
Master thesis submitted in order to be awarded the degree of
Master of Science in Engineering Technology:
Electromechanical Engineering - sustainable energy

TITLE OF YOURWORK
optional subtitle

Your name

20xx-20xx

promoter: prof. . . .
supervisor: . . .

ENGINEERING SCIENCES



Title of your work
Optional subtitle

Your name

Academic year
20xx-20xx

Master thesis submitted under the supervision of
prof. . . .

In order to be awarded the Master’s degree in
Electromechanical Engineering: Energy



U
N

I
V

E
R

S
I

T
É

 
L

I
B

R
E

 
D

E
 

B
R

U
X

E
L

L
E

S

Première ligne de titre du mémoire
Deuxième ligne de titre du mémoire
Ligne du sous-titre du mémoire

Mémoire présenté en vue de l’obtention du diplôme
d’Ingénieur Civil [...] à finalité [...]

[Prénom Nom]

Directeur
Professeur [Prénom Nom]

Co-Promoteur
Professeur [Prénom Nom]

Superviseur
[Prénom Nom]

Service
[Nom du service]

Année académique
20xx - 20xx



Project plan

For a substantial undertaking such as a thesis, it is good practice to create a project
plan and to maintain a logbook. For students enrolled in the Energy Technology
program [Dutch: opleiding Industriële Wetenschappen], the creation of a project
plan for a bachelor's or master's thesis is mandatory.

A template for a Gantt chart (a common format for a project plan) and a logbook is
provided via the link below. Please visit this link and create your own online project
plan according the instructions outlined in theread meworksheet. Afterwards, sub-
stitute the URL in the \href command at the bottom of this page, with the URL of
your own online project plan.

Please keep your project plan page accessible for your supervisors during your project,
but exclude it from the �nal version of your manuscript. You can accomplish this by
commenting out \include{extra/projectplan} before compiling the �nal version
of your manuscript.

Do not forget to remove all explanations in blue from your �nal document. This
can be achieved by uncommenting the line\hideExplanations in your main �le.

My project plan and logbook can be consulted online via this link.
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Abstract

An abstract is a concise summary of your manuscript and must make sense by itself.
It is probably the �rst part that a reader reads. It must describe the work and set
accurate expectations for the reader. It is usually around 200 to 300 words and
provides the following information: the context and reason for writing, the problem
statement and scope, the used method(s) and/or performed experiments, the obtained
results and the conclusions and implications.

An abstract in English is required for a master thesis in Engineering Technology and
BRUFACE.

Do not forget to remove all explanations in blue from your �nal document. This
can be achieved by uncommenting the line\hideExplanations in your main �le.

This is a template to make a thesis and/or slides in LATEX, free software to compile high-
quality scienti�c documents. The template contains the typical parts such as a title page (for
VUB, BRUFACE and ULB), acknowledgements, abstract, table of contents, a nomenclature,
the typical chapters, appendices and a bibliography. In the appendices you will �nd practical
information about formatting and examples of useful packages.

This template is too large to compile with a free Overleaf plan. Consult section A.1.4 in
appendix A for possible workarounds.

A set of videos is available that demonstrate the use of this template.

This template comes with four main �les:

� mainReport: to compile a report and all the appendices of this template

� mainSlides : to compile slides. Only selected content is put on the slides though. To see
all content, you must compile mainReport and/or inspect the source code.

� PhD: to compile a PhD without the appendices of this template

� Thesis : to compile a thesis without the appendices of this template

The template uses the class memoir. It is a class for typesetting mathematical works as books,
reports and articles.

This template is written in English. If you want to write in Dutch, you must select Dutch
as the spell checking language in Overleaf via the Menu-button in the upper left corner and
replaceenglish by dutch as option in the \documentclass command.

keywords : LATEX, template, Ti kZ
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Samenvatting

An abstract in Dutch is required for a master thesis in Engineering Technology.

Do not forget to remove all explanations in blue from your �nal document. This
can be achieved by uncommenting the line\hideExplanations in your main �le.

trefwoorden : LATEX, template, Ti kZ
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Resumé

An abstract in French is required for a master thesis in Engineering Technology.

Do not forget to remove all explanations in blue from your �nal document. This
can be achieved by uncommenting the line\hideExplanations in your main �le.

mots clés : LATEX, template, Ti kZ
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Disclosure on the use of AI

Use this section to document the AI tools you used. Check your program regulations
to verify if such a disclosure is obligatory. If necessary, you can report by completing
the table provided below. Dedicate a row for each tool or service used. Note that the
use of a spellchecker and grammar checker doesn't need to be included in this report.

A Dutch version is available in the source code of this page, but is currently com-
mented out.

Do not forget to remove all explanations in blue from your �nal document. This
can be achieved by uncommenting the line\hideExplanations in your main �le.

Declaration

During the preparation of this work, the author(s) used the following tool(s) and service(s):

name of tool/service reason

name of tool/service in order to: reason

name of tool/service in order to: reason

. . .

After using this tool(s) and/or service(s), the author(s) reviewed and edited the content as
needed. The author(s) take(s) full responsibility for the content of this work.
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Nomenclature

It is good practice to include a list of symbols in your report/thesis in a so-called
nomenclature. Below you will �nd an example. In your own copy of the template,
you must update the nomenclature to bring it in line with your report/thesis. This
means that you have to:

1. remove entries that are not used in your manuscript

2. update entries, in case you use other symbols

3. add missing entries that are used in your manuscript

You can �nd the nomenclature in extra/nomenclature .

Do not forget to remove all explanations in blue from your �nal document. This
can be achieved by uncommenting the line\hideExplanations in your main �le.

