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Abstract: In Europe, energy and climate policies started to take shape from the 1990s onwards
culminating with the ambitious 20-20-20 climate goals and the Low Carbon Europe roadmap
2050. The European Commission empower the importance of achieving the objective of the
recast Directive on energy performance of buildings (EPBD) that new buildings built from 2021
onwards will have to be nearly zero-energy buildings. The general belief is that the energy
performance optimization of buildings requires an integrated design approach and cross-
disciplinary teamwork to optimise the building's energy use and quality of indoor environment
while satisfying the occupants' needs.

In this context, there is a substantial need for professionals such as architects and engineers
specifically trained and educated in integrated design approach and trained to work in cross-
disciplinary teams. To be able to push forward the development, it is essential that educational
institutions foster professionals with such knowledge, skills and competences. An initiative
towards this direction is the EU project of IDES EDU: “Master and Post Graduate education
and training in multi-disciplinary teams .

The paper describe the necessity of more integrated and cross-disciplinary approaches to
building design through state-of-the-art of the building sector and educational initiatives in the
participating countries in the project, and through theory of design processes. The paper also
communicates the results of newly developed cross-disciplinary education established by fifteen
different educational institutions in Europe. Finally, the paper explains and discusses the
challenges encountered during development and implementation of the education across
different professions and countries.

1. Introduction

1.1 Motivation

Energy is at the heart of most critical economic, environmental and developmental issues faced
by the world today [1]. In Europe, energy and climate policies started to take shape from the
1990s onwards culminating with the ambitious 20-20-20 climate goals aiming to be met by
2020 and the Low Carbon Europe roadmap 2050 with the ambition of converting EU into a
competitive low carbon economy by 2050 [2]. According to the European Commission,
greenhouse gas emissions in the built environment could be reduced by 90% by 2050 [2],
empowering the importance of achieving the objective of the recast Directive on energy
performance of buildings (EPBD) that new buildings built from 2021 onwards will have to be
nearly zero-energy buildings [3]. The IEA World Energy Outlook even requires zero emission
standards for new buildings from 2015, and increased energy efficiency for all building stock,
with CO2 emissions to be reduced by 30% by 2020 compared to 1990 level [4].

The development and operation of energy-efficient buildings are complex tasks that fully
require the combined effort of designers in the development of the projects, qualified architects
and engineers with different skills and installers and builders to deliver the building as designed
and commissioned as well as building operators capable of maintaining the building in its full
energy performance. EPBD and the EU Energy Efficiency Plan 2011 both underline the
importance of the continuous training of such professional experts for their successful



implementation [3] [5]. Even though, energy and resource use primarily is in focus, it is also
important to pay attention to the indoor environmental quality of future building, which
sometime is neglected on the expense of minimising energy use. Aiming for satisfactory indoor
environment also increases the complexity of designing future built environment.

The general belief is that the energy performance optimization of a building requires an
integrated design approach to minimize the building's energy use while satisfying the occupants
needs [6]. Design strategies such as building orientation and architectural features to minimize
solar gains in summer and maximize the availability of usable daylight combined with building
construction, clever design and accurate control of the heating, ventilating, air-conditioning and
lighting systems are examples of an integrated design approach to optimize the building's
energy performance. Integrated design considers and optimises the building as an entire system
including its technical equipment, the surroundings and for the whole lifespan [6]. This means
that architects and specialists like mechanical, civil, and HVAC engineers, energy experts and
installers should work together in cross-disciplinary teams from the very beginning of the
design phase, requiring an extra effort of the parties involved [7]. However, this integrated
approach is not common for architects and engineers in most European countries. The design
process is usually a fragmented process where engineers and experts are involved in a stage of
the process where some of the most influential design decisions have already been made [8],
leading in many cases to inefficient solutions, non-optimized buildings and higher costs due to
untimely and non-integrated addition of energy efficiency measures and renewable energy
systems [6] [7].

In this context, there is a substantial need for professionals such as architects and engineers
specifically trained and educated in integrated sustainable design approach and able to work in
integrated cross-disciplinary teams [8], addressing the need to optimize the energy use in new
and existing buildings and the built environment [9], not only to produce buildings meeting
current EPBD standards, but especially for buildings within the nearly zero-energy concept
meeting the future EPBD. To be able to push forward the development in this field, it is
essential that educational institutions foster professionals for whom cross-disciplinary work will
be the basis of the design process. An initiative towards this direction is the project of IDES
EDU: “Master and Post Graduate education and training in multi-disciplinary teams” (Grant
agreement no.IEE/09/631/S12.558225, Period: 01-07-2010 to 30-06-2013, duration: 36 months).

1.2 Objectives
The objectives of this paper are to:

- describe the necessity of more inter- and cross-disciplinary approaches to building
design

- communicate the result of newly developed cross-disciplinary education in the project
IDES-EDU established by 15 different educational institutions in Europe (Figure 1)

- explain and discuss the challenges in developing cross-disciplinary education across
different professions and countries

The paper begins with a state-of-the-art of the building sector and educational initiatives
regarding energy optimisation in the built environment in a selection of the participating
countries in the IDES-EDU project (Chapter 2). Chapter 3 reviews different design process
models, while Chapters 4 and 5 describe and discuss the educational packages produced by
IDES-EDU and the challenges and experiences encountered during their development and
implementation.



1.3 Enery.efficient building design — state-of-the-art in education and the building sector
in seven EU countries

The overall pressure to reduce energy needs for buildings urged by the EPBD, has given rise to
an increasing number of low energy (passive, zero-energy) building projects in the European
building sector. The building projects have demonstrated that this type of design is a complex
task and in fact requires successful coordination of architectural, constructive, HYAC and
lighting concepts in the early design stage [10] [11]. The European Commission recognizes the
lack of appropriately trained specialists in this field and intends to work with the Member States
to adapt their professional and university training curricula to reflect the requirements for new
skills, education and training in the construction sector [5]. In the following, a selection of the
fifteen universities in the IDES-EDU project present in brief the state-of-the-art in education
and the building sector in their respective countries.

