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1. GENERAL INTRODUCTION
The need for competiveness of Europe’s higher education and lifelong learning
systems in a global perspective where competing economies (China, India, Korea) invest
heavily in up skilling their new generations who largely outnumber EU populations of
highly qualified engineers is essential. Against this backdrop, the Association for
Education in Electrical and Information Engineer (EAEEIE)1 has been for 20 years and
still is dedicated to supporting Electrical and Information Engineering (EIE) across
Europe. As an Association it has supported and facilitated the formation of a partner
network for four past Thematic Network projects (e.g. ELLEIEC2). These projects have
progressively developed the understanding of the EIE disciplines and produced results
that have had real benefit and are still available and referred to. This project builds on
past project outcomes and uses the Association’s member network to build a team with
strengths in the main project work areas.
The right skills for employability are a compulsory requirement which the European
education and training systems face in order to provide the learners with experience
closer to the reality of the working environment. Among the objectives related to better
education and training systems a headline target of 40% of young people completing
higher education is envisaged at the European level3. By 2020, 20% more jobs will require
higher level skills. Education needs to drive up both standards and levels of achievement
to match this demand, as well as encourage the transversal skills needed to ensure young
people are able to be entrepreneurial and adapt to the increasingly inevitable changes in
the labour market during their career.
More qualified professionals are required in management and technical (i.e. Science
Technology Engineering Mathematics), job-specific skills which are hampering Europe’s
sustainable growth objectives. It is estimated that by 2015, there will be a shortage of ICT
practitioners estimated at 384 000 to 700 000 jobs, jeopardising the sector itself but also
the ICT dissemination across all sectors of the economy4. If referring the healthcare
sector, a shortage of about 1 million professionals is expected by 2020. An additional 1
million researchers are needed to meet the ambitions of establishing an Innovation Union.
Past project activity and much ongoing activity is developing specific modules,
building our understanding of academic provision, the quality systems being followed,
and ‘tuning’ programmes to meet the needs of industry, students, academics and
graduates. A gap in this understanding is in a common understanding of how EIE can
http://www.eaeeie.org/langue/English/index-en.php
http://greenelleiec.eu/: Enhancing Lifelong Learning in Electrical and Information Engineering; Supported
by EACEA. (2008-2012).ERASMUS NETWORK; N° 142814-LLP-1-2008-FR-ERASMUS-ENW.
3 Strategic framework for European cooperation in education and training ("ET 2020"):
http://ec.europa.eu/education/lifelong-learning-policy/policy-framework_en.htm
4 Rethinking Education: Investing in skills for better socio-economic outcomes, http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2012:0669:FIN:EN:PDF
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respond to the key global technical challenges and maximizing the pool of potential
learners through the widening participation and student with specific needs agendas.
One of the main challenges addressed by the SALEIE project is ensuring that graduates
are prepared to enable Europe to respond to the current global technical challenges in the
Green Energy the Environment and Sustainability, Communications and IT, Health, and
Modern Manufacturing Systems (including Robotics), that is, a “new skills for new jobs”
approach. This will embrace conventional education, lifelong learning and training for
entrepreneurship.
The aims of the SALEIE project are to investigate and explore these challenges and to:
• Build a shared understanding of the skills and competence needs of graduates to
help European Companies respond to the current global technical challenges.
• Enhance current understanding of academic programmes and modules in terms of
technical content and level of learner achievement as a means of improving clarity
of learner skills and competence for mobility, academic progression and
employment.
Among the specific objectives of this project the work package three (WP3- Global
Challenges) aims to produce a model programme and module curricula in the current
global technical challenge subjects. The outcomes will provide European HEI's with model
curricula optimised to the technical needs of the challenges whilst retaining the valued
characteristics of Education within European Institutions.
Designing a model programme and module curricula in the current global technical
challenge subjects will require a survey of existing programmes in the key challenge
subjects. Prior designing any example of curricula in the key challenge subjects it is
necessary to identify and define what are the global technical challenges which may
challenge both the EIE teachers and learners technical knowledge, creativity, adaptability,
communication skills etc. A number of 15 Global Challenges5 which provide a framework
to assess the global and local prospects for humanity have been identified. Most of them
will require well prepared and innovative EIE teachers and graduates in order to solve
their related technical problems.
In order to compare different EIE programmes which are supposed to respond at a
certain extend to the identified key technical global challenges, a set of criteria have been
defined and clearly explained. Finally, based on an extended research over Internet and
on a base of a short questionnaire which has been discussed during workshops and
circulated between SALEIE partners, a number of relevant data related to EIE
programmes have been collected and commented within that paper.

The Millennium Project: Global futures studies&research: Global Challenges for Humanity
http://www.millennium-project.org/millennium/challeng.html [on-line reference, accessed October 28th ,
2013].
5
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2. THE KEY GLOBAL TECHNICAL CHALLENGES THAT THE
ELECTRICAL AND INFORMATION ENGINEERING GRADUATES
FACE NOWADAYS

One of the objectives of the SALEIE project, embedded within the WP3, is to enhance
the competitiveness of Electrical and Information Engineering (EIE) education within
Europe, especially in relation to modern global technical challenges. Prior designing any
example of curricula in the key challenge subjects it is necessary to identify and define
what are the global technical challenges which may challenge both the EIE teachers and
learners technical knowledge, creativity, adaptability, communication skills etc.
Among the idea of conceiving new curriculum aiming to attract and interest students
in nanoscale science, large complex systems, product development, sustainability, and
business realities there are opinions that humanities, arts, and social sciences are
essential to the creative, explorative, open-minded environment and spirit necessary to
educate the engineer of 20206. The way to integrate these aspects within new curriculum
for EIE education remains a challenge.
A number of 15 Global Challenges which provide a framework to assess the global and
local prospects for humanity have been identified7,8. Most of them will require well
prepared and innovative EIE teachers and graduates in order to solve their related
technical problems.
At this stage of the project, following workshops debates, we decided to concentrate
on following global challenges which EIE graduates may face:
1. ICT convergence challenges in education.
2. Science and technology challenges including robotics.
3. Energy challenges
4. Clean water & Sustainable development and climate change
5. Health issues
Few of these challenges are presented while the EIE graduates may face far more
challenges on the work market. It is another point which emphasizes the requirements for
a strong EIE background in graduates which have to face all these challenges. Most of
Educating engineers for 2020 and beyond; http://www.engineeringchallenges.org/cms/7126/7639.aspx
[on-line reference, accessed November 2nd, 2013].
7 Global Challenges for Humanity; http://www.millennium-project.org/millennium/challeng.html
http://www.engineeringchallenges.org/cms/7126/7639.aspx [on-line reference, accessed October 28th ,
2013].
8 Global Challenges and their impact on International Humanitarian Action, 2010, by Kirsten Gelsdorf, OCHA
Occasional Policy Briefing Series no.1;
https://docs.unocha.org/sites/dms/Documents/Global_Challenges_Policy_Brief_Jan10.pdf
6
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these challenges are per-force interlinked while analyzing them from the point of view of
EIE education requirement to face it.

2.1 ICT Convergence Challenges Face Instructors and Learners in Education

The Information and communication technologies (ICT) have become within a very
short period of time the core of the modern societies. Throughout the world many of the
developed and underdeveloped countries understand the importance of ICT and are
implementing its concepts as part of their education programs. The education sector also
recognizes the importance of ICT in supporting the educational improvement and reform
and is trying by all means to fuse the modern technologies and resources with the various
education strategies and programs. This process will provide great opportunities and
outcomes, but during its implementation will also present several challenges and
problems.
The modern educational institutions (Universities, Colleges, High Schools, Academies,
etc.) aim at providing both effective and interesting materials and subjects. This can be
achieved in several ways:
• Availability and access of the educational resources – the most common way to access
learning materials on a given topic is to search for them in the institutional library (if
such is available) or through other printed sources like books, journals, papers, etc.
With ICT and education fused together the study materials, as well as the presentation
or in general the learning materials, are also accessible through the Internet from
anywhere and anytime.
• Teaching and Learning - the learning process can be made more effective and
interesting by using ICT for teaching purposes. Some of the available technologies
include audio, video and modern presentation devices (interactive boards, projectors,
etc.).
• Assessments and Exams - online and electronic tests and exams are a way of
improving the assessment and examination process. This approach provides several
advantages for both the examiner and the student. While the student is impressed by
the modern assessment methods, the examiner has the availability to randomize the
sets of questions, to introduce questions with feedback or even small tasks (fill the
gaps, enter some output or even request several sentences of text or some sort of
commands or source codes to be entered) and by this to further enhance the
experience of the students. Additionally the automated evaluation of the exams is
much faster and more important - it is removing the human factor in the examination
process (no more allegations for favoring certain students).
• E-Learning and distance learning – Implementing ICT is a great way to provide both elearning and distance learning. Using the modern infrastructure and the available
technologies, all teaching materials can be provided under the form of electronic
presentations, video and audio files, podcasts, webcasts, guides and tutorials.
Additionally ICT makes it possible to access remotely modern onsite equipment,
which otherwise would be impossible to use. This is providing a huge set of
possibilities and is making it possible to provide state-of-the-art education to disabled
persons, convicts/prisoners or students from all around the world. Online training, econtent, MOOCs, online classroom and others methods and instruments must be used
to enhance the teacher and learner experience. A key difference between standard and
e-learning is reflected in the accreditation of online courses. There are also some
7
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technical issues regarding the broadband spread and the cost of infrastructure needed
to provide MOOCs9,10.
• Collaborative learning and how to train teachers to give positive and active
implication throughout the entire educational process and considering MOOC to be a
suitable and useful instrument for their future activities are other challenges.
Teachers must develop specific skills and aptitudes to enrich their experience in using
a virtual learning environment. In a MOOC teachers will play a role of content provider
as students are invited to participate in a social-educational manner in the teaching
process.
Despite its many advantages and possibilities there are many challenges, which hinder
the fast implementation and integration of ICT in education. When teaching in the area of
Information Technology, it is necessary to constantly update curriculum, to deal with new
challenges brought forth by students, and to modify teaching methods to accommodate
these new situations. Challenges of Information Technology Education in the 21st
Century strive to address a variety of pertinent questions surrounding the rapidly
changing area of IT education, such as: What topics are important for the 21st Century?
How does the Internet change the task of teaching? What is the role of the professor in a
world of online learning?11.
Considering the speed of the information technology development that is emphasized
throughout the literature and the need for IT instructors to constantly remain up-to-date
with it12, leads us to the following hypotheses:
• The technology studied by the IT instructors when they were in school is not the
one they must now teach.
• The course syllabus of the introductory IT courses changes every two or three
years due to the technology changes.
• The instructors primarily self-teach new technologies by using textbooks.
• The lack of time is one of the major challenges IT instructors face in their selfeducation.
The blooming development of ICT every day increases the challenges both for
instructors and learners. Based on the rapid development of the ICT technologies, the
abovementioned hypotheses and the constant need for improvement in the education, the
following key challenges can be identified:
• Language Diversity and Content – The English language is the most widely used
language in the Internet. Additionally approximately 80% of the content in the
WWWis in English13. All of the largest software and hardware companies are

Rhoads, R.A.; Berdan, J.; Toven-Lindsey, B., 2013. The Open Courseware Movement in Higher Education:
Unmasking, Power and Raising Questions about the Movement’s Democratic Potential. In Educational
Theory, vol. 63, no. 1, Pag. 87-109.
10 Clara, M.; Barbera, E., 2013. Learning online: massive open online courses (MOOCs), connectivism, and
cultural psychology. In Distance Education, vol. 34, no. 1, Pag. 129-136
11 Cohen, E. 2002. Challenges of Information Technology Education in the 21st Century, IGI Global, 2002. 1290. Web. 12 Dec. 2012. doi:10.4018/978-1-930708-34-1.
http://www.igi-global.com/book/challenges-information-technology-education-21st/150; [on-line
reference, accessed March 15th , 2013].
12 Ružić-Dimitrijević, L., Dimitrijević, M. 2010. Challenges IT Instructors Face in the Self-Education Process.
Journal of Information Technology Education, vol9, 2010
http://www.informingscience.us/icarus/journals/jiteresearch/publications ; [on-line reference, accessed
March 15th , 2013].
13 Anzalone, S., 2001. ICTs to Support Learning in Classrooms in SEAMEO Countries: At What Costs?, Paper
prepared for SEAMEO conference in Bangkok, March, 2001.
9
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•

•

•

producing their products with mainly or only in English guides, tutorials and help
sections, etc.
Educators with proficient skills – Probably the worst case scenario is to have the most
modern ICT equipment installed, but no one to work with it. The process of ICT
integration in the education involves not only the purchase and installment of the best
equipment, but also “educating the educators” in how to use this equipment for the
teaching purposes. Before presenting the topics to the students the teachers must
know how and when to use ICT tools to achieve particular purposes.
Management of the integration process – Having the transition from one educational
approach to another is difficult both for the students and the teachers. On many
occasions the students will question and argue about the change in the educational
approach, often pointing only the advantages of the old systems and the disadvantages
of the new ones. The teachers will not accept the change very easily as well and will
question the need to rework the lectures and the exercises on a given subject for the
needs of the newly integrated ICT systems. Additionally the vast majority of teachers
are not proficient users of the new technologies, especially computer and
telecommunications technology, so having them to implement ICT will be very
difficult or even impossible.

Figure 2.1 - ICT services without technological convergence

Leadership issues - Integrating ICT in education requires a wide range of support, thus
a strong leader with the necessary skills is required to gain it. Proper leadership is
necessary before, during and after the process of ICT implementation or integration.
Before the project is initiated, the leader must properly explain the model, the concept
and the benefits of the ICT integration. During the integration process the leader
needs to manage the changes and to protect the idea of the ICT integration in crucial
or controversial moments. After the ICT integration process the leader is needed for
providing consultations about the adaptability and flexibility of the integrated system
and for providing ideas for even further widening and evolvement of the ICT system.
9
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•

Underdeveloped or missing ICT Infrastructure – The main challenge for implementing
ICT in the education is the availability of information and communication
infrastructure. The main requirements are - appropriate rooms and storage facilities,
computers or workstations, Internet access, electricity, telephony, etc. Despite the fact
that we are living in the 21st century there are still large populated areas without
supply of electricity or any telecommunication access or infrastructure. A different set
of challenges is the underlying ICT infrastructure (if any) and its condition (see Fig. 2.1
and Fig. 2.2).
Many educational institutions have moved slowly, compared to other, to the newly
emerging technologies and thus are providing some sort of ICT education services, but by
the means of old fashioned and now unsupported or obsolete technologies.

Figure 2.2 - ICT services after technological convergence

Technological convergence if appropriately managed and implemented can play an
important role in national economic, social and educational development for every
country. Several factors are driving the convergence of Information technologies (IT) and
Communication technologies (CT) and consequently, contributing to the integration and
transformation of the technologies for educational purposes14. After years of evolution,
Internet services, telecommunications value-added services, and even media services are
converging for both consumers and industry (see Fig. 2.2).
Beyond the purely physical convergence of technologies into common transmission
networks and all purpose end user devices, the services in the modern networks are also
moving from the high speed optical networks and the modern wireless networks to the
cloud. Industries, consumers and education institutions can utilize those services through
a variety of integrated smart devices. Some of the classes of the modern converged
technologies can be summed up as:
14

Dutta, S., Bilbao-Osorio, 2012. The Global Information Technology Report 2012, 2012 World Economic
Forum.
http://www3.weforum.org/docs/Global_IT_Report_2012.pdf

10

Report on existing programmes orientated to key challenge areas

•

Cloud technologies: Internet services, broadcast services, telecommunications
value-added services
• Pipe technologies: Traditional telecommunications network, Internet data
communication network, cable network
• Device technologies: Personal electronic devices, telecommunications premise,
home entertainment boxes
Dynamic connections of ICT services are shown on Fig.2.3.

