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Abstract

Energy production and consumption systems increasingly
require more flexibility. The design of new control so-
lutions can be a step, among others, towards flexibility.
However, these control solutions often rely on the use of
complex models, which are difficult to both manipulate
and simulate. This paper presents a proof of concept of a
method that reduces the complexity of multi-energy mod-
els modeled with Modelica language. This complexity-
reducing method is based on simplifying the model’s com-
ponents that contribute less to the total energy using an
energy-based ranking technique. The proposed solution is
successfully applied to a complex city district model. A
property of the Modelica language further allows redec-
laration of low-ranked components without being com-
pelled to fully redesign the model. Criteria verifying the
multi-energy reduced model’s precision, while respecting
physical constraints, are also introduced.

Keywords: energy-based ranking, model reduction, multi-
energy systems, Modelica

1 Introduction

A significant research effort is required in energy produc-
tion to reduce fossil energy use and move towards a size-
able renewable energy penetration. Alongside this, opti-
mizing energy consumption at the utility level (residential,
tertiary, and industrial sectors) can increase global energy
efficiency and decrease energy needs. The energy transi-
tion thus requires greater flexibility both on the production
and consumption sides. This need has to be supported by
new control systems. For this purpose, dynamical models
are needed for control design.

The Modelica language (Fritzson and Engelson 1998) has
been chosen as the modeling framework for dynamical
models, thanks to its ability to capture multi-physics sys-
tems. However, this physical modeling may lead to com-
plex or even intractable models, which cannot be used
for control purposes and control law design. As a re-
sult, a suitable model obtained from a reduction of the
full physical-based model is often necessary. This paper
aims to provide a methodology to reduce the model’s com-
plexity by using a reduction technique applied to Modelica

models.

In the model reduction literature, conventional methods
are widely used, such as modal truncation method (Mar-
shall 1966) and balanced truncation or Moore’s method
(Moore 1981). The modal truncation method aims to sep-
arate slow dynamics and fast dynamics in a modal base,
while eliminating fast dynamics that influence the sys-
tem less. With Moore’s method, less controllable and
less observable states are eliminated in a balanced base.
These methods also require a linear system where eigen-
values and singular values are identified. However, physi-
cal models used for energy systems are not always linear,
in which case energy models need to be linearized before
applying reduction methods. This approach was used for
Modelica models in Kim et al. (2014), building models
were simplified in Modelica using physical properties and
then reduced using Moore’s method. Since this method is
dedicated to LTI models, the physically simplified model
of the building in Modelica was linearized before using
the reduction method in Matlab. Although interesting for
some specific components such as buildings, these meth-
ods appear hard to be generalized in the case of multi-
energy systems due to the versatility of the non-linearities
that need to be taken into account and the different oper-
ating conditions that should be considered.

Another drawback of these methods comes with the loss of
the model structure. The models are indeed often obtained
thanks to a change of basis in the model variables with
difficult-to-interpret physical meaning. Methods, like the
aggregation of states, allow preserving the structure of the
model. Deng et al. (2014) applied this method to a non-
linear building model. An analogy is used between the
linear dynamics part and a continuous-time Markov chain
to apply a Markov chain aggregation method. For Model-
ica models, additional work should be done to verify if the
model is compatible with a particular state representation
form before applying the method.

With the goal of maintaining the model’s structure, Sodja,
Skrjanc, and Zupanéi¢ (2019) and Sodja, Skrjanc, and
Zupanci¢ (2020) use an energy-based method applied
to Modelica models, presenting reduction techniques for
differential-algebraic equations (DAE) implemented in
Modelica and reduction techniques for object diagrams.
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The method is based on ranking procedures that help to
eliminate equations or components with less of an influ-
ence over models. The methodology seems to be extend-
able to multi-energy systems and particularly well suited
to the Modelica framework. Thus, this paper is based on
the same approach used in Sodja, Skrjanc, and Zupan&i¢
(2019), where components are ranked according to their
energy contribution to the system. The components that
contribute less to the total energy of the system are simpli-
fied. This energy-based ranking method can be applied to
Modelica language models after some adaptation to ease
the energy flow calculation in the multi-energy system
components. In this paper, the ranking-procedure method
is applied on a multi-energy system benchmark provided
by our industrial partner. The low-ranked components will
be automatically replaced using a Modelica property. Cri-
teria for local and global error calculation are introduced
to maintain a good precision of the reduced model while
respecting the physical constraints.

