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Introduction

“…requires new cross-disciplinary approaches, integrating different energy 

technologies, energy systems, energy economies and markets, and importantly, 

embracing new regulatory frameworks, and understanding consumer behaviour and 

societal and cultural dimensions.“

The Energy Challenge

Effective solutions must address the whole energy 
system and its interface with society



Introduction

What does it mean for universities?

Upgrade & 
innovate own 
programmes

Collaborate with 
society and 

industry

Update learning 
& teaching

Break down 
disciplinary 

barriers
More flexibility 

New 
interdisciplinary 
working – new 

insights



Introduction

An Action Agenda for European Universities

• Enable the development of the actions set out in the

Roadmap for European Universities in Energy

• Adoption of new innovative approaches to learning,

teaching and research: Novel framework and approach for

structuring new energy-related programmes

• Bridging skills gap in higher education and business sector

• Greater interaction between universities and other energy

stakeholders including European and national policy

makers, industry and citizens

• Specific examples in key areas of energy technology:

Energy Efficiency; Smart Grids and Systems, Integration of

Renewables

Report available online: 
http://bit.ly/action_agenda

Roadmap available
online:

http://bit.ly/2FgZ1c8

(input from 100 energy experts)

http://bit.ly/action_agenda
http://bit.ly/2FgZ1c8


Introduction

An Action Agenda for European Universities

Four Working groups and chapters, including both technical/engineering and social science/humanities contents:

1) Horizontal content of cross-disciplinary 
education and research programmes 

2) Energy 
efficiency 

3) Smart grids & 
energy systems 

4) Integration of 
renewables

Report available online: http://bit.ly/action_agenda

http://bit.ly/action_agenda


Introduction

Main recommendations

• Skills and knowledge development need to go hand in hand

• Focus on new learning and teaching approaches

• Rethink the role of the educator

• Institutional support for interdisciplinary education and research

• Combine breadth and depth in T-shaped educational programmes

• Pay attention to Lifelong Learning

• Leverage digital opportunities



Introduction

Pathways to the solution

• New technologies & ways of working require new skills

• Adapting curricula, learning & teaching, student-focussed approaches

• Expansion of research-based learning, entrepreneurship & innovation skills – creating solutions

• Learning and teaching in inter-/cross-/multidisciplinary challenges and teams - communication

• More attention to holistic & systemic perspectives, especially for complex societal challenges 
such as energy – research methods and approaches

• Interface between technical solutions and society needs careful consideration

• However, need for specialised experts & scientists won’t disappear – universities play critical role 
in training

• Developing new knowledge and understanding



Introduction

Practical solutions

• Expose students to the full breadth of the energy system

• Tailored ‘background components’ to the main field of 

study

• Consider all aspects – conventional & renewable energy 

technologies, storage, systems, transport, heating/cooling

• Public perception, energy practices, energy choices and 

prosumers, energy dialogues

• Economic and financial factors

• Energy policy 

Master-level education Doctoral education

• From “T-shaped” to “A/Q-shaped”

• Breadth and context provide foundation

• Develop interdisciplinary research training

• New research methodologies across traditional 

subject boundaries

• Maintain requirement for original knowledge and 

original research

• Structured doctoral education, benefits of a cohort 

approach



Examples



Energy Efficiency

Prof. Fabrice Lemoine, Energies for the future, Lorraine Université d'Excellence 
Programme



Energy Efficiency

State of the Art

• Increased energy efficiency is one of the cornerstones of both the 2020 and 2030 EU energy strategy. 

• EU targets for energy efficiency, compared to 1990 levels:

• 20 % by 2020

• 25 % by 2030

• Constant challenge across all sectors, from energy production, distribution and consumption in industry, 
buildings and transportation as well as in agriculture and the service sector. 

• Out of a total of over 7.600 research staff (FTE) at the surveyed universities, almost 2.000 (over 25 %) are 
engaged in energy efficiency and smart city fields. A similar share (1.350 out of roughly 5.000) of doctoral 
candidates also work within these fields. 

• Energy efficiency cuts across sectors and technologies and requires interdisciplinary and systemic approaches. It 
is a “prerequisite” to the application of renewable energy.

• To be effective, measures for improving energy efficiency must always be seen in a systemic interdisciplinary 
context that includes a product/service life cycle within a local/regional energy system including end users. 



Improvement 
of a condenser 
by a 
hydrophobic 
surface 
coating  : gain 
+25%

Process : ex-
steel making : 
energy is a 
major concern

m

nm

km
Beyond the 
factory : 
optimization at 
the territorial 
scale

oMultiscale
oMulti-physics
oInterdisciplinary

EE is by nature

Energy Efficiency: all scales have to be considered



Energy Efficiency

Master level programmes general scheme

Common 
interdisciplinary 

(horizontal) 
energy efficiency 

(EE) content 

Technologies for 
EE

Methodologies

for EE and energy
integration

other discipline 
specific EE content

Should be part of energy, mechanical, electrical, chemical engineering masters, ... 



Energy Efficiency
Doctorate and research programme recommendations

• Interdisciplinary as well as the transdisciplinary integration of different actors in order to achieve systemic energy 
efficiency will take precedence. Course elements will have to complement the knowledge acquired by students in 
their Master programmes.