Figure 2.3 - Dynamic connections of ICT services6

Although convergence presents many challenges to IT and CT, ICT convergence will
strengthen both industries by accelerating the development of cloud computing services,
and thus having a huge impact on the education methods and processes. As a
groundbreaking business model and an innovative technology, cloud computing is
becoming a powerful catalyst in the restructuring and integration of IT and CT.
Traditional IT and CT once tried to integrate with the Internet, but without the uniform
standards that are required to enable cloud computing, the integration provided limited
results. However, the current integration of the Internet with IT and CT is transforming
both industries and enabling the development of next-generation technologies and is
providing the possibility to implement these technologies for educational purposes.
If referring the Internet services and going deeper the challenges and requirements it
can be refined as15:
1. Increasing the Internet's capacity
a. More addresses – The number of connected users, computers, mobile
devices, objects, sensors, etc. is growing. All these users and devices need an
Internet address. The current naming system (Internet Protocol version 4,
IPv4) will soon run out of unique addresses. IPv6 can offer a virtually
unlimited amount of addresses.
b. More storage and transport capacity – In the past, text was the main means
of communication on the Internet. Now that people have become content
providers, they share more photos, music and videos, which require much
more storage space and transport capacity. In the future, the amount of
content is expected to grow tremendously, partly because more will be
produced and shared, and partly because higher resolutions will be
required for a better (3D) experience.
15

Digital agenda for Europe: http://ec.europa.eu/digital-agenda/
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c. Making technology compatible – The future Internet should ensure that
technological standards are harmonised across the EU so that devices and
services are compatible (interoperable) and available at lower cost.
2. Making the Internet more user-friendly
a. Better search tools – More connected content, services and objects means
finding what you look for becomes more difficult. Currently, 95% of existing
content is not taken into account by search engines such as Google, Yahoo
or others. This is the case for much of the user-generated content. These
issues must be further addressed if we want to find our way through the
future Internet.
b. From data to knowledge – RFID tagging can help to find out about the origin
of food, drugs and valuable objects, check dates of production and transport
and hence assess their quality. However, this implies that the vast amounts
of tag data must be communicated, analysed, interpreted and combined into
useful information that consumers and business can use to make decisions.
c. Deploy the Internet of Services – Internet applications which people
traditionally use are developed by software programmers. But how can we
make sure they fully meet users’ expectations? Just as users can generate
their own content, the Future Internet should enable them, through a
couple of mouse clicks, to create their own tailor-made services.
d. Internet for all – Everyone who so wishes should have access to the Internet
and understand how to use it, regardless of age, sex, wealth, region and
impairments.
3. Making the Internet safe and trustworthy
People are concerned about hacking, phishing and other cybercrimes, as well as
concentration of power affecting our privacy. Online services require secure networks
that businesses, consumers and citizens can trust. In addition, particular attention should
be given to the safety of children who surf the web.

2.2. Science and technology (S&T) challenges including robotics.

Science and technology are now progressing so fast that forces us to move faster in
order to adapt to one set of breakthroughs before the next comes along, and the rate at
“progress” is being made is accelerating. It has been suggested that per-force interlinked
with this there are three factors, of coupling, communication and control, which are
leading to challenges and opportunities never before experienced in human history16. The
EU has set five ambitious objectives: on employment, innovation, education, social
inclusion and climate/energy, to be reached by 202017. Expected results are expressed as:
1. ensuring 75% employment of 20–64-year-olds;
2. getting 3% of the EU’s GDP invested into research and development;
3. limiting greenhouse gas emissions by 20 % or even 30% compared to 1990 levels,
creating 20% of our energy needs from renewables and increasing our energy efficiency
by 20%;
Science and Technology Innovation – looking to the future: http://2020science.org/2009/12/09/scienceand-technology-innovation-looking-to-the-future/#ixzz2QVpRj5l5; [on-line reference, accessed April 10th
2013].
17 Europe 2020: http://ec.europa.eu/europe2020/index_en.htm; [on-line reference, accessed April 15th
2013].
16
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4. reducing school dropout rates to below 10%, with at least 40% of 30–34-year-olds
completing tertiary education;
5. ensuring 20 million fewer people are at risk of poverty or social exclusion.
Identifying the S&T global challenges and proposing solutions related to improved EIE
education curricula have the potential to help reaching the above mentioned objectives.
2.2.1 Robotics

Robotics research and its application in real-world scenarios made a tremendous
progress over the last decades and came up with new solutions to automation and
autonomous systems. Robots developed from being pure positioning machines, whose
purpose was to automate production processes, to full-scale humanoids, interactive
teleoperated systems, or unmanned driving and flying systems. Robotics is a key
transformative technology that can revolutionize manufacturing which is essential to the
future of economic growth, the creation of new jobs and ensuring competitiveness.
Technology areas that arise from the critical capabilities required to impact robotics
application domains opens a broad front for research and development (see figure 2.4).
For example in ten year time18 the research has to find solutions to respond to critical
capabilities related to:
- Adaptable and reconfigurable assembly: less than one hour performance to set
up, configure and program basic assembly line operations for new products
with a specified industrial robot arm, tooling and auxiliary material handling.
- Autonomous navigation: autonomous vehicles will be able of driving in any
environment in which humans can drive and their driving skill will be
indistinguishable from humans.

Figure 2.4 – Technology areas that arise from the critical capabilities targeting robotic
application domains will trigger research

From Internet to Robotics; www.us-robotics.us/reports/CCC%20Report.pdf, [on-line reference,
accessed April 15th 2013].
18
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-

-

Green manufacturing: the manufacturing process will recycle 75% of raw
materials, reuse 90% of the equipment, and use only 10% of the energy used in
2010 for the same process9.
Human-like robot hand: the robots will perform whole-hand grasp acquisition
and dexterous manipulation of objects in the same environment with the
human workers.
Nano-manufacturing: nano-manufacturing for nano-robots for drug delivery,
therapeutics and diagnostics.
Sensing unstructured environment: perception for truly one-of-a-kind
manufacturing including customized assistive devices, personalized furniture,
specialized surface and underwater vessels, and spacecrafts for planetary
exploration and colonization.
Domestic robots: intelligent robots that can detect and respond to human
gestures.
Health care robots: robots that can implement therapy exercises not possible
by a human therapist19.

Key challenges in medical and health care robotics:
- Robots for surgery and intervention: i.e. Magnetic Resonance Imagingcompatible teleoperated robot to remove the cancerous tissues;
- Brain-computer interfaces able to control neuroprostheses;
- Rehabilitation robots: the robotic device applies precisely the necessary forces
to help the patient make appropriate limb movements.
- Robot-based behavioral therapy: robot works with a child with
neurodevelopmental disorders to provide personalized training for
communication and social integration in the home.
- Specifically designed robots: Personalized robots are given to the elderly and
physically and/or cognitively disabled (e.g., Alzheimers/ dementia, traumatic
brain injury).
- Robots to promote wellness and health: personalized systems that monitor,
encourage and motivate desirable health habits, including proper diet,
exercises, health checkups, relaxation, active connection and social interaction
with family and friends.
There are also a number of key challenges in so-called service robotics. Service
robotics may consists in robotics systems that assist people in their daily lives at work
and/or in their houses or the one referred as professional service robotics targeting the
agriculture, emergency response, pipelines and the national infrastructure, forestry,
transportation, professional cleaning, etc.. The key challenges in service robotics are
related to the service robotics application and systems design as well as to robots action,
cognition, planning, and other elements of robotic intelligence including human robot
interaction. These key challenges in service robotics can be summarized as follow:
- Mobility challenges: e.g. outdoor 3D navigation, navigation in crowds10;
- Manipulation in unstructured environments: grasping and autonomous
manipulation, novel robotic hands, tactile sensing;
PROFILE- Healthy robots http://www.publicservice.co.uk/article.asp?publication=European Science and
Technology&id=554&content_name=Research&article=18947 [on-line reference, accessed April 15th 2013].
19
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Motion planning: robust dynamic 3D path planning; robot’s ability to
autonomously combine, interleave, and integrate the planning of actions with
appropriate sensing and modeling of the environment (robot awareness20);
feedback planning and the integration of control and planning.
- Environment sensing: dense 3D range sensing; skin-like tactile sensors for
robotic hands; high-level object modeling, detection, and recognition, in
improved scene understanding, and in the improved ability to detect activities
and intent;
- Intelligent behavior: integrate specific skills from mobility, manipulation,
planning, and perception to achieve safe, robust, task-directed behavior.
- Human-robot interaction: modes of communication (e.g. facial expression
recognition); intuitive user interfaces.
Robotics represent a challenge for education too while its teaching may require some
expensive equipment, up-to-date and well trained professionals in different areas.
Robotics provides students with a tactile and integrated means to investigate basic
concepts in math, physics and computer science, while enabling teachers at the same time
to introduce concepts about design, innovation, problem solving, and teamwork.
-

2.2.2 Technology challenges for fusion power
Over the next 50 years the global demand for energy may double, as large developing
nations consume more and more energy for their growing economies. At the same time,
reserves of fossil fuels are likely to become scarcer, while their use will be restricted to
avoid severe climate change. The world needs new large-scale sustainable energy sources
for its base load supply of electricity. Fusion could be one possible source of safe,
sustainable and abundant energy. However, fusion is technically very challenging. Such is
the challenge and opportunity for fusion that the major world political powers have
decided to work together to make fusion energy a reality. ITER21 aims to tackle this global
issue.
Major technology projects22 include the development of key components such as:
- superconducting magnetic field coils (e.g. the superconducting magnetic field coils
present a fabrication challenge as current superconducting alloy materials (such as
the niobium/tin alloy Nb3Sn) are brittle. A single toroidal magnetic field coil may
weigh a few hundred tonnes and involve several kilometres of ceramic alloy
strands.);
- vacuum vessel: Large-scale vacuum systems are needed to ensure ultra-high
vacuum in the large reactor vessels that will be used in commercial fusion power
stations, and to also maintain the vacuum necessary in the cryogenic system
(cryostat) surrounding the superconducting magnetic field coils;
- breeder blanket and shielding; The blanket represents a critical technology to
enable fusion power. It is the medium that transforms the huge energy released by
Robot Demonstrates Self-Awareness; http://inventorspot.com/robot_demonstrates_self_awareness; [online reference, accessed April 15th 2013].
21 ITER: international research to tackle a global issue:
http://ec.europa.eu/research/energy/euratom/index_en.cfm?pg=fusion&section=iter [on-line reference,
accessed August 15th 2013]
22 http://ec.europa.eu/research/energy/euratom/index_en.cfm?pg=fusion&section=technologicalchallenges
20
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-

fusion into a form that can be used. It also helps generate fusion fuel in situ and
shield other system components, such as the magnetic field coils, from damage
caused by neutron radiation.
heating systems, fuel cycle, and diagnostics.

2.2.3 Space Technology Grand Challenges
The Space Technology Grand Challenges 23 are an open call for cutting-edge
technological solutions that solve important space-related problems, radically improve
existing capabilities or deliver new space capabilities altogether. The challenges are
centered on three key themes:
- Expand human presence in space,
- Manage in-space resources, and
- Enable transformational space exploration and scientific discovery.
As it concerns the technological challenges these can be expressed as follow:
- Telepresence in space: create seamless user-friendly virtual telepresence
environments allowing people to have real time, remote interactive
participation in space research and exploration;
- Space colonization: create self-sustaining and reliable human environments
and habitats that enable the permanent colonization of space and other
planetary surfaces;
- Space power systems: provide abundant, reliable and affordable energy
generation, storage and distribution for space exploration and scientific
discovery;
- Space way station: develop pre-stationed and in-situ resource capabilities,
along with in-space manufacturing, storage and repair to replenish the
resources for sustaining life and mobility in space;
- Space debris hazard mitigation: Given the prevalence of feasible
Micrometeoroid and Orbital Debris (MMOD) in low earth orbit, there is a
possibility of MMOD collision or interference with a range of national and
international operating assets as well as a serious threat to in space personnel.
Mitigation is difficult and requires solutions that are practical, yet technically
and economically;
- Near-Earth objects detection and avoidance: Develop capabilities to detect and
mitigate the risk of space objects that pose a catastrophic threat to Earth.
2.2.4 Fuel Cell Technology Challenges
Cost and durability are the major challenges to fuel cell commercialization. However,
hurdles vary according to the application in which the technology is employed. Size,
weight, and thermal and water management are barriers to the commercialization of fuel
cell technology. In transportation applications, these technologies face more stringent
cost and durability hurdles. In stationary power applications, where cogeneration of heat
23

http://www.nasa.gov/pdf/503466main_space_tech_grand_challenges_12_02_10.pdf
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and power is desired, use of Polymer Electrolyte Membrane (PEM) fuel cells would
benefit from raising operating temperatures to increase performance. The key
challenges24 include:
Cost. The cost of fuel cell power systems must be reduced before they can be
competitive with conventional technologies. An automotive fuel cell system cost of
$30/kW would make the technology more favorable compared to internalcombustion engine power plants. For stationary systems, the acceptable price
point is considerably higher, in the $1,000–$1,700/kW range depending on power
output, for widespread commercialization25.
Durability and Reliability. The durability of fuel cell systems has not been
established. For transportation applications, fuel cell power systems will be
required to achieve the same level of durability and reliability of current
automotive engines [i.e., 5,000-hour lifespan (150,000 miles)] and the ability to
function over the full range of vehicle operating conditions (40°C to 80°C). For
stationary applications, more than 40,000 hours of reliable operation in a
temperature at -35°C to 40°C will be required for market acceptance.
System Size. The size and weight of current fuel cell systems must be further
reduced to meet the packaging requirements for automobiles. This applies not
only to the fuel cell stack, but also to the ancillary components and major
subsystems (i.e., fuel processor, compressor/expander, and sensors) making up
the balance of power system.
Air, Thermal, and Water Management. Air management for fuel cell systems is a
challenge because today's compressor technologies are not suitable for automotive
fuel cell applications. In addition, thermal and water management for fuel cells are
issues because the small difference between the operating and ambient
temperatures necessitates large heat exchangers.
Improved Heat Recovery Systems. The low operating temperature of PEM fuel cells
limits the amount of heat that can be effectively utilized in combined heat and
power applications. Technologies need to be developed that will allow higher
operating temperatures and/or more-effective heat recovery systems and
improved system designs that will enable combined heat and power efficiencies
exceeding 80%.

2.3. Energy challenges

Population and economic growth are the main drivers of global energy demand. The
world’s population26 is projected to increase by 1.3 billion from 2011 to 2030, with real
income likely to double over the same period. These factors will lead to increased energy
demand and consumption. Energy and climate policies, efficiency gains and a long-term
structural shift in fast-growing economies away from industry and towards less energyintensive activities will help to restrain any increase, but the overall trend is likely to be
one of strong growth. It is expected that the world energy consumption will grow by 56%
between 2010 and 204027.
Energy for All a myth or reality: The Energy crisis raises itself in front of us for this
https://www1.eere.energy.gov/hydrogenandfuelcells/fuelcells/fc_challenges.html
https://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/sa_fc_system_cost_analysis_2012.pdf
26 http://www.worldometers.info/world-population/
27 http://www.eia.gov/todayinenergy/detail.cfm?id=12251
24
25
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first half of the 21th century and may have impact on the mobility and house heating of
the individuals and the goods. In a context of necessary conservation of the resources,
some new paths are followed as for example in the case of transportation where it starts
to be to use energy storage systems within the framework of electric hybrid as substitute
of conventional fuels.
A resource appoints the present quantity of product in a space given without
considering its possible extraction or not. By opposition, a reserve makes reference to the
recoverable portion of this resource in the economic and technical conditions of the
present moment. Any conversion of the status of resource with reserve depends on the
evolution of the technique and on the associate cost conditions. Besides that a source of
energy cannot be considered as such as if the use of the extracted product generates more
energy than its extraction and its conditioning that it is required. The product must be
considered as an energy vector (case of the hydrogen), the oil is a good source of energy
but in the future he could be degraded at the stage of energy vector since his extraction
would become unprofitable.

