
 

COURSE DESCRIPTION 

Management, Treatment and Recovery of the Waste 

Academic year 2025-2026 

 

1. Programme-related data 

1.1. Higher Education Institution Babeș-Bolyai University Cluj Napoca 

1.2. Faculty Environmental Science and Engineering 

1.3. Department Department of Environmental Analysis and Engineering 

1.4. Field Environmental Engineering 

1.5. Level of study Master  

1.6. Degree programme / Qualification Sustainable development and environmental management 

1.7. Form of education   Full-time education 

 

2. Course-related data 

2.1. Course title Management, Treatment and Recovery of the Waste Course code NME4321 

2.2. Course coordinator  Oana-Cristina Modoi 

2.3. Seminar coordinator  Oana-Cristina Modoi 

2.4. Year of study 1 2.5. Semester 1 2.6. Type of assessment Exam 

2.7. Course status Compulsory 2.8. Course type Core subject 

 

3. Total estimated time (hours per semester of teaching activities) 

 
4. Prerequisites (where applicable) 
4.1. curriculum-
related 

 

4.2 skills-related  

 
5. Specific conditions (where applicable) 

5.1. course-related  

5.2. seminar/laboratory-related  

6.1. Competencies resulting from the completion of the degree programme (as referred to in the curriculum)1 

 
1 The professional and/or transversal skills targeted by the subject for which the course description is prepared 
will be copied from the curriculum of the degree programme. For each competency, the complete entry, including 
the competency code, will be copied with the exact wording that appears in the curriculum, without any changes. 

3.1. Number of hours per week  4 of which: 3.2. course 2 3.3. seminar/ laboratory/ project 2 

3.4. Total of hours in the curriculum 28 of which: 3.5. course  28 3.6. seminar/ laboratory 28 

Time allocation for individual study (IS) and self-taught activities (ST) hours 

Learning from textbooks, course materials, bibliography, and notes (IS) 20 

Additional research in the library, on subject-specific electronic platforms, and on-site 15 

Preparing seminars/ laboratories/ projects, assignments, reports, portfolios, and essays  26 

Tutoring (professional guidance) 2 

Examinations  4 

Other activities  2 

3.7. Total hours of individual study (IS) and self-taught activities (ST) 69 

3.8. Total hours per semester 125 

3.9. Number of credits 5 



Professional competencies 

Competency 
code 

Competency 

PC1 Develop waste management processes 

PC4 Advice on waste management procedures 

PC5 Maintain waste collection records 

PC7 Develop recycling programs 

Transversal competencies 

Competency 
code 

Competency 

TC2 Collaborates in teams and networks 

TC3 Uses digital devices and applications 

 

6.2. Learning outcomes relevant to the degree programme (as referred to in the curriculum)2 

Learning outcomes targeted by the subject 

Competency 
code 

Knowledge and comprehension Specific academic skills 

PC1 
Master's student/graduate develops waste 
management processes 

1.The student/graduate applies methods for the 

assessment, monitoring and management of the 

waste.  

PC4, TC2 
Master's student/graduate advises on waste 
management procedures 

2.The student/graduate advises appropriate 
management procedures for various types of 
waste. 

PC5, TC3 
Master's student/graduate maintains waste collection 
records 

3.The student/graduate performs waste 
collection records.  

PC1, PC7 

The student/graduate explains and correlates advanced 

concepts, theories, and methods related to integrated 

waste management, treatment technologies, recovery and 

disposal processes, as well as circular economy 

principles  

4.The student/graduate designs, sizes, and 

optimizes waste management systems and 

procedures using modern technical tools and 

performance indicators 

TC2 
Master's student/graduate collaborates in teams and 
networks 

5.The student/graduate demonstrates skills in 
coordination, planning, negotiation, empathy 
and assertive communication, leadership, 
teamwork, conflict management, project 
management, and other related competencies. 

TC3 
Master's student/graduate uses digital devices and 
applications 

6.The student/graduate demonstrates abilities 
in use digital applications.  

 

7. Subject-specific learning outcomes  

Knowledge and comprehension 

1. The student/graduate assumes responsibility for the implementation and improvement of waste management 
systems in complex organizational contexts, demonstrating professional autonomy. 
2. The student/graduate acts ethically and responsibly in relation to stakeholders and coordinates legislative 
compliance activities. 
3.  The student/graduate coordinates operational activities and makes autonomous decisions to increase the efficiency 
of waste collection systems. 

 
If no competency is copied from either of the two categories, the row corresponding to that category is deleted 
from the table.  

