EEET

ECOLOGICAL
ENGINEERING
&
ENVIRONMENTAL
TECHNOLOGY

ISSN 27197050

orun | sccens



Editorial Board

EDITOR-IN-CHIEF:

Gabriel Borowski — Lublin University of Technology
e-mail: g.borowski@pollub.pl

INTERNATIONAL SCIENTIFIC BOARD:

Ali Issam Alahmer — Tafila Technical University, Jordan

Daniel S. Alessi — University of Alberta, Canada

Adelaide Almeida — Polytechnic Institute of Beja, Portugal

Alberto Bianco — CNRS Alsace Delegation, Strasbourg, France

Piotr Bugajski — University of Agriculture in Krakow

Tomasz Ciesielczuk — Opole University

Wojciech Dabrowski — Bialystok University of Technology

Isabel Margarida Horta Ribeiro Antunes — University of Minho, Portugal
Miguel Izquierdo — Polytechnic University of Madrid, Spain

Andrzej Jagus$ — University of Bielsko-Biala

Wojciech Janczukowicz — University of Warmia and Mazury in Olsztyn
Lubos Jurik — Slovak University of Agriculture in Nitra, Slovak Republic
Malgorzata Kacprzak — Czestochowa University of Technology

Alicja Kicinska — AGH University of Science and Technology in Krakow
Justyna Koc-Jurczyk — University of Rzeszow

Piotr Koszelnik — Rzeszéw University of Technology

Jan Labetowicz — Warsaw University of Life Sciences (SGGW)
Agnieszka Pusz — Warsaw University of Technology

Bogustaw Sawicki — University of Life Sciences in Lublin

Iwona Skoczko — Bialystok University of Technology

Krzysztof Szoszkiewicz — Poznan University of Life Sciences

Stawomir Szymczyk — University of Warmia and Mazury in Olsztyn
Meiping Tong — Peking University, Beijing, China

Mirostaw Wiatkowski — Wroctaw University of Environmental and Life Sciences
Ewa Wojciechowska — Gdansk University of Technology

Gabriela Wozniak — University of Silesia in Katowice

Agnieszka Wojtowicz — University of Life Sciences in Lublin

Agata Zdyb — Lublin University of Technology

Haider Zwain — Sultan Qaboos University, Muscat, Oman

Abstracting and Indexing

SCOPUS

DOAJ — Directory of Open Access Journals
EBSCOhost

IC Journals Master List

Google Scholar

J-Gate

BazTech

PBN — Polska Bibliografia Naukowa



Contents

Physicochemical Characterization and Metallic Contamination of the Waters of Oued Nfifikh
(Morocco)

Chaimaa Merbouh, Mohamed Kabriti, Abdelmottalib Nahli, Abdeslam Rihane, Nadia lounes

Ecol. Eng. Environ. Technol. 2023; 1:1-11

DOI: https://doi.org/10.12912/27197050/154911

Ecological and Economic Study of Wheat Winter Varieties by Different Geographical Origin
Mykola Sobko, Yevheniia Butenko, Gennadiy Davydenko, Oleksandr Solarov, Viacheslav
Pylypenko, Viktoriia Makarova, Maryna Mikulina, Iryna Samoshkina, Oleksandr Antonovskyi,
Volodymyr Poriadynskyi

Ecol. Eng. Environ. Technol. 2023; 1:12-21

DOI: https://doi.org/10.12912/27197050/154912

Obtaining Temperature-Resistant Sugar Beet Lines (Beta vulgaris L.)

Oksana Kliachenko, Larysa Prysiazhniuk, Olena Bokiy, Natalia Syplyva, Serhii Melnyk
Ecol. Eng. Environ. Technol. 2023; 1:22-28

DOI: https://doi.org/10.12912/27197050/154913

Spectral Analysis Method for Distinguishing Heavy Metals Pollution in the Pioneer
Vegetation of Landfills Located within the Prikarpatian Geobotanical District of Ukraine
Kateryna A. Korol, Vasyl Popovych

Ecol. Eng. Environ. Technol. 2023; 1:29-37

DOI: https://doi.org/10.12912/27197050/154910

Net Primary Production of Forest Vegetal Biomass in Kyiv Region
Roman Vasylyshyn, lvan Lakyda, Maryna Lakyda, Volodymyr Blyshchyk
Ecol. Eng. Environ. Technol. 2023; 1:38-45

DOI: https://doi.org/10.12912/27197050/154908

The River System Pollutant Migration in the Context of the Sudden One-Time Discharge with
Consideration of the Bottom Sediments Influence (Case of Benzene Migration in the Stryi
River, Ukraine)

Andriy Kuzyk, Vasyl Karabyn, Vladyslav Shuryhin, Yulia Sushko, Kateryna Stepova, Oksana
Karabyn

Ecol. Eng. Environ. Technol. 2023; 1:46-54

DOI: https://doi.org/10.12912/27197050/154909

A Strategic Analysis of the Prerequisites for the Implementation of Waste Management at the
Regional Level

Iryna Kotsiuba, Olena Herasymchuk, VVolodymyr Shamrai, Vitalina Lukianova, Yevheniia
Anpilova, Oksana Rybak, lulia Lefter

Ecol. Eng. Environ. Technol. 2023; 1:55-66

DOI: https://doi.org/10.12912/27197050/154918

Identifying Landslides Prone-Areas Using GIS-based Fuzzy Analytical Hierarchy Process
Model in Ziz Upper Watershed (Morocco)

Mohamed Sadiki, Mohamed Manaouch, Mohamed Aghad, Mouhcine Batchi, Jamal Al Karkouri
Ecol. Eng. Environ. Technol. 2023; 1:67-83

DOI: https://doi.org/10.12912/27197050/154916


http://www.ecoeet.com/Author-Chaimaa-Merbouh/187077
http://www.ecoeet.com/Author-Abdelmottalib-Nahli/203602
http://www.ecoeet.com/Author-Abdeslam-Rihane/187078
http://www.ecoeet.com/Author-Nadia-Iounes/147375
https://doi.org/10.12912/27197050/154911
http://www.ecoeet.com/Author-Mykola-Sobko/205646
http://www.ecoeet.com/Author-Yevheniia-Butenko/189378
http://www.ecoeet.com/Author-Gennadiy-Davydenko/205647
http://www.ecoeet.com/Author-Oleksandr-Solarov/205648
http://www.ecoeet.com/Author-Viacheslav-Pylypenko/205649
http://www.ecoeet.com/Author-Viacheslav-Pylypenko/205649
http://www.ecoeet.com/Author-Viktoriia-Makarova/205650
http://www.ecoeet.com/Author-Maryna-Mikulina/205651
http://www.ecoeet.com/Author-Iryna-Samoshkina/205652
http://www.ecoeet.com/Author-Oleksandr-Antonovskyi/205653
http://www.ecoeet.com/Author-Volodymyr-Poriadynskyi/205654
https://doi.org/10.12912/27197050/154912
http://www.ecoeet.com/Obtaining-Temperature-Resistant-Sugar-Beet-Lines-Beta-vulgaris-L-,154913,0,2.html
http://www.ecoeet.com/Obtaining-Temperature-Resistant-Sugar-Beet-Lines-Beta-vulgaris-L-,154913,0,2.html
http://www.ecoeet.com/Author-Oksana-Kliachenko/205655
http://www.ecoeet.com/Author-Larysa-Prysiazhniuk/205656
http://www.ecoeet.com/Author-Olena-Bokiy/205657
http://www.ecoeet.com/Author-Natalia-Syplyva/206901
http://www.ecoeet.com/Author-Serhii-Melnyk/149830
https://doi.org/10.12912/27197050/154913
http://www.ecoeet.com/Spectral-Analysis-Method-for-Distinguishing-Heavy-Metals-Pollution-in-the-Pioneer,154910,0,2.html
http://www.ecoeet.com/Spectral-Analysis-Method-for-Distinguishing-Heavy-Metals-Pollution-in-the-Pioneer,154910,0,2.html
http://www.ecoeet.com/Spectral-Analysis-Method-for-Distinguishing-Heavy-Metals-Pollution-in-the-Pioneer,154910,0,2.html
http://www.ecoeet.com/Spectral-Analysis-Method-for-Distinguishing-Heavy-Metals-Pollution-in-the-Pioneer,154910,0,2.html
http://www.ecoeet.com/Author-Kateryna-Korol/206902
http://www.ecoeet.com/Author-Vasyl-Popovych/128383
https://doi.org/10.12912/27197050/154910
http://www.ecoeet.com/Net-Primary-Production-of-Forest-Vegetal-Biomass-in-Kyiv-Region,154908,0,2.html
http://www.ecoeet.com/Net-Primary-Production-of-Forest-Vegetal-Biomass-in-Kyiv-Region,154908,0,2.html
http://www.ecoeet.com/Author-Roman-Vasylyshyn/205637
http://www.ecoeet.com/Author-Ivan-Lakyda/205638
http://www.ecoeet.com/Author-Maryna-Lakyda/205639
http://www.ecoeet.com/Author-Volodymyr-Blyshchyk/205640
https://doi.org/10.12912/27197050/154908
http://www.ecoeet.com/The-River-System-Pollutant-Migration-in-the-Context-of-the-Sudden-One-Time-Discharge,154909,0,2.html
http://www.ecoeet.com/The-River-System-Pollutant-Migration-in-the-Context-of-the-Sudden-One-Time-Discharge,154909,0,2.html
http://www.ecoeet.com/The-River-System-Pollutant-Migration-in-the-Context-of-the-Sudden-One-Time-Discharge,154909,0,2.html
http://www.ecoeet.com/The-River-System-Pollutant-Migration-in-the-Context-of-the-Sudden-One-Time-Discharge,154909,0,2.html
http://www.ecoeet.com/Author-Andriy-Kuzyk/205641
http://www.ecoeet.com/Author-Vasyl-Karabyn/205642
http://www.ecoeet.com/Author-Vladyslav-Shuryhin/205643
http://www.ecoeet.com/Author-Yulia-Sushko/205644
http://www.ecoeet.com/Author-Kateryna-Stepova/155328
http://www.ecoeet.com/Author-Oksana-Karabyn/205645
http://www.ecoeet.com/Author-Oksana-Karabyn/205645
https://doi.org/10.12912/27197050/154909
http://www.ecoeet.com/A-Strategic-Analysis-of-the-Prerequisites-for-the-Implementation-of-Waste-Management,154918,0,2.html
http://www.ecoeet.com/A-Strategic-Analysis-of-the-Prerequisites-for-the-Implementation-of-Waste-Management,154918,0,2.html
http://www.ecoeet.com/A-Strategic-Analysis-of-the-Prerequisites-for-the-Implementation-of-Waste-Management,154918,0,2.html
http://www.ecoeet.com/A-Strategic-Analysis-of-the-Prerequisites-for-the-Implementation-of-Waste-Management,154918,0,2.html
http://www.ecoeet.com/Author-Iryna-Kotsiuba/187477
http://www.ecoeet.com/Author-Olena-Herasymchuk/187479
http://www.ecoeet.com/Author-Volodymyr-Shamrai/205672
http://www.ecoeet.com/Author-Vitalina-Lukianova/138826
http://www.ecoeet.com/Author-Yevheniia-Anpilova/138825
http://www.ecoeet.com/Author-Yevheniia-Anpilova/138825
http://www.ecoeet.com/Author-Oksana-Rybak/205674
http://www.ecoeet.com/Author-Iulia-Lefter/205675
https://doi.org/10.12912/27197050/154918
http://www.ecoeet.com/Identifying-Landslides-Prone-Areas-Using-GIS-based-Fuzzy-Analytical-Hierarchy-Process,154916,0,2.html
http://www.ecoeet.com/Identifying-Landslides-Prone-Areas-Using-GIS-based-Fuzzy-Analytical-Hierarchy-Process,154916,0,2.html
http://www.ecoeet.com/Identifying-Landslides-Prone-Areas-Using-GIS-based-Fuzzy-Analytical-Hierarchy-Process,154916,0,2.html
http://www.ecoeet.com/Identifying-Landslides-Prone-Areas-Using-GIS-based-Fuzzy-Analytical-Hierarchy-Process,154916,0,2.html
http://www.ecoeet.com/Author-Mohamed-Sadiki/205664
http://www.ecoeet.com/Author-Mohamed-Manaouch/205665
http://www.ecoeet.com/Author-Mohamed-Aghad/205666
http://www.ecoeet.com/Author-Mouhcine-Batchi/205667
http://www.ecoeet.com/Author-Jamal-Al%20Karkouri/205668
https://doi.org/10.12912/27197050/154916
http://www.ecoeet.com/Protective-Disposable-Face-Masks-Used-During-the-COVID-19-Pandemic-as-a-Source-of,154919,0,2.html

