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ABSTRACT: In the daily practice of design, renovation and maintenance of buildings there is a huge need for engineers 

who are not only energy specialists but who are also able to understand and collaborate with other actors in the building 

process.  Innovative designs in the field of sustainability and smart energy are generally integral designs taking into 

account the complete organizational chain. This is because the energy usage in buildings depends on the building itself 

(architects and constructors), on the HVAC and electrical equipment (mechanical and electrical engineering), and finally 

on the user (client, occupant, facility manager and building’s technical manager). However, the education system is still 

almost completely mono-disciplinary and students do not come enough in contact with multidisciplinary problems. That is 

why the Hague University started with a module for third and fourth year students of the programs Mechanical 

Engineering, Electrical Engineering, Facility Management, Architecture, Technical Business Studies and Climate & 

Management Studies. Basically each student follows basic courses in the field that are not his’, as well as specific 

advanced courses in his own discipline. In all disciplines system theory is used as an underlying principle and all courses 

come together within a practical project. In this paper the build-up of the module is explained and we go in detail into the 

articulation of the difference disciplines and the chosen pedagogical methods and issues. 
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INTRODUCTION  

In the Dutch daily practice of design, renovation and 

maintenance of buildings there is a huge need for 

engineers who are not only energy specialists but who 

are also able to understand and collaborate with other 

actors in the building process.  Innovative designs in the 

field of sustainability and smart energy in buildings are 

generally integral designs taking into account the 

complete organizational chain. This is because the 

energy consumption in buildings and their overall 

sustainability depend on the building itself (architects 

and constructors), on the HVAC and electrical equipment 

(mechanical and electrical engineering), and finally on 

the user (client, occupant, facility manager and building’s 

technical manager). However, the education system is 

still almost completely mono-disciplinary and students 

do not come enough in contact with multidisciplinary 

problems. In this paper we first analyse from literature 

the diverse challenges of teaching multi-disciplinary 

subjects as well as the challenges of teaching 

sustainability and sustainable engineering. After that we 

describe the educational module that was developed 

based on these premises. 

 

 

THE CHALLENGES 

The challenges of sustainable engineering and design are 

in general complex and so are the challenges of teaching 

it to higher education students. 

  

 Engineers en architects have the task to continuously 

develop and improve technologies in order to solve 

(technical) problems that arise in the pursuit of fulfilling 

basic needs like shelter, health and comfort for a still 

growing world population. The engineers also have to 

solve new environmental problems created by these 

technologies. It is not always possible to predict what 

sort of problems may arise, especially because 

environmental sciences themselves are developing 

rapidly. This major progress also means that knowledge 

gets outdated rapidly. 
 

 In addition of being a theoretical science,  

sustainability is also a practice. It brings together many 

different disciplines and therefore collaborative strategies 

are needed [1, 2]. Educators need to implement 

collaborative strategies and interdisciplinary approaches 

in engineering practices and curricula, because these are 

often largely mono-disciplinary. 

 

MULTIDISCIPLINARY APPROACHES AGAINST 

MONO-DISCIPLINARY APPROACHES 

But should education in sustainable engineering and 

design be organized cross-wise through all curricula,  or 

should each curriculum takes care for its own courses on 

sustainability (see figure 2)? In model a), a special group 

of teachers/researchers has the task to formulate and give 

education on sustainable energy engineering in all 

relevant curricula.. An advantage is that basic knowledge 

is made available to all curricula and that some kind of 
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cross-fertilization may be expected (we then speak of 

inter- or transdisciplinarity). A major drawback may be 

that in-depth knowledge of sustainable engineering is not 

sufficiently represented. In model b) in-depth knowledge 

of sustainable engineering and design in a specific field 

will be proposed, but the relationship with other 

disciplines may be lost as it is beyond the scope of 

expertise of the teacher.  
 
 

 
Figure 1: Two approaches for the implementation of 

sustainable engineering courses in higher education curricula. 