Figure 2.5 Components of total world crude oil production28

As shown in the figure 2.5, the question of the proved reserve of oil is a sensitive
subject, the world situation of oil supplies is regularly the object of official publications
but it should be reminded that the figures which appear are there, for the main part, those
communicated by the producing states, with the margin error and missing information
which it contains. The real signal of the reduction of the resource will be better founded
among other indicator (the price, the annual production, the level of the reserve
capacities, the operating cost of fields put in production).
Key numbers in Energy practice for all European countries: a good point to
understand Education and industrial objectives at national level: The statistics of the
energy are the object of meticulous analysis because of their strategic importance today to
reach a competitive and sustainable growth. These last years, the European Union was
confronted with several major energy problems which propelled the energy in the front row
European and national political timetables and for which the statistics of the energy supplied
Transport energy futures : long-term oil supply trends and projections. Rapport technique 117, Bureau of
Infrastructure, Transport and Regional Economics (BITRE), 2009.
http://www.manicore.com/fichiers/Australian_Govt_Oil_supply_trends.pdf
28
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essential information to the stakeolders: volatility of oil prices, interruptions of the energy
supply from country except EU, general breakdowns deteriorated(aggravated) by the
ineffectiveness of the connections between the national electricity networks and the difficulties
which meet the suppliers to enter on the markets of the gas and some electricity.
Table 2.1: Share in % of renewable energy in gross final energy consumption (extracted from
the European Eurostat29 body)
geo\time
2004
2005
2006
2007
2008
2009
2010
TARGET
EU (27
countries)
8,1
8,5
9
9,9
10,5
11,7
12,5
20
Belgium
1,9
2,3
2,6
2,9
3,3
4,5
5,1
13
Bulgaria
9,6
9,5
9,6
9,3
9,8
11,9
13,8
16
Czech Republic
6,1
6,1
6,5
7,4
7,6
8,5
9,2
13
Denmark
15,1
16,2
16,5
18
18,8
20,2
22,2
30
Germany
5,1
5,9
6,9
9
9,1
9,5
11
18
Estonia
18,4
17,5
16,1
17,1
18,9
23
24,3
25
Ireland
2,2
2,7
2,9
3,3
3,9
5,1
5,5
16
Greece
6,9
7
7
8,1
8
8,1
9,2
18
Spain
8,2
8,3
9
9,5
10,6
12,8
13,8
20
France
9,3
9,5
9,6
10,2
11,3
12,3
12,9
23
Italy
5,3
5,3
5,8
5,7
7,1
8,9
10,1
17
Cyprus
2,4
2,4
2,5
3,1
4,1
4,6
4,8
13
Latvia
32,8
32,3
31,1
29,6
29,8
34,3
32,6
40
Lithuania
17,1
16,9
16,9
16,6
17,9
20
19,7
23
Luxembourg
0,9
1,4
1,4
2,7
2,8
2,8
2,8
11
Hungary
4,4
4,5
5,1
5,9
6,6
8,1
8,7
13
Malta
0,1
0,1
0,2
0,2
0,2
0,2
0,4
10
Netherlands
1,9
2,3
2,7
3,1
3,4
4,1
3,8
14
Austria
22,9
25
26,6
28,9
29,2
31
30,1
34
Poland
7
7
7
7
7,9
8,9
9,4
15
Portugal
19,2
19,6
20,8
22
23
24,6
24,6
31
Romania
16,8
17,6
17,1
18,3
20,3
22,4
23,4
24
Slovenia
16,2
16
15,5
15,6
15,1
18,9
19,8
25
Slovakia
6,1
6,2
6,6
8,2
8,4
10,4
9,8
14
Finland
29,1
28,7
29,9
29,5
31,1
31,1
32,2
38
Sweden
38,7
40,6
42,7
44,2
45,2
48,1
47,9
49
United Kingdom
1,1
1,3
1,5
1,8
2,3
2,9
3,2
15
Norway
58,4
60,1
60,6
60,5
62
65,1
61,1
67,5
Croatia
15,2
14,1
13,8
12,4
12,2
13,2
14,6
20

Based on the table 2.1 it is obvious that many countries are aiming to further
develop their renewable energy production facilities in order to increase its percent in
gross final energy consumption. Some of them settled ambitious objectives to use more
than/about 50% of renewable energy in the total of estimated energy consumption (e.g.
Norway: 67.5%, Sweden: 49%).
Alternative energy generally falls into two categories:
• Substitutes for existing petroleum liquids (ethanol, biodiesel, biobutanol,
dimethyl ether, coal-toliquids, tar sands, oil shale), both from biomass and
29

http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home/
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fossil feedstocks.
• Alternatives for the generation of electric power, including power-storage
technologies (wind, solar photovoltaics, solar thermal, tidal, biomass, fuel
cells, batteries).
Alternative energy faces the challenge of how to supplant a fossil-fuel-based
supply chain with one driven by alternative energy forms themselves in order to break
their reliance on a fossil-fuel foundation. Any of above mentioned categories offers
challenges to EIE learners in terms of technology, infrastructure, energy transportation etc.
The entire EU-25 electricity is the third largest source of energy available to the
final consumer with 20% of the total energy. In the residential specific uses of electricity
(lighting, brown goods, small appliances, refrigeration and washing) are the largest single
consumer of electricity to the heating and hot water production. In the tertiary specific
uses of electricity (lighting, air conditioning in particular) represent the largest single
consumer of electricity for heating and hot water production. We may refine some of
these challenges:
• High voltage and smart grid (power system): Infrastructure challenger:
Electricity is an intermediate vector, demanding and often essential
transportation, distribution and end use of energy. Its large and growing
economic importance and potential detectable progress at all levels, from
production to its use justify a major research program is dedicated to him.
Research relating to vector electricity should in particular contribute to make it
efficient and accessible distributed generation of electricity from renewable
primary energy sources, ensuring the final consumer electricity at low energy
and environmental cost in terms of availability and best quality, significantly
improve the efficiency and environmental and economic assessment of
conversion devices (power electronics and electromechanical in particular),
and to make possible the substitution of electricity for other energy solutions
wherever energy or environmental gain warrants. Among the major areas for
further key points include, for example, the functional properties of materials,
the design of devices with high conversion efficiency, compact, able to maintain
voltage levels and various current and environments, optimization of
architectures (electric or multi-energy), control and optimal energy
management, life cycle analysis, dependability and control of pollution.
• Embedded Energy for transportation: In transportation applications where
electricity is not available for the final energy consumption (road, air and sea),
a growing number of electrical equipment are installed to perform new
functions, comfort, especially or replacing other technological solutions (e.g.
operation or propulsion). The “more electric” is the technological evolution
that involves replacing hydraulic and/or pneumatic with electric actuators (e.g.
more electric aircraft). This approach provides a gain of on-board mass and
therefore a significant reduction in primary energy consumption. New traction
architecture (e.g. hybrid electric) starts to be proposed with conventional
thermal engines. Lithium-ion batteries equip these innovative vehicles. The
sustainability of these batteries is a major issue but depends on many
environmental external parameters.
• Increasing fuel consumption worldwide and concerns on energy security,
sustainability, and climate change are the main drivers for the development of
biofuels. Synthetic biology can be used to engineer recombinant
microorganisms capable of efﬁciently converting renewable plant biomass to
20
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biofuels such as long-chain alcohols, alkanes, and biodiesel and jet fuels. The
key challenges in synthetic biology exist on two main levels30. One is the
modularization and standardization of biological parts, while the other is the
integration of these biological parts into devices with desired functions.
Modularization and standardization of biological parts are analogous to
modularization and standardization of electronic parts such as inverters,
switches, counters, and amplifiers. By doing so, any part can be easily
combined with others and reused in genetic devices. Many experimental and
computational tools have to be developed to address these challenges.

2.4. Clean water & Sustainable development and climate change

Alongside clean energy came clean water, which was in seriously short supply in
many regions of the world. New technologies for desalinating sea water may be helpful,
but small-scale technologies for local water purification may be even more effective for
personal needs.
Currently, the vast majority of this energy is produced from non-renewable, fossil
fuel resources. With the world's supply of fossil fuel dwindling, demand for fossil fuel
rising, concerns for energy supply security increasing (both for general supply and
specific needs of facilities), and the impact of greenhouse gases on the world's climate
rising, it is essential to find ways to reduce load, increase efficiency, and utilize renewable
fuel resources in facilities of all types.
During the facility design and development process, technical challenges31 in
building projects will address their comprehensive and integrated perspective that seeks
to:
1. Reduce heating, cooling, and lighting loads through climate-responsive design and
conservation practices;
2. Employ
renewable energy sources such as daylighting, passive solar
heating, photovoltaics, geothermal, and groundwater cooling;
3. Specify efficient heating, ventilating, and air-conditioning (HVAC) and lighting
systems that consider part-load conditions and utility interface requirements;
4. Optimize building performance by employing energy modeling programs and
optimize system control strategies by using occupancy sensors CO2 sensors and
other air quality alarms;
5. Monitor project performance through a policy of commissioning, metering, annual
reporting, and periodic re-commissioning; and
6. Integrate water saving technologies to reduce the energy burden of providing
potable water.
Main topics on ‘Sustainable development and climate change’ that the EIE graduates
may face different technical challenges might be related to:
• Design for energy optimization
• Using optimized energy mode and energy storage
Luo, Y., et al., Challenges and opportunities in synthetic biology for chemical engineers. Chem. Eng. Sci.
(2012), http://dx.doi.org/10.1016/j.ces.2012.06.013.
31 Optimize Energy Use. http://www.wbdg.org/design/minimize_consumption.php [online reference;
accessed on July 25th 2013].
30
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•
•
•
•
•
•
•
•
•

Life Cycle Assessment for electrical and electronic products.
Databases for “green technologies”
Cloud computing, web services, security in electrical systems
Development of new “green” components
Design with components and technologies with focus on sustainability
Sensor technology
Monitoring and data processing
Wireless communication giving easy access all over the world
Recycling, Cradle to Cradle (C2C) or regenerative design

2.5.Health issues
There are two basic directions in medicine: diagnostic and therapy. Both area are
connected with application of different technologies of engineering. Therefore the
engineering education on health issues is one interdisciplinary education.

2.5.1 Medical Systems for diagnostic.
Now, often the medical diagnostic systems use last information technologies for
collecting, treatment and transfer of medical information. This is the reason for
development telemedicine as new area in medicine and engineering. Telemedicine is
most commonly associated with a "long-distance" surgery in macro or micro dimensions.
An example is a doctor operating on a patient who is in space or on a submarine, while he
himself is in a telemedicine center found thousands of kilometers away. The basis for
telemedicine is the technological progress that we are observing in the last decade.
Therefore, there is a need for cooperation between doctors and engineers in the fields of
research, education and in offering medical services. Interdisciplinary character of
telemedicine requires cooperation especially between medical and technical universities.
Telehealth applications are increasingly important in many areas of health
education and training. In addition, they will play a vital role in biomedical research and
research training by facilitating remote collaborations and providing access to
expensive/remote instrumentation. In order to fulfill their true potential to leverage
education, training, and research activities, innovations in telehealth applications should
be fostered across a range of technology fronts, including online, on-demand
computational models for simulation; simplified interfaces for software and hardware;
software frameworks for simulations; portable telepresence systems; artificial
intelligence applications to be applied when simulated human patients are not options;
and the development of more simulator applications. Teleheath applications are
increasingly important for graduate and postgraduate education in the health professions,
professional certification and recertification, continuing medical education, and health
education for consumers and patients. Realizing telehealth's broad potential, for example,
in telelearning, telementoring, telesurgical planning environments, telerobotic surgery,
and teleconsultation, will allow forward-looking institutions to teach anything, anytime,
anywhere with the same quality of curriculum and mentorship as delivered in traditional
classroom settings, focusing on competence mastery rather than information mastery. In
addition, telehealth applications will play a vital role in the conduct of biomedical
research and research training by facilitating remote collaborations and providing remote
22
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access to expensive instrumentation that is not widely available otherwise. Telehealth
applications have the potential of greatly improving training, education, and research. Key
innovations will emerge from research and development in specific areas, and by the
integration of technologies already in use for other purposes. NIH may play a lead role in
facilitating telehealth innovation by establishing specific research initiatives, setting up
collaboration/demonstration centers, collaborating with professional societies, and
facilitating access to adequate cyber-infrastructure. These efforts will enhance training,
education, and research activities across the nation. The transportation and processing of
medical signals is a very actual area of scientific research in the last time. The main
requirement for the design and operation of systems for telemedicine is to ensure the
accuracy of medical information in the highest degree. This implies a reliable protection
of transmitted medical information from the impact of external interference. The dangers
come not only from the known effects of influence of noise on medical diagnostic signals,
but also from so-called cyber crime. Therefore, the protection of medical information
must be complex.

2.5.2. Medical systems for therapy.
There are many methods for therapy in medicine. One of them is connected with
application of different physical factors on the human body. The development of these
methods is on the base of collaboration between medicine and engineering. These
methods are subject of Physiotherapy.
Physical therapy (or physiotherapy), is a health care profession primarily
concerned with the remediation of impairments and disabilities and the promotion of
mobility, functional ability, quality of life and movement potential through examination,
evaluation, diagnosis and physical intervention carried out by physical therapists (known
as physiotherapists in most countries) and physical therapist assistants (known as
physical rehabilitation therapists or physiotherapy assistants in some countries). In
addition to clinical practice, other activities encompassed in the physical therapy
profession include research, education, consultation, and administration.

2.5.3. Key challenges in health issues:
- Sensors for collecting of medical data and parameters of physiological
processes in alive tissues.
- Development of information systems (hardware and software) for medical
diagnostic.
- Computing of diagnostic systems for collecting treatment and transfer of ECG
and/or EEG-signals, magnetic resonance’s images, ultrasound’s images X-ray’s
images etc.
- Investigation on influence of electromagnetic field on the human body in a
large frequency band
- Investigation on influence of ultrasound on the human body
- Investigation of influence of X-ray and nuclear processes on the human body
- Investigation on influence of laser on the human body
- Investigation on influence of noises on the human body in a large frequency
band
- Investigation on influence of mechanical waves on the human body
- Development of methods for protection of human body in the case of different
external influences.
23
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-

Development of methods for design of systems for physiotherapy using
influence of electromagnetic field, ultrasound, laser, nuclear processes,
mechanical waves on the human body.
Development of methods for design of hardware for
local and global
communication systems for telemedicine
Development of methods for design of software for
local and global
communication systems for telemedicine
Development of different communication environment for transfer of medical
information as wireless systems, cable systems, GSM-systems, Internet,
satellite systems etc.
Investigation on compatibility of different communication systems in a global
system for telemedicine.
Investigation and development of interactive medical systems for permanent
observation at home of people with health problems;
Computer systems for save and protection of medical information
Protection of medical information in the cases of cyber crime
Computer restoration of medical diagnostic signals carried in different
communication environment in the case of interference of because of physical
overlay of noise from external sources
Robots to promote wellness and health: personalized systems that monitor,
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3.TOP-LEVEL CRITERIA FOR CURRICULA
The right skills for employability are a compulsory requirement which the European
education and training systems face in order to provide the learners with experience
closer to the reality of the working environment. Among the objectives related to better
education and training systems a headline target of 40% of young people completing
higher education is envisaged at the European level32. By 2020, 20% more jobs will
require higher level skills. Education needs to drive up both standards and levels of
achievement to match this demand, as well as encourage the transversal skills needed to
ensure young people are able to be entrepreneurial and adapt to the increasingly
inevitable changes in the labour market during their career.
More qualified professionals are required in management and technical (i.e. Science
Technology Engineering Mathematics), job-specific skills which are hampering Europe’s
sustainable growth objectives. It is estimated that by 2015, there will be a shortage of ICT
practitioners estimated at 384 000 to 700 000 jobs, jeopardising the sector itself but also
the ICT dissemination across all sectors of the economy33. If referring the healthcare
sector, a shortage of about 1 million professionals is expected by 2020. An additional 1
million researchers are needed to meet the ambitions of establishing an Innovation Union.
Most of the global challenges34 that Europe face nowadays requires better Electrical
and Information Engineering (EIE) education as the enabler of Europe’s industrial
competitiveness. EIE higher education tested model curricula, which is one of the
expected outcomes of the proposed SALEIE project, may better respond to the key
current global technical challenges (i.e. green energy, the environment and sustainability;
communications and IT; health; and modern manufacturing systems) it faces. A
foundation of this project is to seek out best practices, share them and develop models of
effective systems within EIE education across Europe.
Different existing programmes in the key challenge subjects will be analysed and a
survey will collect the findings. In order to compare these programmes a set of criteria
have to be defined and clearly explained. Of course, most of these criteria are per-force
interlinked and some could even be mutually dependent but they form a start point in
proposing better curricula in the key challenge subjects.
The identified top level criteria for curricula are enlisted bellow.
Sector/academic relevance
Evaluation of what would be the extend that a curriculum respond to the labor market
needs and how targeted it is.
Strategic framework for European cooperation in education and training ("ET 2020"):
http://ec.europa.eu/education/lifelong-learning-policy/policy-framework_en.htm
33 Rethinking Education: Investing in skills for better socio-economic outcomes, http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2012:0669:FIN:EN:PDF
34 http://www.millennium-project.org/millennium/challeng.html
32
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Flexibility (motivation) degree
It refers to the easiness in redrawing a curriculum in order to maintain its relevance or
effectiveness. Many curricula from established professions and fundamental disciplines
like say, mathematics, use curricula that have not changed much over the years (due to
the fundamentality of the subject-matter). In Engineering and Information Science, where
strides in technology are common and supported business processes change with
considerable frequency, it is important to create curricula that are open to change as
much as possible with the minimal amount of effort and through a structure as clear as
possible. Modularity is a necessary tool in creating flexible curricula.
Modularity
This is supposed to be one of the most important attributes of a flexible curriculum. This
refers to the stand-alone capability of the various topics included in a given curriculum.
Modern S&T curricula have to be constructed in a manner that topics are self-contained
with clearly defined learning outcomes and yet have clear relations to other topics, both
in and out of any particular curriculum. This will allow topics to be changed within
curricula and to be “shared” between curricula without necessarily causing the curricula
to lose structure or internal consistency.

Stakeholders involvement degree in designing a curricula
Investment in education and training systems, anticipation of skills needs, matching and
guidance services are the fundamentals to raise productivity, competitiveness, economic
growth and ultimately employment. Anyway, many times there is a perceived gap
between academia and industrial/business reality related to the fact that the higher
education graduates seems to not possess the required technical and/or entrepreneurial
skills requested by the industry sector. The curricula that are built through the eyes of
one stakeholder, or a potentially biased group of stakeholders, very often try to satisfy
their actual intent. But, the general intent of any S&T curriculum is to create professionals
for society’s current and/or future needs. An S&T curriculum should therefore be both
driven and driving. In this respect, curriculum construction can only benefit from the
input of as many as possible players making up today’s academic community, local and
global work-scape, and R&D needs.
Degree of interoperability
It refers to the ability of the various topics within a curriculum to be more than just
related to each other, but to also be mutually-supporting or mutually-sustaining. This
applies to both topics within a given curriculum and to curricula between themselves
wherever such relationships should exist and apply. Subject-matter that requires the
exclusion of other relevant material due to learning effort, time requirements, specific
assessment needs, etc., should be examined, and if found relevant, given dedicated “space”
within the curriculum in such a way that it can be taught without disrupting the flow of
other curriculum topics. This might also involve curricular restructuring. This criterion
also refers to the fact that all taught material should contribute to the learning outcomes
of the curriculum and should in no way draw unnecessary delivery effort to them at the
detriment of other relevant material.
Degree of conduciveness
Although curricula should be self-contained and meaningful in their own right, it is
important to recognise the fact that most modern learning takes place at various levels
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and serves different purposes. Therefore it is vital for a modern S&T curriculum to clearly
lead to further studies to meet learner’s expectance.

