
EEN-E3002 Power Process
Simulation

Mika Järvinen 
1st March 2023



Welcome to EEN-E3002 Power Process 
Simulation course 

• Eight year, organized since 2016. 

• We have ~23 students (21st February 2023). 

• Many teachers to have sufficient amount of help for you.

• You need to be active, mostly individual work and group work. 
Only a few lectures. 

• “Learning by doing”



EEN-E3002 Power Process Simulation 
• Organizing unit: Department of Mechanical Engineering, Energy 

Conversion research group 

• Teachers: Mika Järvinen, Martti Larmi, Cheng Qiang, Judit Nyàri, 
Shouzhuang Li

• Status of the Course: Energy Technology, Advanced Master's and 
studies

• Teaching Period: IV-V

• Good and useful pre-requisites: Basic thermodynamics and basic 
chemistry, Power process components, Control system basics, 
Numerical methods
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EEN-E3002 Power Process Simulation 

• Learning Outcomes: Students are able to use simulation 
software to model and calculate complex power plants 
processes. Students understand basic simulation concepts and 
their possibilities and restrictions.

• Contents: Different process simulation approaches, developing 
of a process simulation model, running the simulations with 
ASPEN PLUS and GT-Power software.

• Assessment Methods and Criteria: Learning exercises (50% of 
the grade), Simulation project (50% of the grade). All parts must 
be passed at least with the grade 1 which corresponds with c. 
half of the maximum points.
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Learning exercises

• Learning exercises are individual weekly based exercises 
including software tutorials and related questions. They can be 
made in pairs but otherwise copy-pasting is not allowed.

• The period V project is an group work either with ASPEN Plus or 
GT-Power. 

• Proposed projects will include simulating a real process model 
and making parameter studies with it or building up a new 
process model and running it successfully.
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Will be updated soon!!!!



21.2.2023
12



21.2.2023
13



21.2.2023
14



21.2.2023
15



Study Material

• Lectures and lecture slides

• ASPEN Plus and GT-Power on-line material

• Google “Using aspen plus in thermodynamics”, get the pdf-book

• Further material adviced during lectures

• Flynn, Damian: Thermal Power Plant Simulation and Control. Institution 
of Engineering and Technology, 2003. ISBN 978-0-85296-419-4, KNOVEL 
Electronic ISBN 978-1-60119-137-3

• Gunnar Stiesch: ”Modeling Engine Spray and Combustion Processes” 
Chapters 1 to 3, pages 1-100. Springer.

• Merker, Schwarz, Otto: “Verbrennungmotoren, Simulation der 
Verbrennung and Schadstoffbildung, Chapters 1-8, pages 1-300.
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Introduction
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“Process simulation is a model-
based representation of chemical, 

physical, biological, and other 
technical processes and unit 

operations in software”
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Process model classifications

1. Flowsheet program: quasi steady processes = stabilized 
conditions. Algebraic equations describing interaction 
between components.

2. Dynamic program with single control volume approach: 
system behavior is simulated with respect to time. 
Ordinary differential equations and numerical 
integration.

3. Dynamic program with real 1-3 dimensional dynamic 
approach: system behavior is simulated with respect to 
time. Partial differential equations and sophisticated 
numerical integration routines are needed.
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Process components

• Component models: control volumes, pumps, valves, pipes, 
flow restrictions, heat exchangers, evaporators, condensers, 
combustors, furnaces, combustion chambers, compressors, 
turbines.

• Properties of the process media, very important to have
correctly defined

• Ideal gas law or more sophisticated equation of state.

• Mass, species, heat and momentum balances
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Some general rules

• Model should imitate reality, is it able to catch most 
important system characteristics? 

• Do not leave the problem under-defined, number of 
unknowns = number of equations! Else it becomes an 
optimization problem.

• Do not over-define, this has no solution in steady 
state, number of unknowns = number of equations! 

• Test some physical limits, mass fractions 0-1, 
temperature > 0 K
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Some general rules

• Model should not have too many free, unknown 
parameters, do not make the model too complex or 
detailed. 

• Can the model be measured or validated by 
experiments? One option is to fit the model to 
experiments, using 1-2 free variables as fitting 
parameters. Fitting physical properties or chemical 
kinetics.

• Check convergence, also same result from different 
initial guess values! 
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No not try to fit or 
force model to 
something it just do 
not fit 
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Example 1.
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ଵ ଵ ଵ ଶ ଶ ଶ

Φ = 100 kW

• CSTR (Continuously Stirred
Tank Reactor) 1 m3 filled with
water

• Perfect mixing.

• No accumulation of mass.

• No reactions or phase change.

• cp = 4200 J/kgK

1) Analyse steady state

a) Φ = 100 kW fixed
b) T2 = 100 C fixed

2) Analyse transient case. 

T(t=0) = 100 C, Φ = 100 kW 
ଵ= 1 kg/s

T1 = 25 C 



21.2.2023
25



21.2.2023
26



21.2.2023
27



21.2.2023
28



21.2.2023
29



21.2.2023
30

48.8 C



More software 

MATLAB Thermolib toolbox:  
https://se.mathworks.com/products/connections/product_detail/
product_35808.html

APROS: http://www.apros.fi/en/
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