Protective Disposable Face Masks Used During the COVID-19 Pandemic as a Source of
Pollutants in the Aquatic Environment — A Study of Short-Term Effects

Valentyna Loboichenko, Nataliia Leonova, Olga Shevchenko, Oleg Blyashenko, Alexandr
Soshinskiy, Vasyl Servatyuk, Nataliia Tregub, lhor Khmyrov, Oleksandr Burmenko

Ecol. Eng. Environ. Technol. 2023; 1:84-92

DOI: https://doi.org/10.12912/27197050/154919

Vertical Transfer of Bacteriological and Parasitological Pollutants from Irrigation Water to
Soil and Crops

Jihan Faouzi, Imane Bedoui, Sanae Rezouki, Tarik Moubchir, Aimad Allali, Noureddine Eloutassl,
Amal Lahkimi

Ecol. Eng. Environ. Technol. 2023; 1:93-103

DOI: https://doi.org/10.12912/27197050/154917

Contribution of GIS for the Piezometric Monitoring of the Unconfined Water Table Aquifer
of the Fez-Meknes Basin

Rabia El Fakir, EI-Mostafa Mili, Abdelfettah Elkourchia, Zakaria Ammari, Radouan Mehdaoui,
Youssef EI Khamal, Brahim Ait Said

Ecol. Eng. Environ. Technol. 2023; 1:104-115

DOI: https://doi.org/10.12912/27197050/154920

Environmental Assessment of a Unique Filtration Process for Treatment of Polluted Storm
Water

Safaa K. Hashim Al-Khalaf, Zaid Abed Al-Ridah, Marwah Abdullah Shlash, Ahmed Samir Naje
Ecol. Eng. Environ. Technol. 2023; 1:116-124

DOI: https://doi.org/10.12912/27197050/155059

Landslide Monitoring in the Jebha Region by Radar Permanent Scattered Remote Sensing
Technique

Bouchra Azizi, Mustapha Hakdaoui, Mohammed Raji, Mariam Taazzouzte

Ecol. Eng. Environ. Technol. 2023; 1:125-135

DOI: https://doi.org/10.12912/27197050/155058

The Landscape of the White Drin is a Tourist Attraction in the Development of Local
Tourism

Beke Kuqi, Afrim Selimaj

Ecol. Eng. Environ. Technol. 2023; 1:136-142

DOI: https://doi.org/10.12912/27197050/154922

The Study of Heavy Metal Impacts on Biotic Processes in the Soils of the Urban Ecosystem of
the City of Rivne (Ukraine)

Vira Melnyk, Myroslav S. Malovanyy, Nelia Lukianchuk, Vita Sternik

Ecol. Eng. Environ. Technol. 2023; 1:143-153

DOI: https://doi.org/10.12912/27197050/154923

Enhancing the Strength Parameters of Dispersive Soil with Microbes and Jute Fibres as
Sustainable Alternative

Pa Suriya, S.P. Sangeetha

Ecol. Eng. Environ. Technol. 2023; 1:154-164

DOI: https://doi.org/10.12912/27197050/154907


http://www.ecoeet.com/Protective-Disposable-Face-Masks-Used-During-the-COVID-19-Pandemic-as-a-Source-of,154919,0,2.html
http://www.ecoeet.com/Protective-Disposable-Face-Masks-Used-During-the-COVID-19-Pandemic-as-a-Source-of,154919,0,2.html
http://www.ecoeet.com/Author-Valentyna-Loboichenko/163577
http://www.ecoeet.com/Author-Nataliia-Leonova/163578
http://www.ecoeet.com/Author-Olga-Shevchenko/172781
http://www.ecoeet.com/Author-Oleg-Blyashenko/205676
http://www.ecoeet.com/Author-Alexandr-Soshinskiy/205677
http://www.ecoeet.com/Author-Alexandr-Soshinskiy/205677
http://www.ecoeet.com/Author-Vasyl-Servatyuk/205678
http://www.ecoeet.com/Author-Nataliia-Tregub/205679
http://www.ecoeet.com/Author-Ihor-Khmyrov/205680
http://www.ecoeet.com/Author-Oleksandr-Burmenko/188553
https://doi.org/10.12912/27197050/154919
http://www.ecoeet.com/Vertical-Transfer-of-Bacteriological-and-Parasitological-Pollutants-from-Irrigation,154917,0,2.html
http://www.ecoeet.com/Vertical-Transfer-of-Bacteriological-and-Parasitological-Pollutants-from-Irrigation,154917,0,2.html
http://www.ecoeet.com/Vertical-Transfer-of-Bacteriological-and-Parasitological-Pollutants-from-Irrigation,154917,0,2.html
http://www.ecoeet.com/Vertical-Transfer-of-Bacteriological-and-Parasitological-Pollutants-from-Irrigation,154917,0,2.html
http://www.ecoeet.com/Author-Jihan-Faouzi/197190
http://www.ecoeet.com/Author-Imane-Bedoui/205669
http://www.ecoeet.com/Author-Sanae-Rezouki/205670
http://www.ecoeet.com/Author-Tarik-Moubchir/205671
http://www.ecoeet.com/Author-Aimad-Allali/197681
http://www.ecoeet.com/Author-Noureddine-EloutassI/185160
http://www.ecoeet.com/Author-Amal-Lahkimi/185157
https://doi.org/10.12912/27197050/154917
http://www.ecoeet.com/Contribution-of-GIS-for-the-Piezometric-Monitoring-of-the-Unconfined-Water-Table,154920,0,2.html
http://www.ecoeet.com/Contribution-of-GIS-for-the-Piezometric-Monitoring-of-the-Unconfined-Water-Table,154920,0,2.html
http://www.ecoeet.com/Contribution-of-GIS-for-the-Piezometric-Monitoring-of-the-Unconfined-Water-Table,154920,0,2.html
http://www.ecoeet.com/Contribution-of-GIS-for-the-Piezometric-Monitoring-of-the-Unconfined-Water-Table,154920,0,2.html
http://www.ecoeet.com/Author-Rabia-El%20Fakir/206207
http://www.ecoeet.com/Author-El-Mostafa-Mili/206208
http://www.ecoeet.com/Author-Abdelfettah-Elkourchia/206606
http://www.ecoeet.com/Author-Zakaria-Ammari/206211
http://www.ecoeet.com/Author-Radouan-Mehdaoui/205863
http://www.ecoeet.com/Author-Youssef-El%20Khamal/206209
http://www.ecoeet.com/Author-Brahim-Ait%20Said/205864
https://doi.org/10.12912/27197050/154920
http://www.ecoeet.com/Environmental-Assessment-of-a-Unique-Filtration-Process-for-Treatment-of-Polluted,155059,0,2.html
http://www.ecoeet.com/Environmental-Assessment-of-a-Unique-Filtration-Process-for-Treatment-of-Polluted,155059,0,2.html
http://www.ecoeet.com/Environmental-Assessment-of-a-Unique-Filtration-Process-for-Treatment-of-Polluted,155059,0,2.html
http://www.ecoeet.com/Environmental-Assessment-of-a-Unique-Filtration-Process-for-Treatment-of-Polluted,155059,0,2.html
http://www.ecoeet.com/Author-Safaa-Al-Khalaf/206071
http://www.ecoeet.com/Author-Zaid-Al-Ridah/206072
http://www.ecoeet.com/Author-Marwah-Shlash/206073
http://www.ecoeet.com/Author-Ahmed-Naje/206074
https://doi.org/10.12912/27197050/155059
http://www.ecoeet.com/Landslide-Monitoring-in-the-Jebha-Region-by-Radar-Permanent-Scattered-Remote-Sensing,155058,0,2.html
http://www.ecoeet.com/Landslide-Monitoring-in-the-Jebha-Region-by-Radar-Permanent-Scattered-Remote-Sensing,155058,0,2.html
http://www.ecoeet.com/Landslide-Monitoring-in-the-Jebha-Region-by-Radar-Permanent-Scattered-Remote-Sensing,155058,0,2.html
http://www.ecoeet.com/Landslide-Monitoring-in-the-Jebha-Region-by-Radar-Permanent-Scattered-Remote-Sensing,155058,0,2.html
http://www.ecoeet.com/Author-Bouchra-Azizi/206037
http://www.ecoeet.com/Author-Mustapha-Hakdaoui/206466
http://www.ecoeet.com/Author-Mohammed-Raji/206467
http://www.ecoeet.com/Author-Mariam-Taazzouzte/207785
https://doi.org/10.12912/27197050/155058
http://www.ecoeet.com/The-Landscape-of-the-White-Drin-is-a-Tourist-Attraction-in-the-Development-of-Local,154922,0,2.html
http://www.ecoeet.com/The-Landscape-of-the-White-Drin-is-a-Tourist-Attraction-in-the-Development-of-Local,154922,0,2.html
http://www.ecoeet.com/The-Landscape-of-the-White-Drin-is-a-Tourist-Attraction-in-the-Development-of-Local,154922,0,2.html
http://www.ecoeet.com/The-Landscape-of-the-White-Drin-is-a-Tourist-Attraction-in-the-Development-of-Local,154922,0,2.html
http://www.ecoeet.com/Author-Beke-Kuqi/187126
http://www.ecoeet.com/Author-Afrim-Selimaj/192954
https://doi.org/10.12912/27197050/154922
http://www.ecoeet.com/The-Study-of-Heavy-Metal-Impacts-on-Biotic-Processes-in-the-Soils-of-the-Urban-Ecosystem,154923,0,2.html
http://www.ecoeet.com/The-Study-of-Heavy-Metal-Impacts-on-Biotic-Processes-in-the-Soils-of-the-Urban-Ecosystem,154923,0,2.html
http://www.ecoeet.com/The-Study-of-Heavy-Metal-Impacts-on-Biotic-Processes-in-the-Soils-of-the-Urban-Ecosystem,154923,0,2.html
http://www.ecoeet.com/The-Study-of-Heavy-Metal-Impacts-on-Biotic-Processes-in-the-Soils-of-the-Urban-Ecosystem,154923,0,2.html
http://www.ecoeet.com/Author-Vira-Melnyk/202830
http://www.ecoeet.com/Author-Myroslav-Malovanyy/206563
http://www.ecoeet.com/Author-Nelia-Lukіanchuk/202831
http://www.ecoeet.com/Author-Vita-Sternik/202832
https://doi.org/10.12912/27197050/154923
http://www.ecoeet.com/Enhancing-the-Strength-Parameters-of-Dispersive-Soil-with-Microbes-and-Jute-Fibres,154907,0,2.html
http://www.ecoeet.com/Enhancing-the-Strength-Parameters-of-Dispersive-Soil-with-Microbes-and-Jute-Fibres,154907,0,2.html
http://www.ecoeet.com/Enhancing-the-Strength-Parameters-of-Dispersive-Soil-with-Microbes-and-Jute-Fibres,154907,0,2.html
http://www.ecoeet.com/Enhancing-the-Strength-Parameters-of-Dispersive-Soil-with-Microbes-and-Jute-Fibres,154907,0,2.html
http://www.ecoeet.com/Author-Pa-Suriya/206564
http://www.ecoeet.com/Author-S.P.-Sangeetha/206565
https://doi.org/10.12912/27197050/154907
http://www.ecoeet.com/Kinetic-Modeling-of-Methane-Production-from-the-Anaerobic-Digestion-of-Wastewater,154915,0,2.html