In Section 2, the energy-based ranking method used in
Sodja, Skrjanc, and Zupanci¢ (2019) will be detailed. In
Section 3, a solution to reduce the model with simple user
intervention is presented. Particularities of multi-energy
models are highlighted, and the city district model used to
test the simplification method is introduced in Section 4.
In Section 5, the numerical results both from the simula-
tion times and representativeness points of view are pre-
sented. In Section 6, additional perspectives are proposed.

2 Energy-based ranking method

The energy-based ranking method ranks the components
of a model according to an energy metric. Initially intro-
duced for bond graphs, this method was extended in Sodja,
§krjanc, and Zupancic (2019) to reduce Modelica models
due to the similarity of the structure between the object-
oriented models in Modelica and the bond graphs. While
Modelica models can contain flow and effort variables,
their product does not always correspond to the energy
flow. Further modifications in the model are thus needed
to calculate the energy flow. A metric is then chosen to
rank the components of the model. Low-ranked compo-
nents will be replaced with simplified component models.

2.1 Energy-flow calculation

All connections to a component i should be identified to
calculate the energy flow in Modelica. The sum of all en-
ergy flows exchanged with other components k gives the
total energy flow of a component i as defined in Equa-
tion 1.

Ei(r) ==Y Eix(1) (1)
k

The energy flow variable of each component defined in

Equation 1 may not be directly available in the models

and should be calculated by adding equations for energy

flow calculation. Each Modelica component has a con-

nector that links with a neighbor component k, and the

information transferred through connectors helps to cal-
culate the energy flowing to the component i. For exam-
ple, with an electric pin connector of Modelica Standard
Library, the voltage v and the current i are available. The
product of these two variables gives the energy flow at the
pin E = v *i. Another example is a heat port connector of
Modelica standard library; the temperature 7 and the heat
flow rate Q,, are available. The energy flow at the port
is E = Qyjoy. Further examples of mechanics and fluid
connectors can be found in Sodja, Skrjanc, and Zupan&i¢
(2019).

The energy flow is calculated during the simulation of the
full model, after which the energy metric is calculated.
For that purpose, a suitable energy metric should be cho-
sen first.

2.2 Activity Calculation

Several metrics were introduced in (Sodja, Skrjanc, and
Zupanci¢ 2019), and the activity metric was chosen be-
cause it gives an idea of the error that the reduction causes.
Initially, the activity was introduced in Louca (1998) for
bond graphs. Activity of the component i, as defined in
Equation 2, describes the energy flowing to a component i
during a time interval [t,#,].

15 .
A= / \E(1)] di

I

2

Each component that stores or dissipates energy will have
an activity value; this helps to rank the components rel-
ative to their energy contribution to the system. The re-
duction idea is to simplify the components ranked at the
bottom due to their low energy contribution. In the case
of eliminating a component, its contribution is removed,
causing a difference between the full and the reduced
models. The activity ranking thus gives the error value
from a global perspective.

Notice that the activity ranking is not absolute but depends
on the simulation inputs and the time interval. Indeed,
the activity integral in Equation 2 is computed on a given
simulation duration with particular input signals. In the
car suspension example in Sodja, Skrjanc, and Zupan&i¢
(2019), it is shown that a high-frequency road profile input
(i.e., sharp edges) yields the elimination of slow-moving
components and vice versa.

3 Modelica implementation of the re-
placeable components

A key question is how to remove a low-ranked component,
or more precisely by which simplified model it should be
replaced. The removal of a component leads to remov-
ing all of its connections. In Sodja, Skrjanc, and Zupan&i¢
(2019), the low-ranked components were removed man-
ually by the user, and some modifications were needed
to be done to avoid initialization problems. With large
complex models, manual manipulation of the components
may not be the best solution. Automatic modifications are
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Session 7B: Energy (1)

