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Abstract  
For the last few years, the University of the Basque Country (UPV/EHU) has made an active effort on 
improving the sustainability within the university with the development of multidisciplinary programs 
directed to approach the subject as a teaching/learning opportunity for the whole university 
community. In the frame of one of the mentioned programs called “Campus Bizia Lab” (Living Campus 
Lab), we have designed a Project Based Learning experience subject using active learning tools. 
Hence, our Bioenergy students of the Bachelor Degree in Renewable Energy Engineering have a 
chance to integrate and assimilate these concepts and help to make a difference. As the current 
heating system of the Engineering Faculty building relays on fossil fuels, in the context of this subject, 
the students have worked on a proposal to set up a biomass-based heating system in the university 
building complex and study the viability of such project from the sustainability, environmental and 
economic point of view. This starting point has been used as an opportunity to introduce the basic 
learning foundations on the subject followed by a direct application of this knowledge. Moreover, 
giving to the students the opportunity of working in actual cases located in their immediate 
surroundings and to form them with the professional calculation tools necessary to perform the 
mentioned study, such as QGIS, increases their motivation. The University is located in an area rich in 
forest and biomass resources with a well developed wood industry, so the students have had a 
chance to see the extent of the impact of using the local available energetic resources, particularly 
lignocellulosic biomass, could have on the sustainability of, not just the university community, but for 
the whole society. 
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1 INTRODUCTION 
An engineer must be able to solve problems never faced before, deal with uncertainty and manage 
variable scenarios [1]. The teaching methodology of the majority of the higher education engineering 
institutions follows a lecture-based scheme, deals with big groups and lacks of students’ active 
participation. As a result, engineering graduates reach good technical skills but are unable to apply 
that knowledge in the real world [9,1]. This rift between the expertise demanded to the engineering 
profession from industry and the competences acquired by graduates of University Engineering 
Programs reveals that, in general, the predominant model of engineering education does not prepare 
the future graduates properly to cope with the industrial practice in the modern world. This challenge is 
not new and, since the seventies, excellent contributions for the improvement of the teaching methods 
and the graduates’ qualifications have been made [2-8]. There is a demand for an approach to 
teaching that goes beyond traditional lecture instruction moving to a student-learning-centered model 
to successfully reach the student engagement and to develop communication or critical-thinking skills 
[10-13]. 

The University of the Basque Country (UPV/EHU), in the north of Spain, as all Spanish universities, 
has completed the implementation of the grades defined by the European Credit Transfer System 
(ECTS) in concordance with the European Higher Education Area (EHEA). The ECTS system is 
designed to measure not only the acquisition of knowledge, but of skills and competences in society 
by the students[14-16]. It is obvious that the mentioned objectives cannot be accomplished with 
lecture-based teaching and the use of active methodologies is mandatory.  

The use of active learning methodologies to enhance students’ participation, to develop abilities such 
as initiative promotion, autonomy, determination and to improve the tuition quality is being 
progressively established in the learning programs of the degrees offered at the University of the 
Basque Country (UPV/EHU). In this work, the design of a subject of the Renewable Energy 
Engineering Degree following the Project Based Learning Approach is presented. The studies of 
Renewable Energies Engineering are a four years degree in which a balanced combination of core 
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and specific subjects structures the learning program. Specific knowledge in hydraulic, photovoltaic, 
solar thermal, geothermic, biomass or wind energies, energy efficiency and saving methodologies, as 
well as electricity generation, distribution and storage are some of the expected competences to be 
achieved by the students. 

2 METHODOLOGY 

2.1 Why using Project Based Learning 
Among the different active learning methodologies, in the case of engineering studies, we balanced 
the possibility of implementing Problem Based Learning or Project Based Learning, as both teaching 
strategies train most of the skills and competences that an engineer needs for professional practice 
[17, 1]. As discussed above, an engineer needs to give answer to problems starting from an initial 
open situation through the design and develop of complex processes that may have several stages 
and involve different disciplines, which normally entails compulsory group work. Most of the times, the 
final solution, which is not unique, can be achieved following different strategies. Thus, initiative, 
organization, critical thinking, self-direction and competencies related to interpersonal communication 
are required in order not to get lost in the middle of the way [18, 19]. 

