USAEE - University Studies of Agricultural Engineering in Europe; a Thematic Network
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Objectives

· Define the core curricula to be used as benchmarks for Agricultural Engineering studies in Europe.
· The establishment of a benchmark core curriculum serves the purpose of determining a set of minimum criteria/requirements against which any curriculum can be tested and decided whether or not it meets the criteria for its admission as a particular programme of Agricultural Engineering studies
· define common accreditation strategies and procedures and establish the bodies/committees to carry out the accreditation of the departments which are to meet the core curricula requirements.

Core curricula criteria

The development of benchmarks for basic European core curricula in Agricultural Engineering will be based on the following requirements:
· It must meet the FEANI criteria for being an Engineering program of studies: this requirement will be elaborated in synergy with FEANI

· It must meet the ‘Agricultural Science’ core curricula requirements in Agricultural Engineering. This requirement will be finalised in synergy with EurAgEng.

Engineering core curricula

The weak part of the current Agricultural Engineering studies in Europe is the inadequate engineering foundation of the corresponding curricula. Therefore:

· The main goal of USAEE is to enhance the Engineering part of the European core curricula in Agricultural/Biosystems Engineering so that it meets the FEANI criteria for being an Engineering program of studies
· The main goal of USAEE is to reduce significantly the Agricultural or Biological Sciences part of the European core curricula in Agricultural/Biosystems Engineering to meet the basic –fundamental- knowledge of the corresponding subjects without extending to, or overlapping with the classical Agronomy programs of studies.
Learning Outcomes
The Socrates financed  Tuning Project (Tuning Educational Structures in Europe) started their outcome oriented model from a concept based on competencies, applying somehow the attributes idea:
· “By learning outcomes we mean the set of competences including knowledge, understanding and skills a learner is expected to know/ understand/demonstrate after completion of a process of learning —short or long. 

· They can be identified and related to whole programmes of study (first or second cycle) and for individual units of study (modules). 

· Competences, can be divided into two types: generic competences, which in principle are subject independent, and subject specific competences. 

· Competences are normally obtained during different course units and can therefore not be linked to one unit. 
· But they can also be linked to one unit

· It goes without saying that competences and learning outcomes should correspond to the final qualifications of a learning programme.”

LEARNING OUTCOMES AND COMPETENCES IN STUDY PROGRAMMES 
An illustrative example adopted from the Tuning Project:
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X = THIS COMPETENCE IS DEVELOPED AND ASSESSED AND IS MENTIONED IN THE LEARNING OUTCOME OF THIS UNIT
Distinction between different programs or specialisations

The basic goal of the core curricula to be developed by USAEE-WG1 is to ensure that an essential minimum fundamental engineering knowledge is offered to all Agricultural Engineering (Biosystems Engineering, and similar) programmes of studies at a University level. Given that differentiations among the existing programmes and the educational systems is enormous, and as the potential developments in these programmes are unpredictable (and very drastic in several cases, as reported during the first workshop of USAEE in Madrid), the objectives of the USAEE TN do not include any kind of intervention in the various specialisations in support of one or another scheme or programme of studies. The Engineering part of the core curricula should not be confused with the whole program of studies offered by a particular Department. The main aim of the USAEE TN is to provide the basic foundation in terms of Engineering knowledge particularly since the current developments support a highly interdisciplinary approach cutting across all traditional diplomas in Agricultural Engineering.  In other words USAEE intends, to specify the minimum amount of engineering content that is acceptable in any curriculum representing itself as agricultural (biosystems, and similar) engineering.  

Distinction between modules and courses

The idea of the modules, as well as several other ideas may be attractive under certain perspectives. However, when the basic goal to set-up a well recognised core curricula system at a European but also at an international level, adopted to all possible educational systems and programmes of studies, there is only one way to proceed: define the core curricula requirements in terms of course units. Even more, define courses which are internationally well recognised in terms of content and avoid any confusing mixtures.

“Relevant for the Job Market” or a Pivot Point?

A really important point raised by SEFI is the conclusion that: ‘in most countries, where an intermediate degree 3-year is introduced, this degree will primarily be something that facilitates for the student to move, either to a new university, to a new country or to a new line of study. The employers may of course also accept the degree, but it cannot really be seen to fulfill the Bologna requirement of being in itself “relevant for the European job market” Degrees introduced or being introduced in Switzerland, Denmark, the Netherlands Belgium (both the French speaking and the Flemish Communities), Iceland seem to fit this description of a “Pivot Point”’. 

Application-oriented curricula

Another crucial question raised by SEFI concerns the more application-oriented education: ‘How these should fit into the Bologna scheme and how these can survive side by side with new intermediate “Bachelor’s” degrees is far from obvious. Different countries have different solutions, each based on the history, industrial and social structure and established traditions of each individual country. Much work has to be done before we can talk about anything like a European harmonisation of these curricula and degrees. This work is important for many reasons, one being the fact that in most countries the number of graduates from these programmes exceeds the number of graduates from the long cycle education’.

