BIOTECHNOLOGIES FOR WASTE VALORIZATION

(Specialization Agricultural Biotechnologies, 4™ Year of study, 1% Semester)
Credits (ECTS): 5
Course category: Core discipline (mandatory)
Course holder: Assoc. prof. Raluca-Maria HLIHOR, PhD

Objectives of the discipline:

The course Biotechnologies for waste valorization aims to develop students’ knowledge and skills
in applying biotechnological methods for the valorization of various types of waste, with an emphasis on
the chemical, biochemical, and biological processes involved. The course focuses on understanding the
mechanisms through which waste materials are transformed into valuable products, on the scientific
analysis of their composition, and on integrating biotechnological solutions within the broader context of
environmental protection and the circular economy.

Contents (syllabus)

Course (chapters/subchapters)

1. Introduction to Biotechnology

1.1. Definition of biotechnology and fields of application

1.2. Characteristics of biotechnological processes

1.3. Classification of biotechnological processes

1.4. Types of microorganisms used in biotechnological processes

1.5. Stages of biotechnological processes

1.6. Biochemical and biological mechanisms involved in biotechnological processes

1.7. Ethical and environmental considerations in the application of biotechnologies

2. Bioprocesses for the treatment and valorization of biodegradable waste

2.1. Types of biodegradable waste

2.2. Principles of biological treatment: aerobic and anaerobic decomposition

2.3. Valorization methods: composting, anaerobic digestion, fermentation, extraction of bioactive
compounds

2.4. Environmental and public health impacts of bioprocesses

2.5. Case studies on the application of biotechnologies in waste management

3. Composting

3.1. Definition and role of composting in the circular economy

3.2. Microorganisms involved: bacteria, actinomycetes, fungi

3.3. Influencing factors: temperature, moisture, pH, C/N ratio

3.4. Biochemical mechanisms of composting

3.5. Composting technologies: static piles, turned piles, vermicomposting

3.6. Process stages: preparation, decomposition, maturation

3.7. Technological variants: industrial, household, community composting

3.8. Advantages and limitations of composting

4. Anaerobic digestion

4.1. Principles and stages of anaerobic digestion

4.2. Microorganisms involved in anaerobic digestion

4.3. Factors influencing the process

4.4. Types of bioreactors

4.5. Classification of systems

4.6. Products obtained

4.7. Advantages and disadvantages compared to other technologies




5. Vermicomposting

5.1. Definition of vermicomposting and its role in biological recycling

5.2. Earthworm species used

5.3. Optimal process conditions: temperature, moisture, pH, aeration

5.4. Mechanism of waste transformation

5.5. Products obtained

5.6. Vermicomposting technologies

5.7. Advantages and disadvantages compared to other technologies

6. Plant biomass: a source of biologically active compounds

6.1. Definition of plant biomass and types of raw materials

6.2. Chemical compounds of interest

6.3. Extraction methods

6.4. Biological properties

6.5. Applications of plant biomass in various fields

Practical activity

1. Presentation of the specific practical applications carried out in the Laboratory of Biotechnologies for
Waste Valorization. Acquiring general occupational safety and fire safety regulations relevant to
laboratory work in order to minimize risks.

2. Analysis of the current situation regarding the quantities of waste and residues from various sources
(plant waste and animal waste). Estimation of annual amounts of organic waste.

3. Valorization of by-products and waste from agriculture and horticulture.

4. Methods and techniques for controlling sterilization processes. Identification and verification of
laboratory equipment required for wet and dry sterilization of culture media, workspaces, and controlled
environments.

5. Methods and techniques for controlling the composition of culture media. Microorganism inoculation
techniques. Preparation of liquid and solid culture media for the cultivation of microorganisms with
potential for organic waste bioconversion. Cultivation of a microbial strain on a culture medium prepared
in a previous step..

6. Laboratory colloquium. Final evaluation. Assessment and analysis of results.
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Evaluation

Evaluation form Evaluation Methods R T O e el
grade
Final exam Written examination 70%
Evaluation of the activity Written and oral assessments during the 30%
during the semester semester °
Contact

Assoc. prof. Raluca-Maria Hlihor, PhD

Faculty of Horticulture, [ULS

3 Mihail Sadoveanu Alley, Iasi, 700490, Romania
Tel: 0040232407520

E-mail: raluca.hlihor@iuls.ro
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BIOTECHNOLOGIES FOR WASTE VALORIZATION

(Specialization Agricultural Biotechnologies, 4™ Year of study, 2"! Semester)
Credits (ECTS): 3
Course category: Core discipline (mandatory)
Course holder: Assoc. prof. Raluca-Maria HLIHOR, PhD

Objectives of the discipline:

The course Biotechnologies for waste valorization aims to develop students’ knowledge and skills
in applying biotechnological methods for the valorization of various types of waste, with an emphasis on
the chemical, biochemical, and biological processes involved. The course focuses on understanding the
mechanisms through which waste materials are transformed into valuable products, on the scientific
analysis of their composition, and on integrating biotechnological solutions within the broader context of
environmental protection and the circular economy.

Contents (syllabus)

Course (chapters/subchapters)

1. Waste valorization through biotechnological conversion into value-added products

1.1. The circular economy and European strategies for waste management

1.2. Principles of waste minimization and increasing resource use efficiency

1.3. Biotechnological approaches to valorizing organic and inorganic waste

1.4. Case studies: successful companies and projects in waste valorization

1.5. Fundamental stages of biotechnological processes applied in recycling and reuse

1.6. Advanced technologies for converting waste into energy and bio-based products

2. Nature-inspired biotechnologies for sustainable development

2.1. The concept of biomimicry and its relevance in biotechnologies

2.2. Applications of biomimicry in waste valorization

2.3. Integration of sustainability principles into biotechnological processes

2.4. Case studies and practical examples of nature-inspired technologies

3. Biogas production and its valorization for energy purposes

3.1. Production of biofuels through biotechnological processes for valorizing organic waste

3.2. Definition and characteristics of biogas as a renewable energy resource

3.3. Feedstock sources and technologies used in biogas production

3.4. Advantages and limitations of biogas use compared to other energy sources

3.5. Energy and industrial applications of biogas within the circular economy

4. Persistent pollutants in the environment: effects on ecosystems and human health

4.1. Sources and classification of persistent pollutants

4.2. Persistent inorganic pollutants

4.3. Persistent organic pollutants

4.4. Environmental and human health impacts of persistent pollutants

5. Unconventional and environment-friendly processes used in wastewater treatment

5.1. Introduction

5.2. Treatment processes for wastewater contaminated with persistent pollutants

5.3. Bioremediation of persistent pollutants through waste valorization

5.4. Integration of unconventional technologies into modern waste and wastewater management systems

6. Bioreactors used in bioremediation processes for wastewater treatment




6.1. Flow pattern of domestic wastewater

6.2. Types of bioreactors used in bioremediation

6.3. Efficiency of wastewater treatment in bioreactors

Practical activity

1. Introduction. Presentation of the project topic.

2. Identification and physico-chemical characterization of various categories of secondary products,
by-products, and organic waste.

3. Development and preparation of biodegradable organic substrates intended for the application of
composting biotechnology.

4. Monitoring the composting process: evaluation of essential parameters, analytical methods, instruments,
and equipment used.

5. Monitoring the composting process: evaluation of essential parameters, analytical methods, instruments,
and equipment used.

6. Field visit (composting facility).

7. Laboratory colloquium. Final evaluation. Assessment and analysis of results.
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Evaluation form Evaluation Methods Ietereemizge o dus el
grade
Final exam Written examination 70%
Evaluation of the activity Written and oral assessments during the 30%
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