Acronyms

APU Auxiliary Power Unit
BAT Best Available Technology
BDC Bottom Dead Centre
CC Combined Cycle
CHP Combined Heat and Power
COP Coe�cient of Performance
CS Control Surface
CV Controle Volume
FOD Foreign Object Damage
GWP Greenhouse Warming Potential
HE Heat Engine
HHV Higher Heating Value
HX Heat Exchanger
IGV Inlet Guide Vanes
ISA International Standard Atmosphere
LHV Lower Heating Value
ODP Ozone Depletion Potential
RH Relative Humidity
RPM Rounds Per Minute
TDC Top Dead Centre
TIT Turbine Inlet Temperature

Dimensionless numbers

Ma Mach number Ma = V=Vsound

xv



Nomenclature xvi

Nu Nusselt number Nu = hL=�
Pr Prandl number Pr = �=� = �c p=�
Re Reynolds number Re = �V L=�

Greek symbols

� thermal di�usivity m 2/s
� mass transfer coe�cient m/s
� in�nitesimal quantity
� emissivity
� strain
� e�ciency %
 heat capacity ratio
� thermal conduction coe�cient W/(m K)
� dynamic viscosity Pa s
� pressure ratio
� kinematic viscosity m2/s
� mass density kg/m3

! solid angle sr
! angular velocity rad/s

Roman symbols

A area m2

B magnetic �ux density T
c speci�c heat capacity J/(kg K)
D diameter m
D mass di�usion coe�cient m 2/s
D thermal dilation coe�cient
E electromotive force V
E electric �eld strength V/m
E Young's modulus N/m2

E total energy J
f frequency Hz
F force N
g acceleration of gravity m/s2

H enthalpy J
_H enthalpy �ow rate J/s

h speci�c enthalpy J/kg
h convection coe�cient W/(m 2 K)
I electric current A
L length m
M molecular mass kg/mol
m mass kg
_m mass �ow rate kg/s

n number of moles mol
N rotational speed rpm
p pressure Pa
p pole-pair number
P power W
Q heat J



Nomenclature xvii

_Q thermal power W
q speci�c heat J/kg
R electric resistance W
Ru universal gasconstant J/(mol K)
Rs speci�c gasconstant J/(kg K)
r compression ratio
S entropy J/K
s speci�c entropy J/(kg K)
T torque Nm
T thrust N
T temperature K
U voltage V
U internal energy J
V volume m3

V velocity m/s
v speci�c volume m3/kg
W work J
_W mechanical power W

w speci�c work J/kg
x vapour fraction
Y mole fraction
z height m
Z compressibility factor

Superscripts

0 per meter 1/m
_ �ow rate 1/s
� per mole 1/mol
* critical
isen isentropic
o at 25°C

Subscripts

a(tm) atmospheric
a air
bb blackbody
cr critical point
elek electric
f fuel
g generated
i isentropic
0 dead state
p at constant pressure
p(rim) primary
pm prime-mover
R reduced
s speci�c
sat saturated
s(ec) secundary



Nomenclature xviii

st stoichiometric
t total
th theoretical
tot total
u universal
univ universe
v at constant volume



Chapter 1

Introduction

A thesis typically contains an introduction. A possible structure is provided below.

� Context: situate your work within a broader background and explain the rele-
vance of the problem your work addresses

� Topic: de�ne the topic and scope of your work

� Research question: list the research question(s) that your work aims to answer;
a master thesis and a PhD must have research questions

� Objectives: list the objectives of your work

� Thesis structure: brie�y describe the thesis structure

Do not forget to remove all explanations in blue from your �nal document. This
can be achieved by uncommenting the line\hideExplanations in your main �le.

1.1 Context

1.2 Topic and scope

1.3 Research question

1.4 Objectives

It is recommended to use action verbs to formulate objectives. It will make them ac-
tionable and easier to assess for progress. Examples of action verbs are: to analyze,
assess, build, construct, create, demonstrate, design, develop, evaluate, enhance,
implement, improve, increase, investigate, measure, optimize, produce, reduce, test,
validate.

Try to formulate SMART objectives that are speci�c, measurable, achievable, rele-
vant, and time-bound. This approach will help make your objectives clearer, easier
to track, realistic, aligned with your research question and de�ned within a speci�c
time frame for completion.

Example of a SMART objective: "To measure the PM emissions from a multiheat
wood pellet boiler with an ELPI+ during 24 hours of continuous operation at 100%
load in December 2025."

The non-SMART version: "Study boiler emissions"

Do not forget to remove all explanations in blue from your �nal document. This
can be achieved by uncommenting the line\hideExplanations in your main �le.

1.5 Thesis structure

1



Chapter 2

Literature review

It is common practice to have a literature review in a thesis where the state-of-the-
art and the relevant literature are discussed. But it must not necessarily be done in
a separate chapter. It can also be a section in another chapter.

In the appendix about useful packages, you will �nd more info aboutbiblatex , a
package used for managing and formatting citations and bibliographies. Please also
consult the guidelines for using other people's work, in the appendix on formatting.

Feel free to alter the name of the chapter and/or the sections.

Do not forget to remove all explanations in blue from your �nal document. This
can be achieved by uncommenting the line\hideExplanations in your main �le.

2



Chapter 3

Materials and Methods

It is mandatory to explain what materials, experimental setups and methods were
used.

The guidelines for formatting �gures, tables and mathematical expressions can be
found in the appendix on formatting.

Feel free to alter the name of the chapter and/or the sections.

Do not forget to remove all explanations in blue from your �nal document. This
can be achieved by uncommenting the line\hideExplanations in your main �le.
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Chapter 4

Results

It is mandatory to report the obtained results from modelling work, calculations,
simulations and experiments.

The guidelines for formatting �gures, tables and mathematical expressions can be
found in the appendix on formatting.

Feel free to alter the name of the chapter and/or the sections.

Do not forget to remove all explanations in blue from your �nal document. This
can be achieved by uncommenting the line\hideExplanations in your main �le.
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Chapter 5

Discussion

It is mandatory to discuss the obtained results. But it must not necessarily be done
in a separate chapter. It can also be part of the chapter with results.