The final conclusion of the SEFI report [
] is that ’the main challenge is to agree on certain minimum standards and to create a system to describe, in a commonly understood way, the various competencies for professional and academic use. The work done by the Thematic Network E4, run by University of Florence in cooperation with SEFI and other organisations, is of interest in this context’. It is therefore considered very important that the work of the USAEE Thematic Network on European University Studies of Agricultural Engineering has established from the beginning strong synergies with both SEFI and E4 TN towards a common goal.

Distinction between Engineering profiles

· Traditionally different types of engineers have received their education in institutions giving them different profiles

· One such clear distinction can be drawn between the “Fachhochschule” and Universities in Germany, and between previous “Polytechnics” and Universities in the UK. 

· Other countries have similar arrangements
· Consider the new intermediate degree primarily as a point of mobility;

· Make a very clear distinction between the new “intermediate degree” (or “pivot point” first 3 years cycle degrees aimed at the continuation of the studies to the completion of the integrated 5 years –2 cycles- programs of studies) and the Applied Engineering 3 year degrees (degrees aimed at the graduation of the student and direct employability);
Basic principles of developing the core curricula

The main objective

The main objective of the USAEE TN is to establish the core curricula requirements for Agricultural Engineering University studies in Europe (as well as Biosystems and Biological Engineering, or similar titles). The current trend and developments concerning the change (of name and contents) from the traditional Agricultural Engineering to Biosystems Engineering (mostly without including human-biomedical engineering) will be considered in this effort (refer to the overview of the Proceedings of the 2nd workshop in Palermo). The core curricula structure should aim at developing the foundation for Engineering studies, specialising in designing solutions to problems in systems involving (all or combinations of):

· plants (production agriculture that includes power and machinery)

· animals (animal production which includes structures and environment)

· humans (health and biomedical engineering)  

· environment (bioenvironmental engineering which includes soil and water engineering, waste management, etc.)

All of these areas require proficiencies in instrumentation, information technology and many other disciplines.

The main objective of USAEE does not include the classical programs offering basically studies in Agronomy (or Agricultural Sciences) with some specialisation in Agricultural Engineering.  

Define output descriptors

A first approach to the basic coursework requirements for the Engineering part of the core curricula are summarised as follows:

1. Define core basis: classical Engineering courses that will provide a minimum set of Engineering output descriptors of the core.
2. Courses are the basic units in most European Universities as well as in the USA; modules may combine the basic core engineering courses and other additional courses to build any possible module content

3. Core basis: consider courses that cover the very basic general Engineering background. 
4. Do not include discipline-specific courses for different diplomas and specialisations in the core basis

5. Additional different specialisation-specific Engineering courses may be added beyond the core basis, and defined depending on the specialisation etc, beyond the core curricula.

Schematically this concept is shown in the following figure:  


Figure 1.  The Engineering part of the core curricula structure for Agricultural/ Biosystems Engineering studies in Europe.

Level of studies

The first level of studies is considered in the present stage of the core curricula development of USAEE. Two different schemes will be defined at this level: 
 Scheme A: Academic orientation
· Core curricula for University studies leading to a long cycle degree following integrated five years programs of studies

· Core curricula for University studies leading to a pivot-point first level degree  (BSc) following three years programs of studies

 Scheme B: Applications-technological orientation

· Core curricula for University studies leading to a professional BSc level degree following at most three years programs of studies
Note that only the title name (BSc) may be the same for schemes A and B (first degree), but surely not the contents of studies (not always so however: 5-years programs of studies do not offer a BSc degree but a 5-years diploma, while in other cases the first level program of studies may lead to a pivot point degree with a different title etc..). The main problem is that all these first level degrees may represent completely different programs of studies and so very much different backgrounds…

The programs of studies for the first cycle of the Academic integrated two cycles degrees has to be distinguished  from the Technological-applications oriented first cycle degrees.

Developing the core curricula for the first cycle pivot point degrees of the integrated MS or long cycle academic orientation programs of studies

Engineering part of the core curricula: Basic principle: The Engineering part of the Agricultural/ Biological/ Biosystems Engineering program of studies is composed of two Core Curricula components (Engineering part of core curricula) plus a general competences background. 

1. Engineering core curricula: the fundamental core basis 
2. Engineering core curricula: optional specialisation-specific Engineering courses

· General competences: adopted from E4 – A1 activity
Agricultural /Biological Sciences part of the core curricula: A similar structure applies to the Agricultural /Biological Sciences part of the core curricula: it is composed of two basic components:

3. Agricultural /Biological Sciences core curricula: the fundamental core basis
4. Agricultural /Biological Sciences core curricula: optional Agricultural /Biological Sciences courses


Figure 2. Schematic presentation of the core curricula for the first cycle pivot point degrees of the integrated MS or long cycle academic orientation programs of studies of Agricultural/ Biosystems Engineering. 

Core curricula of Agricultural/ Biosystems Engineering for the first cycle pivot point degrees of the integrated MS or long cycle academic orientation programs of studies

General competences: adopted from E4 – A1 activity
The general competences are adopted from the corresponding report of A1 activity of the Thematic Network E4 and they appear in Appendix A.