Listing 1. Example of the replaceable Envelope

model Building

replaceable OneZoneEnvelope Envelope
constrainedby BaseEnvelope

annotation (choices (choice (redeclare
OneZoneEnvelope Envelope), choice(
redeclare EmptyEnvelope Envelope)));

thus needed. In this paper, the authors propose replac-
ing the low-ranked component with a simplified compati-
ble component model with a minimum user intervention.
A simplified component model can be created with the
same connections to other components as the full com-
ponent model but without all of its equations that bring
complexity to the model. These equations could be re-
moved, linearized, or replaced depending on the physics
of the component. Suppose low-ranked components are
replaced with empty component models, where all internal
connections and equations are removed. In that case, the
energy-based component’s contribution is set to zero or
the maximum or the mean energy value. Several compat-
ible models can be defined in order to replace low-ranked
components. The replacement choice will be left to the
user, depending on the study.

Modelica has properties that help to replace a component
with another compatible component model without hav-
ing to redesign the system. Suppose a model Building that
contains an Envelope component and an EnergySystem
component. At the upper-level of the model Building, the
Envelope will be replaced with another simplified model
by choosing from a list of predefined components.

The following Modelica keywords replaceable,
constrainedby, choices and redeclare help re-
placing the components (Tiller 2014). When components
are created in the full model, the keyword "replaceable" is
added to the component declaration to address a property
to the component that it can change its type.

The keyword "constrainedby" is used to specify a con-
straining type for all the new compatible types by which
the component can be replaced. The constrained type can
be a base component model that compatible models in-
herit from.

In order to create a list of component types, new type
choices are added to the annotation of the replaceable
component in the full model. The choices determine
the component model types’ possibilities for replacement.
The example of the replaceable Envelope’s declaration in
the model is given in Listing 1. At the upper-level of
the complete model, using the keyword "redeclare”, the
replaceable component changes its type. The user can
choose from a list of predefined component models and
replace the original component model. The expression
with "redeclare" is automatically added to the declaration
of the component in the Modelica model, at the upper-
level, when choosing from a list. An example of the text

Listing 2. Example with redeclare at the upper-level of the
model Building

model BuildingUpperLevel

Building bldg (redeclare EmptyEnvelope
Envelope) ;

end BuildingUpperLevel;

in Modelica for the Envelope redeclare at the upper level
is shown in Listing 2.

4 Multi-energy system case-study

In this paper, the interest of the authors is to reduce the
complexity of multi-energy models in Modelica by apply-
ing the energy-based reduction method. Multi-energy dis-
tricts are considered, combining different types of energy
production and consumption. These multi-energy districts
are formed of buildings interacting with an electrical grid
and a district heating network. The two latter systems can
interact by a combined heat and power unit or by the elec-
trical consumption of the district heating network. Renew-
able energy systems can also be connected.

The energy-based reduction method can be applied to
these district Modelica models by choosing buildings as
components to be ranked. Since buildings interact with
different types of energy systems, they will have multiple
energy flow variables. The energy flowing to a building is
the power demanded from each of the connected energy
systems. With a district composed of buildings commu-
nicating their power demands while interacting with an
electrical grid and a district heating network, each build-
ing will have three types of activities: the active electrical
activity Ap,, , the reactive electrical activity Ag,,,. and the
heating activity Ap, .. These variables correspond to the
different energies flowing to the building for a chosen in-
terval. Due to the multi-energy aspect of the system, these
variables are separated.

After applying the energy-based ranking, the low-ranked
buildings will be replaced with a simplified buildings
model. At the source level, the error between the full and
reduced models can be determined with the activity rank-
ing. However, due to the interaction of the buildings with
other systems like the electrical grid and heating network,
removing a building causes error from a local perspective
in the electrical grid model and heating network model.
The precision of the reduced model should be checked at
all levels, and the physical constraints of the model should
be respected. For example, physical constraints for the
electrical grid are checked for the voltage and the current
values of the lines. The voltage should stay within a range
of £5% of the nominal medium voltage for medium volt-
age lines and £10% of the nominal low voltage for low
voltage lines. The current value should not exceed the I,
of the line.

Criteria of signals in the electrical grid and district heating
network models are used to validate the reduced model de-
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pending on the system’s physics. Criteria help to analyze
how the signal is affected by the removal of the compo-
nent.