2.2 The Renewable Energy Engineering Program in the UPV-EHU  
The Renewable Energy Engineering curriculum at the UPV-EHU, a four years degree, is defined by a 
balanced combination of core and specific subjects that structures the learning program. All the 
subjects have 6 ECTS and are imparted during a semester (15 active weeks). The degree is divided in 
three main modules: basic subjects (Algebra, Numerical analysis, Chemistry, Physics, Graphic 
expression and Computer-based design), industrial engineering subjects (Fluid mechanics, 
Thermodynamics, Heat Transfer, Electrical motors, Electrical circuits, Electronics) and specific 
subjects related to Renewable Energy (generation, distribution, storage, energy efficiency, etc.). 

2.2.1 The subject: Bioenergy 
The aim of this subject is the study of the different types of energy that can be obtained from biomass. 
In a more detailed way, the learning competences to be acquired would be related to the following 
topics: photosynthesis; the carbon cycle; biomass classification and availability; biofuels (bioethanol, 
biodiesel and biogas) and the industrial processes for biofuel production; energy obtaining from solid 
biomass: thermochemical techniques. 

Bioenergy, imparted in the second semester of the second year is, as aforementioned, a 6 ECTS 
subject, which means 60 hours of tuition. It is offered in three languages: Spanish, Basque and 
English. These 60 hours are divided as follows: 

• Lectures (a two-hour session and a one-hour session per week during the first 10 weeks of the 
subject). The lectures are imparted to the whole group, which means 15–50 students depending 
on the language. The larger group is usually the one in Basque with 40–50 students, followed 
by the one in Spanish, with 20–25 students and the one in English with 10–15 participants. 
They traditionally consist of an exposition of the learning objectives by the professor with a poor 
participation of the students.  

• Seminars (a one-hour session per week during the whole semester). In this case, if the group 
has more than 25 students, it is split in two subgroups and the seminar is done twice by the 
same professor, each time with only half of the students. In these sessions, students are 
participation is required by resolving a problem or doing an exposition of some particular item 
related to the theory exposed in the previous lectures. 

• Laboratory sessions (a three-hour session per week during the last 4 weeks). The group is also 
divided into two subgroups if the number of students number is higher than 25 and the same 
professor duplicates the session in order to impart it each time to half of the students. Different 
experimentation is done in these sessions, where the students work in small groups conducted 
by the professor. 

• Field trip (one three-hour session in the last week). This part is used to visit an industrial 
installation related to the subject in order to give the students the opportunity to have a vision of 
the real engineering world and to talk to an expert in the field. 
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Furthermore, the organization of a 2 day-workshop on the topic of Bioenergy completes the learning 
experience. This workshop consists of lectures given by specialists in the field who can give them a 
more professional view of their area of expertise and, at the same time, creates an opportunity for the 
students to ask specific questions related to their experience. This year, two alumni were invited to 
give a guest lecture in the workshop about to talk about similar projects designed by them with the 
intention of increasing motivation in our current students. 

As mentioned before, conventional tuition has been used to impart this subject since the beginning 
and a traditional evaluation system based on a final exam has been applied. Thus, in order to improve 
the teaching methodology, it has been decided to use Project Based Learning to cover a big part of 
the learning objectives of the subject. 

2.3 Description of the Project 

2.3.1 Project learning content 
The idea was to minimize the lectures and find a new way to reach the mentioned learning objectives. 
We have decided to define a project that would start with the following driving question: Do you think it 
would be possible to obtain the thermal energy required to cover the heating and sanitary hot water 
demand of our public buildings by using just our own biomass resources?  

After this introduction, we have defined the project scenario: As the current heating system of the 
Faculty of Engineering building relays on fossil fuels, in the context of this subject, the students have 
been asked to work on a proposal to set up a biomass-based heating system in the university building 
complex. Moreover, they must perform a viability study of their proposal from economic, social and 
environmental points of view. 

Finally, we have presented a direct question to be asked to the students: What kind of knowledge 
would you need to have if the University asked you to write up this report? 

To give an answer to the above-defined question, knowledge in the following fields would be required: 
carbon cycle; biomass classification and availability; energy obtaining from solid biomass: 
thermochemical techniques. Therefore, an important part of the learning content of the subject would 
be worked within the project. The other parts, i.e., photosynthesis, biofuels (bioethanol, biodiesel and 
biogas) and the industrial processes for biofuel production, would be taught apart from the Project.  

