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2CentraleSupelec Rennes, France

3EDF R&D, PRISME department, 78401, Chatou, France

International Virtual Workshop on Energy Management
in Smart Cities (EMSC-21)

25 March, 2021
Joy EL FEGHALI, Guillaume SANDOU et al. Modeling for control of Multi Energy Systems 25 March, 2021 1 / 37



Plan

Introduction

Modelica language

Model of a multi-energy system in Modelica

Model order reduction

Joy EL FEGHALI, Guillaume SANDOU et al. Modeling for control of Multi Energy Systems 25 March, 2021 2 / 37



Plan

Introduction

Modelica language

Model of a multi-energy system in Modelica

Model order reduction

Joy EL FEGHALI, Guillaume SANDOU et al. Modeling for control of Multi Energy Systems 25 March, 2021 3 / 37



Introduction

I Motivation:

• Control multi-energy systems to reduce energy consumption.

• The complexity of multi-energy models.

• Simulation costs of these models.

I Goals:

• Model reduction while compromising between computational time
and model accuracy.

• Obtain models adapted for control strategies.

• Apply a control strategy on a city district model to flatten the curve
of electrical consumption.
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Modelica language

Modelica:

I Modelica is an open-source, object-oriented modeling language.

I Models are described with algebraic differential equations (DAE) and
ordinary differential equations (ODE). These equations are acausal.

Dymola:

I Dymola is a commercial environment that can simulate models
written with Modelica language.

I Models can be created with codes or by connecting elementary
models from existing libraries.
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Modelica language

Figure 1: ”mytransformer” component from PowerSysPro library

Figure 2: ”mytransformer” code in Modelica language
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Modelica language

Figure 3: Example ”LargerNetwork” from PowerSysPro library: components are
connected to form an electrical grid model
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Modeling a city district

PowerGrid use case:

I The district is located in the suburbs of Paris.

I The district is composed of 720 buildings connected to the
electrical grid. 362 of these buildings are connected to the heating
network. Some buildings are local producers.

Figure 4: The PowerGrid system
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Modeling a city district

I Description of the use case:

• A smaller use case is used to test the order reduction methods before
applying them to the PowerGrid model.

• This use case is composed of 20 buildings connected to the
electrical grid. 12 of these buildings are connected to the heating
network.

• The buildings are local producers. They produce energy through PV
panels.

• A heat pump assisted by a storage tank feeds the heating network.

I Modelica modeling:

• The system is modeled with Modelica language. It is simulated in
Dymola environment.

• EDF R&D libraries are used: PowerSysPro for the electrical grid,
BuildSysPro for the buildings, and MixSysPro for the heating
network.
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Modeling a city district

Figure 5: The city district model in Dymola
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Modeling a city district

I Each of the 20 buildings exchanges the active power Pelec and
reactive power Qelec with the electrical grid.

I Each of the 12 buildings exchanges the heater’s and hot water power
consumption PDHN with the heating network.

Ptotalelec
[W ] = Pelecheater

+ Pelechotwater
+ Pelecspecificconsumptioncons

− PPV production

Qtotalelec
[VAR] = Qelecheater

+ Qelechotwater
+ Qelecspecificconsumption

− QPV production

PtotalDHN
[W ] = PDHNheater

+ PDHNhotwater
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Modeling a city district

Figure 6: The city district model in Dymola
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Modeling a city district

Figure 7: Buildings model
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Modeling a city district

Figure 8: Heating network model
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Application

I Objectives of the multi-energy system:

• Study the interactions between the consumers and the producers of
energy.

• Study the flexibility that the heating network and the PV production
can bring to the electrical grid.

I Application:

• Develop methods to simplify complex multi-energy models.
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Model order reduction - Objectives

I Objectives:

• Reduce the complexity of complex models.

• Obtain a model with good computational time and good accuracy.

• Obtain a model for control at different scales of time in a bottom-up
approach.

• Find convenience methods for models in Modelica.

I The challenge is to apply conventional order reduction methods to
Modelica models.
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Model order reduction - State of art

I Conventional methods:

• Balanced truncation or Moore’s method [1].

• Singular perturbation.

• State aggregation for a Markov chain. [2]

• Bond-graph methods: energy-based ranking method.

The energy-based ranking method will be applied to the city
district. The idea of an energy-based ranking of Modelica
components was elaborated in the thesis work of Sodja [3].
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Model order reduction - Energy-based method

I The energy-based ranking method consists of ranking the
components in the model for an energy criterion.

I Reducing the model is done by replacing or removing components
with low energy contribution.

