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Abstract 

This paper summarises the authors’ own teaching experiences from two large MSc-level courses 
taught as part of several international Master programmes related to Sustainable Energy Engineering, 
organized by the Department of Energy Technology at the Royal Institute of Technology (KTH) in 
Stockholm, Sweden.   

Some important hinders and obstacles to effective learning are presented and discussed, addressing 
especially certain challenges for the students and their effect on student performance. Observations 
have been made throughout several years of increasing demand for energy- and sustainability-related 
knowledge by ever larger student groups. The growing number of international students and the fact 
that many students are aiming at expanding their abilities by specialising in energy engineering 
without having the necessary background, as well as the fact that many students following certain 
non-engineering programmes focusing on environmental or sustainability issues need nevertheless to 
study also purely engineering courses, brings many positive characteristics to the blended student 
team but also displays serious challenges to the practical optimisation of the learning activities, the 
intended learning outcomes, the speed of advancement in knowledge, and the general quality of 
education for such a diverse group of students.  

Possible improvements and augmentations of the learning activities with the goal of finding solutions 
to these challenges on both a programme level and course level are proposed and subjected to 
testing in recent student batches. The expected results in terms of improved student performance, and 
the plausible further extension of this work, are introduced and analysed.  

Keywords: Engineering Education, Sustainability, Effective Learning, Peer-assessment, Digital Tests.  

1 INTRODUCTION  

The authors present hereby their personal experiences from organising, coordinating and teaching two 
major courses in the field of Sustainable Energy Engineering at the Department of Energy 
Technology, Royal Institute of Technology (KTH) in Stockholm, Sweden. The courses in question are 
a compulsory part of seven different Master programmes at KTH, all related somehow to energy 
conversion and utilisation, power generation, environmental and sustainability issues. The main group 
of students attending these courses are in their first year of MSc-level studies, having a very wide 
international spread across several continents. The remainder are local Swedish students or 
exchange students from various EU-countries in their third or fourth year of BSc education, joining the 
course as an optional choice.  

1.1 Course contents and structure  

The two courses used as basis for the investigation presented here are focusing on renewable energy 
technology and sustainable power generation, respectively. They both proceed during the autumn 
term of the first year of MSc programmes, therefore are the first courses that the Master students are 
facing at the beginning of their graduate studies.   



1.1.1 Renewable Energy Technology course 

The Renewable Energy Technology (RET) course occupies half of a semester (i.e. September-
October) and gives 6 ECTS (European Credit Transfer System) study credits. Its main objective is to 
provide a review of the most important renewable energy resources and the technologies for efficiently 
and economically harnessing these within the framework of a broad range of state-of-art simple to 
advanced energy systems.  

The RET course discusses the use and applications of solar (thermal and photovoltaic), hydro-electric, 
wind, geothermal, ocean thermal, wave, tidal and geothermal energy, as well as energy from biomass. 
Fuel-cell and heat pump systems are also dealt with. Additionally, issues relevant to energy efficiency 
and energy storage are discussed.  

The potential of using renewable energy technologies as a complement to, and, to the extent possible, 
replacement for conventional fossil fuels, and the possibility of combining renewable and non-
renewable energy technologies in hybrid systems are analysed. Strategies for enhancing the future 
use of renewable energy resources are presented. Lectures/presentations are delivered by both 
program specialists and experts from relevant fields of industry and research. Several study visits to 
modern renewable energy plants or facilities in the region are arranged for the on-campus students.  

1.1.2 Sustainable Power Generation course 

The Sustainable Power Generation (SPG) course occupies the entire autumn semester, i.e. four 
months from September to December, and gives 9 ECTS study credits. It provides a comprehensive 
review of the most important power generation technologies related to both conventional as well as 
renewable fuels and techniques for production of electricity and heat, focusing on the energy 
conversion aspects in thermal power plants of all types and sizes. The SPG course material 
concentrates specifically on the thermal part of conventional power plants including nuclear power, or 
the thermal part of renewable energy systems such as biomass-fired or solar thermal plants. The 
sustainability aspect is closely linked to enhancing energy conversion efficiency and improving 
environmental performance, as well as to the material presented in the RET and other courses 
running in parallel.  

The SPG course is building upon knowledge acquired during previous studies on topics fundamental 
to energy engineering, and is attempting to provide a broad overview of the major issues related to 
technology improvements for the efficient utilisation of fuels for generation of heat and electrical power 
via thermal processes. The main objective is to introduce the students into the field of heat & power 
generation and prepare them for their subsequent specialisation in their chosen fields of energy 
engineering, and more generally for taking part in the further development of today’s energy systems 
into tomorrow’s more efficient and more sustainable ones – a strive that should always continue for 
both fossil-based and renewable-based energy conversion systems. Switching from fossil-based to 
renewable energy is not a sustainable solution by itself, unless utilisation strategies are properly 
planned and the efficiency of energy conversion continuously improved.  