Degree of applicability
The context in which the curriculum is being offered is of clear importance. Each country
and each education establishment within it has its own characteristics and modus
operandii, which can also entail cultural outlook. Any curriculum should take local
applicability into account. This is also a criterion that impinges directly on the “attraction”
of the given curriculum. On the over side, it is also true that in modern S&T education
local characteristics are minimal or even non-existent, due to the scientific and technical
nature of the material making it, to some extent, context-insensitive. However, there are
unavoidable realities like nation size, nature and remits of educational entities, jobmarket attributes, historical lead-up, etc., that need to be taken into account.
Level of support
This criterion is closely linked to both the stakeholder spread and the sector/academic
relevance ones. Any modern S&T curriculum requires the support of as many as possible
players within the working world in which the learner is going to perform. The level of
support is also indicative of the level of involvement that is to be expected from the
various stakeholders.
Target level
A teaching material can be delivered at a certain level as long as the level is clearly
defined beforehand. Delivering a curriculum or parts of, at the wrong level (i.e to the
wrong audience) can drastically dilute, or even nullify, its effectiveness. Learners can be
quite selective in their assimilation. There is no doubt that the assimilation rate is directly
related to the interest level of the learner, which in turn is related to the perceived
alignment of the material to the inherent interests and goals of the learner. In short, the
more targeted a curriculum is the more it is assimilated.

Duration
Depending on the learning outcomes and the nature and level of the curriculum, adequate
duration has to be considered. In today’s educational environment, if courses are deemed
“too lengthy” they can readily be passed by in favour of shorter ones purporting to offer
the same qualification level. Too short a duration and educators quickly find themselves
having to cut corners on the material, and consequently the quality, offered through the
curriculum. Duration is also an issue when it comes to making elements of a curriculum
interchangeable. Modern curricula need to conform to set standards, be them local or
international. Modern curricula also need to be able to accommodate distributed
education, i.e. delivery spread over more than one establishment, even across national
borders. Many EU programmes exist to facilitate this sort of collaborative educational.
Learning outcomes
Just like any service provided, the expected outcome and product of a curriculum should
be clearly defined as part of the curriculum itself. Learning outcomes are not only
necessary for the learner to orientate him/herself, but also for the curriculum designers
to allow them to focus on the intent of the curriculum as well as making sure that all its
components are concerted towards the learning outcomes, and that the learning
outcomes themselves are in line with the anticipated nature of graduate. All educational
establishments following the Bologna Process produce curricula with declared learning
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outcomes and skill set definitions. The definition of a professional profile and learning
outcomes is crucial for a top-down approach to curriculum design.

Requirements and/or prerequisites
To gain the most benefit from what a curriculum has to offer learners must already have
the necessary knowledge and skills to allow him/her to equitably follow the material set
out by the curriculum. It is therefore important to include any expected prerequisites in
terms of prior study-units/modules, courses, experience, formal qualification, etc. as part
of the curriculum itself. This will also ensure that the curriculum can be correctly
deployed in various programmes and even at different levels as long as the prerequisites
are satisfied.

Valorisation level of growth aspects
This represents the value that the curriculum would add to the S&T area it is related to
and how and in what way it might influence the future development and direction of the
area in question. Any modern S&T curriculum should contain enough perspective
material to warrant its use as something that will aid the growth of the area(s) it is
associated with. Curricula that are designed without considering the direction and
aspirations of the real-world areas they operate in, will inevitably run out of steam and
loose relevance much quicker than ones with more foresight.

Organisation of curricula (both in terms of structure and calendar)
The way all the different subject-matter relates to each other internally within the
curriculum and the sequence in which it can be traversed is one aspect of this criterion. It
is important the when designing a curriculum, the way it is to be navigated is well
understood and deemed reasonable and sensible to follow. The topics should be related
to each other, and to the intent of the curriculum in question, and the flow/transition
between them should be as intuitive as possible. Another aspect of this criterion is the
calendar duration and partitioning of the material. Many modern educational institutions
share study-units within curricula between different degree programmes, so the correct
incidence of material at the right time to be able to share with other programmes without
causing undue extra burden to teaching staff, is an important consideration. Furthermore,
the time allocated and intended placement of the curriculum as a whole will directly
influence its utility and deployment possibilities. Curricula are usually set with definite
semester structuring and placement in time. In today’s modern educational landscape,
most curricula are designed in the context of collaborative action. Therefore, the right
timings are crucial if the exchange of learners between collaborating entities is to be
facilitated.
Balance
This refers to the fact that every curriculum should have both a theoretical and/or
conceptual as well as a practical dimension to it. It is important to understand this
balance when designing its components. This balance is not something fixed or
standardised and would depend on numerous factors such as, the nature of the discipline,
the intent of the curriculum/course, the remit of the establishment, the targeted level, the
duration and associated certification, and so on. Getting this balance wrong can result in
the creation of curricula that lack in appeal or which produce the wrong type of graduate
for the intended job sector.
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4.FINDINGS ON EXISTING PROGRAMMES ON ELECTRICAL
AND INFORMATION ENGINEERING AREA
During the last decade, the European higher education environment has been altered
significantly due to a number of factors as: globalization, international trends, European
and national policies, the growing importance of knowledge-led economies, increased
global competition etc.. The European higher education institutions aiming to adapt
pursued a complex and deepreaching change agenda that altered major aspects of their
activities. The institutional strategies tried also to respond to the society’s expectations
and have been improved accordingly. As a result, access and participation rates have
improved significantly, the graduates’ employability is a vital concern, and
internationalization and lifelong learning arise as a central problem35. It is of great
importance that the education community shows a strong commitment to the European
Higher Education Area (EHEA). The building of the EHEA does not require that all subject
areas have an identical organization within the common degree structure, but rather that
there is a common European understanding of the relevant profiles and learning
outcomes within each subject area. Therefore emphasizing the importance of a joint work
of engineering education schools and professional associations across Europe to reach an
agreement on profiles and learning outcomes. The EHEA main aim would be to promote
research-based education for the 21st century.
The Bologna process, which started in June 19th, 1999, has been designed to introduce
a system of academic degrees that are easily recognisable and comparable, promote the
mobility of students, teachers and researchers, ensure high quality teaching and
incorporate the European dimension into higher education36. The Bologna process is now
in line with the objectives of Education and Training 202037 and Europe 202038. Education
and Training 2020 (ET 2020) is a new strategic framework for European cooperation in
education and training that builds on its predecessor, the “Education and Training 2010”
(ET 2010) work programme. It provides common strategic objectives for Member States,
including a set of principles for achieving these objectives, as well as common working
methods with priority areas for each periodic work cycle.
A set of four strategic objectives for the framework have been outlined34:
• making lifelong learning and mobility a reality – progress is needed in the
implementation of lifelong learning strategies, the development of national
http://www.ond.vlaanderen.be/hogeronderwijs/bologna/2010_conference/documents/
EUA_Trends_2010.pdf
36 http://europa.eu/legislation_summaries/education_training_youth/lifelong_learning/c11088_en.htm
37 http://europa.eu/legislation_summaries/education_training_youth/general_framework/ef0016_en.htm
38 http://europa.eu/legislation_summaries/employment_and_social_policy/eu2020/em0028_en.htm
35

29

Report on existing programmes orientated to key challenge areas

qualifications frameworks linked to the European Qualifications Framework39 and
more flexible learning pathways. Mobility should be expanded and the European
Quality Charter for Mobility40 should be applied;
• improving the quality and efficiency of education and training – all citizens need to
be able to acquire key competencies and all levels of education and training need
to be made more attractive and efficient;
• promoting equity, social cohesion and active citizenship – education and training
should enable all citizens to acquire and develop skills and competencies needed
for their employability and foster further learning, active citizenship and
intercultural dialogue. Educational disadvantage should be addressed through
high quality inclusive and early education;
• enhancing creativity and innovation, including entrepreneurship, at all levels of
education and training – the acquisition of transversal competences by all citizens
should be promoted and the functioning of the knowledge triangle (educationresearch-innovation) should be ensured. Partnerships between enterprises and
educational institutions as well as broader learning communities with civil society
and other stakeholders should be promoted.
One of the objectives of SALEIE work package three is to enhance the competitiveness
of Electrical and Information Engineering (EIE) education within Europe, especially in
relation to modern global technical challenges. The outcomes will provide European
HEI's with model curricula optimised to the technical needs of the challenges whilst
retaining the valued characteristics of Education within European Institutions, which we
consider that are on line with the ET2020 strategic objectives two and four. Anyway, a
first step should be to provide an overview on existing programmes in the key challenge
subjects, to compare them and to see at which extend they respond to the key global
technical challenges.
The application-oriented programmes, aiming at the first level of the engineering
profession, lead to a first degree (usually referred in English as Bachelor). The option for
sequential programmes, aiming at the second level of engineering and leading to a
(professional) Master’s degree, should exist. However, longer programmes, leading
directly to the Master’s degree, may also to be considered41. Even projects as THEIERE38
aimed to conclude on Electrical and Information Engineering boundaries of the field of
study that proved to be a difficult task. There are many EIE subjects (e.g. Computer
Sciences, Medical Computer Sciences, New Communication Technologies, Business
Informatics, Electrical Engineering, Microelectronics, Microsystems Engineering,
Communications and Information Technology, Optoelectronics, etc.) which might be
found within the curriculum of different faculties/departments/universities. Sometimes,
identifying the extend they respond to some key technical global challenges means to
search deeper at the course syllabus level.
Anyway, conceiving EIE programmes has to take into account the addressability to a
certain number of potential learners. Usually, the first cycle of study (Bachelor) addresses
the basic on a specific EIE subject and within the second (Master) and third (Doctoral
studies) cycles of studies we may find the formation which may respond to the key
technical global challenges. Based on the national reports for 2012 (see figure 4.1),
http://europa.eu/legislation_summaries/education_training_youth/lifelong_learning/c11104_en.htm
http://europa.eu/legislation_summaries/education_training_youth/lifelong_learning/c11085_en.htm
41 THEIERE project no. 10063-CP-1-2000-1-PT-ERASMUS-ETNE: http://www.eaeeie.org/theiere/ ;
Towards the harmonisation of Electrical and Information Engineering Education in Europe.pdf, 2003.
39
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related to the Bologna Process – EHEA42, it is expected that a mean of 44.37% of first cycle
students continue to study in a second cycle programme after graduation from the first
cycle43. It is to remark that a number of eight countries (Albania, Austria, Croatia, France,
Czech Republic, Denmark, Slovak Republic, Ukraine) reported that more than 75% of first
cycle students continue to study in a second cycle programme after graduation from the
first cycle.
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Fig. 4.1. Percentage (0÷10, 10÷25, etc.) of first cycle students that continue to study in a
second cycle programme after graduation from the first cycle against number of countries
(signatory of the Bologna Declaration)

If it is to analyze what percentage of second cycle graduates eventually enter into a
third cycle programme, the average would be about 13.76% and accounts for a number of
twenty five countries which provided the answers to that question44. It is to remark few
countries which reported more than 30% of second cycle graduates that enter into a third
cycle programme (Austria, Turkey, France).
The great challenge of the Bologna Process has been to give way to a diverse, yet
organized, EHEA. The main objectives of the Bologna Process include making the EHEA
competitive and attractive world-wide and an area where mobility and employability is
achieved through a number of instrumental objectives. The instrumental objectives
http://www.ehea.info/article-details.aspx?ArticleId=86 : Bologna process – European Higher Education
Area.
43 Based on the answers (What percentage of first cycle students continue to study in a second cycle
programme after graduation from the first cycle (within two years)?) collected from 37 national reports for
2012 : http://www.ehea.info/article-details.aspx?ArticleId=86
44 Based on the answers (What percentage of second cycle graduates eventually enter into a third cycle
programme?) collected from 37 national reports for 2012 : http://www.ehea.info/articledetails.aspx?ArticleId=86
42
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comprise the establishment of comparable degrees, organized in two main cycles, and the
use of compatible credits systems.
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Fig. 4.2. Percentages of first cycle study programmes across the following categories:
180ECTS, 240ECTS, Other.
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Conceiving new programmes within the EIE field should take into account the
main trend of the required credits for Bachelor and Master levels among the Bologna
Declaration signatory countries.
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Figure 4.3. Percentage of second cycle (master) programmes of the following length:
60÷75 ECTS, 90ECTS, 120ECTS, Other, accounted to different countries
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A general agreement on the degree structures has been reached during the
Bologna process. First degrees should require 180 to 240 credits (ECTS)45 (equivalent to
3 to 4 years fulltime) and the Masters should require 90 to 120 credits (ECTS)46 after the
first degree, with a minimum of 60 credits at Master level. Based on the national reports
for 2012 (see figure 4.2) related to the Bologna Process – EHEA47 an average of 66.78% of
first cycle study programmes falls within the ones requiring 180ECTS. Some countries
didn’t provide such information (e.g. Estonia, Spain). According to the same national
reports for 2012 the responses to the question 5.7 (Please provide the (approximate)
percentage of second cycle (master) programmes of the following length: 60÷75 ECTS,
90ECTS, 120ECTS, Other) most of the second cycle programmes falls among those with
120ECTS (average of 56.18%). The percentages distribution against countries is
presented in figure 4.3. To conclude, most of the first cycle programmes (Bachelor)
accounts for 180 ECTS (European Credits Transfer System) and the main option for the
Master level is for 120 ECTS.
The European University Association (EUA) survey 48 found that Master
programmes normally contained a research component. Only 21% of HEIs and 17% of
academics reported that research was not systematically included. The question of
whether it was theoretical or practical, an individual or a group activity, expressed as a
thesis or as a number of projects and assignments, whether it was critical or not to
progression to the doctorate, depended on the institutional and pedagogic contexts. Yet
virtually everywhere, the importance of the research component was accepted and noncontroversial. It would appear to be a defining feature of the Bologna Master – even
though the on-line questionnaire revealed that only half of the student respondents were
satisfied or very satisfied with the research opportunities offered by their chosen
programme. To conclude, best premises to respond to the key global technical challenges
are offered by the research component that the Master programmes may offer.

Conclusions and Recommendations of the International Seminar on Bachelor-Level Degrees,
Helsinki, February 2001.
46 Conclusions and Recommendations of the Conference on Master-Level Degrees, Helsinki,
March 2003.
47 http://www.ehea.info/article-details.aspx?ArticleId=86 : Bologna process – European Higher Education
Area: responses to Q5.1: Please provide the (approximate) percentages of first cycle study programmes
across the following categories: 180ECTS, 240ECTS, Other.
48 Survey of Master degrees in Europe; EUA Publications 2009, by Howard Davies.
http://www.eua.be/Libraries/Publications_homepage_list/EUA_Survey_Of_Master_Degrees_In_Europe_FIN
AL_www.sflb.ashx
45
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4.1 The basic structure for a curriculum for a 3 years Bachelor Degree in Electrical
Engineering and Master perspectives
THEIERE49 is a former project under patronage of our EAEEIE Association (European
Association for Education in Electrical and Information Engineering) that aimed to the
harmonisation of EIE curricula at a European level. Based on the THEIERE results the
European scheme in Electrical and Information Engineering looks like in figure 4.3.