Figure 1: All fifteen participants: Norway, Norwegian University of Science and technology (NTNU).
Sweden, Lund University (ULUND). Denmark, Aalborg University (AAU). Lithuania,Vilnius Gediminas
Technical University (VGTU). Poland, Warsaw University of Technology (WUT). The Netherlands,
Cauberg-Huygen (CHRI) and Hogeschool Zuyd Heerlen (HSZ). Czech Republic, Czech Technical
University Prague (CTU-FCE). France, University of LaRochelle (UNIV-LR). Austria,
Fachhochschulestudiengéange Burgenland (FHS-B). Croatia, University of Zagreb (UNI-ZG). Slovenia,
University of Ljubljana (UNI-LJ). Hungary, Pecs Technical University (PTE). Italy, Politecnico di Torino
(POLITO). Greece, National and Kapodistrian University of Athens (NKUA). Portugal, University of
Minho (UMINHO).

1.3.1 Norway

In Norway, a growing body of quality and functional requirements present financial and
technological challenges to the construction industry. The Norwegian Ministry of Oil and
Energy has recently issued updated ambitions for the design, construction and operation of
energy-efficient buildings, as energy consumption for the operation of buildings currently
accounts for 37 percent of energy use in Norway. By 2040, the Government is asking for
buildings where materials, use of energy and water, indoor environment, pollution, transport
and waste are watched in a holistic context in a life cycle perspective. In addition, energy-



efficient buildings should be attractive and inspiring to all users, and universally designed; have
a good indoor environment and moisture balance; and have low energy use and greenhouse gas
emissions in a life cycle perspective [5].

Appropriate policy instruments will contribute to achieving this goal, amongst others including
more energy-efficient equipment, fees, regulations and funding schemes. Technical
requirements were intensified in 2007 and 2010, and will demand passive house level standards
by 2015 and near zero energy levels by 2020.

This ambition requires a cross-disciplinary and cross-institutional approach, in education,
industry, governance and research [5]. Holistic integration of design procedures and innovative
technologies can reduce energy use as well as greenhouse gas emissions in Norwegian
buildings. Building owners’ competency in specifying requirements needs to be improved, and
the effectiveness of energy-efficient measures and policies need to be documented and
validated. In addition, improved knowledge on user behaviour and interaction with energy
technologies may support the effectiveness of implemented measures. In order to achieve this, a
cross-disciplinary approach combining social sciences, engineering, architecture and economy
is needed — not only in construction practice but from the early stages of building education [14]
[15]. In addition, architecture and engineering education need to a larger degree to take into
account the renovation of existing and historic buildings. The new construction rate in Norway
is currently only 2,1 per cent per year [5]. In order to integrate these aspects fully in Norwegian
architecture and engineering practice, the following measures are needed in education [5]:

- Revision of curricula and development of new subject areas for energy efficient
engineering, rehabilitation and management on BSc and MSc level,

- Introduction of programmes for continuing education of teachers at colleges and
universities;

- Increase of training capacity through establishment of new programmes with focus on
energy efficiency;

- Special training initiatives aimed at property developers, managers and technical
operations personnel.

1.3.2 Denmark

The building regulations in Denmark as regards to energy use have been sharpened in the resent
years and are continuing to do so (year 2006, 2010, 2015 and 2020), including sharper demand
for the quality of the indoor environment in 2020 [16]. It has resulted in a growing interest in
optimising the design process in the building sector — A design process that traditionally
consists of actors who has specialised knowledge and competences and little knowledge about
related businesses, which therefore complicate the process. At Aalborg University they have
faced this challenged already in 1997 by bridge the gap between architecture and engineering in
the master programme of Architecture at the Department of Architecture, Design and Media
Technology, where the architectural students are introduced to aspects of engineering [17]. The
candidates get an inter-disciplinary profile, which prepare them to fit into a design team with
more traditional profiles and thereby facilitate and help the design team to work cross-
disciplinary within an integrated approach. The candidates are highly requested. Nevertheless,
there are still room for improvement and optimisation. The building industry still needs
additional knowledge about the principals and technologies of energy-efficient design including
optimisation of indoor environmental quality, and experience in working in cross-disciplinary
teamwork. Especially, post-graduate programmes are needed and can benefit from the IDES-
EDU project.

1.3.3 Czech Republic



Growing experience in designing passive or nearly zero energy buildings, shows that an
integrated approach to the design is essential. Czech Republic (CR) is ready to comply with the
requirement of EPBD as soon as the designers and building companies reach the proper
knowledge [12].

Education of professionals within building design and their systems are in CR done at
universities by faculties of architecture, civil engineering, mechanical engineering and electrical
engineering. These study programs has a wide range of focus from the purely architectural

and artistic approach with emphasis on the artistic concept (e.g. Academy of Arts, Architecture
and Design) to purely technical approach (e.g. Faculty of Mechanical or Electrical Engineering).
Faculties of civil engineering produce architects with deeper knowledge of technical aspects and
engineers with wide range of focus. Specialist from all these faculties finally work in the design
process together and their lack of knowledge in other fields may complicate the communication
within the team.

Recently several changes in the educational field have been made to bridge large gaps between
professions. Master programme “Buildings and Environment™ at Faculty of Civil Engineering at
Czech Technical University in Prague (CTU) running since 2007/2008 aims to integrate
architectural, constructive and building services approach [19]. Nevertheless graduates from this
program are more or less focused on building construction or HVAC design and usually do not
come across the architectural design. Another MSc. program “Intelligent Buildings” has started
in 2009/2010 to answer the market needs of more integrated design at CTU in Prague. Three
faculties are participating in this program: Faculty of Civil Engineering, Faculty of Mechanical
Engineering and Faculty of Electrical Engineering. The motivation for the development of this
program was the lack of inter-disciplinary professionals that are able to create conceptual design
of buildings; coordinate the group of different specialists during the design and building-up
stage and operate the building in the most proper way. However the program Intelligent
Buildings produces professionals focused more on technologies and building operation systems
than the integration with the architecture. An educational program focused on integrated
building design is still needed.

1.3.4 Austria

An Austrian study about the quantitative meaning of green jobs and their qualification requests
that new alternative heating technologies imply an increasing complexity of the products [20].
Regarding green skills the future request will rise. Based on profound specialist knowledge,
competences like e.g. consultation knowledge, a combined knowledge of the discipline and of
the complexity, and cross-disciplinary networking and cooperation will become important.