2 The learning outcomes relevant for the degree programme and targeted by the subject for which the course 
description is prepared will be listed. The entries, copied without any changes from the Curriculum by subject type 
(Core Subject/Specialisation Subject/Complementary Subject), are listed under the corresponding competency.  



4. The student/graduate demonstrates intellectual autonomy and academic integrity in conducting research and 
disseminating results. 

Specific academic skills 

1. The student/graduate designs, sizes, and optimizes waste management systems and procedures using modern 
technical tools and performance indicators.  
2. The student/graduate provides technical and legal-operational consultancy to organizations for the compliant 
implementation of waste management systems. 
3. The student/graduate plans, monitors, and optimizes the collection and transport flows of waste and recyclable 
materials using digital tools. 

 

8. Contents 

8.1. Course Teaching and learning methods Remarks3 

General. Definitions. Objectives 
Wastes classification 

Lecture 
Interactive discussions 
Observations 

 

General principles of wastes management  
Collection and transportation of the 
wastes. Waste as unwanted material 

Lecture 
Interactive discussions Observations 

 

Management of the biodegradable 
wastes. Landfill vs recovery & recycling. 
Emissions from landfills 

Lecture 
Interactive discussions Observations 

 

Food waste as a sustainability issue.  
Lecture 
Interactive discussions Observations 

 

Aerobic composting and anaerobic 
digestion of the biodegradable wastes. 

Lecture 
Interactive discussions Observations 

 

Hazardous municipal waste. Biodiesel 
from used oil.  

Lecture 
Interactive discussions Observations 

 

Waste-to-energy: Incineration. Hazardous 
waste incineration. 

Lecture 
Interactive discussions Observations 

 

Other thermal treatments of the wastes: 
Co-incineration in the cement industry, 
Pyrolysis, Gasification. 

Lecture 
Interactive discussions Observations 

 

Urban waste recovery and recycling: 
plastic, rubber. 

Lecture 
Interactive discussions Observations 

 

Urban waste recovery and recycling: 
textile, leather. 

Lecture 
Interactive discussions Observations 

 

Urban waste recovery and recycling: 
construction and demolition waste. 

Lecture 
Interactive discussions Observations 

 

Bibliography 
 

1. Vanessa Abad, Romina Avila, Teresa Vicent, Xavier Font, 2019, Promoting circular economy in the surroundings 
of an organic fraction of municipal solid waste anaerobic digestion treatment plant: Biogas production impact and 
economic factors, Bioresource Technology 283 (2019) 10.  

2. Baskar, C., Seeram Ramakrishna, Shikha Baskar, Rashmi Sharma, Amutha Chinnappan, Rashmi Sehrawat 

(Editors), 2022, Handbook of Solid Waste Management - Sustainability through Circular Economy, Springer 

Nature Singapore Pte Ltd., 2335 p.  

3. Sandrine Costa, Mechthild Donner, Christian Duquennoi, Valentin Savary, 2024, Biological valorization of urban 

solid biowaste: A study among circular bioeconomy start-ups in France, Sustainable Chemistry and Pharmacy, 

ISSN 2352-5541, https://doi.org/10.1016/j.scp.2024.101545. 

4. Jedrczak, A., Polomka, J., Dronia, W., 2023. Seasonal variability of the quantity and morphological composition of 
generated waste and selectively collected waste. Waste Manag. Res. 41, 1349–1359. 
https://doi.org/10.1177/0734242X231154142. 

5. Llanos-Lizcano R, Senila L, Modoi O.C., Evaluation of Biochemical Methane Potential and Kinetics of Organic Waste 
Streams for Enhanced Biogas Production. Agronomy. 2024; 14(11):2546. WOS:001367292200001.  

 
3 For example, organisational aspects, recommendations for students, specific aspects relating to the 
course/seminar, such as inviting experts in the field, etc. 

https://doi.org/10.1016/j.scp.2024.101545
https://doi.org/10.1177/0734242X231154142


6. Mukherjee, B. Debnath, Sadhan Kumar Ghosh, 2016, A Review on Technologies of Removal of Dioxins and Furans 
from Incinerator Flue Gas, Procedia Environmental Sciences 35 (2016 ) 528 – 540  

7. Gu, B., Zhang, M., Zhou, M. et al. Nationally localized strategies for zero-carbon municipal solid waste management. 
Nat Sustain 8, 1211–1222 (2025). https://doi.org/10.1038/s41893-025-01624-7.  

8. Dominik Leverenz, Ricardo Gabbay de Souza, Thomas H. Christensen, 2026, Water losses during household waste 
characterization: An overlooked issue?, Waste Management, ISSN 0956-053X, 
https://doi.org/10.1016/j.wasman.2026.115442.  