Feel free to alter the name of the chapter and/or the sections.

Do not forget to remove all explanations in blue from your �nal document. This
can be achieved by uncommenting the line\hideExplanations in your main �le.
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Chapter 6

Conclusions

This chapter is mandatory. Your work must have conclusions.

The conclusions contain your main �ndings and the answer to the research ques-
tion(s) in a clear and concise way. Conclusions should not contain results that have
not yet been discussed in your work.

Do not forget to remove all explanations in blue from your �nal document. This
can be achieved by uncommenting the line\hideExplanations in your main �le.
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Chapter 7

Future work

It is common practice to formulate future work in a thesis. But it must not nec-
essarily be done in a separate chapter. It can also be a section in the chapter with
conclusions.

Do not forget to remove all explanations in blue from your �nal document. This
can be achieved by uncommenting the line\hideExplanations in your main �le.
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Appendix A

About

This appendix contains a very short description of LATEX and explains the content and use of
this template.

A.1 About L ATEX

LATEX is software to make high-quality technical and scienti�c documents. It is not a �what
you see is what you get� (WYSIWYG) editor such as Microsoft Word or OpenO�ce. It is a
typesetting engine, which means that it works more like a programming language.

LATEX requires an input �le that contains the source code. The structure of that �le is shown
in listing A.1 and is discussed in more detail here.

Listing A.1: Structure of a LaTeX �le

\ documentclass [ hoptions i ]{ hclass namei }
% This part is the PREAMBLE , here :
% packages are loaded that enhance the capabi l i t ies of LaTeX
% sett ings are defined

\ begin { document }
% This part is the DOCUMENT , here :
% content is provided in plain text format

\ end{ document }

A.1.1 Document class

The input �le starts with the command \documentclass[ hoptionsi ]{ hclass namei } , where
hoptionsi is a placeholder for a list of options, such as for instance font size, paper size, etc.
that can be given to customize the behaviour of the document class andhclass namei is a
placeholder for the name of a class �le, recognised by the extension.cls . In a class �le the
layout standard is de�ned which tells LATEX how to format your content.

This template uses the class �lememoir but many other class �les exist such asarticle, report,
book,. . . . A comprehensive list of class �les can be consulted at CTAN.

A.1.2 Preamble

The next part in the input �le is called the preamble. In this part, packages are loaded that
enhance the capabilities of LATEX. This is typically done in so-called style �les with the extension
.sty . The style �les that are loaded in this template are found in styles/myStyleFiles . There
are three style �les that load packages:

� styles/myBibSettings : to load the biblatex package to specify settings related to citing
and the bibliography

8



Appendix A. About 9

� styles/myListings : to load the listingspackage to specify settings related to formatting
computer code

� styles/myPackages : to specify settings for other packages

The purpose and use of some of the loaded packages are discussed further in this chapter.
Currently there exist around 4000 packages for LATEX for all kind of applications. The compre-
hensive list of all packages can be consulted at CTAN.

In the preamble a user can also de�ne his/her own commands and environments. In this
template, this is done in the other style �les in the folder styles .

A.1.3 Entering content

The actual content of your work is enclosed between the commands\begin{document} and
\end{document} . When you have a lot of content, you will typically divide it over several �les.
Files with content have the extension .tex . Content is added as plain text, combined with
embedded LATEX commands for speci�c typeset results. To include �les in your input �le, you
can use the command:\include{ hfilename i } or \input{ hfilename i } .

The command \include{ hfilename i } is used to include chapters. It will �rst process all the
�oats (�gures and tables) from the previous chapter, cause a page break so that the next chapter
can start on a new page and import the contents from the �le namedh�lename i into the target
�le. It will also start a new auxiliary �le in the background to keep track of the locations of
�gures, tables and equations within the chapter for proper cross-referencing. Inspect the �le
mainReport to see what chapters are included in this template.

The command \input{ hfilename i } only imports the contents from the �le named h�lename i
into the target �le. It's equivalent to typing all the content from the �le h�lename i into the
target �le at the location of the \input{ hfilename i } command.

The content is typically structured for the reader by using commands such as:
\chapter{ hname of chapter i }
\section{ hname of section i }
\subsection{ hname of subsection i }
\subsubsection{ hname of subsubsection i }

More info on how to add content such as text, images, tables and math can be found in Learn
LATEX in 30 minutes.

A.1.4 Compiling your input file

You have to compile you input �le to obtain a typeset PDF document. The processing of your
input �le is done by a so-called TeX engine. It will parse your input �le, line by line, detect
the embedded LATEX commands in your input �le and act upon them, according the settings
in your class �le and packages. This means that you only have to concentrate on the content,
while LATEX will take care of the formatting.

There are four possible outcomes of a compilation:

Successful compilation This is the desired outcome. The compilation process completed
without warning or errors. The output PDF corresponds to the speci�ed content.

Compilation with warnings The compilation process completed but there were minor issues
in your code. The feedback button in Overleaf will colour orange and show the number of
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warnings. If there are 3 warnings for instance, you will see3 . Click on the box to get more
info about the warning. Warnings can be caused by duplicate labels, text extending beyond
margins, etc. The output PDF might have issues with formatting, cross-referencing or citing.
You should review your code and address the issues that gave rise to the warnings. This might
not be an immediate necessity, but it's certainly important to do so before �nalizing your
document.

Compilation with errors The compilation was halted because serious issues were encoun-
tered that could not be resolved. The feedback button in Overleaf will colour red and show
the number of errors. If there are 8 errors for instance, you will see8 . Click on the box to
get more info about the errors. Errors can be caused by syntax errors, missing �les, incorrect
commands, etc. You must immediately address these errors because the produced output PDF
can not be trusted or will even be missing. Good to know: an error can induce a cascade of
other errors. So don't be alarmed by the potential abundance of reported errors. Always start
by addressing the �rst listed error. Once recti�ed, you might �nd that other errors also vanish.
See the help pages of Overleaf for more info on compilation errors.