The principles of the reduction of multi-energy models are
applied in the case of a city district provided by Electricité
de France (EDF R&D). The system is modeled using EDF
R&D Modelica libraries.

4.1 Description of the model

The chosen system is a sizeable multi-energy district lo-
cated in the southern suburbs of Paris described by the
PowerGrid demonstrator (Bouquerel et al. 2019). The dis-
trict is composed of 719 buildings, one electrical grid, and
one district heating network. The district’s model in Dy-
mola is complex due to its scale, and the computation time
is thus long, raising the need for a reduction method. A
smaller use case of 20 buildings is issued from the Pow-
erGrid model to test the energy-based reduction method
before applying it to a larger-scale model. These 20 build-
ings are connected to an electrical grid, and 12 of them are
also connected to a district heating network. The build-
ings are local producers; they produce energy through
photovoltaic panels (PV panels). The district heating net-
work comprises a heat pump assisted by a storage tank
that delivers hot water through pipes. EDF R&D Mod-
elica libraries are used to model the system in Dymola:
BuildSysPro (Plessis, Kaemmerlen, and Lindsay 2014)
for buildings, PowerSysPro (Tavella 2020) for the elec-
trical grid, and MixSysPro, an internal EDF R&D library
for the district heating network.

i —
ot b fil

=
Buildings_Model

HeatGrid_Model

A

~—

ElecGrid_Model

Figure 1. The multi-energy model in Dymola

The upper-level of the district model is composed of the
buildings model, the electrical grid model, and the heating
network model as shown in Figure 1.

In the buildings model as shown in Figure 2, the system
is composed of an envelope model and an energy-system
model. The envelope model calculates the interior tem-
perature that is used in the energy-system model. In the
energy-system model, the electrical power and heating
power demands are calculated according to the consump-
tion scenario. Buildings have solar panels, so they produce
electrical power that the building will consume. If the PV

production is higher than the need, the rest will be deliv-
ered to the electrical grid. The outputs of the buildings’
model are the power demanded from the heating network
and electrical grid. Each building connected to the elec-
trical grid share its active Piysarerec(f) and reactive elec-
trical power Qyora ciec(t). These electrical powers add all
the electrical consumption demands of a building while
reducing the amount produced locally by the PV panels.
Each building connected to the heating network share its
total heating consumption P47 rear (). The heating power
includes the hot water demand and the heater demand.

ATMENT0000000688981288_P_DHN

Figure 2. Buildings model in Dymola

The electrical grid model is composed of 23 lines. The 20
buildings are connected to low voltage or medium voltage
lines as shown in Figure 3. The inputs of the electrical grid
model are the electrical power demands of each building.
The current and voltage of the lines are calculated within
the model with power flow calculation.

Aln676g  Bidg20

ATeog  Biggi0
<>

AlnT14g Bidg16

mviv4,
's aln775g Bidg1e

sNom  o7°
aa ALn720g Bidgts | A

ALn719g

Bldg17

Figure 3. Electrical grid model in Dymola. The highlighted
framed buildings are the subject of the subsection 5.2

The heating network model in Figure 4 contains the heat
pump and the storage tank that feed the 12 substations
connected to the 12 buildings. The buildings are as-
signed to one of the three subnetworks. The red and
blue connections correspond to the hot water and cold wa-
ter circulations, respectively. The inputs of the heating
network model are the heating power demands of each
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building. The substations’ return temperature Ty ()
is calculated in the heating network model and depends
only on the outside temperature. All buildings thus have
the same return temperature Tyer,r,(2). The mass flow is
calculated for a building i connected to a substation i:
m,(t) — Ptotal.heat,—(t)

Cp(Tsupplyl' ()= Treturn(t))
ture received at the substation i and ¢, the fluid specific
heat capacity.

with T, 1y, (¢) the tempera-

Figure 4. District heating network model in Dymola. The high-
lighted framed buildings are the subject of the subsection 5.2

4.2 Impact of the reduction on the multi-
energy model

The simplification of the low-energy buildings affects both
the electrical grid and district heating network models
from global and local perspectives.