At the University of Applied Sciences Fachhochschulstudiengénge Burgenland Ges.m.b.H. the
two building sector related master courses “Building Technology / Building Management” and
“Sustainable Energy Systems” are offered. Until now the cross-disciplinary idea was only partly
implemented in the two mentioned courses e.g. in cross-disciplinary project works. However the
idea of the integrated design (and the results of the IDES-EDU project respectively) will be
implemented even more in the existing master courses stepwise in the very near future where
applicable.



1.3.5 Hungary

The energy regulation in Hungary was introduced in 2006 and 2008 [21]. The number of low
energy buildings is increasing (passive, low energy, zero energy) thanks for several financing
support. Experiences show that the qualification needed is inter-disciplinary and cross-
disciplinary approaches in the design process, industry and education. Additionally, innovative
technologies can reduce energy use, greenhouse gas emissions and improve indoor
environmental quality.

The education and training started concerning the energy certificating of buildings and
continued with different MSc and postgraduate courses [22]. A new MSc (4 semesters) was
introduced in Hungary for architects, civil engineers, mechanical engineers and electrical
engineers. The main aim is to get a wide range of building design and operation. The
specialization of the MSc course could be integrated design approach, building operation,
general building engineering. The education will be started in University of Pecs within 2 years
and used majority of the modules developed by IDES-EDU.

The need arises for people who are involved in the design, construction, commissioning and
operation to get up-to-date information about the integrated building design. A new
postgraduate course (2 semesters) was recently introduced in University of Pecs combining
building services, architectural and construction topics. This course has direct link to the IDES-
EDU project.

1.3.6 Greece

In recent years, the demand for energy efficient and sustainable buildings has increased in
Greece [23]. This fact along with the adoption of more stringent building regulations has
unavoidably led to an increase in the need for more specialized and skilled experts capable of
delivering such buildings in Greece [24]. Although the specialization in individual fields is
present in Greece, the design approach followed is still more traditional rather than integrated.

Greek universities still consist of the more traditional building design and engineering schools
and therefore provide more conventional under-graduate degrees. Nonetheless, efforts of
updating courses with modern technologies and approaches are being made at module level,
either through the introduction of new modules or throught the update of existing ones. On the
other hand, many intercollegiate graduate courses are available allowing for students from
different backgrounds to specialize in a common subject. The IDES-EDU project will contribute
to strengthen this development.

1.3.7 Portugal

The concerns for energy use in buildings, as well as energy regulations, are relatively new in
Portugal. Due to an apparent mild climate, cultural traditions and poor comfort conditions inside
Portuguese homes, the energy consumption in buildings has been low. However, the national
panorama in what concerns energy issues is changing. The increase in the quality of life,
together with the younger generations’ actions, more demanding in what concerns comfort
conditions, are causing a change in the national energy profile. At the same time the energy



consumption in the building sector has grown in an unsustainable way in recent years.
Moreover, the concern for sustainability in buildings are becoming more important every day
and the new legislation, due to the implementation of EPBD, is very demanding and technicians
are generally not prepared for this new challenge. At the moment, at national level, there is a
deep lack of knowledge on how to design energy efficient buildings in accordance with the new
rules [25] [26].

Within this context and with the increasing complexity of the building projects, the market starts
looking for professionals with more comprehensive project skills and capable of integrating
different knowledge and concerns in building design. However, the educational provision in this
area in Portugal is very scarce. Mostly, universities offer courses in very traditional areas of
activity and the dialogue between the actors involved is very difficult since they have different
visions and approaches to the related problems. Recognizing this problem, the Civil

Engineering Department of University of Minho launched in 2008 the Master Course in
Sustainable Construction and Rehabilitation putting together engineers and architects discussing
sustainability in building construction where energy issues are deeply discussed and analysed
and where an integrated approach is the main objective.

1.3.8 A common challenge to approach energy-efficient buildings

All the countries mentioned here face similar challenges within the building sector, but the
situation in the educational system across Europe varies. Overall, universities are moving
towards a more holistic understanding of integrated design, construction and operation
processes in energy-efficient buildings, though at their own pace.

The IDES-EDU project was created with the goal to centralize these efforts, with funding from
Intelligent Energy Europe (IEE) (Grant agreement no.IEE/09/631/S12.558225, Period: 01-07-
2010 to 30-06-2013, duration: 36 months). The overall intent is to educate, train and deliver
specialists, both students and professionals, with a cross-disciplinary profile and competency in
integrated design approaches that support energy-efficient design. These efforts are described
and discussed in Chapters 4 and 5.

But what is integrated design? We often use the term and claim it is the approach to use when
designing energy-efficient (or nearly-zero energy) buildings. Throughout the IDES-EDU
project, partners have discussed different, sometimes conflicting perspectives and practices of
integrated design, aiming to align best practices across participating institutions and learning
from each other to overcome challenges. The following chapter will outline and clarify this
aspect.

2. Theory and Method — Integrated Design

“As well as letting in daylight and sunlight and allowing for natural ventilation, the window is
also usually required to provide a view while retraining privacy. As an interruption in the
external wall the window poses problems of structural stability, heat loss and noise
transmission, and is thus arguable one of the most complex of building elements.” [27]



The quote illustrates the complexity of design in general, but as requirements to energy use and
indoor environment are tightened the complexity of design is increasing even further [28]. And
with the adoption of the EPBD EU Member States face new tough challenges moving towards
new and retrofitted nearly-zero energy buildings by 2020. The goals cannot be reached by using
technology alone because the strategies to fulfil low energy goals are also highly related to the
architectural design of the building and to user behaviour. The general perception is that the
“traditional design process” (TDP) cannot facilitate this complex task. On the other hand, a
more integrated design approach can deal with the higher levels of complexity [6][33][34]. But
what is the difference between the two approaches?

