste

places. Therefore, they are a part of permanent
infrastructure network with precise location of teas
collection, instead of a service dedicated jugtddicular
receptacles and

demand for additional waste disposal systems, ligerestandard collection schemes. Planning of this doata
stimulating the growth of the waste market. Thisietwork can bring significant benefits in logistafswvaste

developmental

impact of the company requires amanagement and environmental protection.
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For example, in older urban areas, conventionat-docinnovation. The failure of global logistics duriribese
to-door waste collection is often challenging duwe tdays, where the pandemic negatively affected ecanom
differences in housing development, topographynafic growth, replaces local logistics - which is alspasitive
conditions, limited space for waste bins and meains factor for eco-innovation [23]. Slovakia could utés
transport, as well as frequent accidents at worloregn period to start the positive changes that will have
waste collection staff [20]. significant economic, social and environmental iotpa

It is expected that the capacity of semi-submezsib  Many professionals and specialists make comment on
waste containers market will have reached 1050lliomi and assess the system of circular economy as a new
$ in 2027 from 796,7 million $ in 2019 [21]. Thefaetors phenomenon. According to them, its priority is sgvand
will be reflected in the growth of construction isittes  effective use of restricted natural sources, stheamg of
around the world, increasing demand on space agoods production at high effectiveness and lower
increased efficiency of space utilization, orded dong consumption of sources and low (or even zero) ot
emptying intervals, which reduce traffic congestion of emissions. It involves prevention and lowerifigvaste
cities. The further growth of this segment is afsticated production and subsequently the sources of pofutin
by the increasingly stringent measures of the stahd materials up to recycling when the sources retarthé
concerning the collection, sorting and waste diab@s economic cycle, which has still more urgent pradtic
European regions. importance [24].

Benefits of semi-submersible containers can be
divided into saving of space, odour reduction, improvingt  Conclusions

of work safety, healthy and safe working environtrfen Although reverse logistics as a separate part ef th
the cleaning staff, waterproof and durable consoc |ogistics chain has only begun to emerge in regeats, it
only a few moving and breakable parts, adjustablg animportant part of business processes. Undepgan
appearance. understanding, its application serves as a toahitmate
Benefits of waste separation can be divided intthe adverse environmental impacts of the econordyttam
economidenefits (fewer emptying pick-ups, reduced fuelhealth of the population. Proper waste managersenkey
consumption, less emptying personnel), environntentglement in ensuring the efficient use of resousres the
benefits  (quiet emptying, aesthetical attractivitysystainable growth of European economies. The ifyrior
encourages cleanliness, reduced €@issions) and social objectives for waste policy in the EU include reidacthe

benefits [22]. amount of waste generated, maximizing recycling and
Weaknesses of semi-submersible containers: gradually eliminating landfilling.

*  The need for an entry building investment. Main purpose of waste management is to prevenewast
+ Changing the export system (the need to securepgoduction and reduce it mainly by developing
suitable harvesting technique). technologies for protection of natural resourcesdpction
+ The need to change business and logistiedf goods which minimise amounts of waste and reduce
relationships. environmental pollution as much as possible, dgraknt
« The advantage of a system for concentrated wasié suitable methods for disposal of hazardous smbsis

production sites. contained in waste intended for disposal, wastevery

by recycling, by reusing or other processes, toneste as

The 7" Environment Action Programme (EAP) will be an energy source, to eliminate waste in a waydbas not
guiding European environment policy until 2020:2060, endanger human health and does not harm the
we live well, within the planet’'s ecological limit©ur environment.
prosperity and healthy environment stem from an Nowadays, and not only in Slovakia, but waste
innovative, circular economy where nothing is wadstad production is also affected by population growthreected
where natural resources are managed sustainabdy, avith urbanisation. State of the environment is high
biodiversity is protected, valued and restored aysvthat topical issue. Increasingly stringent national and
enhance our society’s resilience. Our low-carbanwgjn  transnational measures and regulations regardirgiewa
has long been decoupled from resource use, sdtitng and waste management are coming to the fore.
pace for a safe and sustainable global society." The originator of waste is everybody, whose agtivit

It identifies three key objectives [22] to protectwaste originates, or who manages modificationsingigr
conserve and enhance the Union’s natural capitalyrn  other acts with waste, if the result is changingludracter
the Union into a resource-efficient, green, and petitive ~ or composition.
low-carbon economy; to safeguard the Union's aiize  One of the main problems of Slovakia remains low
from environment-related pressures and risks ttithaad performance regarding waste management, low reycli
wellbeing. rate and strong dependency on landfilling. AmondCOE

Slovakia is one of the countries within the Eurapeacountries Slovakia belongs to the 10 worst wasteagers.
Union characterized by the low eco-innovation inde®P  In 2019, Slovak residents produced 2.3 million &sof
belongs to key factors enabling effective supporrteico- communal waste. Per capita, it is approximately 435
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kilograms. Slovakia is currently not able to futfie goals,

[2] MESJASZ-LECH, A.: Reverse logistics of munidipa

which determined regarding increased rate of waste solid waste — towards zero waste citiBgnsportation

recycling to 50% in 2020. Currently, this rate {s38%.