Engineering part of  core curricula: core basis 
The minimum set of the outcome descriptors of the Engineering part of core curricula should include the contents of fundamental Engineering subjects mandatory for all modules (or specializations) of Agricultural /Biosystems Engineering. These contents are expressed in terms of well defined and recognized internationally basic Engineering courses.

Agricultural /Biological Sciences part of  core curricula: core basis 
The minimum set of the outcome descriptors of the Agricultural /Biological Sciences part of core curricula should include the outcome learning of fundamental knowledge of Agricultural /Biological Sciences subjects mandatory for all modules (or specializations) of Agricultural /Biosystems Engineering. These contents are expressed in terms of basic Agricultural /Biosystems Sciences course units following the example of the Tuning Project. These course units should represent fundamental basic knowledge and should not include Agronomy-applications oriented specialized subjects.

Engineering part of the core curricula: optional specialisation-specific courses of Engineering Sciences 
Optional Engineering courses to be included in the Engineering part of the core curricula are be determined as follows:

· Modules of Agricultural Engineering programs of studies are defined 

· Each module may include several Engineering courses and each Agricultural Engineering programme may choose a minimum number of courses from one or several modules, as needed by the individual programme
Agricultural /Biological Science part of the core curricula: optional specialisation-specific courses of Agricultural /Biological Science
Optional Agricultural /Biological Science courses to be included in the Agricultural /Biological Science part of the core curricula are determined as follows:

· Modules of Agricultural Engineering programs of studies are defined (same as above)

· Each module may include several Agricultural /Biological Science courses and each Agricultural Engineering programme may choose a minimum number of courses from one or several modules, as needed by the individual programme (same as above)
	BASIC SCIENCES -ELECTIVES
	BASIC SCIENCES & ELECTIVES

55-80 ECTS CREDITS: equal to 31-44% of total 180 ECTS CREDITS

(assuming 11-20 course units with 5 or 4 ECTS credits per unit, respectively or equivalent)

BASIC SCIENCES: TO COVER THE COMPETENCES DESCRIBED IN APPENDIX A

(Adopted by the report of E4, Activity 1)

36-45 ECTS CREDITS: equal to 20-25% of total 180 ECTS CREDITS
(assuming 9 course units with 4 or 5 ECTS credits per unit, respectively or equivalent)

1. General

2. Computer Science/Informatics

3. Mathematics

4. Physics

5. Chemistry

6. Economics

ELECTIVES: TO COVER THE NEEDS OF THE INDIVIDUAL PROGRAMS OF STUDY DEPENDING ON THE LEVEL OF THE INCOMING STUDENTS AND THE ORIENTATION OF THE PROGRAM 

(e.g. may include additional Basic Sciences or Additional Agricultural Sciences courses, or Electives like Humanities, Economics etc)

44-10 ECTS CREDITS: equal to 25-6% of total 180 ECTS CREDITS
(assuming 11 or 2 course units with 4 or 5 ECTS credits per unit, respectively or equivalent)



	AG. ENG. FUNDAMENTAL CORE BASIS
	ENGINEERING PART OF THE CORE CURRICULA: THE FUNDAMENTAL CORE BASIS

 44-55 ECTS CREDITS: equal to 25-31% of total 180 ECTS CREDITS
Learning outcomes follow this table

Assuming 11 course units with 4 or 5 ECTS credits per unit, respectively, or equivalent, the learning outcomes that follow may be delivered through the following structured coursework:
1. Engineering Graphics and Design - CAD
2. Instrumentation and Μeasurements 
3. Mechanics-Statics 

4. Strength of Materials
5. Mechanics-Dynamics 
6. Fluid Μechanics
7. Applied Thermodynamics

8. Heat and Mass Transfer
9. Electrotechnics (and Electronics)

10. Engineering Economics 

11. Engineering Surveying – GIS

	AGRICULTURAL /BIOLOGICAL SCIENCES PART OF THE CORE CURRICULA: THE FUNDAMENTAL CORE BASIS

(20-25 ECTS CREDITS: equal to 11-14% of total 180 ECTS CREDITS

Learning outcomes follow this table

Assuming 5 course units with 4 or 5 ECTS credits per unit, respectively, or equivalent,  the learning outcomes that follow may be delivered through the following structured coursework:
1. Plant Biology 

2. Animal Biology 

3. Introduction to Soil Science 

4. Introduction to Agricultural Meteorology and Micro-meteorology 

5. Understanding the Environment and its interaction with Living Organisms

6. Agricultural Economics



Learning outcomes of the 

ENGINEERING PART OF THE CORE CURRICULA: THE FUNDAMENTAL CORE BASIS
The graduate should be able to:

	· Apply classical technical design tools to prepare drawings of objects, parts and models 

· Use computer aided design software to prepare 2D and 3D drawing models

	· Have fundamental and integrated knowledge in designing engineering measurement systems and performing engineering measurements

	· Become proficient with the use of free-body diagrams.

· Fully understand the implementation of vector algebra in force analysis.

· Develop the ability to produce a clear solution write-up as a form of stand-alone technical communication.