2.1 The Integrated Design Process (IDP) vs. the Traditional Design Process (TDP)

If generalized, the TDP often proceed like this: The architect and the client agree on the design
concept consisting of the form concept, orientation, fenestration and the exterior appearance like
characteristics and materials. Then, the engineers and consultants are asked to implement or
design technical systems for the building. This procedure seems simplistic mainly because the
“active” actors in the process are limited and they are implemented linearly [6], see Figure 2. In
a linear process it is often difficult or even impossible to optimise the design according to e.g.
energy and indoor environmental issues, because the expertise comes in late in the process and
the architectural concept is fixed. Nevertheless, this approach is mostly used, however the
reasons for doing so is not clear. On one hand, the barrier of integrating IDP in praxis could be
because the architects protect their professional domain and the engineers do not want to intrude
on the architectural domain and vice versa [29]. Another barrier could be that the professions
are not trained to work in an integrated way and simply stick to the what thay know. The
complex design process has become even more evident when designing energy-efficient (or
nearly-zero energy) architecture because more parameters come into play and the solutions are
much more interdependent than in standard building design fulfilling the conventional level of
performance [30].
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Figure 2: Top — The Traditional Design Process — a linear approach. Bottom — The Integrated Design
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In the TDP the design often results in [6]:

e unused potential of solar gains, resulting in higher heating demands

e exposure of glazing to summer sun, resulting in higher cooling demands

e unused potential of daylighting due to a lack of appropriately located/dimensioned
glazing, or lack of features to channel daylight further into the interior of the building

e exposure of occupants to discomfort, due to local overheating or glare in areas lacking
adequate shading

e non-efficient use of area due to lack of integration of equipment in the building

¢ higher investment and life cycle costs due to add-on of equipment during advanced
design and even operation stages

e |lower architectural and use value due to lack of alignment with technical equipment

o less efficient or unnecessary HVAC systems

In recent years a number of different approaches to IDP have been developed including some
with slightly different names like: Integrated Design Process — A Guide for Sustainable and
solar-optimised Building Design by International Energy Agency (IEA), Solar Heating and
Cooling Programme, Task 23 [6]; Integrative Design Guide to Green Building by Bill Reed et
al. [32]; Integrated Energy Design by the project INTEND by Intelligent Energy Europe (IEE)
[33]; Integrated Design Process developed and used at Aalborg University in the Civil
Engineering programme Architecture & Design [34] [35] and Integrated Energy Design at the
Norwegian University of Science and Technology [36]. Generally, most of the methodologies
wish to reach the same goal. They tend to focus on the importance of integrating both
engineering and architectural design aspects in a holistic synthesis. The most acknowledged
approaches to IDP include an iterative process, where all design issues are discussed by all
actors in a team; see Figure 2 — e.g. like the method from International Energy Agency (IEA),
Task 23 [6].

An IDP is often identified by the following parameters [6]:

e an iterative process

e considers and optimizes the building as an entire system including its aesthetic and
functional aspects, technical equipment and surroundings

o all actors of the project cooperate across disciplines and agree on far-reaching and
crucial decisions jointly from the beginning

¢ the design concept is subject to iterations early in the process, which is done by a
coordinated team of specialists

2.2 Impact on building design and the challenges of different work methods

By approaching the design process in a more integrated way the whole design concept will be
more holistic. It means the climate, strategies to optimise the indoor environment and energy
use are thought together into a common concept avoiding fragmentation, incoherency and/or
technologies that are “add-on’s”. The quality of the concept and final building design is highly
dependent on the competences and communication in the design team and the view on design
processes in general [39]. Even though a design process holds other actors than architects and
engineers like; clients, contractors and users, the first two will be used to explain the different
approaches to design.
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Table 1. Examples of quantitative and qualitative issues relevant in an architectural design process.

Quantitative issues Qualitative issues
Statics Aesthetics: spatiality, texture and materiality, light and
Energy consumption shadow
Indoor environment Functionality as regards to context, users etc.
Economics Users, everyday life, activities
Etc. Atmosphere

Physiological requirements

Cultural expectations

Etc.

Traditionally, architects acted alone on the design of the building and such a design process
usually is a cognitive process where the architect conjectures an approximate solution to
structure the understanding of the problem and test its resistance [40]. Architectural design
problems have a large number of solutions open, mainly because the field of architecture takes
qualitative and quantitative issues into account at the same time and they inform each other,
which means they cannot be solved individually, see examples in Table 1. At the same time,
every assignment is unique because relevant issues such as functional programme, local climate
and site etc. vary in each case [27]. Today, especially the competences of engineers have to
come into play in the architectural concept because form concept, orientation, fenestration etc.
influence performance of the building [37] Trebilcock, M. Integrated Design Process: From
analysis/synthesis to conjecture/analysis. PLEA2009 - 26th Conference on Passive and Low
Energy Architecture, Quebec City, Canada, June 2009

[38][39]. Therefore the approach to the design processes is challenged. Engineers often have
focus on the solutions having an analysis/synthesis(A/S) approach where the architects have
focus on the problem having a conjecture/analysis(C/A) approach [trible4] [40]. In an A/S
approach the problem is firstly broken down and analysed in sub-problems and individual
problems. The individual solutions and sub-solutions are then synthesized until achieving the
overall solution. In a C/A approach one proposes an idea that is holistic in nature before
attempting to conduct any analysis. The two (competing) approaches or paradigms can result in
conflicts when combining them in an IDP. Maureen Trebilcock concludes that when designing
sustainable architecture it requires that architect and engineer overlap their knowledge and skills
and share the character of a designer, it stresses the necessity for each discipline to cover basic
and essential knowledge and skills of the other, resulting in architects and engineers with a new
character, different from the traditional one [8] Heiselberg, P. Integrated Building Design - DCE
Lecture Notes No. 017, Aalborg University, Department of Civil Engineering, Indoor
Environmental Engineering; 2007.

]. To design energy efficient architectures is not just a matter of timing, like bringing all
participating together from the beginning, or the use of common language. It is also about the
approach to designing a building in itself that needs to be addressed — and especially in
education.

Therefore, the project of IDES-EDU put an effort in educating in integrated design approaches,
alongside improving the common knowledge and skills about energy efficient architecture. The
candidates will hopefully influence design approaches in practise and thereby the industry will
hopefully overcome the barriers of implementing IDP. In the following the project of IDES-
EDU will be further explained.
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3. Results — IDES-EDU Project Aims, Structure and Implementation

The IDES-EDU project approaches the challenges outlined in Chapter 3 by creating Master and
Post Graduate education and training in multi-disciplinary teams. The aims, structure and
implementation of the educational packages developed by IDES-EDU are explained in the
following, along with challenges encountered during development and implementation of the
project.

