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SAMPLE, CLASS SCHEME AND COURSE CONTENT
In this study, a new board game was implemented in the “biofuels and alternative energies”

The class scheme comprised two sessions of 120 min weekly to work theoretical and

optional course of the Degree in Chemical Engineering of the University of Granada. With

practical contents with a global distribution of ¾ part of theoretical content and ¼ of

respect to course content, it is divided in two blocks: 1) bioenergy and biofuels and 2)

practical works (where the game activity was included).

alternative energies (including mainly solar and wind energies). Before to the implementation
of the activity (game), the methodology used was a classical classroom teaching. Table 1
shows a summary of the number of students who participated and evaluated the game

Upon successful completion of the first block of the course, the student will:
 Know the abundant diversity of feedstock used to produce biofuels.

activity by academic years.

 Have an understanding of the production processes involved in converting biomass to
Table 1. Summary of the number of students who participated and
evaluated the game activity by academic years.
2015-2016
Total number of students
registered
Total number of students that
participated in the game activity

Course
2016-2017
2017-2018

biofuel.
 Know the main properties of biofuels.
2018-2019

21

9

8

19

0

0

6

17

 Understanding the importance of biofuels policies and regulations.
 Understanding the research advances and future goals for producing biofuels.
 Understanding the importance of life cycle assessments of biofuels.

GAME PRODUCTION
CURRENTLY, BIODIESEL
IS COMMONLY PRODUCED
USING HOMOGENEOUS
BASE CATALYST, SUCH AS

ACIDCATALYZED
TRANSESTERIFICATION
HOLDS AN IMPORTANT
ADVANTAGE WITH
RESPECT TO BASECATALYZED PROCESS,
WHAT IS IT?

SODIUM HYDROXIDE (NaOH) OR
POTASSIUM HYDROXIDE (KOH)

ACID CATALYST IS INSENSITIVE TO THE
PRESENCE OF FFAS IN THE FEEDSTOCK AND
CAN CATALYZES ESTERIFICATION AND
TRANSESTERIFICATION SIMULTANEOUSLY

THE ESSENTIAL
FEATURES OF A FASTPYROLYSIS PROCESS FOR
PRODUCING LIQUIDS ARE

THE THERMOCHEMICAL
PROCESS IN AN INERT
ENVIRONMENT WHERE
BIOMASS
IS SLOWLY HEATED TO
200-300 ºC RANGE TO
ACHIEVE A BETTER SOLID
FUEL IS

VERY HIGH HEATING RATES AND VERY HIGH
HEAT TRANSFER RATES, MODERATE REACTION
TEMPERATURE OF AROUND 500°C, SHORT HOT
VAPOUR RESIDENCE TIMES OF TYPICALLY LESS
THAN 2 S.

TORREFACTION

Test 1 (red boxes in game board): Test 1 is a quiz. It
corresponds to 20 red boxes related to 80 red printed
paper cards similar to cards shown in Figure 2. Each
red card contains a question and its correct answer.
The team must answer correctly to the question.
These tests represent the lowest level of Bloom’s
taxonomy (“Remembering”).

COMBUSTION

DIGESTER

Chemical reaction

Anaerobic bacteria

Fuel

Biochemical reactor

Test 2 (blue boxes in game board): Corresponds to10
blue boxes related to 40 blue printed paper cards

Heat

Decompose biomass

similar to blue cards shown in Figure 3. Test 2 is
Oxygen

Methane

based on classic board game Taboo. Each blue card
contains a keyword and four forbidden words. The

RESULTS AND DISCUSSION
Table 2. Game evaluation form and results provided by students
(5= Strongly agree, 4 = Agree, 3 = Neutral, 2 = Disagree, and 1 = Strongly disagree).
2017-2018
course
Mean
value
The game is a good way to evaluate my
understanding of bioenergy and biofuels
concepts. After the game I could verify my
difficulties related to course and consolidate
acquired knowledge.
Because the game takes place in a positive
atmosphere of fun, I receive this form of
learning with enthusiasm and motivation.

2018-2019
course

Standard
deviation

Mean
value

FAST PYROLYSIS

FLUIDIZED BED

Biomass

Heat transfer

Liquid fuel

Mass transfer

student must explain the keyword to his/her team
without using the forbidden words or gestures. These
tests are on the second level of Bloom’s taxonomy
(“Understanding”).

Pyrolysis

Particles in suspension

Time

Reactor

The total energy consumed by end
users.

Standard
deviation
Test 3 (yellow boxes in game board): Game board

4.67

0.52

4.71

0.47

FINAL ENERGY CONSUMPTION

contains another 5 yellow boxes related to 40 yellow

Is the energy which reaches the final
consumer and excludes that which is
used by the energy sector itself.

printed paper cards as presented in Figure 4. Test 3 is a
matching cards test. A total of 20 yellow printed paper
4.83

0.41

4.82

0.39

The game had led improve my social skills
(cooperation and communication skills).

4.50

0.55

4.47

0.51

The game is easy to play.

4.67

0.52

4.53

0.51

cards contain a keyword, the rest of 20 yellow cards
contains one, two or three sentences that describe the
keywords. The team must match the keyword card to the
correct sentences (related to this keyword in one other

HYDROTREATED VEGETABLE
OIL (HVO)

Vegetable oil thermochemically
treated with hydrogen.

card). These tests are on the second level of Bloom’s
taxonomy (“Understanding”).
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In the academic years in which the game was not used, the average score for students was less than 7.1 (of a total of 10),

Course

particularly 7.1 and 6.7 for 2015-2016 and 2016-2017 academic years, respectively; whereas, in the academic years in which
18
0
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the game was used, the scores obtained by the students were higher, 8.1 and 8.4 out of a maximum score of 10 for 2017-2018
and 2018-2019 academic years, respectively. In all cases, the course was imparted by the same teacher. Also, the evaluations
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were performed following the same method for the bioenergy and biofuels block. In this way, differences in qualifications can
largely be attributed to the use of the game in class. However, it is also important to indicate that, although the average grade
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was lower in academic years in which the game was not used, there was a greater deviation between the score of the students.
This could reflect that excellent students maintain their grade with or without the game and the other students increased their
0

2

4

6

Mean score

8

10

12

score decreasing the standard deviation and increasing the average scores.

