
Teaching Chemical Engineering 
Thermodynamics at DTU 

How, Why, Impressions, Some Personal Thoughts 
 Georgios M. Kontogeorgis 

Center for Energy Resources Engineering (CERE) 
Department of Chemical and Biochemical Engineering 
Technical University of Denmark 
 

With  great contributions from 
All ”Thermo” 
Teachers: 
 
Nicolas von Solms 
Kaj Thomsen 
Wei Yan 
Xiaodong Liang 



The old guard (our/my teachers) 

Fredenslund                 Rasmussen                           Michelsen                          Mollerup 



The new generation 

Thomsen                                  von Solms                           Yan                                      Liang 



Outline 
• Education and Teaching at DTU  
• Teaching of Thermodynamics at DTU 
• Comparison to other places (vs. survey from 

WP – Chem.Eng.Educ., 2010, 44(1): 35) 
• Impressions and personal thoughts 
• Outlook for future and 
Conclusions 



DTU 
• Founded in 1829 by the Danish physicist 

Hans Christian Ørsted  
• Moved to Lyngby in the sixties - 10 km north 

of Copenhagen 
• Leading centre of engineering education and 

research in Denmark 
• Focus on Education – Research – Innovation 
       and Service to authorities 
• 6000 students 
• 700 Ph.d. students 
• 4600 employees 
• 19 departments 
• Education: 9 B.Eng., 15 B.Sc.,  
      >30 M.Sc. 

 



DTU is a National university with several locations 



DTU’s 19 Departments 
 

DTU Chemical Engineering        DTU Chemistry  
 
DTU Civil Engineering     DTU Environment  
 
DTU Systems Biology (now 2)   DTU Food  DTU Physics  
 
DTU Electrical Engineering  DTU Fotonik  DTU Nanotech  
 
DTU Energy Conversion  DTU Aqua  
 
DTU Management Engineering  
DTU Mechanical Engineering   DTU Wind Energy 
 
DTU Space  DTU Transport   DTU Veterinary  
 
DTU Compute  
 

http://www.kt.dtu.dk/English.aspx
http://www.kemi.dtu.dk/English.aspx
http://www.byg.dtu.dk/English.aspx
http://www.byg.dtu.dk/English.aspx
http://www.env.dtu.dk/English.aspx
http://www.bio.dtu.dk/English.aspx
http://www.food.dtu.dk/Default.aspx?ID=2227
http://www.fysik.dtu.dk/English.aspx
http://www.elektro.dtu.dk/English.aspx
http://www.fotonik.dtu.dk/English.aspx
http://www.nanotech.dtu.dk/English.aspx
http://ecs.dtu.dk/English.aspx
http://www.dfu.dtu.dk/english
http://www.man.dtu.dk/English.aspx
http://www.mek.dtu.dk/English.aspx
http://www.vindenergi.dtu.dk/
http://www.space.dtu.dk/English.aspx
http://www.transport.dtu.dk/English.aspx
http://www.vet.dtu.dk/Default.aspx?ID=2227
http://www.compute.dtu.dk/english
http://www.compute.dtu.dk/english


14 challenges of engineering in the 21st century 
• Make solar energy economical 
• Provide energy from fusion 
• Develop carbon sequestration methods 
• Manage the nitrogen cycle 
• Provide access to clean water 
• Restore and improve urban infrastructure 
• Advance health informatics 
• Engineer better medicines 
• Reverse-engineer the brain 
• Prevent nuclear terror 
• Secure cyberspace 
• Enhance virtual reality 
• Advance personalized learning 
• Engineer the tools of scientific discovery 

 

http://www.engineeringchallenges.org/cms/ 
challenges.aspx  
(US Academy of Engineering) 

http://www.engineeringchallenges.org/?ID=9414
http://www.engineeringchallenges.org/?ID=9415
http://www.engineeringchallenges.org/?ID=9416
http://www.engineeringchallenges.org/?ID=9417
http://www.engineeringchallenges.org/?ID=9601
http://www.engineeringchallenges.org/?ID=9602
http://www.engineeringchallenges.org/?ID=9603
http://www.engineeringchallenges.org/?ID=9604
http://www.engineeringchallenges.org/?ID=9605
http://www.engineeringchallenges.org/?ID=9606
http://www.engineeringchallenges.org/?ID=9608
http://www.engineeringchallenges.org/?ID=9607
http://www.engineeringchallenges.org/?ID=9609
http://www.engineeringchallenges.org/?ID=9610
http://www.engineeringchallenges.org/cms/challenges.aspx
http://www.engineeringchallenges.org/cms/challenges.aspx