3.1 IDES-EDU project

IDES-EDU is a project co-funded by the Intelligent Energy Europe programme (Grant
agreement no.IEE/09/631/S12.558225, Period: 01-07-2010 to 30-06-2013, duration: 36 months)
[42]. In IDES-EDU fifteen European educational institutions work together to develop curricula
and training programmes for MSc students and professionals (Post Graduate courses, PGr) that
will meet the building sector’s modern needs for experts capable of applying the integrated
design approach and performing well in a cross-disciplinary and interdependent problem-
solving framework. The participating institutions can be seen in Figure 1.

3.1.1 Aims

The main aim of the project is to promote and implement the integrated design approach for
buildings and energy systems and as a result to contribute to the optimisation of the market
orientated implementation of the EU directives on EPBD and renewables. The project also aims
to facilitate the process to reach long-term targets for a resource-efficient, low-carbon Europe by
2050.

The main objectives of the IDES-EDU project are to:

e Create and implement curricula and training programmes (master and post-graduate
courses, respectively) that will educate, train and deliver experts in Integrated
Sustainable Energy Design taking into consideration the policies of the EU, while
working in a multidisciplinary environment;

o Establish close collaboration with key actors and stakeholders of the building sector at
national and at European level in order to better understand their needs for new skills,
knowledge and competencies and incorporate them in the curricula and training
programmes;

e Increase awareness, promote implementation and commitment on integrated
multidisciplinary design through promotional campaigns in the building sector and
exchange programmes with other European universities.

3.1.2 Outputs
The major outputs of the IDES-EDU project are:

o Design and development of a four semester master course and a post-graduate course on
Integrated Energy-Efficient Building Design including an EPBD basic package,
fundamental, theoretical, and practical educational packages integrating elements of
architectural, civil, environmental and mechanical engineering. These courses are
designed in such a way so as to be flexible and adaptable to a specific country’s or
educational institutions requirements while maintaining their European wide
applicability;
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e Implementation of the courses in at least fifteen European countries;

o Establishment of national consortia between participating educational institutions and
accrediting bodies and relevant key actors and stakeholders from the building sector for
collaboration in the framework of IDES-EDU,;

¢ Internal students exchange program;

o External student exchange activities with other European universities and businesses of
the building sector;

e A general framework for the training and education building objects to be used by
students and post graduate participants as cases for implementation of Integrated
Energy-efficient Building Design theory and methodology;

o Elaborated designs and terms of references for building objects by each educational
institute and business plans for realization of the building objects by the participating
educational institutes and the members of the collaborating national consortia;

¢ Realisation of training and education objects by Hogeschool Zuyd, Heerlen. i.e., ‘The
District of Tomorrow’[42][43], and by University of Ljubljana i.e. ‘Self-sufficient
living cell’ [42][44];

¢ Anintelligent dynamical and adaptive Multimedia Teaching Portal (MTP) to facilitate
the learning and teaching process for students and teachers, respectively;

¢ Recommendations to relevant stakeholders and policy makers on the potential of
integrated sustainable energy building design, capacity and potential of the trained
experts.

3.2 Educational approach
3.2.1 Structure

The IDES-EDU project intends to educate, train and deliver specialists who will be able to
follow the principles of the integrated design approach. Since the project address both students
and professionals from various countries working in the building sector, the structure of the
IDES-EDU course must be flexible but also coherent. Each institution has different teaching
traditions and to support implementation the pedagogical approach in the project of IDES-EDU
can be adapted to local approaches. The materials in the educational packages contain
presentations in PowerPoint with notes and descriptions of example of exercises, workshops and
seminars. The developed material should be seen as a toolkit which each institution can
customize to fit into either an existing curriculum or to start up a full cross-disciplinary master.

The courses are classified into three educational packages Fundamental, Theoretical and
Practical Educational Packages (Figure 3) which will be presented in the following paragraphs.
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Figure 3: The illustration shows the content of the educational packages and the interrelations between
its modules. Left: The interrelations between the different modules, the dashed box are not a direct part of
the educational packages, but it is an essential part of the integrated approach. Right: The modules in
each packages to which there are listed learning outcome and developed teaching material.

3.2.2 Fundamental packages

The fundamental educational package contains several modules on diverse topics which create
the basis for working more advanced with designing energy-efficient (nearly zero energy)
architecture, also taking into account quality of indoor environment.

The cornerstone is the module of Integrated Design Approach. The module introduce the
students to the theoretical understanding of design processes and how designers think, which
cover both the TDP and the IDP to illustrate the difference and importance of new approaches.
The lectures also contain presentations of building examples from practice when working with
the IDP. However, more general integrated concepts are also presented to illustrate the
possibilities by working integrated. Additionally, workshops are suggested to be carried out in
groups, which train the student in understanding the principals and outcome of integrated
design.

Additional modules within this fundamental package are dedicated to Whole Building and
Renewable Energy Concepts (WBREC), sustainable buildings, architectural quality, indoor
environment, market and exploitation and EPBD. The integrated aspect within this educational
package is obvious if the interrelations between the individual modules are considered (Figure 3,
left). Architectural quality as well as the resulting module of WBREC are interrelating with the
cornerstone of IDP. In addition the IDP must ensure that the quality requirement of the indoor
environment (hydrothermal, air quality, acoustic, lighting, user behaviour and more) is met. In
order to ensure a coherent structure for individual master and postgraduate courses the
fundamental package is considered to be mandatory.

3.2.3 Theoretical packages
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The second main part of the IDES-EDU teaching material is the theoretical educational
package. The main topics of building technologies like heating/cooling, ventilation, lighting and
energy production are the content of this package. The content of the two example modules,
energy production and heating/cooling, can be seen in Table 2.

Table 2. Content of the module energy production (left) and heating/cooling (right)

Energy Production

Heating/Cooling

Energy carriers

Heat generators — fossil fuels and biomass

Heat Pump

Solar collectors

Earth heat exchangers for air pre-heating and pre-
cooling

Cooling compressor

Evaporative cooling

Solar Cooling

PV electricity generation

Small scale cogeneration (gas-pistio engine, gas-turbine.