Kinetic Modeling of Methane Production from the Anaerobic Digestion of Wastewater Sludge
from a Treatment Plant in Kenitra, Morocco

Khadija Lihi, Nabila Auajjar, Youness Nizar, Benaissa Attarassi

Ecol. Eng. Environ. Technol. 2023; 1:165-174

DOI: https://doi.org/10.12912/27197050/154915

Study the Effects of Using Different Water Types on the Mechanical Properties of Concrete
Sanad Aldeen Fadil, Ghayda Yaseen Al-Kindi, Sameh B. Tobeia

Ecol. Eng. Environ. Technol. 2023; 1:175-184

DOI: https://doi.org/10.12912/27197050/154940

Application of Electrical Methods for the Recognition of the Geometry of the Senonian
Aquifer in the West Boudnib (Errachidia-Morocco)

Fadwa Laaraj, Mohamed Benabdelhadi, Mohamed Chibout, Mohamed EImokhtar

Ecol. Eng. Environ. Technol. 2023; 1:185-195

DOI: https://doi.org/10.12912/27197050/154938

Contribution of Geomatics, Priority Activity Program Guidelines, and Remote Sensing to
Environmental Study in the Cretaceous Basin of Errachidia-Boudenib, Morocco

Radouan Mehdaoui, EI-Mostafa Mili, Habiba Ousmana, Brahim Ait Said, Youssef EI Khamal,
Hachem Aziz, Rabia EI Fakir

Ecol. Eng. Environ. Technol. 2023; 1:196-206

DOI: https://doi.org/10.12912/27197050/154994

Sorting, Logistics and Secondary Use of Solid Household Waste in Ukraine on the Way to
European Integration

Dina Tokarchuk, Natalia Pryshliak, Natalia Yaremchuk, Sergiy Berezyuk

Ecol. Eng. Environ. Technol. 2023; 1:207-220

DOI: https://doi.org/10.12912/27197050/154995

Crop Yields under Climate Variability and No-Tillage System in Dry Areas of Morocco
Rachid Moussadek, Malika Laghrour, Rachid Mrabet, Eric Van Ranst

Ecol. Eng. Environ. Technol. 2023; 1:221-232

DOI: https://doi.org/10.12912/27197050/155024

Factors of Environmental Safety Reduction on Styr River in the City of Lutsk (Ukraine)
Viktor Kopylov, Vasyl Popovych, Igor Shukel, Mykhailo Fitak, Igor Koliadzhyn

Ecol. Eng. Environ. Technol. 2023; 1:233-246

DOI: https://doi.org/10.12912/27197050/155193

Water Extracts from Waste Rocks of the Coal Industry of Chernvonograd Mining Area
(Ukraine): Problems of Environmental Safety and Civil Protection

Iryna Kochmar, Vasyl Karabyn

Ecol. Eng. Environ. Technol. 2023; 1:247-255

DOI: https://doi.org/10.12912/27197050/155209

The Study of Drought Stress in Sugar Beet and the Ways of its Minimization

Oleh Prysiazhniuk, Nadiia Kononiuk, Natalia Zatserkovna, Oleksandr Chynchyk, Vasyl Hryhoriev,
Vitalii Zhemoyda, Oleh Ovcharuk, Olesia Zinchenko, Olesia Morhun, Iryna Svystunova