• Doctoral candidates in all energy relevant disciplines must have a fundamental understanding of
• Energy efficiency technologies in industry, buildings and transport
• Energy efficiency planning methods in industry, buildings, transport and spatial planning
[Pinch analysis, Process network synthesis, Exergy Analysis]
• Simulation tools for the definition of heating/cooling energy demand
• Actor interaction to achieve systemic energy efficiency
• Behavioural aspects of energy efficiency

• Research subjects (EUA-EPUE scientific policy input to the SET-Plan)
• Energy efficiency planning methods repository (transitory methods, 
comparison, combination)
• Total site energy integration
• Model collaboration (continuous, discrete)
• Socio-technical transitions
• Rebound effect, i.e. Jevon’s paradox

PhD
topic

Horizontal knowledge

merging 2 core disciplines

Horizontal knowledge

1 core 
discipline



Examples and case studies
A comprehensive repository

of case studies
(challenge based teaching)

Competences, skills for employers
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Smart Grids and Energy Systems

Prof. Mihaela Albu, Politehnica University of Bucharest



Smart Grids and Energy Systems

State of the Art

• Concept of “smart grids” tends to include “everything”: dispersed generation, smart metering, microgrids, DC 
distribution networks, innovative control, solid-state transformers, IoT…

• Main aim is to find better ways to match locally generation with consumption, sometimes by controlling the 
end-use of electricity; however the end-users are customers of competing stakeholders , using products and 
services sold on various markets

• Significant challenges with regards to: interconnectivity, security, reliablility, difference in speed of technology
change/adoption

For example, an energy system may be developed for a life span of 10, 20 or even 40 years, but in the 
lifetime of that product there would be many versions of OS that change  critical step in deciding on a                       
IoT approach for substation supervision



Smart Grids and Energy Systems

Master level programmes general scheme

• Individuals must have very wide general knowledge, to e.g. appreciate impact, context, etc. while being able 
to also focus on the details of a very specific topic (e.g. communication requirements for smart meters).

• Programmes should combine (50/50 to 80/20), energy technologies (e.g. Energy Infrastructure – Smart Grids 
– Distribution Networks) with holistic/generic system aspects; through e.g. using project/case studies either 
within courses, or across the programme to bring different subjects more together. 

• In designing a new “energy system” programme, one should consider:
• integrating more energy vectors
• Reliability, security and energy efficiency/saving 
• Customer-centric vision
• Social responsibility issues
• Long time horizon
• Adoption roadmap of new technologies and policies (privacy / big data / standards)
• …



Smart Grids and Energy Systems

Doctorate

and research programmes

recommendations

• Aim is to ensure that part of a Doctorate study is to lead to this candidate being a well-rounded individual, that 
appreciates the different aspects of a piece of work, e.g. social, economic, political, environmental, etc.

• Both “applied” and “fundamental” research are necessary. Their Impact and Context are slightly different 
depending on the type of research (fundamental /applied research). 

• In practice, each dissertation should incorporate a section that focuses on the context and impact of the 
performed research.
• For applied research, this section could be larger and look more at the impact of the topic of research in 

business and in society.
• For fundamental research, this section could be shorter and would aim to look more at the long-term 

potential impact.



Examples and case studies



Renewables Integration

Dr Wim JC Melis, University of Greenwich



Renewables Integration

State-of-the-art / 

Current issues 
Consider system 

as a whole

Need to plan, model 
and manage for 

intermittent 
generation

Need to “manage 
demand” to match 

generation

Role 
of/for 

energy storage

Smart/DC grids  
& 

energy flows

The Grid 
“under” 

Variable generation

Consider 
multiple energy 
vectors/types

Forecasting of 
demand/generation

Faster 
dispatch and control 

strategies

Role of Markets 
and 

market design

Drivers for 
integration ? 

Political, Economical, 
Technical 



Renewables Integration

• The basis of master curricula for renewable energy sources integration should enable every student to

know:

• How renewable energy sources interacts with the energy system and interacts with society.

• Students need to understand how their programme ”fits” in the energy system and society.

• This includes:

• Renewable energy sources, and their respective pros and cons

• How renewable sources interface with the grid and/or other energy systems

• To the user: Energy is a Service !

• A notion of the energy networks and vectors and how a “renewable system” interacts with them

• System balancing across time/geographic boundaries through e.g. storage

• Economic, Social and Political factors influencing energy

• Giving graduates a more holistic perspective, will ensure they can make a broader contribution to society !



Renewables Integration

Doctorate level programmes:

• Often very narrow (e.g. thin film solar cells), but also need a “broadened” part putting the research

into context. What is the potential ”real-world” impact ?

• The ability to answer more generic questions, such as:

• Where does this topic fit in the larger picture ?

• Who are the stakeholders and what is the best business model to deploy the results ?

• Which technologies should/could this work be combined with to make it more efficient at a

system’s level.

• Europe is leading on various aspects of renewable energy research, but needs to do more to consider the

integration of these technologies.



Examples and case studies

Other topics: Electrical/Thermal, Chemical, Energy Storage, etc.



Thank you for your attention! 

#EUAenergy http://energy.eua.euEPUE.platform@eua.eu