1.2 Student background and programme affiliation 

The authors have been actively participating in educational activities for the last 12 years, during 
which the student batches have been continuously growing. The characteristic decline of interest in 
engineering education all over the world typical for the end of the 20th century, was quickly overcome 
in Sweden and particularly at KTH, and since 2003 the number of students applying to energy 
engineering programmes where the Dept. of Energy Technology is involved, has been continuously 
increasing, reaching a peak in academic year 2009-2010. All these students join the RET and SPG 
courses (Fig. 1). This increase has been primarily due to the expansion of international Master-level 
educational programmes in all fields of engineering, completely taught in English, not only at the Royal 
Institute of Technology in Stockholm but also in many other universities throughout the entire 
Scandinavian region. The reviving influx of international students was partly reduced by the 
introduction of tuition fees for non-EU students starting from intake 2010 onwards.  

Typical for the students joining the courses considered here is the very wide spread of nations and 
ages, as well as a significantly varying background and knowledge base. Many students have 
previously studied in different engineering fields and then join a Master programme related to energy 
technology with the purpose to broaden and expand the scope of their education into the field of 
energy and power engineering (Fig. 2).  



 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Number of students enrolled in the RET and SPG courses annually, for the last 10 years.   

 

1.2.1 Programme students 

The flagship Master programme at the Department of Energy Technology at KTH in Stockholm is the 
Sustainable Energy Engineering (SEE), which opened in 1998. The number of successful applicants 
to SEE has generally been steady throughout the years at around 35 students. Since 2008 a similar 
Master programme called Innovative Sustainable Energy Engineering (ISEE), alias Nordic Master, 
started up in close collaboration with five other technical universities in other Scandinavian countries. 
Since 2010 other two new Master programmes, alias THRUST and SELECT, started up in 
collaboration with universities throughout EU, funded by the Erasmus-Mundus framework. 
Additionally, students from another international Master programme called ME3, in collaboration with 
several EU universities, are attending the RET and SPG courses in their second year of MSc studies. 
Finally, students from the Nuclear Energy Engineering programme at KTH are also joining the RET 
and SPG courses in their first MSc study year.  

These newly incoming programme batches increased the number of “secure enrollments” for the RET 
and SPG courses to around 140, largely unaffected by the introduction of tuition fees for non-EU 
students in Sweden due to the availability of scholarship support via the funding organisations.   

A very large international presence has been a typical feature of all these MSc programmes, with 
literally all European, Asian and North- and South-American countries being represented by one or 
more graduates through the years.  

1.2.2 Local (Swedish) students 

The MSc programmes presented above are also open to Swedish students. Local Swedish students, 
however, most often join the RET and SPG courses via KTH’s own specialisation programmes, or by 
freely selecting them. A typical comparison between local and foreign students can be made in terms 
of that local students are naturally entering their 4th or 5th year of studies and are well used to the 
course organisation and administrative peculiarities at KTH, while foreign students joining the MSc 
programmes would need first to adapt to the specific environment at the university.  

1.2.3 Exchange students and double-degree students 

There is a significant number of exchange students from EU countries coming to KTH and joining the 
RET and SPG courses every year. These students are typically in their 3rd or 4th year of BSc studies, 
and spend only one or two semesters at KTH, therefore not being affiliated to a MSc programme but 
freely selecting courses in accordance with their home university. A distinguishingly peculiar detail 
related to exchange students is that Stockholm seems to be very popular among young people in EU, 
therefore KTH has the chance to always select the brightest students within the various exchange 
agreements. As a result, the exchange students are generally better prepared, more motivated, and 
advance at a faster pace than the programme students or the local KTH students.  



1.2.4 Distance-based (off-campus) students 

The Department of Energy Technology at KTH has also launched two distance-based off-campus 
Master programmes, both quite unique of their kind at the time of start up. The Distance Sustainable 
Energy Engineering (DSEE) programme opened in 2005 and grew from only a few to about a 100 
enrolled students towards years 2009-2010. The DSEE programme has been specially targeted to 
partner universities in Africa, Asia, and Latin America, whereas the students are based at and locally 
supervised by dedicated facilitators at each partner university. In 2008 there were seven African 
universities from 5 different countries represented. The DSEE programme was forced to close down 
with the introduction of tuition fees in Sweden, as of 2011.  