Ecol. Eng. Environ. Technol. 2023; 1:256-263

DOI: https://doi.org/10.12912/27197050/154924


http://www.ecoeet.com/Kinetic-Modeling-of-Methane-Production-from-the-Anaerobic-Digestion-of-Wastewater,154915,0,2.html
http://www.ecoeet.com/Kinetic-Modeling-of-Methane-Production-from-the-Anaerobic-Digestion-of-Wastewater,154915,0,2.html
http://www.ecoeet.com/Author-Khadija-Lihi/205661
http://www.ecoeet.com/Author-Nabila-Auajjar/205662
http://www.ecoeet.com/Author-Youness-Nizar/203594
http://www.ecoeet.com/Author-Benaissa-Attarassi/205663
https://doi.org/10.12912/27197050/154915
http://www.ecoeet.com/Study-the-Effects-of-Using-Different-Water-Types-on-the-Mechanical-Properties-of,154940,0,2.html
http://www.ecoeet.com/Study-the-Effects-of-Using-Different-Water-Types-on-the-Mechanical-Properties-of,154940,0,2.html
http://www.ecoeet.com/Author-Sanad-Fadil/205738
http://www.ecoeet.com/Author-Ghayda-Al-Kindi/104667
http://www.ecoeet.com/Author-Sameh-Tobeia/206554
https://doi.org/10.12912/27197050/154940
http://www.ecoeet.com/Application-of-Electrical-Methods-for-the-Recognition-of-the-Geometry-of-the-Senonian,154938,0,2.html
http://www.ecoeet.com/Application-of-Electrical-Methods-for-the-Recognition-of-the-Geometry-of-the-Senonian,154938,0,2.html
http://www.ecoeet.com/Application-of-Electrical-Methods-for-the-Recognition-of-the-Geometry-of-the-Senonian,154938,0,2.html
http://www.ecoeet.com/Application-of-Electrical-Methods-for-the-Recognition-of-the-Geometry-of-the-Senonian,154938,0,2.html
http://www.ecoeet.com/Author-Fadwa-Laaraj/206566
http://www.ecoeet.com/Author-Mohamed-Benabdelhadi/206567
http://www.ecoeet.com/Author-Mohamed-Chibout/206568
http://www.ecoeet.com/Author-Mohamed-Elmokhtar/207884
https://doi.org/10.12912/27197050/154938
http://www.ecoeet.com/Contribution-of-Geomatics-Priority-Activity-Program-Guidelines-and-Remote-Sensing,154994,0,2.html
http://www.ecoeet.com/Contribution-of-Geomatics-Priority-Activity-Program-Guidelines-and-Remote-Sensing,154994,0,2.html
http://www.ecoeet.com/Contribution-of-Geomatics-Priority-Activity-Program-Guidelines-and-Remote-Sensing,154994,0,2.html
http://www.ecoeet.com/Contribution-of-Geomatics-Priority-Activity-Program-Guidelines-and-Remote-Sensing,154994,0,2.html
http://www.ecoeet.com/Author-Radouan-Mehdaoui/205863
http://www.ecoeet.com/Author-El-Mostafa-Mili/206208
http://www.ecoeet.com/Author-Habiba-Ousmana/160907
http://www.ecoeet.com/Author-Brahim-Ait%20Said/205864
http://www.ecoeet.com/Author-Youssef-El%20Khamal/206209
http://www.ecoeet.com/Author-Hachem-Aziz/206250
http://www.ecoeet.com/Author-Rabia-El%20Fakir/206207
https://doi.org/10.12912/27197050/154994
http://www.ecoeet.com/Sorting-Logistics-and-Secondary-Use-of-Solid-Household-Waste-in-Ukraine-on-the-Way,154995,0,2.html
http://www.ecoeet.com/Sorting-Logistics-and-Secondary-Use-of-Solid-Household-Waste-in-Ukraine-on-the-Way,154995,0,2.html
http://www.ecoeet.com/Sorting-Logistics-and-Secondary-Use-of-Solid-Household-Waste-in-Ukraine-on-the-Way,154995,0,2.html
http://www.ecoeet.com/Sorting-Logistics-and-Secondary-Use-of-Solid-Household-Waste-in-Ukraine-on-the-Way,154995,0,2.html
http://www.ecoeet.com/Author-Dina-Tokarchuk/160407
http://www.ecoeet.com/Author-Natalia-Pryshliak/160406
http://www.ecoeet.com/Author-Natalia-Yaremchuk/205866
http://www.ecoeet.com/Author-Sergiy-Berezyuk/197505
https://doi.org/10.12912/27197050/154995
http://www.ecoeet.com/Crop-Yields-under-Climate-Variability-and-No-Tillage-System-in-Dry-Areas-of-Morocco,155024,0,2.html
http://www.ecoeet.com/Crop-Yields-under-Climate-Variability-and-No-Tillage-System-in-Dry-Areas-of-Morocco,155024,0,2.html
http://www.ecoeet.com/Author-Rachid-Moussadek/188432
http://www.ecoeet.com/Author-Malika-Laghrour/202850
http://www.ecoeet.com/Author-Rachid-Mrabet/64243
http://www.ecoeet.com/Author-Eric-Van%20Ranst/205954
https://doi.org/10.12912/27197050/155024
http://www.ecoeet.com/Factors-of-Environmental-Safety-Reduction-on-Styr-River-in-the-City-of-Lutsk-Ukraine,155193,0,2.html
http://www.ecoeet.com/Factors-of-Environmental-Safety-Reduction-on-Styr-River-in-the-City-of-Lutsk-Ukraine,155193,0,2.html
http://www.ecoeet.com/Author-Viktor-Kopylov/206378
http://www.ecoeet.com/Author-Vasyl-Popovych/128383
http://www.ecoeet.com/Author-Igor-Shukel/206379
http://www.ecoeet.com/Author-Mykhailo-Fitak/206380
http://www.ecoeet.com/Author-Igor-Koliadzhyn/206381
https://doi.org/10.12912/27197050/155193
http://www.ecoeet.com/Water-Extracts-from-Waste-Rocks-of-the-Coal-Industry-of-Chernvonograd-Mining-Area,155209,0,2.html
http://www.ecoeet.com/Water-Extracts-from-Waste-Rocks-of-the-Coal-Industry-of-Chernvonograd-Mining-Area,155209,0,2.html
http://www.ecoeet.com/Water-Extracts-from-Waste-Rocks-of-the-Coal-Industry-of-Chernvonograd-Mining-Area,155209,0,2.html
http://www.ecoeet.com/Water-Extracts-from-Waste-Rocks-of-the-Coal-Industry-of-Chernvonograd-Mining-Area,155209,0,2.html
http://www.ecoeet.com/Author-Iryna-Kochmar/206412
http://www.ecoeet.com/Author-Vasyl-Karabyn/205642
https://doi.org/10.12912/27197050/155209
http://www.ecoeet.com/The-Study-of-Drought-Stress-in-Sugar-Beet-and-the-Ways-of-its-Minimization,154924,0,2.html
http://www.ecoeet.com/The-Study-of-Drought-Stress-in-Sugar-Beet-and-the-Ways-of-its-Minimization,154924,0,2.html
http://www.ecoeet.com/Author-Oleh-Prysiazhniuk/199876
http://www.ecoeet.com/Author-Nadiia-Kononiuk/205684
http://www.ecoeet.com/Author-Natalia-Zatserkovna/205685
http://www.ecoeet.com/Author-Oleksandr-Chynchyk/205686
http://www.ecoeet.com/Author-Vasyl-Hryhoriev/205687
http://www.ecoeet.com/Author-Vitalii-Zhemoyda/205688
http://www.ecoeet.com/Author-Oleh-Ovcharuk/205689
http://www.ecoeet.com/Author-Olesia-Zinchenko/205690
http://www.ecoeet.com/Author-Olesia-Morhun/205691
http://www.ecoeet.com/Author-Iryna-Svystunova/205692
https://doi.org/10.12912/27197050/154924
http://www.ecoeet.com/Reduction-of-Contaminants-from-Municipal-Wastewater-of-Salori-Sewage-Treatment-Plant,154921,0,2.html

Reduction of Contaminants from Municipal Wastewater of Salori Sewage Treatment Plant
Using Electrochemical Membrane Bioreactor and Bioelectricity Generation

Saurabh Yadav, Suantak Kamsonlian, Deepak Gola, Shubham Pal

Ecol. Eng. Environ. Technol. 2023; 1:264-271

DOI: https://doi.org/10.12912/27197050/154921

Monitoring Land Use and Land Cover Change Using Remote Sensing Techniques and the
Precipitation-Vegetation Indexes in Morocco

Fatiha Ait El Haj, Latifa Ouadif, Ahmed Akhssas

Ecol. Eng. Environ. Technol. 2023; 1:272-286

DOI: https://doi.org/10.12912/27197050/154937

A Mini-Review on Thin-Film Composite Hollow Fiber Membranes for Forward Osmosis
Applications

Wafaa Kh. Al-Musawy, Mustafa H. Al-Furaiji, Mustafa Mohammed Aljumaily, Khalid T. Rashid,
Hussein G. Salih, Qusay F. A Alsalhy, Hasan Sh. Majdi, Alberto Figoli

Ecol. Eng. Environ. Technol. 2023; 1:287-301

DOI: https://doi.org/10.12912/27197050/154954

Geospatial Study on Forest Fire Disasters — A GIS Approach

Gudikandhula Narasimha Rao, Peddada Jagadeeswara Rao, Rajesh Duvvuru, Kondapalli Beulah,
Prasanthi Rathnala, Laxmi E. Lydia, Bangaru Balakrishna, Vijaya Raju Motru

Ecol. Eng. Environ. Technol. 2023; 1:302-311

DOI: https://doi.org/10.12912/27197050/155060


http://www.ecoeet.com/Reduction-of-Contaminants-from-Municipal-Wastewater-of-Salori-Sewage-Treatment-Plant,154921,0,2.html
http://www.ecoeet.com/Reduction-of-Contaminants-from-Municipal-Wastewater-of-Salori-Sewage-Treatment-Plant,154921,0,2.html
http://www.ecoeet.com/Author-Saurabh-Yadav/66182
http://www.ecoeet.com/Author-Suantak-Kamsonlian/205681
http://www.ecoeet.com/Author-Deepak-Gola/205682
http://www.ecoeet.com/Author-Shubham-Pal/205683
https://doi.org/10.12912/27197050/154921
http://www.ecoeet.com/Monitoring-Land-Use-and-Land-Cover-Change-Using-Remote-Sensing-Techniques-and-the,154937,0,2.html
http://www.ecoeet.com/Monitoring-Land-Use-and-Land-Cover-Change-Using-Remote-Sensing-Techniques-and-the,154937,0,2.html
http://www.ecoeet.com/Monitoring-Land-Use-and-Land-Cover-Change-Using-Remote-Sensing-Techniques-and-the,154937,0,2.html
http://www.ecoeet.com/Monitoring-Land-Use-and-Land-Cover-Change-Using-Remote-Sensing-Techniques-and-the,154937,0,2.html
http://www.ecoeet.com/Author-Fatiha-Ait%20El%20Haj/206575
http://www.ecoeet.com/Author-Latifa-Ouadif/206576
http://www.ecoeet.com/Author-Ahmed-Akhssas/206577
https://doi.org/10.12912/27197050/154937
http://www.ecoeet.com/A-Mini-Review-on-Thin-Film-Composite-Hollow-Fiber-Membranes-for-Forward-Osmosis-Applications,154954,0,2.html
http://www.ecoeet.com/A-Mini-Review-on-Thin-Film-Composite-Hollow-Fiber-Membranes-for-Forward-Osmosis-Applications,154954,0,2.html
http://www.ecoeet.com/A-Mini-Review-on-Thin-Film-Composite-Hollow-Fiber-Membranes-for-Forward-Osmosis-Applications,154954,0,2.html
http://www.ecoeet.com/A-Mini-Review-on-Thin-Film-Composite-Hollow-Fiber-Membranes-for-Forward-Osmosis-Applications,154954,0,2.html
http://www.ecoeet.com/Author-Wafaa-Al-Musawy/206579
http://www.ecoeet.com/Author-Mustafa-Al-Furaiji/206580
http://www.ecoeet.com/Author-Mustafa-Aljumaily/206578
http://www.ecoeet.com/Author-Khalid-Rashid/206581
http://www.ecoeet.com/Author-Hussein-Salih/206582
http://www.ecoeet.com/Author-Qusay-Alsalhy/206583
http://www.ecoeet.com/Author-Hasan-Majdi/200148
http://www.ecoeet.com/Author-Alberto-Figoli/206584
https://doi.org/10.12912/27197050/154954
http://www.ecoeet.com/Geospatial-Study-on-Forest-Fire-Disasters-A-GIS-Approach,155060,0,2.html
http://www.ecoeet.com/Geospatial-Study-on-Forest-Fire-Disasters-A-GIS-Approach,155060,0,2.html
http://www.ecoeet.com/Author-Gudikandhula-Rao/206586
http://www.ecoeet.com/Author-Peddada-Rao/206587
http://www.ecoeet.com/Author-Rajesh-Duvvuru/206588
http://www.ecoeet.com/Author-Kondapalli-Beulah/206589
http://www.ecoeet.com/Author-Prasanthi-Rathnala/201057
http://www.ecoeet.com/Author-Laxmi-Lydia/206590
http://www.ecoeet.com/Author-Bangaru-Balakrishna/206591
http://www.ecoeet.com/Author-Vijaya-Motru/206592
https://doi.org/10.12912/27197050/155060