For the electrical grid, the global level corresponds to the
electrical source level. The local level corresponds to
the medium voltage and low voltage lines. Power, volt-
age, and current values of the lines will change in the
electrical grid model due to the building simplification.
The electrical power at the source level will vary slightly
when removing a building with low energy contribution.
However, at the line directly connected to the building re-
moved, there will be a 100% error of the power, but which
is supposed to be non-significant for the rest of the grid.
The power error can be deduced from the activity ranking
and the lines’ position according to the buildings removed.
The error of the current and voltage of the lines should be
calculated by simulating the reduced model and compar-
ing values with the full model. The voltage at a line is
not allowed to vary significantly compared to the nomi-
nal value; the threshold is chosen to be 1%. The reduced
model can be validated if the voltage and current values at
the electric lines do not exceed the physical allowed lim-
1ts.

For the district heating network, the global level corre-
sponds to the heating source, and the local level is at the
substations. At the heat pump and storage tank level, the
power error will be minor when a low-energy building is
removed. At the substation’s level, there will be a 100%
error of power. In the district heating network, the tem-
perature and the mass flow should be analyzed. The re-

duced model’s mass flow and temperature should not vary
significantly compared to the full model’s values. At the
substation level of the building removed, the mass flow
will be equal to zero because the power is set to zero. The
substation’s model ensures a minimum mass flow. The
temperature Ty, ,p1y,(¢) received by a building i may vary
when removing a building on the same subnetwork due to
losses in the pipes that depend on the mass flow.

4.3 Replacing buildings with empty buildings
models

As stated in section 3, a low-ranked component could be
replaced with different types of component models; differ-
ent possibilities thus exist for building replacement. When
the building’s energy contributions are chosen to be elim-
inated, as done in this study, the active and reactive elec-
trical power values and the heating power values are set
to zero. Later on, it can be set to another value. Since
the building model comprises an envelope model and an
energy-system model, a predefined empty model is cre-
ated for each.

All subcomponents and internal connections are removed
from the envelope and energy-system models; connectors
and parameters only remain. The removal of the internal
connections decreases the number of equations of the full
model. The energy system model’s outputs are the active
and reactive electrical power values connected to the elec-
trical grid and the heating power value connected to the
district heating network. These values are set to zero.
Other surrogate models of buildings can be defined, like
an energy-system connected only to the electrical grid or
the heating network. Energy systems without PV panels
can also be possible. It would be interesting to compare
all the results of these possibilities of simplification. This
paper’s work is limited to replacing the envelope model
and the energy-system model with empty models.

5 Results

The energy-based ranking method is applied to the district
model. The full model does not have to be simulated to
obtain the ranking; the simulation of the buildings model
is only needed. In the case where the model of the build-
ings is too large for the solver and cannot be simulated,
each building can be simulated separately. In other ap-
plications, a limitation of the method can appear when the
model cannot be simulated to calculate the activities of the
components.

For each building, three types of activities are analyzed:
the active electrical activity Ap,_ , ... the reactive elec-
trical activity Ag, ., ... and the heating activity Ap, .-
The three activities are obtained by applying the Equa-
tion 2 for a one-year interval with P47 eiec(r)s Qrotal etec(t)
and P,oral heat (t) considered as the three energy flowing to
the building. The horizon could also be chosen to be a
single season of interest. However, in this case study, all
buildings share the same synthetic consumption scenario.
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Thus the effect of seasonal variations affects activity mag-
nitudes but cancels out in the activity ranking.

The activities are calculated for each of the 20 buildings
during the simulation. The ranking of the buildings for
each of the three activities is then deduced. The ranking
depends on the model, especially on the input scenario and
the parameters of the system. As the ranking is roughly the
same between the three tables’ shared buildings, only the
Table 1 from the electrical active power point of view is
presented. The buildings that will be simplified are easily
identified.

Differences in the ranking of the three activities can hap-
pen due to a difference in the scenario between buildings
or a change in the time slot. In this case, a suitable replace-
ment building model will have to be found that combines
the simplification according to multiple ranking.

A limitation of this method is when a majority of build-
ings have similar and low activity values. Then, it is not
possible to remove low activity buildings while preserv-
ing most of the total activity of the system. Aggregation
might be an alternative solution to combine buildings with
similar properties. When using aggregation, the nodes of
each of the district heating network and the electrical grid
should be aggregated as well. A work on aggregating the
nodes of a Modelica district heating network model can be
found in Falay et al. (2020).