Compile time out warning In 2023, Overleaf reduced the compile time for free plan users
from 1 minute to 20 seconds. That is not enough to compile this entire template. Possible
workarounds are:

� Comment out some of the large appendices in the template and compile again. This will
reduce the required compilation time.

� Or compile the �le myThesis instead. This �le contains the full structure of a thesis but
without the appendices, so it takes less time to compile.

� Transfer the ownership of your project to your supervisor or promoter. If he/she has a
premium account on Overleaf, enough compilation time will be available to compile the
entire template.

� Download the template and compile it o�ine.

� Get a paid Overleaf subscription.

A.2 About this template

A.2.1 Content of the template

This template will get you started with writing your thesis, report or slides in LATEX. The
template contains:

� a title page for VUB, BRUFACE and ULB
� a project plan
� a jury (for a PhD)
� acknowledgements
� an abstract in English, Dutch and French
� a disclosure on the use of AI
� a table of contents
� a list of �gures, tables and listings
� a nomenclature
� the typical chapters
� appendices with useful information on various topics
� your own publications (for a PhD)
� a bibliography
� a demo bibliography with common entry types
� a to-do list
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A.2.2 Content of the appendices

In the appendices you will �nd useful information about

� LATEX and this template
� formatting of �gures, tables, equations and source code
� useful LATEX packages and commands
� examples of di�erent types of �gures and plots
� mathematical and Greek symbols
� example of a table in appendix
� example of an included PDF �le

The template uses the class memoir. It is a class for typesetting mathematical works as books,
reports and articles.

A.2.3 How to start using it

To use this template: surf to this template on the Overleaf website and click on the button
'Open as Template'. This will create a project with the name Tips for writing (in LaTeX) . You
can then change the name of the project according to your choice. FYI: the nameTips for
writing (in LaTeX) was inherited from the precursor to this template, a document with tips on
formatting numbers, units, and �gures, hence the name.

A set of videos is available that demonstrate the use of this template.

This template can generate a report and slides from the same source code. It comes with three
main �les:

� mainReport: to compile a report and all the appendices of this template

� mainSlides : to compile slides. Only selected content is put on the slides though. To see
all content, you must compile mainReport and/or inspect the source code.

� PhD: to compile a PhD but without the appendices of this template

� Thesis : to compile a thesis but without the appendices of this template

A.2.4 How to change the language

This template is written in English. If you write in another language, you have to adapt the
language in two ways (example below is for Dutch):

1. SelectDutch as spell check language in Overleaf, via theMenuin the upper left corner.
Words that do not belong to the selected spell check language will be underlined in red
in the editor. The selected spell checking language has no e�ect on the output PDF.

2. Replace the optionenglish by dutch in the command \documentclass . Options sup-
plied to \documentclass are global options and are available to all packages.

The option dutch will be transferred to the following two packages, loaded instyles/myPackages :

� \usepackage{babel}
This will automatically translate standard names:
chapter ! hoofdstuk
contents ! inhoudsopgave
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bibliography ! bibliogra�e
. . .

� \usepackage{cleveref}
This will automatically translate cross-referencing names:
�gure ! �guur
table ! tabel
equation ! vergelijking
. . .

The option dutch will also cause the nomenclature to be displayed in Dutch. If you want to
know how this works, inspect the �rst lines of the �le extra/nomenclature .



Appendix B

Formatting guidelines

Your report or thesis will most probably contain elements such as �gures, tables, numbers,
units, symbols, mathematical expressions, citations and a bibliography. This chapter contains
some guidelines and good practices for the proper formatting of these elements.

B.1 Figures

Figures are visual representations such as drawings, schemes, photos, charts and graphs. Every
�gure must be referenced in your text, preferably before the �gure appears. Some important
aspects of a �gure are shown in �g. B.1 and are discussed below.

First of all, your �gure must be of good quality, which means that careful consideration must be
given to graphical excellence and integrity (e.g. resolution, data-ink ratio, lie-factor, legend,. . . ).
See the excellent work of Tufte (2001) and Doumont (2009) for more information on these topics.

Secondly, your �gure must have an unique identi�er and a descriptive caption. The identi�er is
typically the word Figure followed by a number. For a short report, these numbers are typically
the counting numbers 1, 2, 3, etc. For a thesis or book with di�erent chapters, the numbering
of �gures restarts at 1 at the beginning of each new chapter, but the chapter number is included
in the �gure number. See for example the number 4.7 in �g. B.1, which means that this is the
seventh �gure in chapter 4. The automatic assigning of �gure numbers in LATEX is taken care
of by the \caption command. If you want the caption to appear under the �gure, you must
place the \caption command on the last line in the �gure environment. You can inspect the
source code of �g. B.1 to verify this.

A descriptive caption is a stand-alone text that must provide enough information to understand
the �gure, without consulting the text. The �rst word of the caption should be capitalized.
The caption should contain a what part and, if possible, aso-what part. The what part clearly

a good-quality �gure

a numbered identi�er under the �gure,
referenced in the text

a caption describing: thewhat the so-what the source

Figure B.1: Some important formatting aspects of a �gure and its caption

13
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Figure B.2: Plot of a cosine function, included from a �le in vector format (PDF, left plot) and a �le
in bitmap format (PNG, right plot), to illustrate the superiority in image quality of PDF over PNG

explains what is shown on the �gure. Try to precise and complete, it's better to have a longer
caption than a short incomplete or unclear caption. The so-what part is a statement and
explains what the reader should pay attention to and/or contains a justi�cation for showing
the picture. For �gures that are shown on a slide (with the beamer class), theso-what message
should be put as title of the slide, as explained in appendix B.7.