· Develop problem solving strategies and the ability to apply the principles of statics to advanced applications.
· Develop a high level of understanding of the fundamental principles of applied mechanics and the modeling of force systems in engineering statics

	· Become Familiar with the concepts of stress and strain. 
· Be able to calculate stresses under uni-axial, torsion, and bending loads. 
· Be able to calculate deflections under uni-axial, torsion, and bending

· Design simple structures and machine components for strength and allowable deflections

	· Model a system composed of rigid bodies.

· Pose and analyze dynamical problems involving systems of particles and rigid bodies by applying the first principles of Newtonian mechanics.

· Model a mechanical system and solve its governing equations.

· Interpret mathematical solution to a dynamical rigid body problem.

	· Understand fundamental concepts (e.g. fluid properties, fluid statics)

· Use the control volume approach in developing principles of conservation of mass, energy and momentum

	· Understand fundamental concepts (e.g. thermal equilibrium, temperature perception)

· Use the thermodynamic laws

· Comprehend issues such as reversibility, irreversibility and entropy

· Find or calculate thermal properties and evaluate the performance of thermal systems.

· Calculate and apply the first and second law of thermodynamics to vapour power and refrigeration systems, gas power systems, applications concerning humidification, dehumidification, evaporative cooling systems and combustion processes. 

	· Formulate energy conservations equations

· Understand dimensionless heat and mass transfer numbers

	· Use methods and algorithms for the linear and more complex circuit analysis in the time and in the frequency domain. 

· Demonstrate knowledge of network theorems, magnetic circuits, transformers and d.c. generators and motors.

	· Understand major principles of economic analysis for decision making among alternative courses of action in engineering.
· Apply cost estimation and alternative analysis techniques for engineering applications (e.g. life cycle costing).
· Demonstrate knowledge of cost estimation techniques and probabilistic risk analysis. 
· Understand techniques and methods of sensitivity analysis and expected-value decisions.

	· Understand the fundamentals of surveying 

· Explain the principles of distance measuring and levelling

· Apply the principles of surveying and theodolites

· Perform transverse surveys and computations

· Apply the principles of surveying in building construction

· Demonstrate knowledge of GIS and ArcView


Learning outcomes of the 

AGRICULTURAL /BIOLOGICAL SCIENCES PART OF THE CORE CURRICULA: THE FUNDAMENTAL CORE BASIS

The graduate should be able to:

	· Plant cytology & morphology (so as to understand plant physiology)

· Construction and physiology of plants

· Growth, development and reproduction of plants

	· Elements of animal anatomy and physiology

· Elements of animal reproduction

· Elements of animal nutrition and feedstuffs

· Issues of animal behaviour and welfare

	· The basic soil characteristics with respect to plant growth

· The relation between soil, water and plant growth

	· The interactions between climate and/or (micro) climate and plants

	· Concepts important to the understanding of the biological components of the earth system, interactions between living organisms, and the interaction between living organisms and the non-living elements of their environment
· The relation between animals and plants and the environment

· The different aspects of sustainability

	· An insight in economical aspects of plant and animal production


PROPOSED MODULES OR SPECIALISATIONS WITHIN THE FIRST CYCLE PIVOT POINT DEGREE

	WATER RESOURCES ENGINEERING
	ENGINEERING PART OF THE CORE CURRICULA: OPTIONAL COURSES

 20-25 ECTS CREDITS: equal to 11-14% of total 180 ECTS CREDITS
Learning outcomes follow this table

Assuming 5 course units with 4 or 5 ECTS credits per unit, respectively, or equivalent, the learning outcomes that follow may be delivered through the following structured coursework:
1. Hydraulics
2. Open Channel Flow
3. Closed Circuit Flow 

4. Surface Hydrology

5. Hydrogeology

6. Fluid Rheology

7. Pollutant Behaviour and Transport in the Environment 

	AGRICULTURAL /BIOLOGICAL SCIENCES PART OF THE CORE CURRICULA: OPTIONAL COURSES

(16-20 ECTS CREDITS: equal to 9-11% of total 180 ECTS CREDITS
Learning outcomes follow this table

Assuming 4 course units with 4 or 5 ECTS credits per unit, respectively, or equivalent, the learning outcomes that follow may be delivered through the following structured coursework:

1. Plant Production

2. Plant Protection

3. Soil Physics

4. Agro-chemicals

5. Environmental Impact Assessment

6. Introduction to Aquaculture




WATER RESOURCES ENGINEERING

Learning outcomes of the Engineering part

The graduate should be able to understand:
	· General principles of hydraulics, pipe and open channel flow

	· Principles of uniform and varied flow. 

· Channel design for uniform flow, gradually varied flow profiles, channel transitions, hydraulic jumps, flow in prismatic and non-prismatic channels

	· The principles of pipe flow hydrauliocs, networks, pumps and valves

	· Surface processes and watershed responses. 

· The role of water in natural processes, such as shaping the surface of the earth.

· Decisions concerning water allocation and protection of natural resources 

	· The fundamental principles of ground-water flow and chemistry.