Fig.4.3. Present European scheme in Electrical and Information Engineering45

The general EIE specialities50 that usually relate to an EIE curriculum are:
• Information Control Systems and Technologies
• Computer Systems and Networks
• Software of Automated Systems
• Computer Science
• Electromechanical systems of Automation and Electric Drive
• Electrical Engineering Systems of Power Consumption
• Radioelectronic Devices, Systems and Complexes
• Electronic Systems
• Radio Engineering
• Manufacturing of Radio Electronic Devices
• Radio Communication, Broadcasting and TV Equipment
• Information Technologies
• Microelectronics and Semiconductor Devices
• Dedicated Computer Systems
• Power Stations

THEIERE (Thematic Harmonisation in Electrical and Information Engineering in Europe
http://www.eaeeie.org/theiere/)
50 Overview of the Bologna Process Implementation In Europe in EIE, 225997-CP-1-2005-1-FR- ERASMUSTNPP
49
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• Radiophysics and Electronics
• Electric Machines and Apparatus
• Telecommunication Systems and Networks
• Electric Systems and Networks
• System Programming
• Technologies and Telecommunication Means
• Electric Machines and Apparatus
• Power Engineering in Agriculture
• Household Electronic Appliances
• Thermoelectric Power Stations
• Flexible Computer Systems and Robotics
• Robotized Systems and Complexes
• Information Communication Networks
• Electronic Home Appliances
• Atomic Power Engineering
The list can be completed with other subjects who depend on each country specific or
interest in some topics (e.g. Aerospace (Department of Mechanical Engineering and
Aeronautics51, University of Patras, Greece; ISAE52, France), Automotive and Marine
Systems: IST53, Lisbon, Portugal).
The main output of the THEIERE project, based on a survey involving more than 80
universities, is a coordinated structure for a Curriculum in Electrical Engineering at
Bachelor degree (3 years- 180 ECTS). It accounts for a strong base in the fundamentals in
Electrical Engineering and a strong base in scientific areas (specializations:
Telecommunications, Electronics, Power Systems, Automation and Control). Only some of
the proposed courses, which are currently enlisted within the curriculum managed by
some universities54,55, as: Renewable Energies (Power Systems specialization area),
Networks (Telecommunications Specialisation Area), Artificial Intelligence (Automation
and Control Specialisation Area) etc. offer few premises to respond to the key global
technical challenges (energy, ICT as outlined in chapter 2).
The Master courses will usually consist of a total of 120 ECTS, and most of the
universities provide these courses in strong connection with their recognized research.
Some examples are enlisted bellow:
• Delft University of Technology (Netherlands): Mechanical Engineering
(Specialisations: Control engineering and Mechatronics, Biomedical engineering);
• University of Twente (Netherlands): Computer Science (Specializations: Human
Media Interaction, Nanotechnology); Electrical Engineering (Specializations:
Telematics, Industrial Engineering and Management);
• Ruse University (Bulgaria): Internet and Multimedia communications (only 60
ECTS).
• Technical University of Iasi (Romania): Power Conversion and Motion Control
(120 ECTS ).
• University of Ljubljana (Slovenia): Electronic Vacuum Technology; Computer and
Information Science.
http://www.mead.upatras.gr/lang_en/
http://www.isae.fr/en
53 https://fenix.tecnico.ulisboa.pt/cursos/lean/curricular-plan
54 http://www.engineersireland.ie/home.aspx
55 University of Twente: http://www.utwente.nl/en/
51
52
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•

Slovak Universities (Slovak Higher Education law no.13/2002): Cybernetics,
Artificial Intelligence;
• French Universities: Automation, power systems, industrial computing;
Telecommunication, networks, teledetection; Information and communication
systems.
Once again, some specialized courses (e.g. Human Media Interaction, Nanotechnology,
Brain-Computer Interfaces, Global Networks and Internet communications, Security in
the telecommunication networks56, Interdisciplinary applications of spatial surveying
techniques57) provided within the Master programmes accounts for some degree of
response to the key global technical challenges.

4.2. Programmes in Biomedical Engineering

Nowadays, more than 200 universities offer educational programmes in Biomedical
engineering at all academic levels. In many cases Biomedical Engineering is a master
programme58 which is provided by a faculty with specific in mechanical or electrical
engineering education (e.g. Faculty of Mechanical Engineering- Vienna University of
Technology; University of Twente59: Master specializations on: Neural & Motor Systems,
Imaging & Diagnostics, Tissue Regeneration), but there are also faculties which are
directly related to Medicine universities (e.g. Faculty of Medical Bioengineering60,
Gr.T.Popa Medicine and Pharmacy University of Iasi: Master specializations: Health
management, Rehabilitation Bioengineering, Prosthestic Bioengineering, Clinical
Bioengineering).
The biomedical engineering topics can be devided into the following modules or
categories53:
1. Biomedical Engineering foundations (core topics)
2. Biomedical Engineering in-depth topics
3. Mathematics
4. Natural Sciences
5. Engineering
6. Medical and biological foundations
7. General and social competencies (soft skills)
In terms of categories, the biomedical engineering contents may be broken as follow61:
Biomedical Engineering foundations (core topics)
− Biomedical instrumentation and technology
− Physiological measurements
− Biosignals, signal processing and interpretation
− Medical imaging systems and image processing
− Biomechanics
− Biomaterials and biocompatibility
− Clinical engineering
http://www.uni-ruse.bg/en/faculties/ef/index.php
http://www.fh-mainz.de/technology/geoinformatics-and-surveying/geoinformatics-and-surveyingmaster-full-time/index.html
58http://www.biomedea.org/Status_Reports_on_BME_in_Europe.pdf
59 http://www.utwente.nl/en/education/master/programmes/biomedical-engineering/
60 http://www.bioinginerie.ro/Programeacademice/Masterat.aspx
61 http://www.biomedea.org/Documents/Criteria%20for%20Accreditation%20Biomedea.pdf
56
57
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− Healthcare telematics
− Modeling and simulation
− Rehabilitation engineering
− Design and project management
− Medical informatics
− Cellular and tissue engineering
− Laboratory and analytic techniques in medicine
− Radiation therapy, therapy planning and dosimetry
For clinical engineering programs, additional core topics are:
− Safety and quality assurance
− Medical device directives
− Legal aspects of design, manufacturing and application of medical equipment
− Health technology assessment
− Hygiene and sterilization
− Radiation protection
− Equipment management
− Hospital technology management
The in-depth topics related to engineering are selected among: electronic devices,
circuits, complex alternating currents, instrumentation and signal processing, control
systems, complex systems, digital electronics, micro-computer technology, basic
informatics, software technology etc.
The regular duration of a Bachelor (first cycle) program is three years or 180 ECTS
credits with an upper limit of 210 credits, as for the Master (second cycle) program the
regular duration is two years or 120 ECTS credits.
Biomedical engineering Master Courses that are usually offered to postgraduate
students are (the round brackets contain the proposed unit of credit hours - one unit
corresponds to eleven hours62):
• Advanced Course on Bio-informatics (2)
• Advanced Course on Psycho-physiological Engineering (2)
• Advanced Course on Robotics (2)
• Advanced Course on Control Engineering (2)
• Advanced Course on Biophysics (2)
• Advanced Course on Bioelectronics (2)
• Advanced Course on Biomaterials (2)
• Advanced Course on Medical Engineering (2)
• Advanced Course on Medical Welfare Systems (2)
• Advanced Course on Medical Micro-device (2)
• Advanced Course on Biomeasurement (2)
• Advanced Course on Biomechanics (2)
If the first cycle offers the basis in Engineering, it is worth to mention that most of the
Master programmes are provided in strong connection with the research topics and industry
needs and therefore at some extend they respond to some of the key global technical
challenge. Some examples are the following ones:
- Projects carried out in co-operation with Biomedical industry: Movement,
Rehabilitation Engineering, Artificial Organs and Implants (research of walking
and movement, mechanics of sports, equipment for orthopaedic/neurological
rehabilitation and aids for the handicapped, surgical implants, bioengineering
62

http://www.mech.kogakuin.ac.jp/labs/bio/pdf/curriculum2007.pdf
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-
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of cells, tissues and of tissue substitutes, artificial organs)- Israel Institute of
Technology63, Haifa, Israel; key challenge: Science&Technology; Health;
University of Twente64: Research on: Neural & Motor Systems, Imaging &
Diagnostics, Tissue Regeneration; key challenge: Health;
Final projects based on the research activities such as Fast Ultrasound Imaging,
Arteriosclerosis Detection with Ultrasound, Flow estimation and
Bioelectromagnetism (Technical University of Denmark), Magnetic Resonance
Imaging (University of Aarhus), Medical Informatics, Decision Support Systems,
Image Analysis, Neural Prostheses, Sensory Systems, Motor Control and
Biomechanics (Aalborg University, Denmark); key challenge: Health.
Projects in the field of the bioactive synthesis substances (Medical
Bioengineering Faculty of Iasi, Romania); key challenge: Health.
Projects in the field of Artificial Organs, Prosthesis and Rehabilitation
Technologies (University “Federico II” of Napoli, Italy); key challenge: Health.

4.3. Programmes in: Systems Engineering, Systems and Control, Computer and
Systems Engineering
Across Europe there are a great number of universities which provide educational
programmes in Systems Engineering, Systems and control, Automation Engineering and
Mechatronics, Applied Informatics etc., both at Bachelor and/or Master level65. Many of
these programmes embed courses like: Intelligent Systems, Advanced Autonomous
Robots, Spacecraft Dynamics and Control66, Instrumentation and data networks, Wireless
Networking, Biomedicine etc., which provides the EIE students with knowledge to
respond to some key technical global challenges related to ICT, Robotics, Space
technology, Health. A short survey of these programmes will emphasize those elements
which are in line with the aims of the SALEIE WP3 objectives. Most of the programmes in
Systems Engineering adopt a structure covering: fundamentals in mathematics and
physics, basis in electrotechnics and information technology, and finally different
interdisciplinary subjects.
An example of a Bachelor programme in Electrical and Information Engineering
can be the following (on three and a half years – seven semesters; 210 ECTS; Denmark
Technical University67):
Semester 1:
• Calculus and Algebra 1
• Calculus and Algebra 2
• Elementary Programming in C
• Electrotechnics
• Project work in Electrotechnics
Semester 2:
http://www.bm.technion.ac.il/Labs/Pages/Default.aspx
http://www.utwente.nl/en/education/master/programmes/biomedical-engineering/
65 POSDRU/86/1.2/S.63806 – 2010-2011 (Romanian grant); National Network to develop Bachelor/ Master
programmes in Systems Engineering.
66 http://www.dtu.dk/english/Education/msc/Programmes/electrical_engineering/study_lines/SpaceTechnology
67 http://www.dtu.dk/Uddannelse/Diplomingenior/Elektroteknologi#studieforloeb
63
64
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• Mathematics 2
• Analogue Electronics
• Advanced Programming
• Computer Engineering
Semester 3:
• Probability and Statistics
• Applied electro-magnetism
• Linear systems and digital signal processing
Semester 4:
• Physics
• Digital Systems
• Analogue Design
• Control Engineering
• Electrical Energy Systems
Semester 5:
• Specialization/ Elective courses
Semester 6+7:
• Specialization / Elective courses
• Internship
• Final Thesis
Then an Automation and Robot Technology MSc programme (120 ECTS) is offered.
It consists of:
1. General competence courses (at least 30 ECTS):
• Technology, Economics, Management and Organization (10 ECTS), Linear
Control Designs (10 ECTS);
• Additional courses to be chosen: e.g. Image Analysis with Computer (10
ECTS), Synthesis in electrotechnology (10 ECTS).
2. Technological Specialization courses (to be chosen; at least 30 ECTS):
• Stochastic Adaptive Control (10 ECTS),
• Projects in Control Practice (5 ECTS),
• Linear Control Design 2 (10 ECTS),
• Robust and Fault-tolerant
• Control (10 ECTS),
• Computer Control Systems (10 ECTS),
• Fuzzy Control (Internet course 2.5 ECTS),
• Fuzzy and neural Control (5 ECTS),
• Spacecraft Dynamics and Control (5 ECTS),
• Hierarchical and distributed automation systems (5 ECTS),
• Intelligent Systems (10 ECTS),
• Advanced Autonomous Robots (10 ECTS),
• Robotics (5 ECTS)
3. The elective courses, which include all graduate courses, provide an
opportunity for the graduate student to either focus even more on his/her
chosen area of specialization or to supplement the academic specialization with
general disciplines/competencies in mathematics, physics, chemistry, biology,
programming, economics, management, etc. or with disciplines from associated
specializations. The graduate student must choose at least 10 credit points and
no more than 30 credit points from this group;
40

Report on existing programmes orientated to key challenge areas

4. MSc Thesis (30 ECTS).
Some of the courses which are related to cutting-edge areas of specialization (e.g.
Systems Biology, Petroleum Engineering, Engineering Acoustics) or touch fields as
Advanced Autonomous Robots, Intelligent systems, Spacecraft Dynamics and Control etc.,
provide the graduates with the requested knowledge to respond at some extend to some
key global technical challenges (e.g. Health (e.g. medical robotics; biomedical
engineering)).
Other examples can be found in different European universities as follow:

Austria
1. Technical University of Graz
The Electrical Engineering bachelor’s programme68 is comprised of 6 semesters and is
divided into 2 stages of study. The Bachelor studies workload is of 180ECTS69. The first
stage of study (the orientation year) lasts two semesters and is mainly dedicated to
mathematical and scientific fundamentals besides providing students with a solid
introduction to electrical engineering. Some introductory courses to electrical
engineering are provided too. In the second stage of study, which lasts four semesters, the
students focus on the following subjects:
• Mathematical and scientific fundamentals
• Fundamentals of electrical engineering
• Electrical engineering and information engineering
• Informatics
The Masters’s programmes70 (120 ECTS) specializes the students’ education and
training on “Automation Engineering and Mechatronics”, “Energy Engineering”,
“Information and Communication Engineering” as well as “Microelectronics and Circuit
Engineering”. Courses as: Elektrische Elektrizitätswirtschaft und Energieinnovation
(Electrical Electricity Economics and Energy Innovation)71, Energie und Umwelt (Energy
and Environment), Innovative Energietechnologien und Energieeffizienz (Innovative
energy
technologies
and
energy
efficiency),
Telekommunikationssysteme
(Telecommunication systems) etc., accounts for some knowledge addressing key technical
global challenges in Energy and ICT.
Vienna University of Technology
The Bachelor's course (Electrical Engineering and Information Technology 72 ;
180ECTS) lasts 6 semesters, and the Master's courses based on it generally take place
over 4 semesters (120 ECTS). The Master courses73 are coded as follow:
E066.435 – Master's in Power Engineering
E066.436 – Master's in Automation Technology
E066.437 – Master's in Telecommunication
E066.438 – Master's in Computer Technology
E066.439 – Master's in Microelectronics
Other master's courses:
2.

http://portal.tugraz.at/portal/page/portal/TU_Graz/Studium_Lehre/Studien/ET_Bachelor
http://mibla.tugraz.at/10_11/Stk_18f/235_BA_Elektrotechnik_2011.pdf
70 http://portal.tugraz.at/portal/page/portal/TU_Graz/Studium_Lehre/Studien/ET_Master
71 http://mibla.tugraz.at/10_11/Stk_14b/MA_Elektrotechnik_Ergaenzung.pdf
72 http://www.tuwien.ac.at/fileadmin/t/rechtsabt/downloads/Studienplaene/
Bachelorcurriculum_Elektrotechnik_und_Informationstechnik.pdf
73 http://www.tuwien.ac.at/en/teaching/master_programs/
68
69
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E099.453 – Master's in Biomedical Engineering
E066.938 – Master's in Computer Engineering
E066.434 – Master's in Material Sciences
Topics and courses 74 on: Alternative energy storage, Microsystems, Advanced
Materials, Integrated circuit technology, Power Transmission and Power Plants contains
the seeds that lead the graduates to respond to the key global technical challenges in:
Energy, ICT, Health.
Bulgaria
Ruse University „Angel Kanchev“
The Faculty of Electrical Engineering, Electronics and Automation
(Telecommunications Department), offers a Master programme in Internet and
Multimedia Communications (60ECTS, see table 4.1; IT key challenges). Some of its
courses are presented in some details as follow:
The Communication systems and processes course focus on learning the
fundamentals of networking. The students will learn both the practical and conceptual
skills that build the foundation for understanding basic networking. They will examine
human versus network communication and see the parallels between them. Student
become familiar with the various network devices, network addressing schemes and the
types of media used to carry data across the network (Topics of interest: Communicating
over the network, Application layer functionality and protocols, OSI transport layer, OSI
network layer, Addressing the network IPv4 and IPv6, Data link layer, OSI physical layer,
Principle of network design).

1.
2.
3.
4.
5.
6.

74

First term

Communication
systems
and
processes
Routing in telecommunication
networks
Switching processes in local
networks
Global Networks and Internet
communications
Virtualization technologies and
storage area networks
Security in the telecommunication
networks
Total for the term:

5
5
5
5
5
5

30

№

Second term

Multimedia
Communication
Systems
Administration and management
8.
of networks
Systems
for
Wireless
9.
Communications
Web-based collaborative systems
10.
and social networks
7.