2.3.2 Project schedule 
We have decided to use the whole 4-months period to impart simultaneously the content related to the 
Project and the topics apart from it. Thus, the available sessions for the subject have been divided in 
two parts, one dedicated to the development of the Project and another for the remaining contents. 
The 55 % of the total on-site lessons, 33 hours, have been used for the Project, leaving 27 hours for 
the rest of the subject. Furthermore, it has been calculated that the students should dedicate 1.5–2 
hours of off-site work per each on-site hour completed. In this time, they should be able to share out 
the workload, work on it and make a meeting to bring the ideas together and get prepared for the 
presentation and discussion in class during the following on-site session.  

2.3.3 On-site organization 
Groups of 3-4 students have been randomly formed, trying to obtain balanced and heterogeneous 
formations and avoiding the alphabetical order as it is the most common used criteria to group 
together students and we wanted them to work with different classmates this time. One professor 
would guide the session, so, working in small groups means that students should lead and organize 
the group work at their own.  

For the group constitution, a contract template has been provided to the students [21], in which the 
name of the group, the name of the members and their role must be established. At least a 
coordinator, a secretary and a verifier-speaker are required per group. The function of each role has 
been defined as follows:  

• Coordinator: propose meetings, make up lists of the areas to work on, ensure all group 
members participate.  

• Secretary: write down the meeting minutes (if there are more than one, they will take turns).  
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• Verifier-Speaker:  verify that all tasks and presentations have been done in the correct format 
and that they are presented to the professor on time.  

It should be taken into account that role assignation is not fixed and can be flexible during the 
semester, i.e., some students may fill more than one role and some roles may be filled by more than 
one person. But, for sure, every person must have a role. 

After the assignment of the team roles, the next step has been to agree on team policies, deciding 
how to work together to keep the team running smoothly. Some basic rules have been included in the 
contract, which assigned by all the students reinforcing their compromise [21]: 

• I will not leave the group before the subject is finished.  
• I intend to go and take part in all group meetings that take place out of class-hours.  

• I intend to have an active, participative and collaborative attitude.  
• I intend to hand over my part of the workload for the meetings on time (readings, searches, 

bibliography, etc.). If I was not able to proceed on time, it will be for a justifiable reason and I will 
let the rest know.  

• The workload will be distributed in a fair manner among all the group members.  
• Before asking help to the professor, the group will try to manage on its own.  

• I intend to be punctual and stay in the meetings until they end. 
• All the group decisions will be taken unanimously 
• The problems that may come out will have to be solved within the group by the group (not 

individually).  

• I intend to be sincere and honest with the rest of the members of the group.  

• If there is any problem between members of the group, it will be treated directly between 
themselves.  

Other document templates that students have been asked to prepare are meeting minutes, with the 
following information: date, starting and finishing times, participants (name, signature and role), 
agenda, meeting development, tasks’ content, distribution and person in charge and incidences. 

A weekly work planning has been also established and the students have been asked to complete and 
present it every week indicating the student´s name and surname, the number of on and off-site hours, 
the number and duration of the meetings, the time dedicated to hand-outs, presentations, studying 
theoretical contents and total. 

Finally, the document “Coping with hitchhikers and couch potatoes on teams”, which is included in the 
pages 32-34 of “Turning Student Groups into Effective Teams” [21], has been given to the students in 
order to deal with the common situation of a classmate willing not to cooperate. 

2.3.4 Active-learning tools 
Different collaborative learning strategies have been used in the class: 

• Opening questions and Think-Pair-Share: to encourage students to learn effectively, they must 
relate what they already know (prior knowledge) to new content to which they are exposed. The 
opening of a lecture should help the connection of the prior knowledge with the day's subject 
matter. Starting the session with an opening question, give students a moment to think about 
their response, let them pair up with someone sitting near them to share their responses and 
then ask a few members of the class for answers helps to effectively focus attention on the 
day’s topic, takes little time and works in small or large classes. It also provides the instructor 
with useful feedback on what students understood about the previous concepts. These tools 
can be used at the beginning of the lesson or as a transition points in the lecture, which was 
found to be very useful to give students an opportunity to think about the material just presented 
before moving to new information. 

• Brainstorming: the strategy is initiated by the instructor who asks the students to stretch what 
they know about a specific topic and work toward forming creative connections between prior 
knowledge and new possibilities. Although this tool can be used either at the beginning or at the 
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end of a lecture, we normally used it at the beginning, to gain students' attention and prepare 
them to receive the day's material. 