· The quantitative evaluation of ground-water resources, and environmental problems relating to ground water. 

	· The basic forces that give rise to complex fluid behavior.

· The theory behind mechanical rheometry and interpret rheological results.

· The state of the art techniques for characterization of complex fluid structure.

· The physics behind polymeric and colloidal systems.

	· How pollution is transported from agricultural sources. 

· The risks to the environment from different farming activities. 

· The current legislation and codes of practice, which aims to control pollution and soil erosion from such activities.


Learning outcomes of the Agricultural/Biological part

The graduate should be able to understand:
	· Elements of field crop production

· Elements of arboriculture

· Elements of horticulture

	· Elements of plant pathology

· Elements of entomology

· Elements of agricultural zoology

· Elements of weed control

	· The physical properties of soil with emphasis on water retention and flow and on ion movement in unsaturated soils

	· The basic principles of mode of function, application and effects on the environment and living organisms

	· An impact assessment technique
· How to calculate and assess pollutant loading on the environment
· The socioeconomic impact

	· Principles of hydrobiology

· Issues of aquaculture production


	MECHANICAL SYSTEMS AND MECHANISMS USED IN AGRICULTURAL AND BIOPROCESS ENGINEERING
	ENGINEERING PART OF THE CORE CURRICULA: OPTIONAL COURSES

 20-25 ECTS CREDITS: equal to 11-14% of total 180 ECTS CREDITS
Learning outcomes follow this table

Assuming 5 course units with 4 or 5 ECTS credits per unit, respectively, or equivalent, the learning outcomes that follow may be delivered through the following structured coursework:

1. Kinematics of Mechanisms 

2. Power Generation Engines

3. Functional Analysis

4. Mechatronics

5. Soil Mechanics

	AGRICULTURAL /BIOLOGICAL SCIENCES PART OF THE CORE CURRICULA: OPTIONAL COURSES

(16-20 ECTS CREDITS: equal to 9-11% of total 180 ECTS CREDITS
Learning outcomes follow this table

Assuming 4 course units with 4 or 5 ECTS credits per unit, respectively, or equivalent, the learning outcomes that follow may be delivered through the following structured coursework:

1. Plant Production

2. Plant Protection

3. Agro-chemicals
4. Animal Husbandry

5. Environmental 
6. Impact Assessment




MECHANICAL SYSTEMS AND MECHANISMS USED IN AGRICULTURAL AND BIOPROCESS ENGINEERING

Learning outcomes of the Engineering part

The graduate should be able to understand:
	· Analytical and computational methods in kinematics and synthesize basic mechanisms.
· The desired motion of the subject mechanical parts and mathematically compute the positions, velocities, and accelerations, which those motions will create on the parts. 

	· How to model and analyze energy systems, both analytically and numerically, including refrigerators, heat pumps, gas turbines, and internal combustion engines. 

	· How to effectively combine mechanical and electrical engineering, computer science, and information technology so as design products with built-in intelligence, which are realized as integrated systems.

	· How to practically determine properties of soil in question through specific laboratory tests and site examinations

· The practical significance of different soil behaviour for the problems of foundations design and construction.

· The fundamental behaviour of soil with regard to applications in agricultural engineering


Learning outcomes of the Agricultural/Biological part

The graduate should be able to understand:
	· Elements of field crop production

· Elements of arboriculture

· Elements of horticulture

	· Elements of plant pathology

· Elements of entomology

· Elements of agricultural zoology

· Elements of weed control

	· The basic principles of mode of function, application and effects on the environment and living organisms

	· Issues of animal husbandry

	· How to design an impact assessment technique
· How to calculate and assess pollutant loading on the environment
· The socioeconomic impact


	STRUCTURAL SYSTEMS AND MATERIALS IN AGRICULTURAL AND BIOPROCESS ENGINEERING
	ENGINEERING PART OF THE CORE CURRICULA: OPTIONAL COURSES

 20-25 ECTS CREDITS: equal to 11-14% of total 180 ECTS CREDITS
Learning outcomes follow this table

Assuming 5 course units with 4 or 5 ECTS credits per unit, respectively, or equivalent, the learning outcomes that follow may be delivered through the following structured coursework:

1. Design of Steel Structures

2. Design of Concrete Structures

3. Design of Timber Structures

4. Soil Mechanics 

5. Introduction to Material Science & Engineering

6. Computational Mechanics


	AGRICULTURAL /BIOLOGICAL SCIENCES PART OF THE CORE CURRICULA: OPTIONAL COURSES

(16-20 ECTS CREDITS: equal to 9-11% of total 180 ECTS CREDITS
Learning outcomes follow this table

Assuming 4 course units with 4 or 5 ECTS credits per unit, respectively, or equivalent, the learning outcomes that follow may be delivered through the following structured coursework:

1. Animal Husbandry 

2. Plant Production

3. Introduction to Aquaculture

4. Fish Production 

5. Environmental Impact Assessment




STRUCTURAL SYSTEMS AND MATERIALS IN AGRICULTURAL AND BIOPROCESS ENGINEERING
Learning outcomes of the Engineering part

The graduate should be able to understand:
	•   How to explain the behaviour of basic structural components of steel structures.