If you did not make the �gure yourself, you must add the reference to the source of the �gure
at the end of your caption, preceded for instance by the wordsource: . If the �gure came from
an external source but was adapted by you, you can precede the reference to the source by
adapted from: .

B.1.1 Include graphical files in vector format

To enhance the quality and scalability of graphics in documents, you should include graphical
�les in vector format like PDF whenever possible, rather than in bitmap format like PNG.
Vector graphics maintain their sharpness and clarity at any size or resolution, making them
ideal for high-quality printing and zooming in on details. In Python for instance, plots can be
saved in PDF format with the command plt.savefig(` hfilename i .pdf') .

Zoom in on �g. B.2 and observe the di�erence in quality of the two plots.

B.2 Tables

Tables are used to present data in an orderly manner. They can contain di�erent kind of
elements such as text, numbers and mathematical symbols and expressions. Every table must
be referenced in your text, preferably before it appears. Some important aspects of a table are
shown in table B.1 and are discussed below.

First of all, your table must be of good quality and should provide clarity on the presented
data. This means that careful consideration must be given to graphical excellence and integrity
(e.g. readability, data formatting and alignment, data-ink ratio, legend,. . . ).

Secondly, your table must have an unique identi�er and a descriptive caption. The identi�er is
typically the word Table followed by a number. For a short report, these are typically ordinal
numbers such as 1, 2, 3, etc. For a thesis or book with di�erent chapters, the numbering of
tables restarts at 1 at the beginning of each new chapter, but the chapter number is included in
the table number. Table 3.2 for example refers to the second table in chapter 3. The automatic
assigning of table numbers in LATEX is taken care of by the\caption command. If you want the
caption to appear above the table, you must place it on the �rst line in the �gure environment.
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Table B.1: Some important formatting aspects of a table and its caption

a numbered identi�er above the table,
referenced in the text

a top border

singular column headers

some space

a bottom border

a good-quality table

a caption describing: thewhat the so-what

the source

text = left align number = right align text = left align

You can inspect the source code of table B.1 to verify this. In Microsoft Word, captions should
be added via theinsert caption menu command.

A descriptive caption is a stand-alone text that must provide enough information to understand
the data in the table, without the need to consult the text. The �rst word of the caption should
be capitalised. The caption should contain awhat part and, if possible, a so-what part. The
what part clearly explains what is shown in the table. Try to precise and complete, it's better
to have a longer caption than a short incomplete or unclear caption. Theso-what part is a
statement and explains what the reader should pay attention to and/or contains a justi�cation
for showing the table.

If you did not obtain the data in the table yourself, you must add the reference to the source
of the data at the end of your caption, preceded for instance by the wordsource:

If the table came from an external source but was adapted by you, you can precede the reference
to the source by adapted from:

B.2.1 Header row

A simple table will typically have a header row with a descriptor per column. Descriptors are
not capitalized, unless it is required by grammar rules. Descriptors should also be written in
the singular form. See for example the descriptors in table B.6. You will see: parameter, value,
unit, comment, and not: Parameter or Parameters or parameters,. . .

Tables can also have multiple header rows, for example a row for the descriptors and a row for
the units. More complex tables can also have header columns.

B.2.2 Column alignment

The data in the columns should be aligned. Columns that contain text should be left-aligned
(column type l ). That makes the text easier to read, because we read from left to right. See
for example the improved readability of the text in the �rst column of table B.3 compared to
table B.2. Columns that contain numbers should be right-aligned (column typer ) or aligned
at the decimal marker (column type S). This makes it easier to compare numbers in the same
column as illustrated in the second column in tables B.2 and B.3. Columns with symbols and
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Table B.2: Example of a table with centered columns, which are not well suited for text and numbers

text number unit

relative humidity outside 62 %
mass �ow rate of fresh air 20 000 kg/h

total pressure at the intake of the HVAC system 1 bar

Table B.3: Improved table with a left-aligned text column and a right-aligned number column

text number unit

relative humidity outside 62 %
mass �ow rate of fresh air 20 000 kg/h
total pressure at the intake of the HVAC system 1 bar

Table B.4: A table with wrapped text in the �rst column to reduce the column width

text number unit

relative humidity outside 62 %
mass �ow rate of fresh air 20 000 kg/h
total pressure at the intake of
the HVAC system

1 bar

columns with units can be centred (column typec), but they are easier to read when they are
left-aligned.

Columns with a lot of text can become too wide, causing the table to become too wide. This
can be solved by wrapping the text in the column. You can achieve this by limiting the width
of a column to a speci�ed value with the paragraph column typep, see example in table B.4.

B.2.3 Horizontal and vertical lines

Having too many horizontal and/or vertical lines in a table is considered as visual noise and
is distracting to the eye. It also lowers the data-ink ratio. Most of the time, two horizontal
lines will do, one at the top of the table (\toprule command) and another at the bottom
(\bottomrule command) as in table B.1. These lines visually separate the data in the table
from the main text. The column headers are separated from the data by some extra space.
This separation can also be achieved with a horizontal line (\midrule command). Vertical lines
are most of the time not required but can be added in some occasions to improve readability.

Compare for instance table B.5 and table B.6. Both tables contain exactly the same data but
table B.6 has the better data-ink ratio and is therefore recommended.

B.3 Symbols

Table B.5: Example of a table with unnecessary horizontal and vertical lines, giving rise to a low
data-ink ratio

parameter value unit comment

voltage 12 V given
current 2 A given
power 24 W calculated
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Table B.6: Improved table with a top and a bottom line only, giving rise to an improved data-ink
ratio

parameter value unit comment

voltage 12 V given
current 2 A given
power 24 W calculated

B.3.1 Use of symbols

Symbols are typically used to represent(physical) properties. Physical properties play an im-
portant role in physics and engineering. Well-known physical properties are for example the
mass, temperature, velocity, pressure and electric current, but there are many others.