Another Master programme aimed at individual distance students from anywhere in the world, i.e. able 
to study from home independently without the need to be based at a specific partner university, is the 
Energy-Online (EOL) programme, which started in 2006. The EOL programme is also configured in a 
consortium with 4 other universities in Sweden, whereas the students freely select courses from a 
portfolio delivered by all partners in the consortium. Again, these students begin their studies with the 
RET and SPG courses.  

 

Fig. 2: Breakdown of (a) student nationality, (b) educational background, and (c) programme affiliation, 
in % average values for the last 5 years.  

2 CHALLENGES TO EFFECTIVE LEARNING 

Both the RET and SPG courses are condensed, concise, and proceed very intensively during the first 
months of graduate studies. As mentioned above, the students joining these courses are expected to 
enter their Master programmes with a flying start, having previously studied 3 or 4 years of 
engineering education and being able to easily acquire new knowledge. However, there are several 
major hurdles that prevent the build-up of a solid batch of students at the same speed of learning. 
These are primarily (but not limited to) the following:  

- Many of the students are trying to expand their specialisation and join energy-related 
Master programmes while having BSc background in another field of engineering or 
industrial economy. Even if these students largely cover the prerequisites for joining the 
RET and SPG courses, namely to have successfully passed courses on thermodynamics 
and mechanics during their previous studies, they usually lack the necessary foundations 
and need a significant amount of time for getting up to speed. Some of these students feel 
stressed and invest a substantial amount of efforts in order to keep up with their fellows.  

- Many students have practically interrupted their education after the BSc degree and are 
coming back to university to continue for a Master degree after having spent several years 
with another occupation. In certain cases this can be very positive, for example when 
students with relevant practical experience from the industry join the group. Sometimes, 
however, a couple of years away from university can be enough for a student’s knowledge 
to suffer from significant voids and require serious work in order to be brought back to 
productive learning.    

- The tremendous internationalisation of student batches encountered in the last decade is 
undoubtedly a very positive factor for creating a productive learning environment, 
facilitating team-building and inspiring knowledge interchange. The influx of international 



programme students to KTH in Stockholm, including exchange students, is largely 
triggered by the expansion of courses and entire Master programmes taught solely in 
English. While the English language has deservedly won the honour of being widely 
accepted as the World’s common language, it has in most cases not been the language of 
instruction for most of the international students visiting Sweden, and indeed neither for 
the Swedish students at BSc level. For students not already closely acquainted with the 
everyday use of English language and engineering terminology it might be difficult to 
quickly adapt to freely communicating and intensively studying in English. This of course 
can often be a hurdle during the first months, creating stress, requiring additional efforts, 
and ultimately reflecting into a non-optimal learning environment.    

- Besides the language issues, certain students coming from Asia or Africa find it difficult to 
adapt to the relaxed and very intimate atmosphere in the classrooms typical to Sweden 
and the other Scandinavian countries in Europe. They find themselves struggling with 
their inbuilt reflex of keeping a distance to the teacher and avoiding expressing their own 
opinion or evading the discussions in class.  

3 ADJUSTMENTS AND IMPROVEMENTS IN TEACHING APPROACH 

A traditional teaching approach where a teacher delivers lectures and exercises provides certainly not 
the most optimal learning environment for a large multinational and multi-diverse knowledge base 
group of course participants. The uniqueness of a diverse blend of students should be exploited by 
introducing more innovative approaches to teaching and learning. Moreover, the now widely accepted 
fact that many engineering students nowadays are generally not able to self-deduct new concepts and 
new knowledge via traditionally structured teaching methods, is even more clearly detectable in 
courses such as the RET and the SPG. The authors have observed along the years a gradually rising 
demand for novel methods of instruction and assessment.   

The unique blend of different nationalities and varying educational background among the students 
should be considered as an asset rather than an obstacle in the context of designing the learning 
activities for the RET and SPG courses. This innate diversity of the student batch is undoubtedly a 
positive factor if utilised properly. A similar situation is described for example in [1], among others. 
Sparkling discussions and contemplations on a given topic and allocating part of the teaching time for 
idea-exchange activities is one way of benefiting from the diversity of course participants.  

Specifically applicable to the RET and SPG course environments are to inspire team-building activities 
and apply problem-based learning within student teams. Provided that the teams are steered and 
organised with the main purpose to blend students with different background knowledge and previous 
experience, exchange of knowledge and naturally occurring peer-instruction routines inside the teams 
can lead to enhanced learning and quickly reaching a balance of knowledge base among the entire 
student batch. There are numerous examples of successfully applied problem-based learning in 
engineering education. For the thermal and environmental sciences the works described in [2] and [3] 
can be specifically credited. The RET course applies a type of problem-based learning by means of 
home assignments in teacher-controlled project groups.  