•   How to use AISC and LRFD code design procedures to design the principal structural elements of steel structures. 

	· How to design simple reinforced concrete structures.

	· The properties of wood and wood related products.

· The vertical and lateral force systems in structures and the associated load paths.

· How to deal with wood related codes and specifications.

· The behaviour of various wood components and systems including beams, tension members, columns, beam-columns, horizontal and vertical diaphragms.

· The behaviour of simple connections of wood members.

	· How to practically determine properties of soil in question through specific laboratory tests and site examinations

· The practical significance of different soil behaviour for the problems of foundations design and construction.

· The fundamental behaviour of soil with regard to applications in agricultural engineering

	· The atomic and crystal structure and chemical bond types, and understand how these affect material properties. 

· The unique characteristics of ceramics, polymers and metallic materials

	· The underlying concepts of numerical solution techniques and specific methodologies for solving fundamental problems via computer algorithms.

· The basic analysis techniques used to discretize continuous systems, as well as common methods to solve the resulting equations.

· The modern computer-based analyses, such as matrix equation solution techniques, least-squares fitting, numerical integration, finite difference and minimization approaches. 


Learning outcomes of the Agricultural/Biological part

The graduate should be able to understand:

	· Issues of animal husbandry

	· Elements of field crop production

· Elements of arboriculture

· Elements of horticulture

	· Principles of hydrobiology

· Issues of aquaculture production

	· How to appropriately manage fish culture operations

· How to culture algae and zooplankton as a food for immature finfish and shellfish

· How to monitor and maintain shellfish

· How to harvest and prepare fish for marketing


	WASTE MANAGEMENT IN AGRICULTURAL AND BIOPROCESS ENGINEERING
	ENGINEERING PART OF THE CORE CURRICULA: OPTIONAL COURSES

 20-25 ECTS CREDITS: equal to 11-14% of total 180 ECTS CREDITS
Learning outcomes follow this table

Assuming 5 course units with 4 or 5 ECTS credits per unit, respectively, or equivalent, the learning outcomes that follow may be delivered through the following structured coursework:

1. Surface Hydrology

2. Hydrogeology

3. Fluid Rheology

4. Liquid Waste Management

5. Solid Waste Management

6. Waste Management Technology

7. Waste Management and Environmental Quality

	AGRICULTURAL /BIOLOGICAL SCIENCES PART OF THE CORE CURRICULA: OPTIONAL COURSES

(16-20 ECTS CREDITS: equal to 9-11% of total 180 ECTS CREDITS
Learning outcomes follow this table

Assuming 4 course units with 4 or 5 ECTS credits per unit, respectively, or equivalent, the learning outcomes that follow may be delivered through the following structured coursework:

1. Plant Production

2. Biological Process in Waste Management

3. Environmental Impact Assessment
4. Environmental Engineering Microbiology 



WASTE MANAGEMENT IN AGRICULTURAL AND BIOPROCESS ENGINEERING

Learning outcomes of the Engineering part 

The graduate should be able to understand:
	· How to identify the basic forces that give rise to complex fluid behavior.

· The theory behind mechanical rheometry and interpret rheological results.

· How to use state of the art techniques for characterization of complex fluid structure.

· The physics behind polymeric and colloidal systems.

	· The scientific principles determining the properties of wastes and pollutants in liquids

· The types of such wastes and pollutants and of their sources. 

· The classification of liquid wastes and the means of their management (both ‘hardware' and ‘software')

· Terms such as: waste and pollutant avoidance, minimization treatment, reuse and disposal. 

	· How to identify key sources, typical quantities generated, composition, and properties of solid wastes.

· How to identify waste disposal or transformation techniques (landfills and incinerators).

· How to recognize the relevant regulations that apply for facilities used for disposal, and destruction of waste.

· How to conduct invasive and non-invasive site investigation and understand permitting process for constructing landfills,

· How to identify and design Solid and Hazardous Waste Landfills including closure, post-closure, and rehab issues.

· How to estimate typical waste disposal costs. 

· How to identify recycling and reuse options (composting, source separation, and reuse of shredded tires, recycled glass, fly ash, etc.). 

	· How to make informed decisions about personal and societal waste management issues.

· The complex socio-political, economic, and legal, as well as technical aspects of waste management. 


Learning outcomes of the Agricultural/Biological part

The graduate should be able to understand:
	· Elements of field crop production

· Elements of arboriculture

· Elements of horticulture

	· The basics of waste characteristics, biological reactions

· The biological treatment alternatives

· Solid processing and biological processing design

	· An impact assessment technique
· How to calculate and assess pollutant loading on the environment
· How to evaluate the socioeconomic impact

	· How to take basic microbiological principles and use them to design engineered microbiological systems, such as water and wastewater treatment and remediation of environmental pollutants.