Graduation

Master thesis

Total for the term:

ECTS

№

ECTS

Table 4.1. Curriculum of the Master Degree Course in Internet and Multimedia
Communications

4
4
4
3
15

30

Total for the degree course: 60 ECTS
credits

http://www.tuwien.ac.at/fileadmin/t/rechtsabt/downloads/stpl_etit_bakkmag_2009-06-10.pdf

42

Report on existing programmes orientated to key challenge areas

The subject Global networks and Internet communications has the objective to
present to the students the up-to-date trends and technologies for access, transfer and
encapsulation of the data in the modern global telecommunication networks and the
Internet. The lectures and the practical exercises include the general theory of the global
networks, the structure of the physical and the data-link layers, the switching principles,
the encapsulation standards, the security mechanisms and various other aspects of these
networks. There are also several practically oriented exercises and lectures, which
include things like CLI commands for configuration of the interfaces of the WAN devices,
how to use access control lists and the various addressing methods and some of the
remote access technologies. In order to study the various aspects of the modern global
networks a number of software programs and languages are being used (Wireshark,
PacketTracer, Cisco SDM, etc.), as well as the specialized laboratory sets and stands of the
department of “Telecommunications”.
The Security in the telecommunication networks course has the objective to present
to the students the modern threats and attacks on the network security and the types of
hardware devices and software mechanisms for providing high level security in the IP
based telecommunication systems and networks. The lectures and the practical exercises
include the general theory and the main terms of the cryptography, the characteristics of
the stream and the block ciphers, the systems, which provide networks security and their
main components, the AAA system security model, various specifications and features of
the processes, which involve development and implementation of systems with firewalls
and the systems for intrusion detection and prevention.
The Web-based collaborative systems and social networks course’s main objective is
to introduce students to the existing principles and software for information sharing on
the web and to the most popular social networks. It provides also some theoretical
background and practical overview of the most commonly used content management
systems and points out their advantages and disadvantages. The course contents both
theoretical and practical aspects of Internet browsers, content management systems,
web-based blogs and forums, web-based information sharing and collaborative systems,
cloud-based storage and file sharing systems, social networks and others. Practical
tutorials and exercises aim to teach students how to build and maintain web applications
based on content management systems. Tutorials pay special attention on security and
protecting shared resources form an unauthorized external access.
Estonia
1. Tallinn University of Technology(TUT)
Besides the Electrical Engineering bachelor’s programme The Faculty of Information
Technology offers four programmes (120ECTS) which are in line with IT and S&T key
global technical challenges. These Master programmes are:
1.1.
Computer and Systems Engineering75
The Computer and Systems Engineering Master's programme focuses on the
education of designing and using modern complex computer systems. Nowadays
computer systems are used more or less everywhere, they are extremely diverse and
most of them are "invisible" to users. Such systems include not only traditional PC-s and
sophisticated supercomputers, but also computer systems "embedded" into cars and
mobile phones, for instance. Most of these computers are interconnected via various
wired and wireless networks and do not work in isolation. These embedded systems can
75

http://www.ttu.ee/studying/masters/masters_programmes/computer-and-systems-engineering/
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be either stand-alone items or an integral part of a larger system and represent the
combination of software and hardware designed to perform specific functions. When
studying the Computer and Engineering Systems programme, students are exposed to
systems design and modelling, computer architectures and programming, to name few of
the topics. Exposure to those topics will position students well for jobs at small, medium
and large companies. Their jobs will involve defining, designing and using embedded
computer system in areas such as automotive electronics, consumer devices,
telecommunications, etc.
The Computer and Systems Engineering programme is supervised by two
departments of TUT - Department of Computer Engineering (DCE) and Department of
Computer Control (DCC). Students can choose between two of the following
specialisations:
• Computer Systems Design (supervised by DCE) focuses on the modelling,
analysing, designing and testing of complex systems consisting of both hardware
and software components;
• Automation and Systems Engineering (supervised by DCC) focuses on the
modelling, analysing and designing of automation and computer control systems.

1.2.
Cyber Security76
The public focus on the field of cyber security is growing around the world. Estonia is
well known for its eagerness to put innovative IT solutions into everyday use. It is a
pioneer in electronic identities and electronic voting and enthusiastically adopts mobile
technology, online banking and electronic government services. However, with so many
e-solutions and such extensive use of the internet, attention also needs to be turned to the
security issue.
The international Master’s programme in cyber security aims to provide students with
skills in all aspects of the security of information systems. It gives students a unique
chance to study under high-level cyber security practitioners from Estonian banks,
telecoms, CERT and the NATO Cooperative Cyber Defence Centre of Excellence. The
programme introduces students to this exciting environment and provides them with an
opportunity to conduct research within the Estonian Centre of Excellence in Computer
Science.
Key features:
• A programme that is unique in Europe offered in a country that has national
experience of cyber attacks
• An internationally recognised qualification
• Specialisation in technological or organisational aspects or a combination of both
• Simulated learning environments for some subjects
• Teaching staff have the latest high-level cyber security experience and know-how
• International guest lecturers from related industries and institutions (banks,
CERT, NATO Cooperative Cyber Defence Centre of Excellence et al.)
1.3.
Communicative Electronics77
This programme aims to provide students with knowledge and skills in the key
aspects of communication, semiconductor, medical and embedded electronics. Students
can specialise in the main branch of the curriculum (embedded electronics and
76
77

http://www.ttu.ee/studying/masters/masters_programmes/cyber-security/
http://www.ttu.ee/studying/masters/masters_programmes/communicative-electronics/
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communication) supported by minor specialisations in semiconductor or medical
electronics or a combination of both. The programme is supported by the ELIKO
Competence Centre and the CEBE Centre of Excellence. The programme is delivered by
the Faculty of Information Technology and governed by the Department of Electronics.
There will be guest lecturers from the industry like NSC Estonia, and hospitals as well.
The program is supported by the Competence Centre ELIKO and Centre of Excellence
CEBE.
1.4.
e-Governance Technologies and Services78
Estonia’s e-government and the country’s other innovative e-solutions have grown
into one of Europe’s success stories of the last decade. Various theories and approaches
have been created on the state level to develop and link together different technologies to
implement e-governance practices on a state, local and individual level. The Master’s
programme e-Governance Technologies and Services gives students broad knowledge
about the makings of a modern state – the transition into e-governance, its management
and development. Studies include a wider overview of administrative and legal aspects of
e-governance.
Key features:
• Focuses on designing, developing and improving governmental systems and
implementing e-government components on every level of the state
• Specialization on IT technologies, innovation/services in public and private sector
or adoption and marketing of e-government
• User-oriented services offered by government that are based on information and
communication technologies
• Offers experience in the industry, practical research and project work already
during studies
• Curriculum is closely related to “e-state technologies laboratory” offering students
a possibility to do research on e-governance field and take part of new
development projects as well.
Germany
1. Technical University of Munich
The Electrical Engineering and Information Technology (EEIT) bachelor’s
programme79 take place over 6 semesters. The bachelor’s degree program (180ECTS) in
Electrical Engineering and Information Technology is divided into two study phases. In
Part I, the first four semesters, students learn the fundamental principles of the following
subject areas:
• Electrical Engineering (28 credits)
• Mathematics (32 credits)
• Physics (24 credits)
• Signals and Systems (20 credits)
• Information Technology (16 credits)
In Part II (semesters 5 and 6), the second phase of study follows on from the
fundamental principles. The students have to accomplish the following:
• Engineering Practice (12 credits)
• Soft Skills (6 credits)
78
79

http://www.ttu.ee/studying/masters/masters_programmes/egovernance/
http://portal.mytum.de/studium/studiengaenge_en/elektrotechnik_und_informationstechnik_bachelor
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Bachelor’s Thesis (12 credits)
Individual Advanced Modules (30 credits)
The EEIT Master contains advanced modules and the students have the opportunity to
study subjects as follow:
• Electromobility
• Medical Devices/Life Science Electronics
• Aerospace and Aviation Engineering
• Regenerative Energies (Energy key challenge)
• Intelligent Power Grids
• Micro- and Nanoelectronics
• Communication Technology
• Computer Technology
• Media Technology (ICT key challenge)
• Human Machine Interaction (Health key challenge)
• Robotics (Health and S&T key challenges)
2. Karlsruhe Institute of Technology80 (BSc in Mechanical Engineering and Energy
Engineering; MSc in Green Mobility Engineering, MSc in Electronic Systems
Engineering and Management) offers similar courses and addresses tangentially
the same key challenges.
3. Technik Fachhochschule Mainz- University of Applied Sciences
It offers Bachelor modules as: mathematics, fundamentals of sensor technology,
computer aided design, adjustment and statistics, computer science, object-oriented
programming, databases and Internet, introduction to geoinformatics, cartography,
digital image processing, photogrammetric data acquisition. The Master programme in
Geoinformatics and Surveying81 offers modules as: geometric modelling, special methods
in adjustment and statistics, development of interactive graphical applications, processoriented programming, 3D photogrammetry, geodata modelling and algorithms, software
engineering, metrology, interdisciplinary applications of spatial surveying techniques (S&T
key), digital image analysis, and uubiquitous geographic information systems.
•
•

Poland
Electrical and Information Engineering in Poland means a curricula leading to the
following degrees:
• electrical engineering,
• automatics and robotics,
• computer science,
• applied computer science,
• electronics and telecommunication,
• computer science and econometrics.
The degrees in electrical engineering, automatics and robotics, computer science,
electronics and telecommunication and applied computer science, generally are offered at
Technical Universities (about 20). The degree in computer science is offered at several
Polish Universities. The degree in computer science and econometrics is offered at
Universities of Economics. These curricula cover a large spectrum of topics in electrical
engineering and information technologies. Details of the curricula are defined by the
specialisations. Cracow University of Technology (Faculty of Electrical and Computer
http://www.mastersportal.eu/universities/125/karlsruhe-institute-of-technology.html
https://www.fh-mainz.de/technology/geoinformatics-and-surveying/geoinformatics-and-surveyingmaster-full-time/index.html
80
81
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Engineering) offers courses on subjects as: Neural Networks (Complexity and
applications of neural algorithms, Secure protocols and cryptography), Natural
Computing (evolutionary programming, swarm intelligence, artificial immune systems,
artificial life, DNA computing, and quantum computing) (IT and S&T key challenges).

Romania
In Romania there are 18 universities which offer Bachelor programmes in
Automation and Applied Informatics (240 ECTS). The students have then the possibility
to follow Master courses (120ECTS) in: Advanced Control and Real Time Systems,
Automation and Intelligent systems, Applied Informatics in Complex Systems
Engineering, Informatics Technologies in System’s Engineering, Embedded Control
Systems, Advanced Automated Systems, Advanced Computing Systems, Informatics
Systems in Health etc.
1. Gheorghe Asachi Technical University of Iasi
Currently the Faculty of Electrical Engineering supports a Bachelor programmes in
Electrical Engineering and Computers82 (in English) and Applied Informatics in Electrical
Engineering. Courses as: Motion Control with Applications in Bioengineering, Intelligent
Computing and Applications, Electromagnetic Compatibility, Integrated Management of
Industrial and Environmental Risk, etc., accounts for some topics related to IT, S&T and
Health key challenges. Master programmes in Energy Conversion and Motion Control,
Informatics Systems to Monitor the Environment, Engineering and Management in the
Globalization Context and Advanced Electrical Systems, go deeper on the above
mentioned topics.
The Faculty of Automation and Computers supports a Bachelor programme in Systems
Engineering. Some interesting topics are: Adaptive and Robust Systems, Neural Networks
and Fuzzy Systems, Distributed Artificial Intelligent Systems, Data Communications, etc.
Master programmes are offered in: Distributed Systems and Web Technologies83,
Embedded Computers, Systems and Control (English language; in partnership with
Technische Universiteit Eindhoven) and Embedded Systems and Control
(in partnership with Continental Automotive România SRL) - IT, S&T key challenges.
2. Vasile Goldis Western University of Arad
The Faculty of Computer Science provides a Bachelor programme in Informatics (IT
key challenges). The programme has been adapted since the academic year 2005-2006, to
the principles of the Bologna Process. The structure of the Informatics program was
designed to train experts capable of creating software for several types of industrial
applications, data management, design, management of automated and mechanized
systems, medical software etc. The curriculum84 for bachelor level is structured into 3
years (6 semesters), 14 weeks/semester, with the exception of the last semester, which
extends over 12 weeks, and was thus conceived so that:
• A basic technical training would be ensured, with compulsory, optional and
facultative disciplines, to which transferable credits are attributed, summing up to
a total of 30 credits/semester.
• Practical training would be ensured for the 2nd and 3rd years of study, to which
transferable credits are attributed.
The main goal of program is that of training future graduates in the field of computer
science, and rendering them capable of easily integrating themselves into the European
http://www.ee.tuiasi.ro/english/
Distributed Systems and Web Technologies (http://www.ace.tuiasi.ro/index.php?page=856)
84 http://cs.uvvg.ro/site/index.php?option=com_content&view=article&id=12&Itemid=40
82
83
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and worldwide labor market. The specialized competences provided by the BSc
programme are:
• the ability to use the theoretical bases of computer science and
develop mathematical models;
• the ability to specify, project and develop programs using high-level programming
languages;
• the ability to design, manage and use computer systems, computer networks and
databases;
• the ability to analyze, specify, design, test and implement computer applications;
• the ability to use and maintain software products;
• the ability to manage computer-based projects;
• the ability to ensure computer system safety;
• the ability to conduct in-field of interdisciplinary research activities.
The Master programme in Web Development Technologies85 (IT key challenge) has its
curriculum structured onto 2 years (4 semesters), 14 weeks/semester, and contains
required, optional and facultative subjects, summing up to a total of 30
credits/semester. By means of the subjects included in the curriculum, the programme
provides graduates with the possibility of obtaining the knowledge required for a career
in research and in higher education, being extremely useful to future doctoral candidates.
The program is also addressed to other specialists working in fields from various sectors
of social-economic life.
3. University of Craiova
The Faculty of Automation, Computers and Electronics provides a Bachelor
programme (4 years) in Computers86. This Bachelor programme addresses partially one of
the Global Technical Challenges: Global Convergence of IT. Computers Programme
prepares engineers in the domain of Computers and Information Technology to be able to
carry out activities in the design, operation and management of the computers,
development of software applications.
This specialization aims at the study both computer engineering and software
engineering, combining disciplines from these two important fields from constructive
perspective and in terms of efficient use, seeking balance between fundamental and
specific knowledge, theoretical and practical aspects, and also aiming at engineering
training. The curriculum of Computers Programme includes partially some topics from
Global Convergence of IT challenge. For example:
• Cloud technologies: Internet services, broadcast services, telecommunications
value-added services – are partially covered by the courses: Distributed
Network Application Development, E-Commerce, Web Applications’ Design;
• Pipe technologies: Traditional telecommunications network, Internet data
communication network, cable network – are partially covered by the courses:
Data Communication, Computer Networks, Computer Networks Management,
Models and Algorithms for Parallel Computing, High Speed Networks;
• Device technologies: Personal electronic devices, telecommunications premise,
home entertainment boxes – are partially covered by the courses: Digital
Systems Design, Electronics, Digital Integrated Circuits, Microprocessors
System Design, I/O Systems, Frameworks for Digital Systems Development,
Embedded Systems, VLSI Environments, Multimedia Application Development.
85
86

http://cs.uvvg.ro/site/index.php?option=com_content&view=article&id=15&Itemid=82
http://www.ace.ucv.ro/invatamant/didactica/specializari.php#licenta
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The Master Programme (2 years) in Computers and Communications Engineering84
addresses partially one of the Global Technical Challenges: Global Convergence of IT.
Computers and Communications Engineering Programme prepares specialists in the
domain of Computers and Information Technology to be able to carry out activities in the
design, operation and management of the computers, development of communications
applications. This Master specialization aims at the study both computer engineering and
communication engineering, combining disciplines from these two important fields from
constructive perspective and in terms of efficient use, seeking balance between
fundamental and specific knowledge, theoretical and practical aspects, and also aiming at
engineering training. The curriculum of Computers and Communications Engineering
Programme includes partially some topics from Global Convergence of IT challenge. For
example:
• Cloud technologies: Internet services, broadcast services, telecommunications
value-added services – are partially covered by the courses: Web services
technologies, Grid Systems, GRID Computing, Service-oriented architectures;
• Pipe technologies: Traditional telecommunications network, Internet data
communication network, cable network – are partially covered by the courses:
Wireless technologies and mobile networks, Quality of Service Data
Communications, Applications optimization in distributed systems.
The Master Programme (2 years) in Information Systems for e-business84 addresses
partially one of the Global Technical Challenges: Global Convergence of IT. Information
Systems for e-Business Programme prepares specialists in the domain of Computers and
Information Technology able to carry out activities in the design, operation and
management of the information systems for e-business, development of e-business
applications. This Master specialization aims at the study both computer engineering and
communication engineering, combining disciplines from these two important fields from
constructive perspective and in terms of efficient use, seeking balance between
fundamental and specific knowledge, theoretical and practical aspects, and also aiming at
engineering training. The curriculum of Information Systems for e-Business Programme
includes partially some topics from Global Convergence of IT challenge. For example:
• Cloud technologies: Internet services, broadcast services, telecommunications
value-added services – are partially covered by the courses: Multimedia Design
for e-Business, Computational and Algorithmic Methods in e-Business, Service
and Agent Technologies for E-Business, Formal Methods in Web Applications
Development, Web Systems Engineering, Information Technology for eMarketing and Branding
• Pipe technologies: Traditional telecommunications network, Internet data
communication network, cable network – are partially covered by the course
Mobile and Wireless Technologies for e-Business
Turkey
4. Ege University87
The International Computer Institute (ICI) supports a Master programme in Computer
Science and Information Technologies (IT key global challenge). The ICI has a statute of
multi‐disciplinary department under Natural Sciences Institute of post graduate and
doctorate education. Although the education is categorized in two branches as
“Information Technologies (IT)” and “Computer Science” for the time being only IT is
87