Physical properties can be scalars (e.g. the massm and temperature T) but they can also be
vectors (e.g. the force~F and the velocity ~V ), matrices or tensors.

The value of a scalar physical properties is expressed with a number and an associated unit.
One can say, for example: the ambient temperature is 298 kelvin. Note that both the name of
the physical property (ambient temperature) and the name of the unit (kelvin) were written
in full. That is perfectly acceptable but not so practical to use in calculations and formulas.
That is why we often switch to a compact notation with symbols.

For example, one can rewrite the statement regarding the ambient temperature as follows:
the ambient temperature Tenvironment is 298 kelvin. Note that we used the symbolT for the
temperature. This is merely an agreement and other symbols for the temperature are also
possible. For example, some books use the symbol� for the temperature. It is therefore
recommended to always consult the symbol list or nomenclature of a scienti�c publication to
�nd out which symbols were used.

Useful information about the physical quantity can be mentioned in the subscript; in this
example the fact that it concerns the temperature of the environment). Soenvironment was
added as a subscript to the symbolT.

There are also symbols for units. For example, the symbol for the kelvin is the uppercase letter
K. The above statement concerning the ambient temperature can be rewritten as follows: the
ambient temperature Tenvironment = 298 K.

B.3.2 Formatting of symbols

One-letter symbols that represent (physical) quantities � such as for example the temperature
T and the voltage U � are written in italics. Everything else is written upright, as illustrated
in the �owchart in �g. B.3. Symbols that consist of more than one letter � such as for instance
the Mach number (Ma) or the Net Present Values (NPV) � are written upright, otherwise they
might be mistaken as products. That's why for instance the Reynolds number is written as
Re and not asRe, because that could be interpreted as the product of the radiusR with the
eccentricity e.

The fact that many symbols must be written upright will give you some kind of struggle, because
in the math mode of LATEX letters are written in italics by default, unless you manually force
them upright. The same is true for the Equation editor of Microsoft Word, there too, the
standard way of writing is in italics. But no worries, how to deal with this and how to get
things right is explained below.

Some examples are given below and in table B.7. So, as already mentioned, only one-letter
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Is it
a symbol?

Symbol for
a quantity?

One-letter
symbol?

Upright

In italics

abbreviations: NASA, VUB, OEI, . . .
descriptors: net, atm, abs, s(urface), . . .
words: and, thus, where, . . .

chemical symbols: CO2, NH3 . . .
function names: sin, log, max, . . .
unit names: N, Pa, kg, . . .

two-letter symbols: Nu, Re, Ma, . . .
three-letter symbols: NPV, ROI, AFR,. . .
...

one-letter symbols: T, p, m, I , L , s, . . .

yes

yes

yes

no

no

no

Figure B.3: Flowchart to determine if something must be written upright or in italics: only one-letter
symbols for quantities must be written in italics

Table B.7: Some things are always written upright

type example LATEX example LATEX result

descriptions abs, net, . . . $p_\up{atm}$ patm

symbols for units Pa, kg, . . . \unit{\square\m} m2

math functions log, max, . . . $\sin\alpha$ sin �
chemical formulas NH3, CO2, . . . \ch{CH4} CH4
multi-letter symbols Ma, Nu, . . . $\up{Re}=2300$ Re = 2300
acronyms and abbreviations NPV, NASA, . . . $\up{AFR}= 50$ AFR = 50

symbols for quantities are written in italics:

correct: T = 298 K

not correct: T = 298 K

The same goes for one-letter symbols that appear in subscripts and superscripts. The subscript
p for example in the speci�c heat capacitycp is written in italics because it represents a quantity:

correct: cp (becausep is a symbol for a quantity)

not correct: cp

correct: pgauge = pabs � patm (because the subscripts are not symbols for quantities)

not correct: pgauge = pabs � patm

Natural constants are also quantities and their one-letter symbols are therefore also written in
italics, as for example, the universal gas constant1 Ru or the speed of light in vacuumc.

1 the u in the subscript is written upright because it is not a symbol for a quantity, it's just the �rst letter
of the word 'universal'
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More-letter symbols for quantities are written upright:

correct: Ma = 0 :80

not correct: Ma = 0 :80 (undesired spacing + looks likeM times a)

correct: NPV = 3000 e

not correct: NPV = 3000e (undesired spacing + looks likeN times P times V)

Descriptions are written upright:

correct: Tenvironment = 298 K

not correct: Tenvironment = 298 K

Even if you shorten the descriptive text to make the notation more compact, you still write it
upright:

correct: Tenv = 298 K

not correct: Tenv = 298 K

Even descriptions reduced to a single letter are written upright:

correct: Te = 298 K (because e is not a symbol for a quantity)

not correct: Te = 298 K

Words are written upright, even when they appear between mathematical expressions:

correct: U = IR with the current I = 2 A

not correct: U = IR and the current I = 2 A

Words are written upright, even when they appear in mathematical expressions:

correct: � =
work produced
heat received

not correct: � =
work produced
heat received

Symbols for mathematical functions are written upright:

correct: sin �

not correct: sin�

Chemical formulas are written upright:

correct: CO2

not correct: CO2

B.4 Numbers

B.4.1 Decimal marker

We advice you to use the dot as the decimal marker for your entire document, as is common
practice in English scienti�c literature (e.g. � � 3.14).
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In Belgium it is customary to use the comma as the decimal marker (e.g. � � 3,14), but
this will give rise to inconsistencies, as you will probably also have �gures and tables from
English-language literature (that contain numbers with the dot as decimal marker). Maintain-
ing consistency in the selected decimal marker throughout your document is however essential to
avoid confusing the reader. Also, the comma serves other purposes in the math mode in LATEX,
such as for instance the separation of function arguments. For these reasons, we recommend to
use the dot as the decimal marker.