	BIOPROCESSING
	ENGINEERING PART OF THE CORE CURRICULA: OPTIONAL COURSES

 20-25 ECTS CREDITS: equal to 11-14% of total 180 ECTS CREDITS
Learning outcomes follow this table

Assuming 5 course units with 4 or 5 ECTS credits per unit, respectively, or equivalent,  the learning outcomes that follow may be delivered through the following structured coursework:

1. Food Process Engineering

2. Food Manufacturing Systems

3. Food Process Technologies

4. Food Rheology

5. ..


	AGRICULTURAL /BIOLOGICAL SCIENCES PART OF THE CORE CURRICULA: OPTIONAL COURSES

(16-20 ECTS CREDITS: equal to 9-11% of total 180 ECTS CREDITS
Learning outcomes follow this table

Assuming 4 course units with 4 or 5 ECTS credits per unit, respectively, or equivalent,  the learning outcomes that follow may be delivered through the following structured coursework:

1. Plant Production 

2. Introduction to Food Science

3. Post-harvest Physiology

4. Food Microbiology
5. Food Quality



BIOPROCESSING

Learning outcomes of the Engineering part

The graduate should be able to understand:
	· How to use basic engineering principles and mathematical methods applicable to a wide range of food engineering and food processing situations. 

· How to illustrate the uses of engineering concepts in industrial food processing applications.

	· Preservation concepts, processing alternatives and design
· Aseptic processing, freezing, concentration of liquid foods

	· How to present detailed scientific knowledge in food engineering with emphasis on post harvest, food processing and food preservation. 
· How to analyse and solve complex problems in the field of food technology as applied in the production of foodstuffs. 


Learning outcomes of the Agricultural/Biological part

The graduate should be able to understand:
	· Elements of field crop production

· Elements of arboriculture

· Elements of horticulture

	· The complexities of the “world of food”, with the emphasis on basic science principles involved in industrial processing, preservation and food safety. 

· How to appreciate the interactions between food and nutritional sciences

· How to critically evaluate the current production, processing, distribution and marketing issues facing the modern food industry and the consumers. 

	· Various physiological phenomena affecting post-harvest life of agricultural commodities, with emphasis on horticultural crops. 

· How to appreciate proper harvesting, handling and storage procedures.

· How to relate physiological and biochemical processes to shelf life of fresh and processed commodities. 

	· How to present good knowledge of Hazard Analysis and Critical Control Points (HACCP).

	· How to become familiar with methods used to determine microorganisms and their products in foods.

· The causes of food spoilage and predict the microorganism that can spoil a given food, when prepared, processed and stored under given conditions.

· The causes of food-borne microbial diseases and predict the pathogens that can grow in a given food, when prepared, processed and stored under given conditions.

· The necessary measures to control the spoilage and pathogenic microorganisms in food.

· How to apply information concerning a food and its environment to an analysis of the microbiological hazard associated with that food.


	ENERGY SUPPLY AND MANAGEMENT IN AGRICULTURAL AND BIOPROCESS ENGINEERING
	ENGINEERING PART OF THE CORE CURRICULA: OPTIONAL COURSES

 20-25 ECTS CREDITS: equal to 11-14% of total 180 ECTS CREDITS
Learning outcomes follow this table

Assuming 5 course units with 4 or 5 ECTS credits per unit, respectively, or equivalent,  the learning outcomes that follow may be delivered through the following structured coursework:

1. Renewable Energy Resources
2. Renewable Energy Technology

3. Energy Production and Supply

4. Environmental Pollution from Energy Production 
5. …

	AGRICULTURAL /BIOLOGICAL SCIENCES PART OF THE CORE CURRICULA: OPTIONAL COURSES

(16-20 ECTS CREDITS: equal to 9-11% of total 180 ECTS CREDITS
Learning outcomes follow this table

Assuming 4 course units with 4 or 5 ECTS credits per unit, respectively, or equivalent, the learning outcomes that follow may be delivered through the following structured coursework:

1. Plant Production
2. Animal Husbandry

3. Environmental Impact Assessment

4. Environmental Engineering Microbiology




ENERGY SUPPLY AND MANAGEMENT IN AGRICULTURAL AND BIOPROCESS ENGINEERING
Learning outcomes of the Engineering part

The graduate should be able to understand:
	· The renewable energy resources (solar, wind, biomass, hydro, geothermal, tidal power, wave),  the technologies and systems and how they can be applied and integrated into the conventional energy systems

	· Basic terminology and fundamental conversion principles. 

· Thee production of thermal, mechanical and electrical energy and the associated systems and their components and energy storage systems. 

	· The relationship between energy usage and environmental degradation

· The means and ways of improving energy use efficiency and conservation of natural resources for a healthier and safer environment and sustainable development.


Learning outcomes of the Agricultural/Biological part

The graduate should be able to understand:
	· Elements of field crop production

· Elements of arboriculture

· Elements of horticulture

	· Issues of animal husbandry

	· An impact assessment technique
· How to calculate and assess pollutant loading on the environment
· The socioeconomic impact

	· The basic microbiological principles and use them to design engineered microbiological systems, such as water and wastewater treatment and remediation of environmental pollutants.