EEET ECOLOGICAL ENGINEERING
——— & ENVIRONMENTAL TECHNOLOGY

Ecological Engineering & Environmental Technology 2023, 24(1), 207-220
https://doi.org/10.12912/27197050/154995
ISSN 2719-7050, License CC-BY 4.0

Received: 2022.09.15
Accepted: 2022.10.19
Published: 2022.11.01

Sorting, Logistics and Secondary Use of Solid Household
Waste in Ukraine on the Way to European Integration

Dina Tokarchuk™, Natalia Pryshliak', Natalia Yaremchuk', Sergiy Berezyuk'

! Vinnytsia National Agrarian University, 3 Soniachna Str., Vinnytsia, 21008, Ukraine
* Corresponding author’s e-mail: tokarchyk_dina@ukr.net

ABSTRACT

The study is aimed at solving the problem that has arisen in Ukraine in the field of household waste management,
namely the generation, accumulation, storage, processing and disposal of waste. This issue is of particular
importance for the population of each country, which is explained by the extremely negative impact of waste and
landfields on the health and quality of life of the population, as well as the ecological situation of the respective
territories. The purpose of the study is to improve the sorting, logistics and secondary use of solid household waste
in Ukraine by adapting the waste management system in Ukraine to EU requirements. As a result of the research, it
was confirmed that the volumes of waste generation are quite significant in different countries, their morphological
composition varies depending on the level of economic development of countries, the level of application of
advanced technologies, etc. The authors’ logically ordered scheme of domestic waste management in Ukraine
showed a number of shortcomings: lack of deep separation of waste and practically no motivation to use solid
waste for energy. As a result of the research, the authors suggested using eight containers for sorting household
waste, which will become the basis for its further efficient use as a secondary resource. The authors proposed a
system for improving the logistics chain of waste management, in particular, proposed vacuum transportation of
sorted waste to processing lines, which will ensure the environmental friendliness of useful disposal processes.
An analysis of the experience of the secondary use of solid waste in different countries showed the prevalence
of energy utilization of waste, the current level of which in Ukraine is insignificant. In connection with the
invasion of the Russian Federation in Ukraine, the volumes of waste generation of all types increased. There is
an urgent need to use the bioenergy potential of waste in connection with the energy crisis caused by hostilities
and fuel shortages. The concept of sustainable development of the field of solid waste management, which is
based on economic, social, ecological and energy effects, with the interaction of which the phenomenon of
synergy takes place, is substantiated.

Keywords: waste management, utilization, logistics, solid household waste, separating, containers, energy use.

INTRODUCTION

Today, the trend of excessive consumption
of natural resources continues in the world. The
annual growth in the use of natural resources is
1.5%. To a large extent, this is connected with the
growth of the population of the planet and its var-
ious needs. Estimates indicate that during the past
30 years, almost a third of the planet’s resources
have been exhausted (Attenborough, 2020). The
issue of restoration of natural resources, their
economical and rational use, as well as secondary

processing to minimize waste generation is ex-
tremely urgent. The pollution of the natural en-
vironment, the increase in morbidity among the
population, the production of greenhouse gases,
the accumulation of which leads to global warm-
ing, the reduction of the area of agricultural land
due to the increase in the number of spontane-
ous landfills and, in general, the irrational han-
dling of waste, is a consequence of the lack of
an effective mechanism that should combine
theoretical aspects and practical management of
household waste. A thorough state policy in the
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field of household waste management is an inte-
gral component of sustainable development and,
accordingly, national security in general. Such
a policy will contribute to the creation of new
jobs, the creation of cheap secondary resources,
the production of ecologically clean agricultural
products, the reduction of morbidity among the
population, etc.

Every second, 3.8 kg of “environmentally
harmless garbage” — food waste — is generated in
the world. This is 29% of the average garbage bin
of a modern person (Matukhno, 2019). However,
generated waste, including households waste, is
essentially not waste, but is a potential raw mate-
rial that can be further used in various economic
activities for the production of secondary prod-
ucts and energy. An important prerequisite for
this is high-quality waste management which will
enable its further beneficial use. Every year, 2 bil-
lion tons of household waste are generated in the
world, and every year this volume continues to
grow (The World Bank, 2022).

The solution to the problem of constantly
growing generation of waste is its efficient man-
agement and processing. For this purpose, the
governments of many countries, guided by the
principles of the circular economy, are imple-
menting a strategy of extended producer respon-
sibility. Currently, Ukraine is lagging behind
leading countries in implementing effective sys-
tems for sorting and logistics of solid household
waste, while losing its useful potential.

LITERATURE REVIEW

In 2008, the European Union adopted Direc-
tive 2008/98, which implements a strategy for
the transition to a circular economy model, and
emphasizes the theme of the “waste management
hierarchy” — a concept that shows the sequence
of the most desirable ways of doing things, which
ultimately ensure the reduction of volumes waste
(On waste and repealing certain Directives, 2008).
Concept of sustainable development is close to
circular economy and also concentrates on safe
environment and use of renewable resources (in-
cluding for energy use and biofuels’ production).
Korpaniuk et al, 2019, worked in this direction
and defined the problems of resource management
and ensuring the conditions for sustainable devel-
opment of agricultural enterprises of Ukraine.
Klymchuk et al., 2020, investigated sustainable
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energy development; Lutkovska, 2020 focused
on methods of the evaluation processes of the en-
vironmental sustainable system modernization.

According to the experts of the Ellen McAr-
thur Foundation, the following factors can be de-
fined as the advantages of the “circular economy”
for the company: significant saving of materials;
sustainable resource use; stimulation of innova-
tions; the ability to meet the needs of the con-
stantly growing population of the Earth; growth
of the economy and incomes of the population
(Concept, 2022). Zvarych, 2019, Varfolomeev
& Churikanova, 2020, studied the problems of
introducing a circular economy in Ukraine. In
particular, Zvarych, 2019, in his work examines
the prospects for the implementation of the EU
Action Plan in Ukraine, offers specific steps to in-
clude Ukrainian industry in the circular process.
Using the example of EU countries, the research-
ers substantiate the possibilities of the formation
and development of circular business models in
Ukraine. Ruda and Myrka (2020) substantiate the
theoretical aspects of the closed-loop economy,
the process of its formation, and provide the main
proposals for its development in Ukraine. Varfolo-
meev & Churikanova, 2020, studied the problems
and main aspects of the application of the circular
economy in different countries of the world, as
well as evaluate the prospects of Ukraine’s transi-
tion to the circular economy. Kaletnik et al, 2020
studied the regulation of the land circulation both
in Ukraine and other countries.

Currently, the circular economy in Ukraine
is beginning to form. At the same time, the in-
troduction and implementation of the principles
of circular economy in Ukraine have significant
obstacles. This is due to the fact that the market
of secondary raw materials is not transparent —
more than 50% of it is in the shadows. At the
same time, the market of secondary processing
and waste-free technologies, including innova-
tive technologies, are at the initial stage of devel-
opment. In addition, the second negative factor
for the development of the circular economy in
Ukraine is the absence of tariffs for the process-
ing of secondary resources. In Ukraine, there are
opportunities to transform the dominant model of
the linear economy into an ecologically and eco-
nomically efficient circular model, but the exist-
ing economic mechanisms still orient enterprises
to the use of an outdated linear model. Accord-
ing to the statements of Kucher et al, 2022, the
very first step on the way to the development of a
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circular economy in Ukraine should be a ban on
subsidizing any activity that harms the environ-
ment. Investigations of Kaletnik & Lutkovska,
2020 focuses on the perspectives of system mod-
ernization environmental safety in conditions of
sustainable development.

According to Loiko et al, 2021, for the devel-
opment of the principles of the circular economy
in Ukraine, it is advisable to pay primary attention
to the development and implementation of tech-
nologies aimed at recycling already accumulated
industrial and household waste that maintains the
current level of scientific and technological prog-
ress. Regarding the issue of accumulation and
management of waste of various types, it has been
widely studied by many scientists. Nanda & Ber-
ruti, 2021 state, that composition of solid wastes
varies with income: low-to-middle-income popu-
lation generates mainly organic wastes, whereas
high-income population produces more waste pa-
per, metals and glasses.

The crisis brought upon by the COVID-19
pandemic has altered global waste generation
dynamics and therefore has necessitated special
attention. Enormous amount biomedical waste,
plastic waste, and food waste have been crated.
Due to the use of used personal protective equip-
ments (facemasks, gloves, and other protective
stuffs) among civil citizens and hospital work-
ers. Sharma et al. presents the study of specific
cases for biomedical waste, plastic waste, and
food waste management. Hantoko et al, 2021,
discussed the ways the operation of waste treat-
ment facilities must be improved to cope with the
challenge of handling medical waste, as well as
working around the restrictions imposed due to
COVID-19. Matveev and Geletukha, 2019, made
an analytical review of the prospects for energy
utilization of solid household waste in Ukraine.
Prysliak et al., 2020, carried out the study of the
potential and current state of agricultural waste
use in energy purposes in Ukraine and the aware-
ness of the heads of the agricultural enterprise
about such possibility.