• Corners: Questions related to previous or new knowledge are placed in a flipchart located in 
each corner of the room. Groups of 3-4 people move from corner to corner and discuss answers 
to each posed question. The groups develop a consensus and write their answer directly on 
each flipchart. Once all the flipcharts have an answer already, the groups move to the following 
corner and revise/expand/ illustrate that response with additional information, if possible. We 
found this method particularly useful and motivating for students. 

• Jigsaw Team Work: this strategy, sometimes known as the puzzle, is an active learning 
exercise in which a general topic is divided into smaller, interrelated pieces and each member of 
a team is assigned to read and become an expert on a different piece of the puzzle. Then, after 
each person has become an expert on their piece of the puzzle, he/she can contrast the 
acquired knowledge with a peer of other group expert in the same matter before teaching the 
other team members about that puzzle piece. This way, after each person has finished 
teaching, everyone in the team knows something important about every piece of the puzzle. 
Functioning as a successful team requires the integration of many different activities. If any 
piece of the puzzle is missing, the team is generally a group and not a team. We found this tool 
extremely helpful to cover the total subject of the course in the same time that it was imparted 
by lectures but using active methodologies. 

2.3.5 Open Software 
Following the need of applying sustainable development criteria in this field of knowledge, as well as 
to support active learning methodologies, it has been found interesting to integrate specialized open 
software tuition. The open software used in this subject for geographical information obtaining, is Q-
GIS, (https://www.qgis.org/) a powerful instrument for the analysis of biomass resources in specific 
regions taking into account relevant variables for the extraction of lignocellulosic biomass. Students 
learn the methodology required to calculate lignocellulosic biomass resources (forest residues in 
existing forests). The estimation procedure includes the consideration of several limiting factors as the 
existence of forest trails, slopes and flora and fauna protection areas, for instance. The estimation of 
existing biomass in different forest ecosystems is carried out at three levels: total potential biomass, 
accessible biomass and available biomass. The biomass calculation entails a previous cartographic 
analysis. To calculate the total potential biomass, the study area must be defined prior to the selection 
of the interest species. The cartography used is obtained by the GeoEuskadi website 
(www.geo.euskadi.eus/s69-15375/es/), which is the Spatial Data Infrastructure (SDI) of the Basque 
Country. The desired information can be searched by browsing through a directory tree. In this way, 
the provinces and municipalities under study are obtained in “.shp” or shape format (commonly used 
in GIS tools). Figure 1 presents a map obtained by QGIS of the land uses distribution of Debabarrena 
area, in the Basque Country, where the Faculty of Engineering is located.  

 
Figure 1. Distribution of land uses of Debabarrena area obtained by Q-GIS software. 

Other available information is related to population statistics, setting priorities for environmental action, 
natural resources, landscape, infrastructure, industrial and rural areas (See Administrative boundaries 
and information for delimitation of the area reference). The obtained data are then incorporated into 
the QGIS program as layers. By means of "Spatial Query" option the indicated municipalities are 
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selected defining, thus, the study area. Furthermore, elevation maps are used to study the effect of 
slopes on restricting the accessible areas of forest biomass. Precisely, a digital model created from 
terrain elevation data called Digital Elevation Model (DEM) is used (See Slopes. Digital Elevation 
Model reference). 

2.3.6 Tasks 
In order to work both on the acquirement of the learning objectives the specific skills, the students 
were asked to accomplish several intermediate tasks before handing out and presenting the final 
project. These tasks have been followed by a feedback to the students. The format and the form of 
evaluation of these tasks has been established and communicated to the students beforehand. 

• First task: The carbon cycle. Students have elaborated a poster that collects the information 
about geological and biological cycles, as well as the carbon footprint of the human activities. 
Afterwards, a poster session has been celebrated in which the authors have defended their 
works. Moreover, the posters have been evaluated by all the students and faculty members 
considering their contents, uniqueness and graphic composition being the best one awarded the 
Best Poster Award. 

• Second Task: Biomass. Types of biomass. Classification based on origin and generation. Types 
of available and usable biomass in the area related to the project. Students have prepared an 
unconventional presentation, a ppt presentation was not allowed, of a maximum 10min length. 
They have had total freedom to prepare it and among the different options available, a video 
has been the most selected one. This way, a more dynamic task has been proposed to let the 
students to boost their creativity. 