However, the necessity to run the RET and SPG courses to a large extent in the form of refreshing 
forgotten basic knowledge, the limited time and the very busy schedule for the enrolled programme 
students during the first semester of Master studies, has been thought to be a reason for avoiding 
problem-based learning in its proper form. Mostly, the close cooperation with the industry, which 
should be a primary target for any engineering course [4] and is indeed strived after also in the RET 
and the SPG courses, is difficult to be applied in a problem-based approach in this case. Industrial 
presence is supplied only in the form of guest lectures and study visits.  

Exploiting the possibility of peer-instruction and/or peer-assessment activities among students during 
tutorials and exercises could be another way of taking advantage of and triggering an enhanced 
exchange of knowledge and experience among students. This was been proven to be a very effective 
tool in balancing the knowledge base, motivating the bright students, and activating the less efficient 
ones. The SPG course attempts to apply peer-instruction during tutorials/exercises and homeworks.  

Furthermore, the specific topics taught in the RET and SPG course, closely related to sustainability 
issues, are a good basis for initiating discussions among students or between students and teachers 
during and after lectures and tutorials. Many students are determinedly supporting all aspects of 
sustainability and create a good sparring partner for groups of students having a less environmentally-



resolute attitude towards energy and sustainability. The arguments presented in [5] are one example 
of how these differing attitudes can be put into positive work towards building competence and 
enhancing the efficiency of learning.  

Running online tests and quizzes, digital exercises, and automatically-corrected tests and exams have 
been chosen for the RET and the SPG courses as a plausible way of effectively handling the growing 
number of students while presenting them with an approach that is training them closer to their future 
industrial occupation. Tailor-made tests and quizzes are applied in both RET and SPG, targeting 
different kind of knowledge and filling a specific niche in the learning environment. A survey among the 
SPG students shows that online tests and automatically-corrected exams do have indeed certain 
disadvantages, but are generally accepted as less stressful, more straightforward, and more effective 
in terms of learning during the examination event, when compared to traditional paper-based and 
hand-graded such.  

Complying with the necessity to keep the course material and the speed of advancement at a more 
basic level, both the RET and the SPG courses are actually limited in their scope and depth in order to 
allow for students not having the proper background to catch up with the others. Separating students 
in different groups according to their learning efficiency and speed of advancement has been 
proposed and tested at a small scale, allowing to feed in different students at their proper level of 
knowledge advancement. However, dividing the course participants in subgroups or tracks has been 
difficult to execute and hard to justify in terms of teaching efforts and economy. Furthermore, the 
inevitable introductory nature of the RET and SPG courses and the meaningful role they play for 
solidifying the student batch during the first months of their Master studies, has forced the teachers to 
avoid creating different tracks but rather keeping the students together as much as possible. Such an 
approach might prove to be effective and sometimes very necessary in certain environments. 
Nevertheless, for the specific nature of the RET and SPG courses, creating subgroups of students is 
believed to counteract other positive effects and has generally been rejected by the majority of the 
students when asked for their opinion.  

Since 2006, when the challenges discussed above and the necessity for improvements became 
apparent, the introduced adjustments in teaching and learning methods have resulted in a steady 
growth of average student performance while the volume and level of course material is also gradually 
increasing. A summary of this development is presented in Fig. 3.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Improvement in student performance and final grades during the last 10 years, average values 
for the two courses together. Grades are normalised to an absolute (non-comparative) A – F 
scale where F corresponds to 0% and A corresponds to 100%.  

4 FEEDBACK FROM STUDENTS 

The students enrolled in the RET and the SPG courses have the chance to regularly comment on 
course activities and give feedback to teachers. A major course evaluation survey is run every year at 
the end of each course. Personal discussions between teachers and students are also running 
continuously, during and after the courses.  



In accordance with the notion that, regardless of the teaching activities, it is the effective learning that 
matters most, the RET and SPG course developers are especially targeting productive feedback from 
the students in the form of specific improvements sought. During evaluation surveys, students are 
encouraged to suggest specific actions for improving the learning process.  

The most important outcome from student opinion polls regarding the teaching approaches discussed 
above, are summarised and evaluated in Table 1 below.  

 

Table 1: Results from evaluation surveys among students. Normalised and generalised data from the 
last 3 years for both the RET and the SPG courses.  

Question or item Prevailing student opinion 
(minimum 60% of students) 

Comment 

Course structure & schedule. 
Number of course events and 
schedule density per week.  