Energy flux of component i is the sum of all the energy exchanged with
other components k:

Ėi (t) = −
n∑

k=1

Ėi,k (t)

The energy flowing through a component i during a given interval is
called activity, the energy ranking criteria:

Ai =

∫ t2

t1

|Ėi (t)| dt
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Model order reduction - Energy-based method

Modelica models’ case:

I Components in Modelica use connectors to connect in a model.
They exchange some variables.

I The exchanged information between components is used to calculate
the energy flux hence the activity.

Examples of connectors from Modelica standard library:

I Energy flux of an electric component: ė = v .i

I Flux d’énergie d’un composant thermique: ė = Qflow
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Model order reduction - Energy-based method

I City district case:

• Components are the buildings.

• The activity is calculated by integrating the total power P of the
building for a one-year simulation.

• A building can be removed or replaced.

• Buildings with low activity are replaced with an empty model. They
can be replaced with a constant like the maximum or the mean of
their power consumption.

I Steps:

1. Simulate the complete building model and calculate the activity of
each building.

2. Replace low activity buildings with an empty model.

3. Simulate the reduced model.

4. Calculate the error caused in the electrical grid model and the
heating network.
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Model order reduction - Energy-based method

1. Activity calculation of the building:

I Activity is calculated during simulation.

I For each building the following activities are calculated:
EPtotalelec

=
∫ 1year

0
|Ptotalelec

| dt
EQtotalelec

=
∫ 1year

0
|Qtotalelec

| dt
EPtotalDHN

=
∫ 1year

0
|PtotalDHN

| dt

I Each building contributes to the total energy. The relative value of
the building’s activity gives an idea of the global error between the
complete and the reduced models that might cause removing the
building.
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Model order reduction - Energy-based method

Activity ranking for electrical energy
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Model order reduction - Energy-based method

Activity ranking for thermal energy

I Buildings ranked at last will be replaced with an empty model.
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Model order reduction - Energy-based method

2. Replacing models in Dymola:

I The models in Modelica are object-oriented; therefore, many
characteristics can be used. By using the keyword replaceable,
models can be recreated with a different type. In buildings example,
the new type is, for example, an empty model of the building.

I At an upper level, models can be changed with the keyword
redeclare.

I The user only has to
choose from a list, the
new model of the
building. In the
reduction of the model
case, the user will select
an empty model for
unwanted buildings.

Joy EL FEGHALI, Guillaume SANDOU et al. Modeling for control of Multi Energy Systems 25 March, 2021 27 / 37



Model order reduction - Energy-based method

2. Replacing models in Dymola:

I The models in Modelica are object-oriented; therefore, many
characteristics can be used. By using the keyword replaceable,
models can be recreated with a different type. In buildings example,
the new type is, for example, an empty model of the building.

I At an upper level, models can be changed with the keyword
redeclare.

I The user only has to
choose from a list, the
new model of the
building. In the
reduction of the model
case, the user will select
an empty model for
unwanted buildings.

Joy EL FEGHALI, Guillaume SANDOU et al. Modeling for control of Multi Energy Systems 25 March, 2021 27 / 37



Model order reduction - Energy-based method

3. Simulating the reduced model:
a. Simulating the buildings model

Joy EL FEGHALI, Guillaume SANDOU et al. Modeling for control of Multi Energy Systems 25 March, 2021 28 / 37



Model order reduction - Energy-based method

b. Simulating the buildings with the electrical grid model
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Model order reduction - Energy-based method

c. Simulating the buildings with the heating network model
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Model order reduction - Energy-based method

4. Error caused by model reduction:

I Electrical grid:

• Current on all grid lines should not exceed the Imax of the line.

• Voltage should stay within the limits of ±10% in LV lines and ±5%
in MV lines.

• Local and global errors for current and voltage between the complete
and reduced models should be minor.

I Heating network:

• Local and global errors for the temperature and the mass flow
between the complete and reduced models should be minor.
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Model order reduction - Energy-based method

Criteria used to calculate errors:

I Electrical grid:

{
CI∞(line i) = ||I (t)−Ired (t)||∞

||I (t)||∞ ∗ 100

CU∞(line i) = ||U(t)−Ured (t)||∞
Unom(t) ∗ 100

I Heating network:{
CT∞(line i) = ||T (t)−Tred (t)||∞

||T (t)||∞ ∗ 100

Cṁ∞(line i) = ||ṁ(t)−ṁred (t)||∞
||ṁ(t)||∞ ∗ 100
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Model order reduction - Energy-based method

Electrical grid

Note: We verified that the current and the voltage of the lines of the
reduced model don’t exceed the limit values.
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Model order reduction - Energy-based method

Heating network
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Future works

I Choose the number of buildings to eliminate by compromising
between simulation time and the accuracy of the model.

I Test on different model scales and scenarios.
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Thanks for your attention
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