Previous research of the authors (Berezyuk et
al, 2019) concerned the economic and environ-
mental benefits of using waste as a source second-
ary and energy resource and the potential of using
waste as a part of the state’s environmental and
energy security. The results of the previous stud-
ies conducted by the authors (Tokarchuk et al.
2021) have shown that the potential of bioenergy
production from agricultural waste (plant and

animal secondary resources) can replace 36.1%
of natural gas consumption in Ukraine. At the
same time, Myronenko et al. 2017 and Tokarchuk
et al, 2022 confirm that the use of waste as a raw
material for the production of biofuel does not
call into question the feasibility of using biomass
as an energy source and does not create risks to
the country’s food security.

However, the issues of quality sorting of
waste, taking into account European experience,
their logistics and effective further use remained
insufficiently studied, which made it necessary
to carry out research. Russia military invasion in
Ukraine brought new issue regarding with waste
generation and waste management in Ukraine in-
tensified the energy and environmental crisis in
Ukraine. The volume of household waste gen-
eration in Ukraine is also affected by the migra-
tion of the population from the zones of active
hostilities to the western and northern regions of
Ukraine. With the increase in population density
in relatively “calm” areas, the volume of solid
waste generation also increases, and communal
services are not always ready to efficiently dis-
pose all of it. The problem of waste has become
particularly acute under the conditions of military
operations that are currently ongoing in Ukraine,
as large amounts of various types of wastes (mili-
tary, construction, medical, industrial and agricul-
tural) are generated. Specific wastes of hostilities
also include destroyed military equipment, spills
of fuel and lubricants, ammunition, hand bombs,
anti-tank mines, etc.

MATERIALS AND METHODS

The study was based on secondary data ob-
tained from official statistical sources of the EU,
Ukraine, other countries and scientific literature.
The field of solid waste management in Ukraine
was chosen as the main object of the study. The
European experience and the experience of other
advanced countries were analyzed in order to im-
prove similar processes of waste management in
Ukraine. The deduction method was used to intro-
duce the best practices of solid household waste
management in Ukraine. In order to visualize static
data and to visualize the composition and struc-
ture of solid waste in different countries, a tabular
method was used. The graphic method was used to
display and compare the existing logistics scheme
of household waste management in Ukraine,
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Switzerland and Germany. The principles of tran-
sition to a circular economy, ensuring sustainable
development of the field of solid household waste
management are taken as the basis for improving
the logistics of solid household waste management
and their useful utilization (including energy).

The purpose of the research is to create an ef-
fective logistical management scheme based on the
analysis of Ukrainian, European and world expe-
rience in the generation and management of solid
waste based on the improvement of waste separa-
tion and the introduction of vacuum transportation,
which will increase the efficiency of the secondary
use of waste, including the use of waste for energy
purposes. In accordance with the established goal,
the following research tasks were formed: (1) to
analyze the formation and composition of solid
household waste in Ukraine and other countries;
(2) to present the dynamics and logical scheme
of the existing household waste management in
Ukraine, to identify the shortcomings of modern
waste management in Ukraine; (3) evaluate the
best logistics practices of waste management in
EU countries; (4) to improve the sorting and lo-
gistics of solid waste in Ukraine based on the best
European and world practices; (5) justify the feasi-
bility of using waste for energy generation.

RESULTS AND DISCUSSIONS

According to the Law of Ukraine “On Waste”,
waste is a raw material that has been used in the

production process, and has completely or par-
tially lost its consumer properties and cannot be
used in the same production in the future due to
its technical features. The same legal document
defines household waste as waste that is gener-
ated in the course of human life and activity in
residential and non-residential buildings (solid,
large-sized, repair, liquid, except for waste related
to the production activities of enterprises) and is
not used according to the place of their accumula-
tion (Law of Ukraine “On waste”). According to
forecasts of the World Bank, by 2030 the amount
of waste in the world may increase to 2.58 billion
tons, by 2050 to 3.7 billion tons.

The generation of household waste per person
in the EU varies between member states (Fig. 1).
On average, in 2020, the generation of municipal
waste in the EU amounted to 505 kg. The largest
volumes of household waste were generated in
Denmark and Luxembourg — 845 and 790 kg per
person, respectively, the smallest — in Romania —
287 kg per person.

Analysis of statistical data shows that more and
more household and similar waste is generated in
Ukraine every year (Table 1). However, the waste
potential is not actually used. It is worth noting that
during 2011-2020, the volume of solid household
waste generation increased by 22%, and in 2020
amounted to 12,634.9 thousand tons. 40.64% of
the total volume of generated waste was taken to
specially equipped landfills, 1.3% was burned for
energy, and 0.04% was disposed of. Household
waste production per capita increased by 33.5%
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Fig. 1. Municipal waste generated in the EU, 2020 Source: formed by
the authors based on the data from Eurostat, 2020
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Table 1. Handling of household and similar waste in Ukraine, 2011-2020, thousand tons

Directions

Years

2020 to 2011

of waste

management 2014

2011 2012 2013 2015°

2016 2017 2018’ 2019 2020° +/- %

Collected

household waste 10748.0

10356.5 | 13878.0 | 14501.0 11491.8

11562.6

11271.2 | 11857.2 | 11792.7 | 12634.9 | 2278.4 122.0

Removed

household waste 5893.8

7030.0 | 9362.7 | 9504.4 6233.0

6089.5

6469.0 | 7171.2 | 7099.0 | 7521.5 491.5 107.0

Including
removed

to specially
equipped landfills

43215 | 51751 | 5178.5 | 3397.9 | 41943

4208.1

4417.5 | 4885.8 | 5043.6 | 5134.4 812.9 118.8

Burned for
energy

154.0 149.9 147.6 149.0 254.3

257.3 244.4 205.5 198.5 163.7 9.7 106.3

Burned without

L 98.5
gaining energy

78.6 2.9 3.8 21

2.0 1.2 1.0 1.0 0.7 -97.8 0.7

Disposed 74.5 57.4 9.4 3.8 4.0

6.5 16.5 16.7 0.1 4.5 -70.0 6.0

Including

3.7 0.0 0.4
composted

0.0 8.2 7.9 0.01

Note: — no data available, * without taking into account the temporarily occupied territory of the Autonomous
Republic of Crimea, the city of Sevastopol and part of the temporarily occupied territories in the Donetsk and
Luhansk regions. Based on the data from State statistics service of Ukraine, 2020.

over the past 10 years, and amounted to 302.7 kg
in 2020 (State statistics service of Ukraine, 2020).
For comparison: in Belgium and Spain, the vol-
ume of solid household waste generation reaches
416455 kg/year, in Denmark and Luxembourg —
about 800 kg, however, in these countries, almost
all solid waste is processed.

In total, in 2020, more than 54 million m? of
household waste (over 10 million tons) was ac-
cumulated in Ukraine, which was transported
without processing to 6 thousand landfills with a
total area of almost 9 thousand hectares. Current-
ly, the situation with the accumulation of waste
in Ukraine is critical — some solid waste landfills
are 80-95% full (Berezyuk et al, 2019). The fee
for waste disposal is very high in most EU coun-
tries. For example, in Sweden, the waste disposal
fee is about 160 euros per ton, in Germany — 140
euros, in Italy — 120 euros. If household waste is
separated and handed over for recycling, citizens
shouldn’t pay the disposal fee. The tariff for re-
moval of solid household waste in Ukraine, on op-
posite, is quite low. The average tariff for house-
hold waste management in Ukraine is almost 19.8
euros per ton, including for landfill — 6.4 euros.
The average tariff for handling household waste
for the population is 17.0 euros per ton, including
for burial — 5.8 euros.

The composition of solid household waste var-
ies within individual regions and between coun-
tries. This is due to the difference in the level of
economic development, the structure of industry,
the system of sorting and disposal of waste, and
the peculiarities of the population’s preferences

regarding food consumption. The quantity and
composition of solid household waste are crucial
for determining their proper handling. Such infor-
mation is important and useful for the transforma-
tion of solid household waste into energy resources
on the territory of communities.

The composition and structure of waste de-
pending on the level of countries economic devel-
opment is presented in Table 2.

Different categories of countries have differ-
ences in the structure of household waste, which
causes different problems in the field of handling
them in the medium and long term. In developing
countries, organic wastes prevail (64%). There
is an accumulation of large volumes of biomass,
that is not currently recycled, but can be used as
a valuable source for the production of alterna-
tive energy. This leads to sanitary and hygienic
problems and the spread of diseases. In countries
with transition economy, a significant part of
waste is paper (16%), organic matter accounts for
45%, then goes textiles and rubber (15%), plastic
(12%). Significant volumes of rubber and plastic
in solid waste are the result of the use of outdated
technologies that are “unfriendly” to the natural
environment. In the future, these countries will
face the problems of disposal of this type of waste,
which is quite difficult from a technological point
of view. Developed countries are characterized
by significant amounts of paper (34%), amount
of organic waste is much lower (26%), and other
waste (12%). The main problems for countries
with developed economies are the depletion of
natural resources, the growing anthropogenic
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Table 2. Distribution of waste by category in different countries, 2019, %

Type of economic development of the country
Types of waste
Developed economy Transition economy Developing economy

Paper 34.0 16.0 15
Organics 26.0 45.0 64.0

Glass 11.0 1.5 4.0

Plastic 7.0 12.0 0.5

Metals 7.0 1.5 1.0
Textiles, rubber, leather 3.0 15.0 7.0
Other 12.0 9.0 22.0

Note: Based on the data from Eurostat, 2020.

impact on the environment. Some countries face
a shortage of certain types of waste to ensure the
capacities of waste processing plants (in particu-
lar, Sweden, which imports waste).