Biomass-Stirling engine)
District heating, DWH and cooling systems, Large scale
cogeneration

Fundamentals

Passive heating and cooling

Active Space Heating and Cooling

Heating distribution network

Heating and cooling systems control and operation
Design and Analysis, H/C needs and loads optimisation
Space heating and cooling concepts and emitters design
Hydraulic system design

Since the theoretical educational package covers more specialized topics from the building
technologies, compared to the fundamental package, all the materials are not considered to be
mandatory. Therefore the contents of the theoretical package can be chosen depending on the
background of the master course and postgraduate course students, allowing a high grade of
flexibility. This flexibility allows each individual institution to implement the topics according
to their educational background as well as to their implementation possibilities in terms of

national accreditation requirements.

3.2.4 Practical packages

The third main part of the IDES-EDU teaching material is the practical educational package.
The practical educational package comprises practical methods such as design projects, project
work (Problem-Based Learning (PBL) and group work and therefore can be considered the
other cornerstone in educationg cross-disciplinary candidates. The package aims to transfer the
idea of IDP to the IDES-EDU students through practise. Only if the students can experience the
integrated design idea through cross-disciplinary teamwork, with learning-by-doing (or PBL),
they will understand the impact of integrated design. Therefore the practical educational

package is considered to be mandatory.

In the project work (group work) ideally the team members has different professional
background to be able to experience the cross-disciplinary approach. Project work encourage
the students to engage in self-directed endeavours of exploration. It involves a process of
transformation, one filled with challenges and unknown problems [45][46]. The problem in the
MSc within IDES-EDU is to develop at building design which is optimised in terms of energy
efficiency, integration of renewables, thermal comfort and health, and costs effectiveness. The
project work is also a dynamic, stimulating and socially challenging process where the students,
working collaboratively, have to organize work, make decisions and evaluate their results. The
project work involves negotiations, dialogues and inquiries relevant to the theme of the building
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design, and the student draw on lectures, courses and various resources that are available in the
course of the semester [45][46].

The practical educational package includes a module about cross-disciplinary teamwork, where
the student are introduced to knowledge of methods and tools in order to perform teamwork
across different disciplines, e.g. between an architect and a mechanical engineer. The module
improves the students’ ability to perform cross-disciplinary teamwork within an IDP in practise.
The term cross-disciplinary means that a team member is an expert in one field and has basic
knowledge in the other fields [41] (Figure 4). Different disciplines also mean different
languages. For example the meaning of the word “design” may be understood differently by an
architect and by an engineer. The architect may associate definition of space with e.g. walls,
windows, daylight and atmosphere, whereas the engineer may associate proper dimensioning of
a heating appliance. This simple language example shows that the architect is more dedicated to
the whole building, where as the engineer is more focused on a detail. The module cross-
disciplinary teamwork aims to give the student knowledge, skills and competences to be able to
carry out a project in cooperation with other profession and close the gap between different
profession — then the condition for carrying out integrated design is realized.
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Figure 4: The overall conceptual idea of the cross-disciplinary profile. Each column represents an expert
within a professional field, the IDES-EDU students should have expert knowledge within at least one field
(red line) and be informed by other fields (dashed red line)

In order to emphasize the importance of the practical educational package the interrelations of
cross-disciplinary topics are demonstrated in Figure 5 for the example of solar heating &
cooling. The arrows in this figure show the interrelations between the topics. A topic like this
can be used for simulation studies with the students. With the help of proper simulation tools
(with different grades of detail) the students can experience in a safe environment the effects of
different parameter changes and can evaluate how strong the examined interrelation is. Based on
these self-studies the students develop step by step the meaning and power of integrated design
from a technical (e.g. calculated performance figures) and architectural (e.g. opaque vs. non
opaque areas) point of view.
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Figure 5: Interrelations of cross-disciplinary topics for the example solar heating & cooling emphasizing
the connection of architectural and technical aspects within the integrated design approach

During the project work the students work with a building design where they for example use a
building and building technologies simulation software like TRNSYS [45] Kolmos A, red. PBL
at Aalborg university: contributions to the International PBL Conference in Lima July 17-24.
Aalborg: Technology, Environment and Society, Department of Development and Planning,
Aalborg University. 2006.

[46] Kolmos, A., & Graaff, E. D. (2003). Characteristics of Problem-Based Learning.
International Journal Of Engineering Education, International Journal Of Engineering
Education, 2003(19), 657-662.

[47]. It can be used in order to test the integrated design ideas. An example in TRNSYS could
be to simulate a 2-story office building, where the students can do parametric studies very easily
changing e.g. the area of the windows, the set-temperatures, the internal gains, the ventilation
schedules, the heating power etc. The students can then analyse and discuss the effect of the
different parameters changes both on the resulting energy use and architectural expression.

As a result of the project IDES-EDU, fundamental, theoretical and practical educational
packages were developed. Together with a master thesis a full master course in integrated
energy-efficient building design with a focus on cross-disciplinary teamwork can be planned.
Additionally this structure can be used for the implementation of a post graduate course for the
training of specialists from the building sector. All the developed modules are planned to be
used as teaching material, therefore a Course Instruction Guide to the project and the teaching
material are written, which should help with the dissemination of the IDES-EDU project idea.
All can be found on the project website [42].

3.3 Attitude to the idea of a new way of education in participating countries,
implementation

Around the world, the number of specialisation courses on energy in buildings is rising
tremendously, and the quality of the educational packages offered is not always secured.
Architecture and engineering schools are challenged to rethink their curricula to absorb pressure
from the media, the construction industry and students who demand courses in sustainable
architecture and engineering. Universities across Europe need to develop extensive co-operation
to ensure that best practice becomes standard everywhere.
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Generally, the goal is to educate students who are enlightened, innovative and independent
when it comes to energy and resource use in buildings. They dare to be critical of new theories
and solutions that consistently show up in ever-faster development. Simultaneously, the
educational packages developed by IDES-EDU aim to solidify efficient use of energy and
resources, and secure a satisfactory indoor environment as an integrated and explicit part of
building practice, education and research. This is an on-going process that requires dialogue,
reflection and development.

3.3.1 Realisation of educational packages

A first hurdle encountered in the development of IDES-EDU educational packages was the
variety of educational cultures and traditions across countries, not only in terms of architecture
and engineering departments, but, above all, between teaching-based and learning-based
practices. ldeally, academic achievement is related to the facilitation of successful self-reliant
students with achieved self-monitoring skills, such as self-evaluation, in-depth understanding
and comprehension monitoring [48]. In practice, however, meeting between the fifteen
universities quickly exposed large differences in terms of, amongst others, independence of the
students’ study habits, number of hours of teaching per week, and type of assignments and
exams. The challenge consists of producing educational packages that can harbour these
differences, while achieving the common goal of creating students with an enthusiastic attitude,
good factual knowledge and expertise to transform the wide variety of opportunities available in
the market into a successful project.