http://ube.ege.edu.tr/?q=node/179
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active. There are 5 modules: MSc. with thesis; MSc. without thesis; MSc. without thesis
secondary (evening); PhD.; Joint PhD. Programme with İzmir University: Computer
Science and Information Technologies. The courses delivered are the same for all MSc
modules. Students who are going to finalize their MSc thesis have to complete 60 ECTS
where as those students who are not going to finish with a thesis are obliged to complete
90 ECTS.
The strong points in connection with the key global challenges are:
• Mission of the programme is contributing to information generation in a global
manner and growing investigating and productive individuals who has a
scientific aspect and supporting qualitative research activities that would
contribute to global science which goes in parallel with the IT global challenge.
• The courses covered and the research directions are aimed at fitting work force
requirements in the industry and academia. There are courses about basic
concepts about computer science, algorithms, programming languages, parallel
programming, operating systems, database managements systems, computer
networks, compressing data produced at different formats (text, image, video,
etc), providing security and integrity of it, and network programming. Natural
language Processing, Video coding, image processing, security, cryptology,
wireless sensor networks, semantic nets are some of the research directions.
• Connection with industry: academic staff take part in: national project
evaluation panels (TÜBİTAK – Turkish Scientific and Research Committee) and
national industrial projects;
• Part of courses as: Network Security, Digital data communications,
Cryptosystems and Cryptographic Protocols, Cryptology, Secure Web Design,
Multi-Agent Systems, Expert Systems address IT and S&T key challenges.
United Kingdom
1. Loughborough University
The Loughborough University provides undergraduate courses in Electronic and
Electrical Engineering, Electronic and Computer Systems Engineering and Systems
Engineering. They claim that the Systems Engineering (e.g. compulsory modules: Signal
and Systems, Aircraft design, Control system design; Optional modules: Advanced control;
Energy storage (Energy challenge), Renewable Energy Sources, Mobile Network
Technologies, Solar, Water and Wind Power) courses provides a structured
comprehensive approach to solving today’s complex technical challenges, particularly
those related to the design and development of highly sophisticated systems, such as
aircraft, ships, automobiles, telecommunications networks, energy infrastructures or
information management systems88.
The Master programme in Systems Engineering89 (1 year full-time; 3 years part-time)
has been designed with industry to meet the challenge of interdependence between
sophisticated engineered systems of all kinds. It is often taken in its part-time format. It is
aimed at engineers who have specialised in a traditional discipline but are now expected
to understand, operate in, develop and integrate entire systems that are not only
increasingly complex but rapidly changing. It comprises compulsory modules90 as:
Systems Thinking, Systems Architecture (e.g. model driven architecture and analysis),
http://www.lboro.ac.uk/departments/eese/undergraduatestudy/courses/systems-engineering/
http://www.lboro.ac.uk/departments/eese/postgraduate/mastersdegrees/systems-engineering/
90 http://www.lboro.ac.uk/media/wwwlboroacuk/content/prospectus/pg2014/brochures/moduledocs/
Loughborough%20University-Systems%20Engineering%20MSc.pdf
88
89
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Systems Design, Soft Systems Engineering, Individual Project and Optional Modules (four
have to be chosen) as: Validation and Verification (e.g. research and advanced methods in
the international community), Holistic Engineering (industry-led module), Sensors and
Actuators for Control, Innovation and Entrepreneurship for Engineers, Engineering and
Management of Capability, Understanding Complexity.

4.4 .Programmes in: Power Engineering, Electrical and Renewable Energy, Renewable
Energy Systems Technology
The development of durable concepts for safe, affordable and environmentally sound
energy production is one of the most urgent, global challenges confronting humanity in
the 21st century. It is inseparable from critical issues of environmental protection and
sustainable development. Together with the management and supply of fuel and heat, the
provision of secure electrical energy is a central problem in today’s world. Eco-friendly
electrical products, renewable energy and clean power are topics of great interest in
actual society. Within Power Engineering programmes there are usually three different
branches of studies: Electrical Power Engineering, Power Plant Technology and
Sustainable Energy Supply. For example, programmes in Sustainable Energy Systems
aims to create design principles for technical energy systems, beginning with thermal
power plants and spanning to the use of regenerative energy sources.
A Bachelor in Electrical Power Engineering (usually 180 ECTS) has a curriculum that
focus on planning, design, construction, operation and maintenance of electrical systems
and components in manufacturing and electricity, building and transport, shipbuilding, oil
and gas production, with all the control, regulation and monitoring that is required. For
example at the Bachelor level the technical courses may focus on topics as (Bergen
University College, Norway)91:
• Power electronics and electric motor drive
• High voltage technique
• Static and rotating electrical machines
• Electrical plants and installations onshore and offshore
• Electrical installations and operations
• Monitoring and control techniques
• Modeling and simulation techniques - energy efficiency
• Renewable energy sources
• Network analysis, load flow and short circuit calculations
An interesting example of conceiving a Master modular programme in Power
Engineering92 accounting for three branches of studies: Electrical Power Engineering,
Power Plant Technology and Sustainable Energy Supply, can be found at Brandenburg
University of Technology Cottbus, Germany (see table 4.2).
The common modules (each of 6 ECTS; a total of 24 ECTS have to be accomplished) are:
• Introduction in Electrical Power
• Control Engineering
• Power System Economics I
• Power System Economics II
91
92

http://www.hib.no/english/curriculum/fagplan.asp?kode=ELK
http://www-docs.tu-cottbus.de/stg-powerengineering/public/Programme_Overview_and_Modules.pdf
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•
•

Signal Processing and Optimization Methods in Data Mining
Power Quality and Industrial Ecology for Smart Manufacturing

Table 4.2. General overview of the Master modular programme in Power Engineering at
Brandenburg University of Technology Cottbus, Germany90
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The Basic modules (each of 6 ECTS; a number of 18ECTS have to be earned by choosing
courses from a list) are enlisted as follow:
1. Recommendations for the branch of study “Electrical Power Engineering”
• Medium- and Low-Voltage Technology
• Basics in Grid Calculation
• Renewable Energy Technologies for Electrical Power Supply
• Fundamentals in Power Electronics
2. Recommendations for the branch of study “Power Plant Technology”
• Power Plant Technology 1
• Power Plant Technology 2
• Fundamentals in Thermal Process Engineering
• Auxiliary Power Supply of the Power Plant
3. Recommendations for the branch of study “Sustainable Energy Supply”
• Renewable Energy Technologies for Electrical Power Supply
• Power Plant Technology 1
• Biomass and Biogas Co-Generation 1
• Biomass and Biogas Co-Generation 2
The Specialisation (PTD – Specialization Power Transmission and Distribution; PPG –
Specialization Power Plant Grids and Drive Systems; PSO – Specialization Power System
Operation; FPP – Specialization Fossil Power Plants; RPG – Specialization Renewable
Power Generation) modules (majority of 6 ECTS; a number of 18ECTS have to be earned
by choosing courses from a list) are enlisted bellow:
1. Recommendation for “Electrical Power Engineering”
• High Voltage Engineering and Insulating Materials (PTD)
• Power Automation (PTD)
• High Voltage Measuring and Testing Technique (PTD)
• Power Electronic Applications in High Voltage Grids (PTD)
• Energy Information Systems (PTD)
• EMC in Power Installations (PPG)
• Power Electronic Applications in Drive Systems (PPG)
• Auxiliary Power Supply of the Power Plant (PPG; PSO)
• Power System Operation (12 ECTS; PPG)
2. Recommendation for “Power Plant Technology” : all for FPP
• Technical Combustion
• Thermal Process Engineering and Equilibrium Thermodynamics
• Carbon Capture and Storage
• Future Technologies in Power Plants
• Natural Gas
3. Recommendation for “Sustainable Energy Supply”: all for RPG
• Photovoltaic
• Technology and Operation of Wind Turbines
• Wind Energy Economics / Wind Resources Estimation
• Sustainable Use of Underground Resources, Geothermal Energy and CO2
Storage
Courses in Renewable Energy Technologies, Wind energy, Carbon Capture and
Storage accounts for some responses towards the topics related to key global technical
challenges in Energy.
In what follows, some other examples of interest will be presented.
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Austria
Vienna University of Technology
The Institute of Energy Systems and Electrical Drives93 focuses on the energetic,
economic and ecological optimal use of various primary energy carriers for providing
services in the end use fields of electricity, heat and transport as well as on drive
engineering including design control and fault detection of electrical machines and their
drives. The institute covers, in research and teaching, a range from analyzing global
energy systems to investigating optimal solutions for power systems including power
plants and grids to specific applications of technologies like electric drives and power
electronics for transport and CHP solutions for the building sector. Its main objective is
(by considering optimal solutions in the whole energy chain incl. supply, generation,
transmission, distribution and also interactions in energy markets as well as conversion
into energy services) to contribute to shape the transition of an energy system into a
sustainable one.
The main topics (Energy challenge) covered in the curriculum (Bachelor and
Master) are: Energy Economics, Energy Modelling and energy policy analysis,
Environmental protection in the energy sector, Nonconventional energy storage, Power ,
Regulation and competition in energy markets transmission and distribution, Power
supplies, especially switched mode power supplies, Economic Perspectives of Renewable
Energy Systems, Smart Grids - Advanced studies, Economic Perspectives of Renewable
Energy Systems, Energy Economics and Climate Change, Renewable Power Systems,
Utilization of solar energy.

Bulgaria
Ruse University „Angel Kanchev“
The Faculty of Electrical Engineering, Electronics and Automation (Electrical
Power Engineering Department), offers a Master programme in Energy Efficiency
(60ECTS, see table 4.3; Energy key challenges).
Some of its courses are presented in some details as follow:
1. The Methods and models for research and optimization of energy consumption:
Basic principles and methods for conducting research, organization and realization
of scientific experiments, modelling and testing of electrical drives and electrified
machines operation, units and production systems; modelling and testing of
electrical processes and equipment; modelling and testing of electrical machines,
appliances and lighting equipment and systems; modelling and research on the
national electric-power system.
2. Management and technically-economical evaluation of energy efficiency projects:
Methodology, technology and regulations of the design as an element of the
investment process. Information and structural realization of the measures and
projects for energy efficiency. Capital, credit, and investment in energy efficiency.
Management of energy saving measures and projects. Implementation of measures
and projects for energy efficiency.
3. Energy balances of buildings and industrial systems: Basic energy balances of
buildings and industrial systems. Methods and forms for making up energy
balances (working balances forms, general energy balances, units energy balances
and others). Analyzing and perfecting of energy balances.
93

http://esea.tuwien.ac.at/home/EN/
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1.
2.
3.
4.
5.
6.

First term

Methods and models for research and
optimization of energy consumption
Management and technicallyeconomical evaluation of energy
efficiency projects
Energy balances of buildings and
industrial systems
Measurement, control and management
of power and power carriers
Energy efficiency in electric power
generation
Energy efficient lighting and
irradiation systems
Total for the term:

ECTS

№

Table 4.3. Curriculum of the Master Degree Course in Energy Efficiency
№

5

7.

5

8.

5

9.

5

10.

5
5
30

Second term

Energy efficiency of buildings
and public utility facilities
Energy efficiency in electricpower transmission and
distribution
Energy efficiency of flow-line
production systems
Energy efficiency of discrete
production systems
Graduation
Master thesis

ECTS
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5
5
5
5

10

Total for the term: 30
Total for the degree course: 60
ECTS credits

4. Measurement, control and management of power and power carriers:
Microprocessor devices and systems used in the electric power engineering;
measurement, control and management of the basic electrical parameters and the
active and reactive electrical power; measurement and control of pressure, level
and flow; control of gas-mixtures compositions, measurement, control and
management of temperature and heat.
5. Energy efficiency in electric power generation: Basic conditions for investigation
and auditing of power energy generation. Energy efficiency investigation of
Thermal Power Plants, cogenerations, Water Power Plants, Wind Power Plants,
Solar Electrical Power Plants. Comparison rating energy efficiency for generation
power energy technologies. Analysing and perfecting energy efficiency for the
generation power energy technologies.
6. Energy efficient lighting and irradiation systems: Contemporary energy efficient
lighting and irradiation sources and starting and controlling devices, Energyefficient illuminators and irradiators, Saving power by optimizing illuminators
and lighting systems, Saving electricity through a rational use of the natural
daylight lighting and the mixed lightning, Procedure of conducting energy audits of
lighting systems.
7. Energy efficiency of buildings and public utility facilities: Legislation of energy
efficiency for buildings. Specific requirements. Classification of the buildings and
their surrounding elements. Thermal bridges. Evaluation the annual expenditure
of energy for buildings. Features of the modeling investigation of buildings.
Investigation of the energy equipment of buildings. Items, contents and features of
the investigation for energy efficiency of buildings. Composition of report on
energy auditing for a building or a public-utility object.
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8. Energy efficiency in electric-power transmission and distribution: Energy efficiency
in transmission and distribution of electric power – influencing factors and
evaluation criteria; determination and optimization of the electric power losses in
transmission, transformation and distribution; modes of the active and reactive
power in power networks; preconditions to improve the energy efficiency in the
design, construction and reconstruction; means and systems to improve the
energy efficiency in the electric power networks operation.
9. Energy efficiency of flow-line production systems: Rational power use in the
mechanical flux and pneumatic transportation systems for transportation of loose
materials, flux systems for flood transportation in the chemical technologies
objects, in the food testing companies, in the fodder industry. Monitoring systems
and composition of energy audit reports.
10. Energy efficiency of discrete production systems: Energy balances of discrete
manufacturing systems. Energy saving technical solutions in electrical equipment.
Rational use of electricity in the lifting and transportation equipment, metalworking machines, in electro-technological processes. Electric energy savings in
pneumatic and hydraulic machines. Guidelines for auditing the energy efficiency of
discrete manufacturing systems.

Denmark
Denmark Technical University
The Department of Energy Conversion and Storage offers a Master programme
(120ECTS) in Sustainable Energy94. The MSc programme consists of a first semester
with three courses covering the main aspects of sustainable energy systems:
• Energy Economics, Markets and Policies
• Modelling and Analysis of Sustainable Energy Systems using Operations Research
• Energy and Sustainability
Within this framework, the student can choose between six study lines:
1. Biofuels (e.g. courses on: Energy and Sustainability, Emerging Energy
Technologies, Biorefinery);
2. Electric Energy Systems: expert knowledge within sustainable power
production technologies as well as analysis, development and operation of
electric energy systems based on renewable energy (courses e.g. Energy
Systems – Analysis, Design and Optimization, Renewables in Electricity
Markets, Energy and Sustainability).
3. Energy savings: specific knowledge on professional activities in the
construction sector for developing and designing components and whole
buildings with a much lower use of energy than in conventional solutions
(courses: e.g. Sustainable District Heating, Building Energy and Services –
Integrated Design).
4. Hydrogen and fuel cells: knowledge of state-of-the-art technology and
current research relating to producing, storing and using hydrogen as an
energy carrier (courses: e.g. Materials for Hydrogen Production, Storage and
Fuel Cell Applications, Hydrogen Energy and Fuel Cells).
5. Thermal Energy: knowledge both within sustainability and the physics with
emphasis on applied thermodynamics (courses: e.g. Design of Energy Plants,
Bioenergy Technologies).
94

http://www.dtu.dk/english/Education/msc/Programmes/sustainable_energy#study_lines
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6. Wind energy: combines socio-economic aspects of sustainable energy with
relevant technical disciplines, such as measurement techniques, design of
wind turbines, offshore wind energy, net integration, and planning and
development of wind farms (courses: e.g. Wind Turbine Electrical Design
Renewables in Electricity Markets, Wind Turbine Measurement Technique).
France
1.UniversityRennes1
The IUT Rennes/ Department GEII offers a Bachelor programme entitled “Assistant
and Technical Advisor in Electrical and Renewable Energy” (Energy key challenge). This
Bachelor has the objective to enhance Renewable Energy and green electrical products
within the field of Education in Electrical and Information Engineering. Students will be
highly qualified professionals in the field of electrical energy and new transportation
systems, and specialized in the study of power systems applied to renewable energies and
hybrid and electrical transportation systems. The issues addressed in this curriculum
focus on the main aspects of electrical energy management and the new transport
systems, such as:
-The management of renewable energy sources.
-Transport and distribution systems,
-Smart grids concept, distribution automation and supervisory control
Courses are covered in close collaboration with industry professionals. For smart
grids for example, Schneider Electric is involved in the training of students on specific
projects.
2.Grenoble INP (Institut Nationale Polytechnique)
The Grenoble INP offers a master in electrical engineering for Smart Grids and
Buildings95 (20 months full time; 120 ECTS). It aims to provide a state-of-art technical
training in smart energy management in buildings and power grids together with
economic, societal and cultural aspects to prepare students for the challenges of
tomorrow, managing the total energy chain (production, distribution, energy uses). A
summary of the programme enlist: Process and energetic vectors, Energy uses and
systems, ICT monitoring and control, Conversion and storage, Urban energetics,
Distribution and transmission networks, Autonomous power grids, Superconducting
power devices (Energy and Smart grids challenges).
Poland
Cracow University of Technology
The Faculty of Electrical and Computer Engineering, offers a Specialization in Distributed
Generation of Electricity96 (90ECTS; Energy and Smart, green and integrated transport key
challenges). For example the course: Power Circuits Modelling has its leaning objectives
as follow:
• Objective 1: Gaining familiarity with equivalent models of power system
components, their construction and characteristics
• Objective 2: Equivalent diagrams of power systems and gaining familiarity with
the power distribution theory.
http://ense3.grenoble-inp.fr/studies/smart-grids-and-buildings-courses-training337755.kjsp?RH=1278311701420
96 http://newsyllabus.pk.edu.pl/plan/show/html.pk?id=659
95
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•