• Third task: Thermochemical techniques for biomass-based energy generation. Pretreatments 
required by biomass prior to its use for energy generation. In this case, a conventional 
presentation has been asked of a duration of less than 5 min. Students must learn on how to 
synthesize all the information and include the most fundamental topics when a short time 
limitation is imposed. 

• Fourth task: Initial project proposals. Students have shared their proposals in an open debate 
where they have shared their initiatives and ideas.  

• Fifth task: Final presentation of the project. A short dossier has been asked to the students 
where they have summarized the most fundamental aspects of their proposal, together with a 
good public defense of it. The have been asked to design their presentation as a sales pitch for 
their proposal and try to convince the professor that theirs was the best option. 

The last one would include all the previous information and would conform the final report: application 
of the knowledge obtained while working on the study-case. 

2.3.7 Evaluation system 
All the aspects related to the work done have been evaluated (organization, participation, oral 
presentation, quality of the report, etc.). The established criteria for the evaluation has been prepared 
and given to the students at the beginning of the course.  

As the subject is divided in two parts, at one side the project and at the other side the lectures, the 
grading system was also split. The Project entailed the 55% of the subject and it have had the same 
percentage of the total final mark. This way, the knowledge apart from the Project was given the 
remaining 45% of the final mark and has been evaluated by a final exam (60%), the marks obtained in 
the hand-outs prepared in the seminars (25%) and the laboratory sessions (15%) of this part. The 
laboratory sessions have been evaluated considering the experimental work done, the attitude 
(attendance, punctuality, cooperation…) and the acquired knowledge shown in an oral exam done 
in-situ by the instructor. The final mark was a group grade so every member of the group has been 
given the same mark. 

Regarding the project, every task has been given a mark considering the amount of work required, the 
duration and difficulty. Thus, the first and second hand-outs have been given the 10%, the third one 
15%, the forth one the 25% and the last one the 30%. Furthermore, two laboratory sessions have 
been related to the Project and punctuated a 10% of the mark. It has been decided that the deadline 
of the hand-outs could not be surpassed and the given mark could not be improved by presenting an 
improved version after this closing date. 
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3 RESULTS 
From the perspective of the instructors, considerable motivation and stimulation has been found in the 
implementation of these methodologies, even if the application of these active learning techniques has 
sometimes entailed an important increase on the workload. Some insecurity and emptiness has been 
felt when facing the act of starting a lesson by saying to the students that no lectures would be given 
and they have had to find the information and get the knowledge by themselves. The time control 
during the lessons was also difficult to manage, as the discussions frequently extended during a 
considerable time of the lesson but as they were interesting, it was hard to cut them. 

Regarding the feedback from the students, at the very beginning, some surprise and mistrust in the 
new system was noticed but it got smaller and smaller as the lessons went forward. At the end of the 
semester, a general feeling of approval and positivism has been observed in general. No particular 
“hitchhikers or couch potatoes” cases emerged to deal with and the groups’ environment was good. 
The students have reacted in a very positive way when they have been asked to take into account the 
sustainability vector during the design of their project, sometimes even reaching further than expected. 
Some groups have shown a very clear minded view of the concept and have been able to apply it 
proposing imaginative actions that could improve sustainability in the University community through 
the application of their ideas. 

4 CONCLUSIONS 
In this case, the Project Based Learning approach has been applied in a second year’s course and 
has covered only half of the subject, leaving the other part to lectures. We have found this combination 
suitable to improve competences in which students were quite weak without sacrificing knowledge of 
engineering fundamentals. A balanced curriculum combining different teaching methodologies clearly 
benefits formation of the graduates. In the case of engineering studies, Project-Based Learning has 
been proved to be one of the most suitable strategies, as the engineer profession itself is mostly 
based in multidisciplinary projects solving. It is, also, very interesting to form them with the calculation 
tools necessary to perform studies on energetic resources such as, QGIS, which is a complex tool 
very helpful for the mentioned calculations with the added advantage of being an open software tool. 
From the sustainability point of view, is important that that the students are provided with readily 
available open software tools instead of tools subjected to a license. The fact of developing the project 
within the University increases the students’ motivation, promotes the connections between University 
and local enterprises and returns the benefits of the academic knowledge to the immediate 
surroundings. 
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