Education at DTU 
• Bologna system: 3 (BSc) + 2 (MSc) + 
      3 (PhD)  
• Alternatively 3.5 B.Eng. (Diplom) 
• Education belongs to DTU – not the  
      Departments ! 
• All students  choose a BSc/B.Eng., then 

M.Sc. 
• B.Sc./B.Eng. in Danish (in principle) 
• M.Sc. in English – many foreign students 

(> 30%)  
• No Tuition Fees for EU students 
• 3-year PhD studies after M.Sc. 
• 5 year studies from abroad recognized 

as M.Sc. at DTU 
 
 
 
 



Thanos Arvanitidis, DTU M.Sc. student 



B.Sc. 15 programs 
Bioteknologi  
Byggeteknologi    
Bygningsdesign  
Design og innovation  
Elektroteknologi  
Fysik og nanoteknologi  
Geofysik og Rumteknologi  
IT og kommunikationsteknologi  
Kemi og teknologi  
Matematik og teknologi  
Medicin og teknologi  
Miljøteknologi  
Produktion og konstruktion  
Softwareteknologi  
Teknisk biomedicin (tidl. Sundhed og Produktion) 

http://www.dtu.dk/Uddannelse/Civilingenioer/Bacheloruddannelsen/Bioteknologi.aspx
http://www.dtu.dk/Uddannelse/Civilingenioer/Bacheloruddannelsen/Byggeteknologi.aspx
http://www.dtu.dk/Uddannelse/Civilingenioer/Bacheloruddannelsen/Bygningsdesign.aspx
http://www.dtu.dk/Uddannelse/Civilingenioer/Bacheloruddannelsen/Design_og_Innovation.aspx
http://www.dtu.dk/Uddannelse/Civilingenioer/Bacheloruddannelsen/Elektroteknologi.aspx
http://www.dtu.dk/Uddannelse/Civilingenioer/Bacheloruddannelsen/Fysik_og_Nanoteknologi.aspx
http://www.dtu.dk/Uddannelse/Civilingenioer/Bacheloruddannelsen/Geofysik%20og%20Rumteknologi.aspx
http://www.dtu.dk/Uddannelse/Civilingenioer/Bacheloruddannelsen/IT_og_Kommunikationsteknologi.aspx
http://www.dtu.dk/Uddannelse/Civilingenioer/Bacheloruddannelsen/Kemi_og_Teknologi.aspx
http://www.dtu.dk/Uddannelse/Civilingenioer/Bacheloruddannelsen/Matematik_og_Teknologi.aspx
http://www.dtu.dk/Uddannelse/Civilingenioer/Bacheloruddannelsen/Medicin_og_Teknologi.aspx
http://www.dtu.dk/Uddannelse/Civilingenioer/Bacheloruddannelsen/Miljoeteknologi.aspx
http://www.dtu.dk/Uddannelse/Civilingenioer/Bacheloruddannelsen/Produktion_og_Konstruktion.aspx
http://www.dtu.dk/Uddannelse/Civilingenioer/Bacheloruddannelsen/Softwareteknologi.aspx
http://www.dtu.dk/Uddannelse/Civilingenioer/Bacheloruddannelsen/Sundhed_og_Produktion.aspx


Bachelor of Science (180 ECTS) 

 
Bachelor of Science in Engineering = 180 points  

 
Natural sciences 
45 ECTS points 

 
Projects and general courses 
45 ECTS points 

 
Technological specialisation 
courses 
45 ECTS points 

 
Electives courses 
45 ECTS points 



M.Sc. 28 programs (and more...) 
Advanced and Applied Chemistry 
 Aquatic Science and Technology  
Architectural Engineering  
Biotechnology  
Chemical and Biochemical Engineering  
Civil Engineering  
Design and Innovation  
Earth and Space Physics Engineering  
Electrical Engineering  
Engineering Design and Applied Mechanics Engineering   
Management  
Environmental Engineering 
Food Technology  
Materials and Manufacturing Engineering  
Medicine and Technology  
Petroleum Engineering  
Pharmaceutical Design and Engineering  
Photonics Engineering  
Physics and Nanotechnology  
Sustainable Energy  
Systems Biology  
Transportation and Logistics 
Wind Energy  
 