B.4.2 Thousands separator

It is good practise to separate the thousands in a number with a small non-breakable space.
This makes a number with many digits easier to read. Thesiunitx package can take care of
this, because it provides the command\num, see appendix C.16 for more info.

Observe for instance how the readability of the number 10 million can be improved by using
the command \num{10000000}

hard to read: 10000000

easier to read: 10 000 000

Tip: do not use the comma as a thousands separator, to avoid confusion for people in Belgium
who are used to the comma as a decimal marker.

B.4.3 Scientific notation

The scienti�c notation is used to write very large or very small numbers in a more compact form.
It is also used to report numbers with the appropriate level of precision without overwhelming
the reader, as illustrated in the Reynolds number example in the next subsection. Here is an
example of a correctly formatted number in scienti�c notation: 6.02 Ö 1023. It consists of:

� a coe�cient, here: 6.02

� a multiplication sign, preceded and followed by a non-breaking space: �

� a power of 10, here: 1023

B.4.4 Significant digits

Calculations performed with a calculator or computer code typically produce numeric results
with many digits. But beware, it's important to understand that not all of these digits are
signi�cant. The number of signi�cant digits depends on the uncertainty of the used input data
for the calculations and on the accuracy and validity of the model(s) used in the calculations.
When you include such numerical results in your report, you should only write the signi�cant
digits, being the digits that are meaningful and reliable. Writing more digits creates a false
impression of precision and accuracy.

In engineering, as a rule of thumb, we typically consider 3 signi�cant digits. But exception are of
course possible. With high-precision instruments, we can perform measurements that leverage
more than 3 signi�cant digits. For instance a voltage of 239.41 V with 5 signi�cant digits. And
with low-precision instruments, we get less signi�cant digits, for instance a temperature of 19°C
with only 2 signi�cant digits. In such cases, you must of course adapt the reported number of
digits accordingly.

So how to not-report the non-signi�cant digits? Well, there are three simple methods:
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1. Simply not write them, but this only works for digits behind the decimal marker

2. Switch the pre�x of the unit, for instance from kWh to MWh

3. Switch to exponential notation

You will �nd an example of each method below.

Imagine that you calculated a �ow velocity and obtained a value of 2.385 494 828 187 m/s with
your calculator or computer code. Well, do not report this result will all its digits in your
manuscript! Most probably, only the �rst 3 non-zero digits are signi�cant. Hiding the other
digits is easy, because they are located behind the decimal marker.

not correct: V = 2 :385 494 828 187 m=s (too many digits, false impression of accuracy)

correct: V = 2 :39 m=s (assuming 3 signi�cant digits)

Imagine that you calculated the yearly heat demand of a space, based on outside temperature
data (with 3 or 2 signi�cant digits) and that your computer code produced 23 765.324 kWh/year
as a result. Again, do not report this result will all its digits in your manuscript. Only the �rst
3 or 2 non-zero digits are signi�cant. Hiding digits after the decimal marker is easy, but not
su�cient. More digits must be hidden. We can achieve this be switching the pre�x in the unit.

not correct: Q = 23 765:324 kWh=year (too many digits, false impression of accuracy)

not correct: Q = 23 765 kWh=year (still too many digits, false impression of accuracy)

correct: Q = 23:8 MWh=year (assuming 3 signi�cant digits)

correct: Q = 24 MWh =year (assuming 2 signi�cant digits)

Imagine that you calculated the Reynolds number, based on measured �ow velocity data (with
2 signi�cant digits) and that your computer code produced Re = 567 214as a result. You can
guess, do not report this result will all its digits in your manuscript. Only the �rst 2 non-zero
digits are signi�cant. We can achieve this be switching to exponential notation. Switching the
pre�x in the unit is not an option here, because the Reynolds number has no units.

not correct: Re = 567 214 (too many digits, false impression of accuracy)

correct: Re = 5:7 � 105 (assuming 2 signi�cant digits)

B.4.5 Uncertainty

The uncertainty of a number can be put in parentheses behind the number (Newell and Tiesinga,
2019, section 5.4.5). Consider for example this length: 1.236(5) m. The number in parentheses
refers to the last digit of the quoted value 1.236, so in this example, the uncertainty is 0.005 m
or 5 mm. An alternative notation is 1.236 ± 0.005 m.

B.5 Units

Units must be formatted according to the International System of Units (SI) guidelines, see the
rules and style conventions in section 5 of Newell and Tiesinga, 2019. Except for dimensionless
quantities, numbers without units make no sense. Units are always written upright, never in
italics:

correct: L = 7 meter

not correct: L = 7 meter
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Unit names are never capitalized unless they are at the beginning of a sentence. This is to
distinguish them from the scientists they are named after. So joule is the SI unit for energy,
while Joule is the name of the English physicist and mathematician James Prescott Joule. You
will �nd examples of other unit names in Tables 2 and 4 in Newell and Tiesinga, 2019.

correct: 300 joule (or watt, newton, pascal, volt, bar, kelvin, . . . )

not correct: 300 Joule (or Watt, Newton, Pascal, Volt, Bar, Kelvin. . . )

Special attention goes to the degree Celsius. The �rst word is not capitalized since the names of
units are not capitalized. The second word is capitalized as it refers to the Swedish astronomer
Anders Celsius. Another unit for temperature that is often used is the kelvin, written with a
lowercase k, to distinguish it from the name of the British mathematician and engineer William
Thomson Kelvin, also known as Lord Kelvin. It is important to note that there is no such
thing as a degree Kelvin, just as there is no degree kilogram or degree meter. See the examples
below.

correct: 0 degree Celsius (small d + capital C)

not correct: 0 Celsius (the word degree is missing)

not correct: 0 Degree Celsius

not correct: 0 degree celsius

correct: 273 kelvin

not correct: 273 Kelvin (that is the name of Lord Kelvin)

not correct: 273 degree kelvin (there is no such thing as a degree kelvin)

not correct: 273 degree Kelvin (there is no such thing as a degree Kelvin)

Symbols for units, like the letter m for meter, are always written upright:

correct: L = 7 m

not correct: L = 7 m

In this way there can be no confusion between the symbolm that is used for mass and the
symbol m that is used for meter. And so, for example,A represents an area in m2 and the A
written upright represents the unit ampere for electric current.