3.3.2 New Educational Programmes and Integration in Existing Curricula

A second challenge is related to implementation of new educational programmes (master (MSc)
and post graduate) and the integration of courses, lectures and workshops on energy use in
buildings in established curricula. In practice it proves difficult to include IDES-EDU lectures,
let alone entire courses, into established educational programmes. Additionally, building up of
new educational programmes does not come over night, as support from faculty is essential and
a procedure of accreditation is necessary. In order to support the integration of IDES-EDU
courses in established curricula, distribution of topics in distinct courses has been given a lot of
thought and discussion prior to the actual development of the educational packages.

Table 3: The challenge related to implementation led to different action levels. Some institutions start
with little integration (Action 1) others more. The goal is that over time, greater implementation level will
be taken in each institution and non-participating institutions will follow.

Actions Level of Implementation

Action 1- existing learning outcomes Use several lectures in the existing education
BSc, MSc, Post Graduate

Action 2 - common learning outcomes | Use several educational module in the existing
education BSc, MSc

Action 3 - common learning outcomes | Use several educational module in the Post
Graduate education

Action 4 - common learning outcomes | Use majority of modules in the Post Graduate
education
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Action 5 - common learning outcomes | Use majority of modules in the MSc education

Action 6 - common learning outcomes | National accreditation for a new MSc course
Common accreditation for a new MSc course

Implementation after the project

Nevertheless, it is expected that the full integration of IDES-EDU educational packages into
established curricula will take several years, beyond the scope of the project itself. Yet, the
project’s time frame does provide the opportunity to test several lectures, workshops and in
some cases entire courses across the participating universities. The construction industry
requires a paradigm shift in which energy use in buildings form a natural and explicit part of
architectural and engineering education, rather than a particular form of expertise that can only
be achieved through voluntary post-graduate specialisation.

3.3.3 Feedback from students

IDES-EDU educational packages are tested on a wide variety of architecture and engineering
students, in a mixture of domestic students, students who have chosen the Erasmus exchange
programme for 1 or 2 semesters, and students following a 2-year international master
programme abroad. Facilitating learning among this mixture of students provides an additional
challenge for the IDES-EDU project, and it is of vital importance to get widespread feedback on
the experiences of diverse students across all participating universities. Hence, to support the
integration, testing and validation of the educational packages, an online learning platform is
developed to spread various informal shared measures and activities among the students and
teachers of the fifteen participating universities. The result is a learning arena that promotes
dialogue and discussion on energy and resource use in a visible and explicit manner. This
measure aims to support exchange of knowledge and experiences across the participants. Guest
lectures, literature databases and other educational material can be shared among students and
teachers. In addition, the platform allows students to actively communicate with each other,
share opinions and interests, and provide more direct and interactive feedback support on the
educational packages. Not only the content of the packages can be discussed, but also
experiences with industry, professional ethics related to energy-efficient building design and the
role architects and engineers play can be shared. The aim of the programme is to promote
understanding, communication and a positive attitude between future partners in building and
construction. Such cooperation between architecture and engineering is very labour intensive for
both teachers and students. There is a need for much guidance and facilitation in order for the
result to actually be a positive experience and not a confirmation of the old prejudices that
continue to recur among architects and engineers. In addition, there is a need for a filter in
education that can collect, analyse and disseminate available and valid knowledge about energy-
efficient building design, and can facilitate the students® learning until they eventually manage
to orient themselves on their own in the field.

3.3.4 Feedback from teachers

Developing educational material to be used by other teachers has proven to be a considerable
challenge. Architecture and engineering professionals often draw upon their own experience
when presenting teaching material and this is difficult to transfer to others. Slides that are
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optimised for showing in the classroom usually require additional text to be read by the teacher.
In order to prepare the IDES-EDU educational packages, therefore, many slides had to be
developed, even though all participants have long experience in teaching courses in energy-
efficient building design.

In addition, most professionals seem to prefer to develop their own material, using the IDES-
EDU educational packages as a plug-and-play resource base from which they can choose slides,
literature and workshops in a different order, using different references and illustrations. While
the educational packages are rarely used in their original state, they provide valuable support in
promoting quality assurance and organisation of literature, tools and recommendations.
Experience accumulated each semester by students and staff can be made available on the
online learning platform in the form of a database in which the use of various resources is
evaluated and discussed, and best practice is identified. Presentations by local architects and
engineers reflecting on their experiences can be reworked into narratives and cases for use in
teaching. Good student assignments in the form of case studies and projects can be made
available, showing a diversity of criteria for energy and resource use in buildings. A digital
billboard with activities and opportunities that exist at other educational institutions, such as
information on scholarships and student contests, can increase and enhance the students'
contributions in the field. In order to fully achieve this purpose, students are involved in the
development of the online learning platform.

3.3.5 Challenges related to definition and evaluation of learning outcomes

Development of educational packages is irrevocably related to discussion and careful evaluation
of expected learning outcomes. Aiming to support the education of architects and engineers
with solid competency in energy-efficient building design requires experience and knowledge
related to physical projects as well as co-operation processes — cross-disciplinary teamwork.
Students might learn more from experimenting and failing than from safely repeating
established routines — but how is this learning experience facilitated and graded?

Experience has shown that students usually have very ambitious goals related to energy and
resource use, but it is a big challenge for them to translate theoretical knowledge into energy
and environmental project design, even in the protective environment that constitutes the design
studio. The transition from facts to engineering practices must be planned and practiced through
small analysis tasks, case studies and reflection and dialogue for it to make sense. This
combination of problem-based learning supported by factual information, often related to a
limited subject at a time - such as location, material or design - can help students in a clear
manner. Such exercises require knowledge of and close cooperation between building practice
and research among the teaching staff [49].