http://www.dtu.dk/English/education/MSc_Programs/Advanced%20and%20Applied%20Chemistry.aspx
http://www.dtu.dk/English/education/MSc_Programs/Aquatic%20Science%20and%20Technology.aspx
http://www.dtu.dk/English/education/MSc_Programs/Architectural%20Engineering.aspx
http://www.dtu.dk/English/education/MSc_Programs/Biotechnology.aspx
http://www.dtu.dk/English/education/MSc_Programs/Chemical%20and%20Biochemical%20Engineering.aspx
http://www.dtu.dk/English/education/MSc_Programs/Civil%20Engineering.aspx
http://www.dtu.dk/English/education/MSc_Programs/Design%20and%20Innovation.aspx
http://www.dtu.dk/English/education/MSc_Programs/Earth_and_Space_Physics_Engineering.aspx
http://www.dtu.dk/English/education/MSc_Programs/Electrical%20Engineering.aspx
http://www.dtu.dk/English/education/MSc_Programs/Engineering%20Design%20and%20Applied%20Mechanics.aspx
http://www.dtu.dk/English/education/MSc_Programs/Engineering%20Management.aspx
http://www.dtu.dk/English/education/MSc_Programs/Engineering%20Management.aspx
http://www.dtu.dk/English/education/MSc_Programs/Engineering%20Management.aspx
http://www.dtu.dk/English/education/MSc_Programs/Food%20Technology.aspx
http://www.dtu.dk/English/education/MSc_Programs/Materials%20and%20Manufacturing%20Engineering.aspx
http://www.dtu.dk/English/education/MSc_Programs/Medicine_and_Technology.aspx
http://www.dtu.dk/English/education/MSc_Programs/Petroleum%20Engineering.aspx
http://www.dtu.dk/English/education/MSc_Programs/Pharmaceutical%20Design%20and%20Engineering.aspx
http://www.dtu.dk/English/education/MSc_Programs/Photonics_Engineering.aspx
http://www.dtu.dk/English/education/MSc_Programs/Physics%20and%20Nanotechnology.aspx
http://www.dtu.dk/English/education/MSc_Programs/Sustainable%20Energy.aspx
http://www.dtu.dk/English/education/MSc_Programs/Systems%20Biology.aspx
http://www.dtu.dk/English/education/MSc_Programs/Transportation%20and%20Logistics.aspx
http://www.dtu.dk/English/education/MSc_Programs/Wind%20Energy.aspx


M.Sc. Structure (120 ECTS) 
 
Master of Science in Engineering = 120 points  

 
General competence 
courses 
30 ECTS points 

 
Master thesis project 
Min 30 ECTS points 

 
Technological 
specialisation courses 
30 ECTS points 

 
Electives courses 
Max 30 ECTS points 



Teaching at DTU – the 4-hour blocks! 

Time Monday Tuesday Wednesday Thursday Friday 

8.00-12.00 1A 3A 5A 2B 4B 

13.-17.00 2A 4A 5B 1B 3B 

5p. + 7.5p. courses:  one module  
10p. course: two modules 
 



Grade scale 

Old scale: 

New scale: 



Special characteristics of teaching and examinations at DTU 

• Campusnet – DTU intranet where all material is uploaded 
• All courses are evaluated every semester (see next) 
• Most exams are ”open book” exams 
• Written 4-h exams in some courses 
• Many project-related courses, some with group work (4-

5 students) 
• All project reports uploaded in Campusnet for 

”plagiarism” check  
• Typically for all examinations: answers corrected by the 

teacher(s) + external (outside DTU) examiner 
• DTU often experiments with new things – now it is 

”digital” (computer-based) exams (in few years for all 
written exams) – we have also midterm evaluation and 
exam evaluation 
 
 
 









Teaching Thermodynamics – at a glance ! 
Course 
Number 

Name Type (ECTS) Content 

28221 
28322 

Chemical Eng. 
Thermodynamics 

BSc (5) 
Beng (5) 

Properties of pure 
compounds and 
mixtures, Laws of 
thermodynamics 

28423 Phase Equilibria for non-
ideal mixtures 

MSc (5) Thermodynamic models 

28909 Thermodynamic models: 
Fundamentals and 
Computational aspects 

PhD (7.5) – August 
course 

Coding models, flash 
routines 

28928 Electrolyte 
Thermodynamics 

PhD  (7.5)   - Any 
time 

Electrolytes 

28917 Statistical Thermodynamics PhD  (5) Statistical aspects 

26222 Physical Chemistry 2 BSc (5) Gibbs phase rule, 
Mixtures, activities, 
Electrochemistry 



Gibbs solved 2/3 of the thermodynamic 
problem 150 years ago! 