According to the data of the National Proj-
ect “Clean City”, the morphological composition
of solid household waste for the regional centers
of Ukraine is given Table 3. Despite the fact that
there are certain differences in the composition
of solid waste in Ukraine and in EU countries, it
can be noted that the calorific value of this type
of waste in Ukraine corresponds to the European
level. The key to effective processing of waste,
including household waste, is sorting (maxi-
mum division into different groups and fractions,
which involves primary and secondary sorting)
and direct packaging (via vacuum pumps and
underground pipelines to sorting stations for fur-
ther use in production or energy purposes). The

main obstacle to the development of the second-
ary resources market (household waste market) in
Ukraine is the difficulty of separating the com-
ponents of secondary materials from the rest of
solid household waste with the subsequent divi-
sion of secondary materials into components. Of
the existing set of technologies for separating sec-
ondary materials from the rest of solid household
waste, the most expensive and the most difficult
is the extraction of secondary materials from the
already formed general flow of solid household
waste at special enterprises.

The European experience of solid household
waste separation shows differences within indi-
vidual countries, however, the general tendency is
to allocate a fairly significant number of contain-
ers for different types of waste. Bio-waste repre-
sents an important share of solid household waste.
The following key factors play an important role

Table 3. Morphological composition of solid household waste in regional centers of Ukraine, 2019, %

Wastes components 1 2 3 4 5 A\\;z:'jge Range
Food waste 30.0 355 43.6 45.6 29.4 36.8 30.0-45.0
Paper and cardboard 5.3 5.9 7.6 8.5 15.6 8.6 5.0-15.0
Polymers 16.0 8.7 12.3 10.7 16.6 12.9 8.0-17.0
Glass 13.6 10.9 11.3 9.1 15.2 12.0 9.0-14.0
Black metals 1.0 0.3 0.6 1.2 2.0 1.0 0-2.0
Non-ferrous metals 0.1 0.2 0.3 0.4 0.3 0.3 0-0.5
Textile 2.0 3.8 2.2 2.2 5.7 3.2 2.0-5.0
Wood 1.6 2.5 0.1 1.4 2.0 1.5 0.1-2.0
Hazardous waste 0.3 0.1 0.3 0.3 0.5 0.3 0.1-0.5
Bones, skin, rubber 0.5 1.6 0.4 0.9 0.8 0.8 0.5-1.5
Combined waste 0.5 0.9 0.4 1.0 - 0.7 0.4-1.0
Residues, incl. 29.1 294 20.9 18.7 11.9 22.0 12.0-30.0
Small construction waste 0.3 2.8 3.4 3.2 3.2 2.6 0.3-3.5
Street garbage, leaves 6.1 0.5 0.3 0.0 3.4 21 0-6.0
Hygiene products 3.1 3.7 2.6 2.8 3.6 3.2 2.3-3.5
Others 19.6 224 14.7 12.7 1.8 14.2 2.0-22
Calorific value (average,J/kg) 9.4 7.5 8.3 8.4 11.8 9.1 7.5-11.8

Note: Based on the data from (Matvieiev & Heletukha, 2019).
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in the implementation of a successful system of
collection and separation bio-waste in EU (Fig.
2). One of the prerequisites for the effective use of
solid waste as a source of energy and secondary
resources is their proper handling, which allows
them to be processed more qualitatively, with less
energy, time and human resource consumption
and, importantly, to obtain higher quality prod-
ucts for secondary use at the output.

Waste disposal is divided into three types:
primary, secondary and mixed. Primary recycling
involves the use of waste in various sectors of the
national economy without prior deep physical
and chemical processing; in particular, it is con-
struction waste or plastic. Secondary — involves
the use of products of special waste processing, as
a result of which products of a different composi-
tion than the original waste (waste water, wood
waste) are formed. Mixed disposal includes both
primary and secondary disposal (Kropivnyi et al,
2020). Table 4 presents the characteristics of the
secondary use of solid waste in individual coun-
tries of the world.

In Germany, the manufacturer receives 90 eu-
ros for each ton of recycled waste. In Ukraine,
there is a legal norm that such producers are en-
titled to funds from environmental funds of local
budgets, but in practice this norm does not apply.

Waste sorting in Ukraine has a positive trend; it
is stimulated at the level of individual communi-
ties and households. According to the Ministry of
Development of Communities and Territories of
Ukraine, in 2021, 34 waste sorting lines were op-
erating in 29 cities of Ukraine. In addition, waste
sorting complexes are being built in 11 cities.
There is a leachate collection system at 54 land-
fills, a biogas extraction system is installed at 18,
and cogeneration plants, etc. are in operation. In
2021, territorial communities of Ukraine planned
to purchase about 40,000 containers for collect-
ing household waste and more than 90 specially
equipped vehicles with funds from regional and
local budgets, enterprises, special funds, the UN
Program and the DOBRE program (MDCTU,
2022 a). The USAID-funded DOBRE program
is a five-year program implemented by the inter-
national organization Global Communities and
financed by the United States Agency for Interna-
tional Development (USAID). It intends to help
those new local governments effectively manage
these new responsibilities, and support the devel-
opment of stronger community cohesion through
citizen engagement in these new communities.
The most common in Ukraine today is the
sorting of waste into organics (wet waste) and
sorting of glass, metal, paper and plastic. The

Factors influencing the systems of bio-waste collection and management

Bio-waste types targeted, for example food waste,
garden waste, other bio-wastes

A clear (measurable and achievable) set of
objectives is set out

Selection of collection system. Various solutions
have emerged including door-to-door systems, drop-
off points in the streets, civic amenity sites,
on-demand-collection

Economic incentives are being offered for the
separate collection of bio-waste, for example pay-
as-you-throw systems

Raising awareness. Separate collection systems will
require good publicity and knowledge transfer to
citizens to guarantee proper source separation,
including, for example, targeting schools. This is one
of the key recommendations arising from a review of
successful separate bio-waste collection systems.
Raising awareness should be combined with creating a
positive image of the waste management authority or
company

A treatment infrastructure for bio-waste is created

Bio-waste types targeted, for example food waste,
garden waste. other bio-wastes

Direction towards waste treatment. Separately
collected bio-waste can be directed to treatment
installations at community or a more centralized level

Financial details. What costs will be accounted for
by which parties, and what kind of revenue scheme
will be applied (e.g. do citizens contribute or not?)

Targeted territory. This should take into account local
parameters such as population density, ratio of
tourists to residents, presence of hospitals, schools,
hotels and restaurants, and presence of (urban)
gardens

Administration of the scheme. A successful bio-
waste collection system requires detailed planning
and design, involving municipalities or local
governments

Fig. 2. Key local factors influencing the provided systems for separate bio-waste collection
and management in EU countries. Based on the data from EEA Report, 2020
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Table 4. Characteristics of the secondary use of solid waste in some countries of the world

Country

Characteristics of waste management

Austria

New technologies are being introduced to transform waste into a resource — when wastes become a resource
for the production of new goods. Biotechnology is used to break down plastic. This is how the “plastic cycle” is
ensured: waste from one product is used to create another.

United

It is one of the world leaders in the technology of converting food waste into energy using “anaerobic digestion’
— the use of bacteria to process food waste and obtain biogas and biofertilizers. Local authorities regulate the

Kingdom

cost of separate collection by charging for the provision of containers for mixed waste, but composting and
separate collection containers are provided free of charge.

Germany

Waste disposal is carried out by sorting and further processing. Waste that cannot be processed is burned to
generate heat and electricity. Sanctions are not provided, garbage sorting is encouraged.

Poland
electricity.

Waste is sorted into 5 fractions, which are subsequently disposed of as secondary resources. Waste that
cannot be processed is buried in solid household waste landfills with a degassing system to generate heat and

France

The waste disposal system involves sorting waste into 2 fractions: secondary materials and other waste. There
are bins for clothes. There are no penalties or incentives.

Finland

Residential buildings, shops and businesses have convenient waste collection points. The packaging deposit
system is practiced - when the buyer also pays for the packaging when buying a product.

Sweden

99% of all waste is processed, from which fuel and secondary materials for production are obtained. The
country is so successful in this area that it imports garbage from other countries.

USA

Waste management at the city level is carried out in a complex that involves municipal authorities, private
businesses, and the population in accordance with existing programs.

China
field of solid waste recycling.

Both public and private medium-sized, family companies are engaged in the secondary processing of solid
waste. Sufficient funds are allocated for scientific research and implementation of innovative technologies in the

Extended producer responsibility for waste management is practiced. In 2013, the government introduced
South Korea | mandatory processing of food waste using special biodegradable bags. 95% of food waste is currently recycled
into compost, animal feed, solid fuel and methane gas (through anaerobic digestion).

India

There are significant problems in the waste management system in the form of delays in their removal and
the accumulation of excess masses of waste in the places of their primary collection within settlements. Heat
treatment of waste, use of plastic for road construction is practiced.

Japan

The “Law on Waste Management and Public Cleaning” and the “Guidelines for the Development of a
Local Waste Management Plan” define the categories of waste and outline the main provisions of solid
waste management. There are 6 product-specific regulations that reflect the concept of extended producer
responsibility, the Resource Efficiency Promotion Act and the Green Procurement Act.

Note: Based on the data from (Popova, 2019; Avfall Sverige, 2022; USEPA, 2022).

existing system of responsibility for environmen-
tal pollution, including household waste, func-
tions unsatisfactorily, as the volume of generated
waste grows every year. The reason for this is the
ineffective system of fines for generated waste and
evasion of their payment. The formation of unau-
thorized landfills in fields, forests and forest strips
is also a problem. The fee for sorted waste, which
is a source of cheap and high-quality raw mate-
rials, can radically change the state in the field
of household waste management. Wastes can be
transformed from a problem into a source of in-
come. Therefore, at the state level, the transition
from the system of fines for improper handling of
household waste to the system of incentives for
compliance with the correct handling of waste
should be approved. The system of incentives for
proper waste management should be organically
implemented into the existing household waste
management system and over time change the
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consciousness of the average Ukrainian in rela-
tion to the generation and management of waste,
as well as promote their energy use (Fig. 3). In
general, a larger number of specialized contain-
ers is the key to minimizing sorting costs and en-
suring the most useful further use of waste. We
propose to diversify the types of waste containers
currently used in Ukraine. As a basis, we suggest
taking the European experience of using seven
unified colors of containers (green, blue, yellow,
black, brown, red, orange).