9. Emelin Luna, Ion Olazabal, Tobias de Somer, Pieter Nachtergaele, Xabier Lopez, Marta Ximenis, Steven de 

Meester, Haritz Sardon, 2026, Solvent switch strategy to facilitate the downstream process of chemical recycling 

of plastics, Resources, Conservation and Recycling, ISSN 0921-3449, 

https://doi.org/10.1016/j.resconrec.2025.108686 

10. Yingqun Ma, Jun Gu, Yu Liu, 2018, Evaluation of anaerobic digestion of food waste and waste activated sludge: 
Soluble COD versus its chemical composition, / Science of the Total Environment 643 (2018) 21–27.  

11. Manderson , G.J., Composting agricultural and industrial wastes, Biotechnology , vol III, Encyclopedia of Life 
Support Systems  

12. P.C.S. Moncks, E .K. Corre a, L. L. C. Guidoni, R.B. Moncks, L.B. Corre a, T. Lucia Jr, R.M. Araujo, A.C. Yamin, F.S. Marques, 
2022, Moisture content monitoring in industrial-scale composting systems using low-cost sensor-based machine 
learning techniques, Bioresource Technology, ISSN 0960-8524, 

https://doi.org/10.1016/j.biortech.2022.127456. 
13. Oluwadipe S, Purchase D, Garelick H, McCarthy S, Jones H., 2025, Mixed method analysis of household recycling 

challenges and the development of a sustainable recycling indicator. Waste Manag. 2025 Nov; 208:115170. doi: 
10.1016/j.wasman.2025.115170  

14. Hossein Shabanali Fami, Lusine H. Aramyan, Siet J. Sijtsema, Amir Alambaigi, 2019, Determinants of household 
food waste behavior in Tehran city: A structural model, Resources, Conservation & Recycling 143 (2019) 154–
166.   

15. Magnus So derberg, Vivek Kumar Sundriyal, Jonas Gabrielsson, 2025, The impact of population size and waste bin 
structure on the cost of municipal solid waste (MSW) management: Evidence from Sweden and Norway, Waste 
Management, ISSN 0956-053X, https://doi.org/10.1016/j.wasman.2025.115047.  

16. Benjamin M. Stark, Kuo Tian, Max J. Krause, 2024 Investigation of U.S. landfill GHG reporting program methane 

emission models, Waste Management 186 (2024) 86–93, https://doi.org/10.1016/j.wasman.2024.05.037 

17. Sun, X., Yin, D., Qin, F. et al. Revealing influencing factors on global waste distribution via deep-learning based 
dumpsite detection from satellite imagery. Nat Commun 14, 1444 (2023). https://doi.org/10.1038/s41467-023-
37136-1.  

18. S. Todoran, OC Modoi, 2024, Cluj Napoca – benefits and risks of urban development, chapter in the book Innovative 
Approaches to Cultural Heritage and Sustainable Urban Development: Integrating Tradition and Modernity, 
Publisher Cinius Yayınları, pages 115-127. 

19. Jaber Valizadeh, Ashkan Hafezalkotob, Seyed Mehdi Seyed Alizadeh, Peyman Mozafari, 2021, Hazardous infectious 
waste collection and government aid distribution during COVID-19: A robust mathematical leader-follower model 
approach, Sustainable Cities and Society 69 (2021) 102814  

20. Zahra Vazifeh, Fereshteh Mafakheri, Chunjiang An, 2021, Biomass supply chain coordination for remote 
communities: A game-theoretic modeling and analysis approach, Sustainable Cities and Society 69 (2021) 
102819.  

21. Lawrence K. Wang, Mu-Hao Sung Wang, Yung-Tse Hung, 2021, Solid Waste Engineering and Management, Vol. 1., 
ISSN 2512-1359 ISSN 2512-1472 (electronic), Handbook of Environmental Engineering, 
https://doi.org/10.1007/978-3-030-84180-5, © Springer Nature Switzerland AG 2021, 752 p. 

22. Nazli Yesiller, James L. Hanson, Derek C. Manheim, Sally Newman, Abhinav Guha, 2022, Assessment of methane 

emissions from a California landfill using concurrent experimental, inventory, and modeling approaches, Waste 

Management 154 (2022) 146–159 

23. Hao Yu, Xu Sun, Wei Deng Solvang, Gilbert Laporte, Carman Ka Man Lee, 2020, A stochastic network design 
problem for hazardous waste management, / Journal of Cleaner Production 277 (2020) 123566, 
https://doi.org/10.1016/j.jclepro.2020.123566.  