Do not use abbreviations for units. Use the symbol or the full name:

correct: s or second

not correct: sec

correct:
m
s

or meter per second

not correct: mps, m/sec

The symbol used for a unit is never written in the plural form:

correct: z = 120 cm

not correct: z = 120 cms

No full stop is put after a unit, unless that unit is at the end of a sentence:

correct: The length of the tube is 70 cm.

correct: The tube is 70 cm long.

not correct: The tube is 70 cm. long.
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Table B.8: Some standard pre�xes in SI units

factor pre�x symbol factor pre�x symbol

10= 1 deci d 101 deca da
10= 2 centi c 102 hecto h
10= 3 milli m 103 kilo k
10= 6 micro µ 106 mega M
10= 9 nano n 109 giga G
10= 12 pico p 1012 terra T
10= 15 femto f 1015 peta P
10= 18 atto a 1018 exa E
10= 21 zepto z 1021 zetta Z

Pre�xes representing a multiplication factor (table B.8) are also written upright and written
together with the symbol of the unit

correct: p1 = 700 kPa

not correct: p1 = 700 k Pa

B.5.1 Spaces

A number must be kept together with its unit. This can be achieved by putting an unbreakable
space between the number and the unit. This will 'glue' the unit to the number, so that the
number doesn't end up alone at the end of a line with the unit at the start of the next line.

To achieve this in LATEX you use the tilde ~ in text mode and the \; in math mode. So for
instance 80~kg will appear as 80 kg. Or even better, you can use the packagesiunitx that will
take care of the proper spacing for you, amongst many other things related to numbers and
units (more info in appendix C.16).

In Microsoft Word you must type shift-ctrl-space to produce an unbreakable space.

The unit can also be 'glued' to the number by suppressing the space between them, but this is
considered as bad practice.

correct: V = 3 m 3

bad practice: V = 3m 3

B.6 Mathematical expressions

B.6.1 Equations

It is good practice to number your equations, because it allows to cross-reference them from
elsewhere in your text. Automatic numbering can be achieved by using theequation environ-
ment, as shown in the �rst law of thermodynamics for closed systems below

� E = Q + W: (B.1)

To establish a cross-reference, you must �rst add a label to the equation environment. You can
then use this label in a \cref command elsewhere. Inspect the source code of eq. (B.1) to see
how this is done.

There are many other math-environments available in LATEX that can do more complicated
things with equations such as splitting, grouping and aligning. More info is available on the
Overleaf help page about aligning equations with amsmath.
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B.6.2 Multiplication sign

To write a multiplication of two variables, leave a small space between them or put a proper
multiplication operator between them. In math mode in LATEX, use\cdot to produce the center
dot � or use\times to produce the multiplication sign � .

In Microsoft Word, you can use \bullet in the equation editor to produce the center dot �.

Other symbols, such as the asterisk *, the letter x and the full stop, should be avoided.

correct: U = I R

correct: U = I � R

acceptable: U = I � R might be confused with vector product

bad practice: U = I � R

bad practice: U = IxR

bad practice: U = I:R

B.6.3 Punctuation

Equations are part of the sentence structure, which means punctuation must be respected. See
the example below.

Newton's second law is

~F = m � ~a; (B.2)

where ~F is the force, m the mass and~a the acceleration.

B.7 Slides

You can also make slides with this template. To do so, select the �lemainSlides as your main
document via the Menu-button in the upper left corner in Overleaf and compile it. You will
see that the �rst line of mainSlides loads the classbeamerwhich is a powerful LATEX class to
create presentations. More info about this class can be found on the Overleaf help pages on
Beamer.

In beamer, slides are called frames. When you compilemainSlides , LATEX will process the
content that is embedded in all the frame environments and put that content on slides. Each
frame environment becomes a separate slide. The syntax of a frame environment is shown in
listing B.1.

Listing B.1: Syntax of a frame environment

\ begin { frame }[ hoptions i ]{ htitle of your slide i }
% content is provided in plain text format

\ end{ frame }

There are some things that are good to know, when making slides. They are discussed by
Jean-Luc Doumont in a talk he gave at Stanford University in 2013. The video is still available
on YouTube and is worth watching. Some of his recommendations are listed below. If you
inspect the source code, you will see that they are embedded in a frame environment. This
means that besides being visible in this report (compiled with the classmemoir), they will also
end up on a slide (when compiled with the classbeamer).

A slide should:
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A title with a so-what message

sober
background

clear content,
no unreadable text

Figure B.4: An example of a slide with a so-what message in the title, a sober background and some
clear content with no unreadable text

� have a clear title

� have a sober background

� contain clear content

� have no unreadable text

A title should be:

� a so-what message, telling the reason that you are showing the slide, rather than just a
what message about the content of the slide

� left-aligned, because that is easier to read

� written as a full sentence, so with a verb, to get your message across

� two lines maximum, more lines will probably not be read

You can see an example in �g. B.4.

B.7.1 Making content for slides only

It is also possible to create content that will only show up on a slide, but not in your report.
You can achieve this by specifying the mode<presentation> in the frame environment. In
the source code beneath this sentence, a frame environment is speci�ed that is invisible in this
report, as you can not see :-) But it will show up on a slide, when compiled with the class
beamer.
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