We are still struggling with the third step !! 

J.Willard Gibbs 
One of the 
Greatest 
Scientists 
Of All times! 
 
1839-1903 

Gilbert Lewis  
(1875-1946)  

Niff b
ii ,...,2,1a ==

NiΦxΦy L
ii

V
ii ,...,2,1==

Vapor-liquid equilibria 



Teaching Thermodynamics – Content    
Course 
Number 

Name Content 

28221 
28322 

Chemical Eng. Thermodynamics Pure  compounds, mixtures, cycles, flash 
calculations, process applications e.g. 
refrigeration, ternary LLE, acivity 
coefficient models 

28423 Phase Equilibria for non-ideal mixtures Cubic and non-cubic EoS (SAFT, CPA), 
mixing rules for cubic EoS, polymers, 
environmental thermodynamics, 
electrolytes 

28909 Thermodynamic models: Fundamentals and 
Computational aspects 

Computational methods : PT flash, 
Multiphase flash, stability analysis, 
chemical equilibrium 

28928 Electrolyte Thermodynamics Electrolytes fundamentals, phase 
diagrams and models 

28917 Statistical Thermodynamics Fundamentals, CS EoS, Monte Carlo 
simulations, SAFT 



Teaching Thermodynamics – How    
Course 
Number 

Name Teaching form Assessment 

28221 
28322 

Chemical Eng. 
Thermodynamics 

Lectures + computer-
based problems using 
spreadsheets (excel) for 
simulation 

Reports + oral 
examination 

28423 Phase Equilibria for non-
ideal mixtures 

Lectures + classroom 
exercises + computer 
exercises (SPECS) 

Evaluation of exercises + 
final report (on topic of 
interest of students) 

28909 Thermodynamic models: 
Fundamentals and 
Computational aspects 

Lectures + computer 
exercises in teams of two 
– own programming 

Evaluation of exercises + 
reports 

28928 Electrolyte 
Thermodynamics 

Own study of Notes Evaluation of exercises + 
reports – takes 2-3 
months to complete the 
course 

28917 Statistical Thermodynamics Lectures, projects, 
homework problems, 
self-study 

Evaluation of exercises + 
reports  - projects 



Teaching Thermodynamics – Special Issues    

Course 
Number 

Name Special Issues Comments 

28221 
28322 

Chemical Eng. 
Thermodynamics 

Use of excel modules 
No written 
examination – only 
reports 

Own teaching 
material + one other 
book 

28423 Phase Equilibria for non-
ideal mixtures 

Use of SPECS Own teaching 
material 

28909 Thermodynamic models: 
Fundamentals and 
Computational aspects 

Own coding (Fortran, 
MATLAB), many 
externals incl. 
Industrial participants 

Own teaching 
material 
 

28928 Electrolyte 
Thermodynamics 

On-line course Own teaching 
material 

28917 Statistical Thermodynamics Sometimes student-
defined projects 

Book from literature 



Teaching Thermodynamics – Book    
Course Number Name Book 

28221 
28322 

Chemical Eng. Thermodynamics Elliott & Lira + Michelsen 
Notes 

28423 Phase Equilibria for non-ideal 
mixtures 

Kontogeorgis & Folas 
K. Thomsen Notes 

28909 Thermodynamic models: 
Fundamentals and Computational 
aspects 

Michelsen & Mollerup 

28928 Electrolyte Thermodynamics K. Thomsen Notes 
 

28917 Statistical Thermodynamics McQuarrie 



Books in Thermodynamics (by CERE staff) 
Mostly used in the PhD Course: 
28909       (2007) 
 
 

28423    (2010) 

Kaj Thomsen :  Notes on Electrolyte Thermodynamics  
(very extensive) +  
special course with exercises 
 