Table 1. Ranking of the buildings from the electrical active
power point of view

5.1 Simulation time

The multi-energy model, shown in Figure 1, is simulated
for a one-year period with one-hour sampled inputs us-
ing CVODE solver with a variable step. The building
model interacts with the electrical grid and district heat-
ing network models; this interaction causes higher simu-
lation time. The simulation time is expected to decrease
when buildings are simplified. The number of equations
decreases linearly as in Figure 5 with the decrease of the
number of buildings to simulate. The simulation time does
not follow a linear decrease as shown in Figure 6. For ex-
ample, simplifying the four low-ranked buildings leaves
16 buildings to simulate. The full model’s simulation time
is thus reduced by almost a factor of two.

Number of equations of the full model
14000 T T T T T T T

12000

10000 *

8000 [

Number of equations

6000 [ *

4000

2000
0

. . . . . . . . .
2 4 6 8 10 12 14 16 18 20
Number of buildings simulated

Figure 5. Number of equations of the full model

Buildings Activity Relative Accumulated on time of the full model
[MWh] (%) (%) T T T ]

Building 20 2270 26 26 250/ ’

Building 15 1294 15 41 ol *

Building 16 890 10 51 @ .

Building 14 627 7 58 Esol -

Building 12 618 7 65 5 IR I

Building 17 612 7 72 e AT

Building 13 526 6 78 ol

Building 03 400 5 82 !

Building 06 325 4 86 N e s s o w e w

Bu]ldlng 11 260 3 89 Number of buildings simulated

Building 18 223 3 91 . ) L

Building 05 197 2 94 Figure 6. Simulation time of the full model

Building 09 151 2 95

Building 10~ 143 2 97 5.2 Reduced model verification

Building 04 95 1 98

Building 19 77 1 99 After the reduction is applied, the accuracy of the city dis-

Building 08 51 1 100 trict reduced model should be verified. Criteria for sev-

Building 07 14 0 100 eral signals are defined to calculate the error generated by

Building 02 14 0 100 the simplification of the buildings. The red indices in the

Building 01 13 0 100 criteria definitions correspond to the values of the signals

Total 8800 obtained with the reduced model’s simulation.
Criteria are introduced for the electrical grid verification
in Equation 3, Equation 4 and Equation 5 with I(z), U ()
the values of the current and voltage at a line obtained with
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the full model’s simulation. U,,,, is the nominal value of
the voltage at a line. Equation 4 represents the mean ab-
solute error (MAE) of the current relative to the current’s
maximum value. T is the time span of the signal values.
Equation 6 and Equation 7 are introduced for the heating
network with Ty, (¢), ma(t) the values of the received
temperature and the mass flow at a substation of a build-
ing obtained with the full model’s simulation.

_ () = rea ()] |-

Cl.(line i) = ol 3)
Tl 4 _Ire

Clyag(line i) = 7 Jo |||§t()t)|| a()] @
CU..(tine i) = 1Y0) ;]Umd(t)lloo )

oo W Tsuppiy (1) = Tsupply,rea (t) [0
CT..(build = : 6
(i O | Tsuppiy ()] |o= ©)
Crite.(building i) = i) = titrea @)l

[lri(2)] o

The case study is composed of 20 buildings. The four
buildings ranked last in the ranking of Table 1 are removed
at once, which leaves a model of 16 buildings to simulate.
The removal of the contribution of these buildings affects
the variables’ values of the electrical grid and heating net-
work, which should be validated using the defined criteria.
The electrical grid is composed of 23 lines connected to
medium and low voltage buildings. After reducing the
buildings, the current of these lines does not surpass the
maximum value /,,,,, allowed of the line, and the voltages
at the lines are far from the limits. Equation 3, Equation 4,
and Equation 5 are represented in Figure 7 and Figure 8.