Satisfied with the existing one.        
No suggestions for improvements.  

The traditional combination of lectures, 
tutorials (SPG), projects (RET) and 
tests/quizzes seems to be appealing to 
the students.  

Level of course material Satisfied with the present basic level 
where fundamental concepts are 
introduced and discussed.  

The two courses are bound to serve as 
introductory to the Master programmes, 
for refreshing forgotten knowledge and 
unifying the diverse student batch, thus 
remaining on non-advanced level.  

The strong diversity of nations 
and educational background 
for the course participants 

Not seen as a negative aspect. 
Suggestions to utilise the situation 
by peer instruction.  

The blend of different former experience 
is clearly accepted as a positive feature 
among students.   

The large number of students 
in each of the two courses 

Good for teambuilding, networking. 
Bad for the proximity between 
teachers and students.  

The increased number of students 
inevitably leads to losing the contact 
with teachers. Instructors are not able to 
spend enough time in personal 
discussions with students.  

Problem-based projects and 
teamwork in the RET course 

Largely satisfied. Certain irritation 
due to limited time for team projects. 

As a separate event in the RET course, 
project work proves to be productive.  

Tutorials/exercises and peer 
instruction in the SPG course 

Very positive. Both students who act 
as instructors and students who are 
being peer-taught show remarkable 
improvement in performance.  

There is a clear indication that peer 
instruction helps with lifting up slow 
students and equalising the speed of 
advancement with course material.  

Online tests & quizzes, spread 
throughout the course.  

Generally positive. Numerous 
suggestions for improving small 
details have been given.  

Clearly helping to sustain a continuous 
motivation and continuous study 
activities during the course.  

Automatically corrected 
online-based exams 

Balanced positive and negative 
feedback. Adjustments and detailed 
amendments suggested.  

Students see the benefits, but are not 
yet used to online and automatic 
assessment approach.  

 

5 CONCLUSIONS 

Effectively educating the future energy engineer is undoubtedly the most important factor towards a 
sustainable development with enhanced utilisation of renewable energy sources, power generation 
with smaller environmental footprint and energy-related policymaking for the benefit of our planet. 
Improving the learning environment and enhancing the learning process should be the primary goal for 
any educator, producing well-taught graduates able to drive the development forward.  



The traditional teaching approach where a teacher delivers lectures and exercises provides certainly 
not the most optimal learning environment for a large multinational and multi-diverse knowledge base 
group of course participants. The uniqueness of a diverse blend of students should be exploited by 
introducing more innovative approaches to teaching and learning.  

Two large courses of the first year of Master-level studies in Energy Technology have been presented 
and discussed above. Serious challenges to effective learning in the wake of quickly growing student 
batches and a varying educational background of course participants have been identified and dealt 
with. The suggested and tested innovative teaching and learning methods have given fruit.  

The productivity of the alterations and improvements in teaching and learning activities has been 
reflected by the increasing level of success among the course participants while the intensity and 
depth of the course material has continuously been raised. Effective learning even for the slower 
students and fulfilment of the intended learning outcomes is the measure of success.   

Further attempts are required for a continued gradual upgrade of the teaching environment and 
enhancement of learning. In accordance with the notion that, regardless of the teaching activities, it is 
the effective learning that matters most, the RET and SPG course developers will continue to seek 
and adapt innovative approaches to the specific circumstances in these courses.  

REFERENCES  

[1] Ortiz-Marcos, I., Hagström, P., Fransson, T., Lermithe, C., (2011) ”T.I.M.E. European Summer 
School: an innovative international educational experience”, International Journal of Engineering 
Education, 27(5), pp. 924-932.  

[2] Jaatinen, A., Turunen-Saaresti, T., Backman, J., (2011) “Design and implementation of 
problem-based learning in a graduate engineering course”. Paper number GT2011-46288, 
Proceedings of the ASME Turbo Expo Conference, Vancouver, Canada, June 2011. 

[3] Dahlgren, M., and Öberg, G., (2001) “Questioning to learn and learning to question: Structure 
and function of problem-based learning scenarios in environmental science education”. Higher 
Education, 41(3), pp. 263–282.  

[4] Fox, P.L., Worley, W.L., Hundley, S.P. (2008) “Enhancing student learning through International 
University–Industry Cooperation: The GO GREEN course”, International Journal of Engineering 
Education, 24(1), pp. 175-184.  

[5] Kilgore, Deborah et al. (2010) “From beginning to end: How engineering students think and talk 
about sustainability across the life cycle” International Journal of Engineering Education, 26(2), 
pp. 305-313.  

 