Objective 3: Determination of the effect of changes in power flow on power system
stability and testing various cases with Matlab Simulink.
• Objective 4: Designing parts of a power system with distributed energy sources
and determining the effect of such sources on the local and global stability of the
system
And outcomes:
• Knowledge: gaining familiarity with basic concepts in power system modelling
• Knowledge: familiarity with construction methods and methods to simplify
mathematical models of power system components.
• Skills: ability to write equations relating to a power system model and to evaluate
the system response to disturbances caused by a change in its structure.
• Skills: ability to model a system with respect to a given operating point and the
ability to assess the stability of the model.
Romania
1.University of Craiova
The Faculty of Electrical Engineering provides a Bachelor programme (4 years) in
Power Systems Engineering. This Bachelor programme addresses partially one of the
Global Technical Challenges: Energy. The Power Systems Engineering programme
prepares engineers in the domain of Power Engineering to be able to carry out activities
in the design, operation and management of the systems of production, transport and
distribution of electrical energy. The curriculum of Power Systems Engineering
Programme includes partially some topics from Energy challenges as follow:
• High voltage and smart grid (power system): Infrastructure challenger – are
partially covered by the courses Data acquisition and data transmission in
power systems, Electrical networks
• Renewable energy – are partially covered by the course Energetics and energy
conversion
• Using optimized energy mode and energy storage – are partially covered by the
course Optimization techniques in energetics
• Security of energy supply - are partially covered by the course Electro-energy
plant safety
• The commitment to reduce greenhouse gas emissions - are partially covered by
the course Thermal and electrical energy production
• The integration of ICT in all energy fields – are partially covered by the course
Computer aided design of power plants.
The Faculty of Electrical Engineering provides a Bachelor programme (4 years) in
Thermo-energetics. This Bachelor Programme addresses partially one of the Global
Technical Challenges: Energy. The Thermo-energetics programme prepares engineers in
the domain of Power Engineering to be able to carry out activities in the design, operation
and management of the systems of production, transport and distribution of thermal
energy.
The curriculum of the Thermo-energetics programme includes partially some
topics from Energy challenges as follow:
• High voltage and smart grid (power system): Infrastructure challenger – are
partially covered by the courses: Thermal and electrical energy production,
Electrical systems and networks
• Renewable energy – are partially covered by the course Power systems
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Using optimized energy mode and energy storage – are partially covered by the
course Energetic efficiency
• Security of energy supply – are partially covered by the courses Power systems
and Reliability
• The commitment to reduce greenhouse gas emissions – are partially covered
by the courses Energy and Environment, Power systems environmental impact
and unpollution equipment
• The integration of ICT in all energy fields – are partially covered by the course
Computer aided design of thermal power plants.
In the same faculty it is provided a Master programme (2 years) in IT in Power
Systems. This programme addresses partially one of the Global Technical Challenges:
Energy. The IT in Power Systems Master Programme prepares specialists in the domain of
Power Engineering to be able to carry out activities in the design, operation and
management of the systems of production, transport and distribution of electrical energy.
The curriculum of IT in Power Systems Master Programme includes partially some
topics from Energy challenges as follow:
• High voltage and smart grid (power system): Infrastructure challenger – are
partially covered by the courses Smart electrical networks, Monitoring and
diagnosis of power plants
• Renewable energy – are partially covered by the course Decentralized systems
for energy production
• Using optimized energy mode and energy storage – are partially covered by the
course Energy efficiency and economic efficiency
• The integration of ICT in all energy fields – are partially covered by the courses
Modeling and simulation of energy processes, Applied Informatics in
Energetics, Monitoring and diagnosis of power plants.
2.Gheorghe AsachiTechnical University of Iasi
The Faculty of Electrical Engineering/Department of Energetics97 provides two Bachelor
programmes (4 years) in Electroenergetics Systems Engineering and Energy Management.
These Bachelor programmes (e.g. courses on: Strategies and Optimal Decisions in
Energetics) partially address one of the Global Technical Challenges: Energy. In the same
faculty/department two Master programmes (2 years, Energy Management; Advanced
Electric Systems and Informatics’ Systems to Monitor the Environment) contain some
courses (e.g. Clean Technologies, Eco-technologies) which may respond to key global
technical challenges as: Energy, Sustainable development and climate change.
3.Politehnica University of Bucharest
The Faculty of Energy98 provides a Bachelor programme (4 years) in Energy
Systems Engineering. It provides courses on: Renewable sources, Energy market, Energy
and Environment (Energy key global challenge). A Master programme (2 years) in
Renewable sources provides courses on: Photovoltaic Systems, Passive solar systems,
Geothermal energy and heat pumps, Hydrogen and fuel cells, Wind energy, Small hydro
and ocean energy, Renewable energy storage systems, Integration of small generation
systems in electrical network (Energy, Sustainable development and climate change).
United Kingdom
1.Oxford University
97
98

http://www.ee.tuiasi.ro/english/
http://www.energ.pub.ro/
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The Department of Engineering Science99 offers a four-year Bachelor programme
in Engineering. Part of the first year revises, and presents in new ways, aspects of the
mathematical and physical foundations of engineering. In addition, topics more specific
to engineering are introduced, such as structures, fluid mechanics, material properties
and digital systems. In the second year the study core subjects which are considered to
form the essential foundations of general engineering:
• Mathematics
• Electronic and Information Engineering
• Structures, Materials and Dynamics
• Energy Systems
Practical work supplements each of these subjects with laboratory exercises in
Communications, Instrumentation and Control, Dynamics, Structures and Materials,
Thermofluids, Heat Transfer and Electrical Machines.
Among the specializations that starts in the third year of studies we may find:
Equilibrium Thermodynamics, Fluid Flow, Heat & Mass Transfer, Information
Engineering Systems, Control Systems, Biomechanics etc. The third year design projects
may touch subjects as: Smart homes for the future, Fuelling the Hydrogen economy,
Marine renewable energy system. The fourth year of study prepares students as
specialists in engineering disciplines as: Sustainable energy (Energy challenge),
Aerothermal engineering, Cellular engineering and therapy (Health challenges),
Micromechanics and materials modelling, Advanced structures, Power electronics etc.
2. Loughborough University
The Loughborough University provides the Master programme in Renewable Energy
Systems Technology100 (1 year full-time). It is aimed at engineers and natural scientists
pursuing or wishing to pursue a career in the renewable energy sector, particularly those
in technical positions e.g. systems designers, technical consultants and R&D engineers and
scientists. It comprises compulsory modules as: Solar Power (e.g. interfacing technology),
Wind Power (e.g. Economic, technical, institutional and environmental aspects of on-shore
and off-shore wind farm design and development), Water Power (e.g. Wave energy and
proposed conversion technologies), Biomass (e.g. Energy from waste), Sustainability and
Energy Systems (e.g. World energy use, Future energy scenarios, Environmental and social
impacts of energy use, External economic costs and value of renewable energy, Policies and
strategies on carbon reduction, Sustainability), Integration of Renewables (e.g. Generators
powered by renewable-energy, Distributed generation and islanding).
Optional Modules (three have to be chosen) comprises: Advanced Solar Thermal
(e.g. Advanced solar thermal applications including Concentrating Solar Power Passive solar
design), Advanced Photovoltaics (e.g. PV system design, optimisation, performance
assessment and modelling), Wind Power2 (e.g. Advanced resource estimation in complex
terrain and offshore environments), Energy Storage (e.g. Fuel cells and supercapacitors),
Energy System Investment and Risk Management (e.g. Renewables, nuclear and fossil).

http://www.eng.ox.ac.uk/research
http://www.lboro.ac.uk/departments/eese/postgraduate/mastersdegrees/renewable-energy-systemstechnology/
99

100
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5.CONCLUSIONS
Identifying the key global technical challenges that the EIE graduates may face on the work
market
One of the main challenges addressed by the SALEIE project is ensuring that
Electrical and Information Engineering (EIE) graduates are prepared to enable Europe to
respond to the current global technical challenges in the Green Energy the Environment and
Sustainability, Communications and IT, Health, and Modern Manufacturing Systems
(including Robotics), that is, a “new skills for new jobs” approach. This will embrace
conventional education, lifelong learning and training for entrepreneurship.
The aims of the SALEIE project are to investigate and explore these challenges and to:
• Build a shared understanding of the skills and competence needs of graduates to
help European Companies respond to the current global technical challenges.
• Enhance current understanding of academic programmes and modules in terms of
technical content and level of learner achievement as a means of improving clarity
of learner skills and competence for mobility, academic progression and
employment.
Among the specific objectives of this project the work package three (WP3- Global
Challenges) aims to produce a model programme and module curricula in the current
global technical challenge subjects. The outcomes will provide European HEI's with model
curricula optimised to the technical needs of the challenges whilst retaining the valued
characteristics of Education within European Institutions.
Designing a model programme and module curricula in the current global
technical challenge subjects will require a survey of existing programmes in the key
challenge subjects. Prior designing any example of curricula in the key challenge subjects
it is necessary to identify and define what are the global technical challenges which may
challenge both the EIE teachers and learners technical knowledge, creativity, adaptability,
communication skills etc. A number of 15 Global Challenges 101 which provide a
framework to assess the global and local prospects for humanity have been identified.
Most of them will require well prepared and innovative EIE teachers and graduates in
order to solve their related technical problems.
At this stage of the project, following workshops debates, we decided to concentrate
on following global challenges which EIE graduates may face:
1. ICT convergence challenges in education.
2. Science and technology challenges including robotics.
3. Energy challenges
4. Clean water & Sustainable development and climate change
5. Health issues
These global technical challenges that EIE graduates may face are in line with the
challenges that the new launched Horizon2020 102 EU Research and Innovation
programme for 2014-2020 addresses, and are described in chapter 2 of this survey.

The Millennium Project: Global futures studies&research: Global Challenges for Humanity
http://www.millennium-project.org/millennium/challeng.html [on-line reference, accessed October 28th ,
2013].
102 http://ec.europa.eu/programmes/horizon2020/en/what-horizon-2020
101
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Top level criteria aiming to help in comparing curricula that prepare EIE students in fields
related to key challenge subjects
Different existing programmes in the key challenge subjects had to be analysed and
this survey collect the findings. In order to compare these programmes a set of criteria
have to be defined and clearly explained. Of course, most of these criteria are per-force
interlinked and some could even be mutually dependent but they form a start point in
proposing better curricula in the key challenge subjects. Based on workshop discussions
and collected data from the SALEIE partners a number of top level criteria for curricula
have been identified and described within the chapter 3.
Findings on Bachelor/ Master EIE programmes that may respond to the key global technical
challenges

Relevant data on the Bachelor/Master EIE programmes that may respond at a
certain degree to the key global challenges have to be collected. A frame to collect these
data has to be settled and its form (see Annex1) has been discussed adopted during the
SALEIE workshop meetings.
The designed questionnaire (annex 1 - WP3 Survey of Global Technical Challenge
Area academic programmes) has a short and understandable form and accounts for the
collection of the relevant data. It comprises the aim description, definitions (curriculum,
syllabus, programme, module) and request for:
- Sender affiliation to ensure for extra data request if eventually needed;
- Name of curricula/programme;
- A check list of the key global technical challenges that the programme may
address;
- A short (1/2 pag) description of the programme content that the sender
considers relevant to the checked challenges. The sender has been asked to:
o Describe the modules
o Describe their strong points in connection with the key global
challenge)
o Mention any connection(s) with industry and/or research
- An attachment with any appropriate module or curriculum
descriptors/abstract that helps to understand the responses has been
requested.
A number of about 30 filled questionnaires have been returned by the SALEIE
partners and people from other universities across Europe that identified specific
elements of response to key global technical challenges within their EIE education
programmes/modules/syllabus/curriculum. Most of the responses refer to ICT
convergence challenges (33%) and Energy challenges (43%). Sometimes EIE
curricula/programmes have been accounted to respond to more than one key challenge.
Another number of relevant data has been collected by searching on Internet, and from
former projects as THEIERE 103 (EIE education in Europe) and BIOMEDEA 104
(harmonization of high quality Medical and Biological Engineering and Science programs)
publications.
THEIERE project no. 10063-CP-1-2000-1-PT-ERASMUS-ETNE: http://www.eaeeie.org/theiere/ ;
Towards the harmonisation of Electrical and Information Engineering Education in Europe.pdf, 2003
104 http://www.biomedea.org/Documents/Criteria%20for%20Accreditation%20Biomedea.pdf
103
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Some of the findings of the survey are:
A. A general agreement on the degree structures has been reached during the
Bologna process. First degrees should require 180 to 240 credits (ECTS)105
(equivalent to 3 to 4 years fulltime) and the Masters should require 90 to 120
credits (ECTS)106 after the first degree, with a minimum of 60 credits at Master
level. Based on the national reports for 2012 (see figure 4.2) related to the
Bologna Process – EHEA 107 an average of 66.78% of first cycle study
programmes falls within the ones requiring 180ECTS. Some countries didn’t
provide such information (e.g. Estonia, Spain). According to the same national
reports for 2012 the responses to the question 5.7 (Please provide the
(approximate) percentage of second cycle (master) programmes of the
following length: 60÷75 ECTS, 90ECTS, 120ECTS, Other) most of the second
cycle programmes falls among those with 120ECTS (average of 56.18%). The
percentages distribution against countries is presented in figure 4.3. To
conclude, most of the first cycle programmes (Bachelor) accounts for 180 ECTS
(European Credits Transfer System) and the main option for the Master level is
for 120 ECTS.
B. A basic structure for a curriculum for three years Bachelor Degree in Electrical
Engineering and Master perspectives have been presented in chapter 4.1. It
represents a starting point for designing EIE programmes that respond to key
global technical challenges.
C. EIE education is mainly supported by means of programmes in:
a. Systems Engineering, Systems and Control, Computer and Systems
Engineering
b. Biomedical Engineering
c. Power Engineering, Renewable Energy Systems Technology
D. Within all the above mentioned programmes have been traced specific
elements that accounts for some responses to the key global technical
challenges. The adopted methodology was to enlist a general form of such a
programme and then to come up with different examples from different
universities that provide a certain response to key challenges by means of
certain modules or courses embedded within the programme.
E. Most of the modules/courses that claim to respond to key challenges are
related to some research that is performed within the host University/ Faculty/
Department.
F. Despite the claim that some programmes may respond to key challenges that
happens only to a limited degree while only some courses (sometime modules)
contains specific elements that accounts for a response to key global technical
challenges. Based on the survey findings it is to conclude that next step within
the SALEIE work should account for designing EIE model programme and
module curricula with a wider response to the current global technical
challenge subjects.

Conclusions and Recommendations of the International Seminar on Bachelor-Level Degrees,
Helsinki, February 2001.
106 Conclusions and Recommendations of the Conference on Master-Level Degrees, Helsinki,
March 2003.
107 http://www.ehea.info/article-details.aspx?ArticleId=86 : Bologna process – European Higher Education
Area: responses to Q5.1: Please provide the (approximate) percentages of first cycle study programmes
across the following categories: 180ECTS, 240ECTS, Other.
105
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Annex 1 Questionnaire form:

WP3 Survey of Global Technical Challenge Area academic programmes
This short survey is designed to identify where we, as a project consortium, either teach or know of
through our networks, programmes that address one or more of the Global Technical Challenges we
have identified as relevant to the SALEIE project. We request your answers to the following questions:
University name:
Faculty/Department:
Contact person e-mail:
Name of Curricula/Programme:
Which Key Global Challenge does the above programme apply: Check all that apply (based on
Horizon2020 programmei).
o Sustainable development and climate changeii ;
o Clean wateriii
o Global convergence of ITiv
o Health issuesv
o Food securityvi
o Energyvii
o Smart, green and integrated transportviii
Please provide a description of the programme content that you consider is relevant to the above
noted challenges (please keep to maximum of ½ page per module) in particular addressing the
following:
• Describe the modules
• Describe their strong points in connection with the key global challenge)
• Do you have any connection(s) with industry and/or research
Please attach any appropriate module or curriculum descriptors/abstract that will help us to
understand your responses (pdf format, English preferred).

Definitions:
•

Curriculum: The aggregate of courses of study given in a learning environment. The courses
are arranged in a sequence.

•

Syllabus: Is an outline and summary of topics to be covered in an education or training course.

•

Programme (or courses): A plan of modules to be covered to achieve a specific degree and/or
qualification.

•

Module: Lectures, labs and other activities related to one subject.
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http://ec.europa.eu/programmes/horizon2020/
http://ec.europa.eu/programmes/horizon2020/en/h2020-section/climate-action-environmentresource-efficiency-and-raw-materials
iii http://ec.europa.eu/programmes/horizon2020/en/h2020-section/food-security-sustainableagriculture-and-forestry-marine-maritime-and-inland-water
iv http://ec.europa.eu/programmes/horizon2020/en/area/ict-research-innovation
v http://ec.europa.eu/programmes/horizon2020/en/area/health
vi http://ec.europa.eu/programmes/horizon2020/en/area/food-healthy-diet
vii http://ec.europa.eu/programmes/horizon2020/en/area/energy
viii http://ec.europa.eu/programmes/horizon2020/en/h2020-section/smart-green-and-integratedtransport
i

ii
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