 

 

IN-DEPTH AGAINST BROAD 

A major drawback of broad multidisciplinary approaches 

is that it may easily lack any specificity and the in-depth 

knowledge that is needed to educate engineers. In such a 

broad approach for instance the students will be given 

lists of solutions to apply, like “use south orientation”, 

“apply insulation” or “use heat pumps”. This may be 

enough for some low-level or introductory courses, but 

check lists with solutions for now do not guarantee that 

the students will have enough understanding of 

sustainability to be able to find solutions for the problems 

of tomorrow or to find solutions valid in a differing 

context. A simple example of this is the orientation of 

buildings. It is often recommended (e.g. [3], [4]) to use a 

south orientation to maximize the solar gains in order to 

limit the heating energy. This applies only if 

sustainability is defined as reducing the heating energy. 

A more relevant definition should be to reduce the total 

energy consumption. In the context of Dutch office 

buildings, which have high internal heat gains, placing a 

large glass area on the south will mostly produce an 

increase in cooling energy that will counteract the 

reduction of heating energy. Furthermore, placing large 

windows on the south side implies the use of sun shades 

to avoid glare, with produces an increase of electricity 

use for artificial lighting. On the contrary placing large 

windows –with a good thermal quality- on the north side 

will have a beneficial effect on visual comfort and 

electricity use because of the maximal use of natural 

diffuse light. To give the students the means to weight 

such considerations, at least the basics of energy and 

thermal performances of buildings should be taught. 

 

 

THE LEARNING PROCESS 

In [3] Sheppard states that students who are on their way 

to become engineers, have to move from highly 

structured problems involving formal concepts toward 

building the ability to recognize and solve less structured 

and more uncertain kinds of problems. However, 

learning how to do this is not a linear process, starting 

with simple tasks and moving to more complex tasks 

progresses in time. 

 

 The increasing complexity of cognitive learning 

objectives is recognized and described by Benjamin 

Bloom in his taxonomy of educational objectives [4]. 

This taxonomy is shown in Figure 2. The most basic 

educational objective in the cognitive domain is for 

students to learn factual knowledge. Once students have 

mastered some knowledge and comprehend it, they can 

learn how to apply it. Once students can apply 

knowledge, the fourth step in complexity is to analyse 

materials and the fifth step is to synthesize all the prior 

knowledge and skills and to combine it in the design of 

something new. As Sheppard points out in [5], learning 

these ever more complex skills is not a one way 

movement from down to up, but learning goals should be 

formulated in such a way that they reflect the complexity 

of the desired learning outcomes.  
 
 

Figure 2: Bloom’s taxonomy of the complexity of educational 

objectives (Adapted from [6]).  

 

 

THE SPECIFIC PROBLEMS OF DESIGNING 

ENERGY SYSTEMS IN BUILDINGS 

Energy consultants, installers and electrical and 

mechanical engineering technicians operating in 

a)

a)

b)

Engineering disciplines

 

4. Analysis 

 
6 Evaluation: make judgments about the value of ideas or 
materials.  
 
5 Synthesis: build a structure or pattern from diverse elements. Put 
parts together to form a whole, with emphasis on creating a new 
meaning or structure.  
 
4 Analysis: break concepts or material into constituent parts, 
determining how the parts relate to one another and to an overall 
structure. 
 
3 Application: use a concept in a new situation or unprompted use 
of an abstraction. Apply what was learned in the classroom into a 
novel situation in the work place. 
 
2 Comprehension: understand the meaning, translation, 
interpolation and interpretation of instructions and problems. State 
a problem in one’s own words.  
 
1 Knowledge of terminology: recall data or information. 
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buildings are facing huge changes because they operate 

in a broad framework in which  social changes (e.g. 

sustainability, health, consumer’s demand), technical 

developments and  business management models are 

developing  rapidly. In the Netherlands, the sector is 

fragmented, with a lot of small enterprises and there is a 

large unbalance in the level of knowledge of the different 

actors. The Radar report [7] states that in the Netherlands 

the HVAC sector is changing quickly because of new 

systems, new implementation techniques, new demand 

from the market and also because of a new position of 

clients. 