APPENDIX A 

(Adopted from the report of Activity 1, of the Thematic Network E4)

Personal requirements for all programmes at:


Bachelor level  (3 years):






The graduate should be able to:

	communicate information, ideas, problems, and solutions to both specialist and non-specialist audiences. 

	adapt  to a changing technology and new techniques as part of a life long learning process.

	function efficiently in project groups and teamwork.

	understand the interaction process between people working in teams, and be able to adapt  to the requirements of the working environment.

	display an understanding of the influence of engineering activity on all life and the environment, and demonstrate a high moral and ethical approach to engineering tasks.

	apply the learning ability to undertake appropriate further training of a professional or academic nature

	critically evaluate arguments, assumptions, abstract concepts and data, in order to make judgements and to contribute to the solution of complex issues in a creative process

	show an appreciation of the uncertainty, ambiguity and limitations of knowledge


Additional personal requirements for all programmes at:

Master level  (+ 2 years):


The graduate should be able to:

	assume an analytical approach to work based on broad and in-depth scientific knowledge

	function in leading roles, including management roles, in companies and research organisations, and to contribute to innovation

	plan, supervise and carry out research and development projects

	explain  ideas and projects to a team of co-workers

	find a solution of particular technical and human problems arising in the working environment

	apply skills and qualities necessary for employment requiring personal responsibility and decision-making

	work in an international environment with appropriate consideration for differences in culture, language, and social and economic factors

	communicate information, ideas, problems and solutions to both specialists and non specialists

	accept accountability for related decision-making including use of supervision

	show awareness and relate to connections with other disciplines and engage in interdisciplinary work


Academic requirements for all programmes at:

Bachelor level (3 years)

General: The graduate should be able to:

	apply knowledge of mathematics, science and engineering appropriate to his discipline

	design and conduct experiments, analyse and interpret data

	identify, formulate and solve engineering problems

	recognise the interaction between engineering activities and design, fabrication, marketing, user requirements, and product destruction.

	Computer Science/Informatics : The graduate should be able to:

	use common computer tools to produce documents, make presentations, carry out calculations and simulations.

	design and maintain an Internet presentation of his work.

	carry out computer based tasks using object oriented programming and expert systems.

	use professional computer codes to prepare data, and obtain reasonable results from calculations.


Mathematics: The graduate should be able to:

	construct a mathematical model of a given problem using differential calculus.

	Apply the technique used for setting up definite integrals.

	Classify, set up for solution and solve a selection of ordinary differential equations.

	Use mathematical tools to report the results of his work

	use intelligent software tools applied to the solution of mathematical problems.

	Understand and  use the concept of sets and classes and be familiar with Boolean algebra.

	Manipulate complex numbers in Cartesian and polar form.

	Use Matrix algebra  and its application in solving systems of linear equations.

	Understand  the concepts of vectors representing lines and planes in 3-D space.

	Explain  topics like Fourier series and Laplace-transforms and their applications in problem solving.

	Apply linear transformations.

	Understand and interpret information in statistical information.

	Use statistical methods for planning, control, interpretation and decisions


Physics : The graduate should be able to:

	use the relevant laws of kinematics and dynamics to solve problems of rotational and lateral movement.

	explain harmonic oscillations, damped oscillations and forced oscillations and treat such oscillations mathematically.

	describe waves mathematically and explain the concept of wave lore

	explain the first and second law of thermodynamics and solve problems applying these laws

	explain the principles of electric and magnetic fields and apply the basic laws of electric circuits

	explain the basic priciples of quantum theory


Chemistry: The graduate should be able to:   

	display basic knowledge of general chemistry, organic and inorganic chemistry

	assess the environmental influence and use this knowledge in solving technical problems.


Environment: The graduate should be able to:
	understand the influence of technical activities or processes on the environment, and outline possible ways of reducing such influence.

	display a clear understanding of the interaction between environmental issues and technological issues and on the basis of this knowledge be able to make independent recommendations on topics of  work environment. 


Additional academic requirements for all programmes at:

Master level  (+ 2 years):


The graduate should be able to: 

	demonstrate an in-depth understanding of his subject area as part of a general engineering technology

	demonstrate in-depth knowledge and understanding of a specialised area related to his field of study

	plan, supervise and carry out research in his specialised field


Mathematics: The graduate should be able to:

	Formulate mathematically and to solve practical problems related to designing and exploitation of a real technical systems.


Computer Science/Informatics: The graduate should be able to:

	Understand the algorithms of professional codes, their limitations and requirements, to prepare the data for the code in the proper way and to analyse obtained results of calculations.


USAEE - University Studies of Agricultural Engineering in Europe; a Thematic Network


�a Thematic Network





CORE CURRICULA





GENERAL COMPETENCES & ELECTIVES





General competences: adopted from E4 – A1 activity





Learning outcome – course units beyond core curricula: depending on institution











OPTIONAL





Agricultural /Biological sciences core curricula: optional Engineering courses





Engineering core curricula: optional Engineering courses





CORE BASIS





Agricultural /Biological sciences core curricula: core basis





Engineering core curricula: 


core basis
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