Cl_and Cl . values of all the lines: 4 buildings removed
100 e —f—f—+

90t * Clx
+  Clyae

80

70

60

50

Criteria (%)

40F
30

20

10k * ¥ + 4+ T ]

+

f) A A S S S i s R
9 2> A W0 AN R0 A AN AN SV D AD D AD 2D (D A AV AD AX AO
NN AN AN NONADA A AR UN AU AN U AN KA AN
G ST

Figure 7. Error on the current of the lines of the electrical grid
with respect to Equation 3 and Equation 4

In Figure 7, the error is 100% for the lines 772, 773, 774 et
776 because these lines are directly connected to the four
removed buildings (see Figure 3). For the other lines, the
error on the current does not exceed 30% of the maximum
value of the current with the full model’s simulation, and
the MAE criterion values are small. These values are ac-
ceptable since the current values of the reduced model are

CUw values of all the lines: 4 buildings removed

0.4

0.2

T N N N N R R

ok b d bt
D A DA D59 30 30 A0 U D D AN AD AN A (D AV AD AD AX
AN N NN IANIANC ALY A AU AN A A AU AN A AN
ST E I

Figure 8. Error on the voltage of the lines of the electrical grid
with respect to Equation 5

far from the I, limits. In Figure 8, the criteria on the
voltage values do not exceed 1% of the nominal voltage
value of the line, except for line 774, where the building
is removed. Voltages are less sensitive than the currents to
the variation of the power values of the buildings. The er-
ror on the lines depends on the position of the line relative
to the building removed. In Figure 9, the different criteria
values are presented for line 3 at the source level with re-
spect to the number of buildings simulated. As expected,
the current criteria values increase when more buildings
are removed. The voltage at the line 3 does not vary sig-
nificantly.
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Figure 9. Criteria of the line 3 while removing buildings

The district heating network is affected when removing
buildings. The power demand is set to zero; this sets the
building’s mass flow ri,.4 of the reduced model to zero.

Building 1, 2, 7, and 8 are the four removed buildings, and
they have an error of mass flow of 100% between the full
and reduced model, not shown in Figure 10. The other
buildings are negligibly affected depending on their po-
sitions relative to the removed buildings (see Figure 4).
In Figure 11, buildings on the same subnetwork have the
same temperature error; this is because of the way of mod-
eling the losses in the pipes in the district heating network.
Buildings on subnetworks that are not affected have a zero
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Figure 10. Error on the demanded mass flow of the buildings of
the district heating network with respect to Equation 7
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Figure 11. Error on the received temperature of the buildings of
the district heating network with respect to Equation 6

error. In Figure 12, the different criteria values are pre-
sented at the heating source level for the number of build-
ings simulated. The error is expected to increase when
buildings are simplified. However, mass flow error values
are high when simulating 5, 7, and 8 buildings. No expla-
nation is yet certain, but this result is affected by the sub-
network assigned to the removed buildings, where there
are heat losses.

An energy criterion at line 3 is defined in Equation 8§,
where Y [Piotal etec(k)| is the sum of one-hour samples
over a one year simulation (8761 samples). The results in
Figure 13 reflect the error on the demanded power, caused
by the removed building’s contribution from Table 1.

CE(line 3) _ | Zk |Ptotal,elec (k)| - Zk |Ptotal,elec,red (k) ||

Zk |Ptotal,elec (k) |
(®)

6 Conclusion

In this paper, a proof of concept for the method of reducing
complex multi-energy models is presented. This method
conserves the model’s physical meaning by reducing the
model’s components using energy-based ranking. Com-
ponents are removed or replaced with a simpler model

Criteria at the source level
T T T

. :
% Cring
* + on |

@
S

Criteria (%)
N ) IS a @ ~
3 8 S 3 3 =}
*
*

>
*

Number of buildings simulated

Figure 12. Criteria at the source level of the district heating
network while removing buildings
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Figure 13. Error on the energy at the electric source level

using the replaceable and redeclare properties. The re-
duced model has a shorter simulation time, the precision
is evaluated by the criteria proposed, and the physical con-
straints were respected. It is interesting for future work to
find a suitable number for removed buildings by compro-
mising between the simulation time and the model’s pre-
cision. An estimation of the local error at the electrical
grid and heating network levels is practical and replaces
simulating the reduced model and the full model to com-
pare them. As a next step, we will test our method on a
larger scale model and on a different time horizon and in-
puts. For cases when this ranking-based model reduction
doesn’t apply well (e.g. when a large fraction of com-
ponents share similar low activity values), a to-be-defined
component aggregation strategy would be complementary.
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