We propose to divide the black container into
actual black — food waste, and gray — wood raw
materials, since these organic wastes have differ-
ent characteristics and differences in the possibili-
ties of further use (Table 5). The consumer value
of solid household waste can be partially or com-
pletely lost due to problems in logistics (improper
storage, poor-quality delivery). Among the Eu-
ropean countries, Switzerland, Germany and the
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Fig. 3. Logical scheme of existing household waste management in Ukraine and
proposed motivation for separate sorting and energy use of waste
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Fig. 4. Logistic scheme of solid waste management in Switzerland and
Germany. Based on the data from (Matvieiev & Heletukha, 2019)

United Kingdom are the leaders in implementing
effective logistics schemes for the recycling of
solid household waste. In the process of imple-
menting logistics schemes for solid household
waste recycling, as a rule, several municipalities
cooperate, which ensure separate collection and
removal of waste for sorting and further effective
management of it (Fig. 4). As the practice of these
countries shows, the quality of waste collection,
transportation, processing and disposal services

increases in parallel with the development of the
business of processing waste into secondary re-
sources, which are further used for the production
of many different goods. This directs the entire lo-
gistics system in a constructive market direction,
creates competition among operating companies
that sort and process waste. We see the improve-
ment of waste logistics in Ukraine at the level of
individual communities (both rural and urban)
in the construction of vacuum sorting stations
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for waste transportation. They require little capi-
tal investment, can change and adapt depending
on the change of the community or city micro-
district, and ensure the greening of the sorting
process. Residents of cities can implement these
communications without complex calculations,
but with the active assistance of local authorities.
In general, this idea will contribute to the for-
mation of a clean and comfortable natural envi-
ronment, the receipt of income from the sale of
secondary raw materials or energy resources in
the local budget. This waste management sys-
tem involves minimum costs of live labor, as it
includes maximum automation, but still ensures
the creation of jobs. As a result, primary sorting
stations should be built in certain communities or
areas of cities, which will transfer the received
separated waste using a vacuum to the secondary
sorting station. As a result, sorted materials with
the potential for secondary use will be obtained.
The benefits of primary and secondary pro-
cessing of solid household waste are indisputable:
it is an opportunity to partially solve the problems
of the limitation and availability of certain types
of resources, and the replacement of primary raw
materials with secondary ones, which is much
cheaper and lowers the cost of finished products.

Such types of sorted waste as paper, metal, plastic

and glass are most often recycled. One of the key

arguments in favor of waste processing is signifi-
cantly lower energy costs for obtaining raw mate-

rials and reduction of negative anthropogenic im-

pact on the natural environment. In the USA, the

average cost of processing secondary raw materi-
als is (in USD/t): newspapers — 36; mixed paper —

45; cardboard boxes — 48; mixed glass — 52; steel

cans for preservation — 58; transparent glass — 65;

green glass — 85; brown glass — 105; PET plastic

— 180; HDPE plastic — 185 (US Environmental

Protection Agency, 2022)). An effective market

for household waste management involves:

1) establishment of environmental tax rates for
waste disposal at landfills, depending on the
type of waste and landfill class;

2) implementation of a system where generators
and “owners” of waste pay only for the actual
weight of waste that is not suitable for prepara-
tion for reuse and recovery, and incentives are
created for separate collection of waste;

3) stimulation of the use of products and materials
obtained as a result of recycling;

4) provision of fiscal and credit benefits for financial
support of scientific research and implementation
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of innovative waste processing and recycling
technologies, etc (MDCTU, 2022 b).

Implementation of an effective waste man-
agement system in Ukraine with high-quality
sorting, improved logistics and secondary use
of waste for energy and non-energy sectors will
have a number of effects:

a) Economic effect:

e cconomic benefit from the reuse of waste as a
secondary material due to its cheapness (in the
production of paper, glass and other products
from sorted solid household waste);

e savings of primary resources in the production
of products and energy due to replacement
with secondary ones;

e additional funds to local budgets thanks to tax
revenues and assets involved in new waste
sorting and recycling operations;

e cconomic benefit from trading quotas for re-
ducing greenhouse gas emissions;

e preservation of the lands of territorial com-
munities for recreation, development of agri-
culture and other types of activities due to the
reduction of the areas of landfills and volumes
of solid waste disposal;

e implementation of low-waste and zero-waste
technologies.

b) Social effect:

e creation of new jobs in the field of solid
household waste management (maintenance
of vacuum sorting lines, work at factories for
the secondary use of waste, including RDF
(refuse derived fuel) production, etc.);

e improving the health of the population, reduc-
ing the risks of diseases associated with the
accumulation of solid household waste in un-
suitable places;

e environmental education — formation of envi-
ronmental consciousness of the population;

e improving the image of communities that car-
ry out effective management of solid house-
hold waste;

e cleaning of community territories, development
and formation of recreational zones for orga-
nized recreation of the population and tourism.

¢) Ecological effect:

e cleaning of the natural environment during the
reorganization of existing solid waste landfills
and the introduction of the collection and en-
ergy use of landfill gas;
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e contributing to the achievement of the goal of re-
straining the increase in the global average tem-
perature of the Earth’s surface below the level of
2°C compared to the pre-industrial level;

e prevention of pollution, soil and groundwater
due to the reduction of landfill areas;

e reduction of greenhouse gas emissions, in par-
ticular, landfill gas;

e preservation of biodiversity and environmen-
tal protection;

e formation of an eco-image for cities and
regions.

d) Energy effect:

e use of the potential of the organic fraction of
waste for the release of biogas at solid waste
landfills;

e cxpansion of incineration of solid household
waste with the production of energy, which
will expand the energy resource at the com-
munity level;

e the possibility of production and use of RDF
— fuel obtained from the remains of pre-shred-
ded and subsequently compressed solid waste
briquettes or granules;

e saving of traditional sources of energy due to
the use of alternative sources based on solid

waste processing.
According to the proposed concept, the inter-

action of four effects — economic, social, ecologi-
cal and energy with effective waste management

Social effect

Economic effect

B

will create a synergistic effect, which is a condition
for sustainable development (Figure 5). It is worth
noting that the proposed concept involves interac-
tions of the first, second and third orders. Interac-
tions of the first and second orders (1, 2) imply any
interactions between two or three effects, however,
do not give the maximum result. Only in the case
of an exclusive interaction of all four effects — eco-
nomic, ecological, social and economic — interac-
tion of the third order (3) it is possible to achieve
the sustainable development.

Separating the energy effect into a separate
sphere is due to the fact that energy resources have
a significant impact on the economy and human-
ity in general, and their direct use and production
based on waste processing is related to the environ-
ment and its impact.In particular, municipal waste
can be used for the production of RDF (Refuse-
derived fuel), and the organic fraction of waste —
for the production of biogas. According to expert
assessments, biogas extraction systems have been
installed at 26 landfills in Ukraine, and power gen-
eration plants with a capacity of 30 MW are in
operation. The amount of utilized biogas in 2020
was 64.0 million m® (50% methane). The amount
of electricity produced in 2020 is 112.3 GWh
(Matvieiev & Heletukha, 2019).

Speaking about the profitability of bioenergy
generation from secondary resources, in the case
of Ukraine, due to the shortage of fuel and a sig-
nificant increase in its cost (the cost of petrol and
diesel have increased by 40% since the beginning

g

Energy effect

Fig. 5. The concept of sustainable development of solid waste management
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0f 2022), as well as need to strengthen energy se-
curity (energy dependency of Ukraine and diffi-
culties with the import of fuel) biofuel production
in Ukraine is particularly relevant. Also, biofuels
production from waste does not compete with
food security comparing to first generation bio-
fuels. It is worth noting that the driving factors
in the development of biofuel production in Bra-
zil, which has long been a leader in bioethanol
production, were the disruptions in oil supplies
caused by World War II. In Germany, the devel-
opment of biogas technologies also dates back to
the war and post-war periods, when there were
significant difficulties in providing the popu-
lation with fuel and energy resources.

CONCLUSIONS

The generation of solid household waste in
the world in general and within EU member states
varies both in terms of volume per person and
morphological composition and depends on vari-
ous factors (level of development of the country,
experience in waste sorting, introduction of ad-
vanced disposal technologies). The average vol-
ume of municipal waste generation in the EU is
505 kg per person, and the range is 287-845 kg
per person; the structure of waste is dominated by
food and organic waste (34.7%); the secondary use
of municipal waste is encouraged. The dynamics
of waste management in Ukraine is unstable. Ac-
cording to statistics, only a small share (0.04%) is
subject to disposal. Most of the waste (40.64%)
is taken to landfills, after which the probability of
its secondary processing is significantly reduced
due to the existing problem of the lack of proper
sorting and separation of the necessary amount of
secondary materials for further processing.

The experience of the EU has shown that any
waste has a direct “owner”, because it is produced
by someone, therefore, the entire burden of its
processing or disposal must be compensated by
those who directly created it. Therefore, the ratio-
nal management of waste and, if possible, its use
of waste as a secondary resource or for energy
purposes, is the key to reducing costs for its dis-
posal and a potential source of income. It is obvi-
ous that it is possible to build an efficient business
on waste, you just need to understand the essence
and peculiarities of handling it. For the successful
secondary use of solid household waste, it is nec-
essary to improve sorting and logistics facilities,
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considering the best European and world experi-
ence, adapting it to the conditions of Ukraine. The
implementation into practice of the eight types of
containers proposed by the authors for sorting
solid household waste in Ukraine and the logis-
tics scheme, which is based on vacuum transpor-
tation of garbage for further centralized sorting
are the keys to creating conditions for efficient
waste management, obtaining useful secondary
products and producing bioenergy.

Solid household waste produced by the popu-
lation has a great potential for recycling. Bioen-
ergetic recycling of waste with the production of
biogas or electric/thermal energy, or the process-
ing of municipal waste into refuse-derived fuel is
a promising direction of effective waste manage-
ment, which will contribute to the faster transi-
tion of Ukraine’s linear economy to a closed cycle
economy following the example of the EU. En-
ergy utilization of waste is especially important
for Ukraine today in the conditions of hostilities,
when oil depots are destroyed and there is a threat
to energy security.
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