24. Yin, K., Zhu, J., Wu, M. et al. Misbehaviour dominates GHG emissions from food loss and waste. Nat. Clim. Chang. 
16, 424–432 (2026). https://doi.org/10.1038/s41558-026-02596-y.  

25.  Lei Zheng, Xin Ma, Zifu Li, Lingling Zhang, Shaomin Guo, Mengfan Zhang, 2026, Thermal co-treatment of 
municipal solid waste incineration fly ash with industrial waste slag: standard evaluation and energy 
consumption analysis of treated products, Waste Management, ISSN 0956-053X, 
https://doi.org/10.1016/j.wasman.2025.115160.  

26. Fei Zhou, Mingxing Qi, Rongxin Ren, Dongli Liang, 2026, Composting versus stacking of selenate-supplemented 
spent mushroom substrate: Effects on soil selenium transformation, DOM characteristics, and bacterial 
community response, Waste Management, ISSN 0956-053X, https://doi.org/10.1016/j.wasman.2026.115524.  

https://doi.org/10.1038/s41893-025-01624-7
https://doi.org/10.1016/j.wasman.2026.115442
https://doi.org/10.1016/j.resconrec.2025.108686
https://doi.org/10.1016/j.biortech.2022.127456
https://doi.org/10.1016/j.wasman.2025.115047
https://doi.org/10.1016/j.wasman.2024.05.037
https://doi.org/10.1038/s41467-023-37136-1
https://doi.org/10.1038/s41467-023-37136-1
https://doi.org/10.1007/978-3-030-84180-5
https://doi.org/10.1016/j.jclepro.2020.123566
https://doi.org/10.1038/s41558-026-02596-y
https://doi.org/10.1016/j.wasman.2025.115160
https://doi.org/10.1016/j.wasman.2026.115524


 

8.2. Seminar/ laboratory Teaching and learning methods Remarks 

Waste classification. Strategic objectives 
and waste hierarchy  

Group activities 
 

Smart collection. Waste as resources.  Group activities  

Consumption and waste at the 
community level. Waste reduction.  

Group activities 
 

Emissions from waste. Landfill emission 
estimation. Emission mitigation.  

Group activities 
 

Food waste management plan at the 
student campus. Upcycling food. 
Regulatory solution for waste.  

Group activities 
 

Home/faculty/campus composting. 
Compost maturity. Essential parameters 
of compost assessment.  

Group activities 
 

Anaerobic digestion. Biochemical 
methane potential.  

Group activities 
 

Household hazardous waste. 
Sustainability evaluation of used oil 
collection and recovery 

Group activities 
 

Performance of waste-to-energy systems. 
Flue gas treatment. Hazardous waste 
incineration: Case study 

Group activities 
 

Urban plastic waste flow analysis. 
Upcycling & downcycling. Chemical 
recycling vs mechanical recycling. 

Group activities 
 

Policy regulation. Fast-fashion. Collection 
and sorting system design.  

Group activities 
 

Separate collection. Recycling aggregates. 
Demolition plan for an industrial site -
case study.  

Group activities 
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9. Evaluation 

Type of activity 9.1 Evaluation criteria4 9.2 Evaluation methods5 
9.3 Percentage in 
the final grade 

9.4. Course 

Level of conceptual understanding.  
 

Written exam 50% Analytical skills 

Quality of argumentation 

9.5. Seminar/ laboratory 
Applying knowledge in practical contexts Case studies 30% 

Quality of argumentation Active participation 20% 

9.6 Minimum standard for passing 

...  
 

10. SDG labels (Sustainable Development Goals)6  

 

 
Sustainable Development Generic Label 

 

        

         
 

 

 

Date of entry: 
April, 2026 

Signature of course coordinator 

Cristina Modoi, PhD 

Signature of seminar coordinator 

Cristina Modoi, PhD 

   

Date of approval in the department: 
... 
 

 

Signature of the head of department 

..................... 

 

 

 

 
4 The evaluation criteria must directly reflect the learning outcomes targeted at the level of the degree programme 
respectively at the level of the subject.  More specifically, the learning outcomes set out in the expected learning 
outcomes are assessed.  

5 Both final evaluation methods and ongoing evaluation strategies should be established.  

6 Select a single label which, according to the Implementation of SDG labels in the academic process, best matches 
the subject. If the subject addresses sustainable development in a generic manner (i.e. by presenting/introducing 
the general framework of sustainable development, etc.), then the Sustainable Development generic label may be 
applied. If none of the labels describe the subject, select the last option: “No label applies.” 

https://green.ubbcluj.ro/procedura-de-aplicare-a-etichetelor-odd/