Research Procedia 3%0l. 2019, pp. 320-332, 2020.

Therefore, change in the waste management perfeenan doi:10.1016/j.trpro.2019.06.034

is inevitable. It would be largely dependent onplsh of
new waste legislation and other fiscal stimulugemther
significant, not only ecological problem in Slovakis

landfilling. About 50% of waste produced ends on Vol. 7, No. 1, pp.

landfills.

[3] GRABARA, J., DABYLOVA, M., ALIBEKOVA, G.:

Impact of legal standards on logistics management i
the context of sustainable developmdtta Logistica
31-37, 2020.
doi:10.22306/al.v7i1.155

At present, we have 125 legal waste dumps in Slavak[4] Institute of Circular Economics, Circular Econigs in

There are 2500 registered illegal landfills, uroéily

7000. Current course shows that Slovakia unforaipat

will not get rid of mass landfilling. Even though March
2019 there was a law change on landfilling feeschvket
landfilling prices and defined also it is graduabwth, in
comparison with neighbouring countries these feesgll
very low. This is also one of the reasons why,dditon
to our waste, garbage from nine other countrienp®rted

to Slovakia and also ends up here. We consideery v

important that all that responsible will apart framaste

Slovakia, [Online], Available:
https://www.incien.sk/wp-
content/uploads/2019/01/Bro%C5%BE%C3%BAra-o-
cirkul%C3%A1rnej-ekonomike-na-Slovensku-v-roku-

2018-Cyan.pdf, [7 Oct 2020], 2018.

[5] Ministry of Environment of the Slovak RepubliaCT

No. 223/2001 Coll. on waste and on the amendment of
certain laws, [Online], Available:
https://www.minzp.sk/files/oblasti/odpady-a-
obaly/zakon-o0-odpadoch.pdf [10 Nov 2028020.

management also pay close attention to waste piieden [6] European Commission, 2020, New Circular Economy

Waste separating, respectively it is further usafje

secondary raw materials in production process &ffde
final product cost- producers have lower expenshat in

the end lowers final costs for consumers. Innowatio

Action Plan, 2020, [Online], Available: https://eur

lex.europa.eu/resource.html?uri=cellar:9903b325-
6388-11ea-b735-
0laa75ed71a1.0009.02/DOC_1&format=PDF

focused on smart packaging for products that meet [10 Nov 2020], 2020.

environmental, quality, safety or product idengfion
standards within the logistics chain are curregtyning

prominence. Effective operating on the market @ n

possible without these innovations in the packagiithin
the integrated innovation process on the marketedisas
without suitably organized logistics.

[7] Directive 2008/98/EC of the European Parliamamd

of the council of 19 November 2008 on waste and
repealing certain Directives, [Online], Available:
https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32008L0098&fro
m=SK [10 Nov 2020], 2008.

Input factors are important when creating a reverd8] Food and Agriculture Organization of the United

model, we pointed out in the article the cost-d@ffeness

with regard to the use of municipal waste. We agupthe
cost-effectiveness method to cities in the Slovakublic
and then compared the results.

Nations (FAQ), 2020.

[9] LOUCANOVA, E., NOSACOVA, M., OLSIAKOVA,

M.: The development of the innovation status and
impact of smart packaging on Slovak consumgcta

While creating reverse model input factors are Logisticg Vol. 6, No. 4, pp. 115-122, 2019.

important, as we pointed out in the article focusedost

doi:10.22306/al.v6i4.137

effectiveness considering the use of communal was{@0] FLEISCHMANN, M: Quantitative Models for

Method of cost effectiveness had been applied ouaRl
cities and then the results were compared.
In order to start the discussion about circulameoay

in Slovakia, economic and legislative motivationr fo

prioritising eco-design, prevention of waste pradug its
separation and recycling with high added valueuwpuot
products is essential, both at the citizen level ahthe
level of companies or institutions.
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