M.L.Michelsen : Notes on Applied Thermodynamics with exercises  

(2004 ) 



The Michelsen course… without Michelsen  
(for second time) 

+ Xiaodong 
Alexander 
Philip 
Duncan 
Louise 
Christian 

24 participants,  4 from companies,  8 countries 

Photos: Christian Carlsson 



Algorithms-Models PhD Course 

2008 2009 2010 2011 2012 2014 2015 
Participan
ts – Total 

24 29 17 26 18 29 23 

From 
Industry 

4 13 8 9 8 4 2 

From 
academia 

14 9 3 14 5 17 10 

From 
CERE 

3 5 4 2 3 8 5 

From DTU 
– other 

3 2 2 1 2 - 6 

How many 
countries- 
Affiliation 

10 10 9 12 8 10 9 

Participants from 25+ Different Countries in 6 years! 



DTU vs. Rest of the world (survey) 

• We have also ”the two basic” courses – but also a 
PhD course on computational aspects 

• We have more additional specialized thermodynamic 
courses 

• Not much on biological systems (similar to Europe) 
• SM and MS – to limited degree but we have them 
• Similarly to others, no experimental element in the 

courses (despite much experimental 
thermodynamics in research) 

• More PBL in USA than in Europe – we also are based 
much on PBL 
 



DTU vs. Rest of the world (survey) – 
The Books 

• We use Elliott and Lira like 14 US and none European 
universities – in one of the courses 

• We do not use Sandler and have abandoned long 
time ago the most popular Smith-van Ness-Abbott 
book 

• We recommend Prausnitz el al. in our advanced 
courses 

• Atkins is used in Physical Chemistry courses – not in 
thermodynamics 

• We have lots of own books/own book material 



Project carried out by the Task Group on Industrial Perspectives 
under the Working Party on Thermodynamics and Transport 
Properties (http://www.wp-ttp.dk ) of EFCE 

http://www.wp-ttp.dk/


Education - I 

Education: Make people aware of the practical consequences of 
good and wrong thermodynamics – at all levels 
(undergraduate, postgraduate, professional) 

    “The students should e.g. be taught in which cases results are 
reliable and how to distinguish between a good and a bad 
process” 

 
Molecular simulation: A true effort is needed in order to make 

these tools readily available to industry (non-experts) – 
Currently Molecular simulation techniques do not appear to 
receive high industrial interest  

 
 
 

 



What can be done next ? – Bridge the gap 
between academia and industry 

• Education 
– Define some minimum knowledge required for Chem Eng, and 

propose ways to achieve it 
– Promote the employment of young experts (PhD) by chemical 

industries 
– Propose short courses for professionals to the basics of 

molecular thermodynamics & more  
• Continue and improve communication  

– National WP meetings & co-ordination with EFCE 
– European workshop (ProcessNet in Würzburg Feb 2010) & 

coming ones (Lyon, 2012, March 19-20) 
• More discussion with industry – more/encourage participation of 

industrial experts in Conferences on Thermodynamics and 
Transport properties (do we have too many conferences ?) 
 
 
 



Conclusions  & Some personal thoughts 

• At DTU we have three basic thermodynamic courses at 
BSc/BEng, MSc and PhD level 

• About 15-30 students/semester follow these courses 
• It is actually possible to graduate as Chemical Engineer 

from DTU without any of these ”basic” thermodynamic 
courses (due to the system we have) 

• Courses at DTU are not always taken at a ”specific order”  
(for the BSc and MSc levels) 

• Computational tools and PBL are used in all of these 
courses  - diverse tools are used (Excel modules, 
FORTRAN, MATLAB, in-house software/SPECS,…)  

• All of these courses are assessed based on 
exercises/reports, etc. and none of them has a written 
examination  



Conclusions  & Some personal thoughts 

• We have several specialized thermo courses as well as 
several physical chemistry courses (1,2,3..) with 
substantial thermodynamic content 

• Molecular simulation courses have been given as PhD 
courses with guest teachers (Economou, Mavratzas) 

• We have found it difficult to teach based on ”previously 
published” books and we have abandoned Smith et al. 
book many years ago 

• Teaching is very much based on ”own” material and this 
includes two own books and two sets of ”almost book-
form” based Notes on Electrolytes (Kaj Thomsen) and 
Basic Thermodynamics (Michael L. Michelsen) 
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