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• Modelica® is a free language developed by the non-profit 
Modelica Association (https://www.modelica.org/)

• Development started in 1996 in an effort to develop an object-
oriented language for modeling of technical systems in order to 
reuse and exchange dynamic system models in a standardized 
format 

• Based on PhD Thesis of H. Elmqvist, 1978, University of Lund, 
Sweden

• Release of Modelica 1.0 in 1997

• Release of Modelica 3.3 in 2012

• Several European Projects helped developing the Modelica® 

language
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• Modelica® is a non-proprietary, object-oriented, equation-
based language to conveniently model complex physical systems 
containing, e.g., mechanical, electrical, electronic, hydraulic, 
thermal, control, electric power or process-oriented 
subcomponents

• It can use many components described in libraries :

- Modelica Standard Library (Modelica Association, 1280 model 
components and 910 fonctions)

- 81 free libraries (January 2016)

- 29 commercial libraries (January 2016)
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• Equation-based

- models are described by a set of equations (mathematical 
description) and not algorithm blocks (like standard 
programming languages C++, FORTRAN, MATLAB). That means 
there is no causality in the equations

- equations are algebraic equations, ordinary differential 
equations and discrete equations, NOT partial differential 
equations
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• Object-oriented

- actually “component-oriented” so that each “physical” 
component can be reused by other people, just “connecting” 
components together to develop a new model

- well-suited for system-level simulation

- used by the automotive industry (Ford, General Motors, 
Toyota, BMW, Audi, etc.)

- used by many universities in the world (mainly in the USA and 
Europe)
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• Modeling language

- equation set is not compiled but translated into objects and 
then run in a simulation environment (which is not part of the 
Modelica® language)

- the simulation environment has several algorithms to 
reorganize the equations and to solve them

• Modelica® simulation environments :

- free : e.g. OpenModelica (Linköping University)

- commercial : e.g. DYMOLA (Dassault Systèmes)
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• All examples are from “Modelica by Example” (http://book.xogeny.com/)

• Simple first-order model

MODELICA® language (1/8)
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• Simple first-order model (continued)
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• Simple electrical circuit
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• Switched electrical circuit
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• One-dimensional heat transfer
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• Components : connectors

- “Across” variables (potential)

- “Through” variables (conserved quantity)

TA = TB

qA + qB = 0

VA = VB

IA + IB = 0
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• Components : use of connectors
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• Components : graphical system model

MODELICA® language (8/8)
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• Model of heat transfer in a stratified water tank heated by a heat
pump

Stratified water tank (1/6)
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• Heat transfer and energy equations for a standard layer

(134 layers have been used)

Stratified water tank (2/6)
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• Temperature profile in water tank

(begin and end of one heating cycle) for k = 40 W/(m.K)

Stratified water tank (3/6)
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• Temperature profile in water tank for three layers

(bottom, center and top)

k = 40 W/(m.K)

k = 20000 W/(m.K)

Stratified water tank (4/6)
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• Temperature profile in water tank for the layer with the 
temperature sensor compared with measurements

(one heating cycle)

Stratified water tank (5/6)
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• Model of heat transfer in a stratified water tank heated by solar
panels

Stratified water tank (6/6)
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• Modelica® is a powerful language for dynamic simulation of 
complex multi-domain physics systems

- Equation-based

- Component-oriented

- Graphical building of systems

- Many available components and libraries

Conclusions

21Research Institute for Energy



University of Mons

That’s All Folks !
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