 

 In the past technicians and engineers needed 

knowledge of relatively simple systems like a boiler. 

Nowadays they need knowledge about complex 

combinations of HVAC equipment (e.g. energy storage 

in the ground in combination with heat pumps and peak 

boilers, or cogeneration equipment), about the complex 

relationship between the HVAC system and the building 

(e.g. window openings) between the HVA system and 

the indoor climate control (e.g. building automation) and 

also between the HVAC system and the comfort and 

health of the occupant. But they are not prepared for this. 

 

 The authors of [8] state that in the Netherlands the 

trends in the field of building automation, smart grids, 

smart life and aging of the population are increasing the 

necessity to integrate much more the disciplines of 

mechanical, electrical and control engineering together 

and with the architectural design as well as with the 

energy management and commissioning items in order to 

solve current problems and come to innovative solutions. 

These integration still does not happen and begins to be 

seen as a problem in Europe. 

 

. Deze integratie gebeurt in de praktijk niet. Ook in EU-

verband wordt dit onderkend, in relatie tot de realisatie 

van de 20-20-20 doelstellingen (bv in EU-project 

BuildUpSkillsNL). 

 

Terwijl energiebesparing afgedwongen wordt d.m.v. 

regelgeving (EPC en energie labelling) en convenanten 

met de branche en met woningcorporaties (o.a. Meer met 

minder, Lenteakkoord), blijkt in de praktijk dat 

grootschalige energiebesparing achterwege blijft. 

Bijvoorbeeld is het zo dat ondanks aanscherpingen van 

de energieprestatie van nieuwbouwwoningen, woningen 

gebouwd na 2006 evenveel of meer gas verbruiken dan 

woningen gebouwd inde periode 1995-2006. 

Woningcorporaties maken zich zorgen dat 

geprognosticeerde energiebesparingen in de praktijk niet 

van de grond komen, waardoor investeringen niet 

terugverdiend kunnen worden. Interviews met adviseurs 

in de installatiesector laten een grote bezorgdheid zien 

over het waarborgen van de prestaties van installaties, 

zeker als die complex zijn. Bedrijven in de 

installatiebranche erkennen dat door de toegenomen 

complexiteit van installaties en de toegenomen eisen aan 

comfort, continu monitoring, diagnose en 

regeling/bijstelling van installaties noodzakelijk is. Hoe 

dat moet gebeuren, en wat dat betekent voor het 

opleidingsniveau van hun medewerkers en de 

bedrijfsvoering moet echter nog onderzocht worden 

(deze resultaten zijn vastgelegd tijdens een 

brainstormsessie gehouden op 1 juli 2011 met boogde 

consortium partners). 

 
 

THE EDUCATIONAL CHOICES 

Furthermore, as we saw in paragraph 2, this seems to be 

a promising but slow method (Peet & Mulder, 2004). 

Based on the reflections made in paragraphs 2, 3 and 4 it 

seems logical that a combination of models b) and c) is 

used, where the basics of environmental sciences will be 

taught in a common trunk separately from the curriculum 

specific items. A precondition for this system to be 

efficient is that teachers in the curricula are aware of the 

contents of the course in the common trunk and that the 

courses are sufficiently tuned: an inspiring course on 

sustainable chemical engineering can only be realized by 

a teacher having in-depth knowledge of chemical 

processes, chemical industry…and sustainability. 

However, this combination of models b) and c) is 

currently barely implemented at the Delft University of 

technology. 

 

 At Delft University of Technology master courses on 

sustainable buildings are also mostly based on “project 

education”, meaning that the students have to form 

interdisciplinary teams to work on a project. Due to time 

limitations the theoretical basis they acquire. In many 

engineering courses, there is a gap between the 

theoretical curriculum and its applications in practice. 

This gap is often filled by including a project in a course, 

by internships during the curriculum and by experience 

in the practice after the study. It is difficult to overtake 

theoretical basis during working life, but for practical 

experience there is plenty of time.  
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