Marshall [50] defines three main approaches to learning: a surface approach, mainly based on
repetition and memorisation aiming for reproduction during the exam; a procedural deep
approach aiming for familiarity with applications and problem-solving procedures and the
ability to transfer them to other, similar problems; and a conceptual deep approach relating
learning to underlying theory, aiming to gain a deeper understanding. ldeally, the IDES-EDU
educational packages would aim to facilitate all three learning approaches in parallel,
accustomed to the performance level of the individual student. However, according to Case and
Marshall [51], students appear to tailor their learning mode to the type that is perceived as most
appropriate during that course. Students may give up on a conceptual deep approach when they
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perceive that a procedural deep approach or even pure memorisation is more useful to get good
grades, a scholarship or similar type of incentive. A large focus on design procedures,
assessment methods and evaluation tools may thus help students to master the tools and skills
they need in practice to solve problems, but may also reduce their chances of really
understanding the problem, taking a critical point of view, and potentially revolutionise the
building industry.

3.3.6 Recommendations to policy makers, external stakeholders and educational institutions
not involved in the action

The attention that the topic of energy use in buildings currently receives can be used to build
awareness and knowledge about energy and resource use in the building industry and general
public. Many experts now make an extra effort to establish solutions that can be implemented in
short term, such as guest lectures, and making additional material available online. Such
measures are often the result of personal engagement of distinct members of staff, and thus
person-dependent and fragmented. In order to have a long-term effect, however, this extra effort
that many now provide needs to be supported and institutionalized. IDES-EDU provides an
opportunity for investigating such institutionalisation, ensuring the exchange of experiences and
development of knowledge between institutions across Europe, including the evaluation and
improvement of curriculum, teaching methods, learning and assessment in architecture and
engineering education. In addition, a network of national consortia of academic actors, public
institutions and the construction industry provide a continuous update of the program's
relevance to architectural and engineering practice.

4. Discussion

How can we create space in education schemes for architects and engineers that will allow
successful implementation of integrated design programs?

As discussed above is it a challenge to implement the whole IDES-EDU programme for many
of the participating educational institutions on master level. However, all institutions implement
parts of the educational packages. The least challenging program to implement seems to be
within postgraduate education where a training institute or organisation will add this program to
its courses and offer it to a wide professional public. In any case the level of success depends
highly on the attitude to the integrated approach. People involved — faculty managers,
coordinators, teachers etc. — need to acknowledge the importance of integrating knowledge,
skills and competences from different disciplines in one education; need to acknowledge the
importance of cross-disciplinary teamwork and the importance of learning by doing —e.g. PBL
with cross-disciplinary teamwork around a practical building case. It is important that involved
parties are open-minded and connect their own field of specialisation with other building
disciplines.

What is the role of the student and professionals educated with IDES-EDU packages in future
design teams?

In a design team efficient sharing of information is desirable and essential to design energy-
efficient (nearly zero) buildings without compromising indoor environment and architectural
quality. It is important to have knowledge about dialogue management and skills to determine
appropriate timing and assess importance of each partial task in the design and construction
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process. Therefore, the educational approach implemented within the IDES-EDU project
supports required skills for architects, engineers and other members of the team. Firstly, the
student will get a basic knowledge of each professional field. Secondly, absorb the idea of
integrated design and practise the ability to engage in cross-disciplinary team work, giving
valuable expertise on their own contribution to a building project, and the advantage of timely
co-operation with others. As a result, professionals graduated from such an educational program
will provide the best prerequisite to become invaluable members of a design team, especially
when working on buildings with minimal energy and resource use. The candidate could even
hold a role of facilitator or project manager in the design team balancing the broad knowledge
field and competences in cross-disciplinary teamwork. However the challenge of distributing
and taking on responsibility is always present - responsibility for particular methods, tools,
solutions, equipment and their proper functioning. As boundaries between professions become
less strict in an Integrated Design Process and a lot of interactions appear, contracts and other
forms of working agreements with detail specification of territories are needed. However each
discipline should still be open-minded to enter other fields of expertise with new knowledge and
allow innovation.

Will the labour market accept integrated specialists?

The building industry has an urgent need for specialists with knowledge and experience in
integrated design [52] in order to reach ever more strict building requirements in terms of
energy and quality of indoor environment towards the aim of EPBD by 2020, and Low Carbon
Europe by 2050. Therefore, it is believed that the demands for the candidates will automatically
emerge. Cross-disciplinary teams will provide higher quality work in the design stage,
improving buildings’ performance throughout their entire life cycle. Although the design
process will be more complicated and demanding than most actors in the building industry are
used to, hopefully through time the industry will recognise that it will result in reduction of
difficulties during project design, construction phase and even during operation of the building
—and then again reduce the cost.

5. Conclusion

In Europe, energy and climate policies started to take shape from the 1990s onwards
culminating with the ambitious 20-20-20 climate goals aiming to be met by 2020, and the EU
Low Carbon Roadmap 2050 with the ambition of converting EU into a competitive low carbon
economy by 2050. As a result, pressure is put on building designers to design buildings with
high standards of energy efficiency, performance and comfort [53] [54].

This article has described the effort to support requirements of the EPBD by implementing a
integrated approach to energy-efficient building design into architectural and engineering
education. It reveals the existing situation in architectural and engineering education across
Europe and introduces the EU funded project IDES-EDU which focuses on creating and
implementing curricula and training programmes that will educate, train and deliver experts in
Integrated Energy-efficient Building Design which are able to work in cross-disciplinary
environments. The aim is also to accreditate several new master programmes at a great number
of European universities. It will support international collaboration among academic institutions
and collaboration with professional bodies.
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Real implementation of a new educational approach and designing approach faces several
challenges within the current educational system and also in practice. If the integrated design
approach and cross-disciplinary teamwork should become a common approach in the building
industry, all key actors in the process have to agree on it and require it. By putting 15 European
Universities together in a project like this and develop at common idea is one step on the way.
Next step is to get the first candidates on the market and influence the existing businesses to
agree and require new ways of working and thinking in building design.

The question is whether this approach in education can in fact change existing scheme of
building designing process. In the authors™ opinion this is one of the most important steps
towards fulfilling the energy and indoor environmental demands of the future. The more people
that are acknowledged with the integrated design approach and topics related to that and the
more its aspects and benefits are implemented by the design team the better the chances are that
EU’s ambitious 20-20-20 climate goals will be met. Nevertheless, the role of the market is
considerable.
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