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Abstract
This paper presents the CDL-PLC translator, a tool to
convert control sequences for building heating, ventila-
tion, and air conditioning (HVAC) systems expressed in a
subset of Modelica called Control Description Language
(CDL) which is undergoing standardization via the vol-
untary ASHRAE Standard 231P into the IEC 61131-10
XML format. Such a translation is a step in a model-based
design workflow and contributes to digitalizing the control
delivery process in the building sector. The translation into
the IEC 61131-10 XML is the last step in the implementa-
tion of control logic developed in CDL on programmable
logic controllers (PLCs) standardized in IEC 61131. The
paper presents the details of the translator, an example for
the validation of a CDL block vs. the corresponding IEC
block, and a practical application example for the transla-
tion of a control sequence for a hybrid heat pump plant
from a case study neighborhood in Belgium. Practical
applications, use cases, and future developments are dis-
cussed in the context of building industry processes.
Keywords: HVAC systems, Control Description Lan-
guage, PLCs, Model-based Design

1 Introduction

1.1 Motivation

The building sector is facing major challenges to improve
energy efficiency and load flexibility. In order to increase
the share of renewable and residual energy sources, new
supply systems will be installed in new and existing build-
ings the next years. The integration of intermittent renew-
able energies raises the complexity of design and opera-
tion as modern installations often use multiple technolo-
gies, such as heat pumps, solar systems and storage in or-
der to meet new requirements for buildings to shift supply
and demand and to interact with electrical grid signals.
Optimizing controls of air handling units and room-side
emission systems is another strategy to increase the effi-
ciency of new and existing HVAC systems in buildings.
To perform these engineering tasks in building practice,
the methods, tools, and procedures for the development of
HVAC control sequences come into focus.

1.2 Industry practice and related problems
In the buildings industry, the initial development and the
final implementation of HVAC system controls are sepa-
rated between design engineers and installation contrac-
tors (see ‘Building practice’ in Figure 1). This is a struc-
tural difference to, for example, the manufacturing or au-
tomotive industry. The design and the execution phases
are separated by the tendering and award procedure.

The design and the development of HVAC control se-
quences is largely based on static considerations in sin-
gle operation modes, rules of thumb, and often based on
previous projects. Control sequences are documented us-
ing graphical control schemes and textual so-called ‘func-
tional descriptions’ or ‘sequence specifications’, for ex-
ample based on VDI 3814-4.3:2022 (Verein Deutscher In-
genieure 2022). These analog documents are then man-
ually interpreted by the control provider who develops
control logic for the building automation system. This
practice is highly susceptible to human error (Barwig et
al. 2002; Torabi et al. 2022), and leads to several well-
documented problems, such as inappropriately parameter-
ized control sequences (Crowe et al. 2020; Raftery et al.
2024) and a gap between predicted and measured perfor-
mance (Wilde 2014). An in-depth revision of the control
sequences in the control code, which goes beyond parame-
ter optimization, requires qualified engineers and is there-
fore costly.

1.3 Model-based HVAC control design
Model-based design is an approach to master the increas-
ing complexity of future HVAC systems and their controls
through an increased level of detail and increased quality
in the design phase. Based on regulatory or user-defined
requirements for the energy and comfort performance, a
model-based and digitalized workflow generally includes
three parts (see dashed boxes in Figure 1):

1. A Building Performance Simulation (BPS) environ-
ment for the integrated simulation of the building en-
velope, HVAC systems, and their controls, and the
verification against performance requirements.

2. A digital exchange format for the lossless and un-
ambiguous documentation and transfer of control se-
quences.
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Figure 1. CDL-PLC translator in the context of development and implementation of HVAC controls in building practice, model-
based design, and the workflow described in this study (green label). Note that from CDL to CXF, there is an alternate path via
the ctrl-flow software1that does not require a building performance simulation. This path is not shown here as it does not include
performance evaluation as is typical in model-based design.

3. For a seamless and efficient implementation, a build-
ing automation system (BAS) supporting the import
of control sequences is needed.

Model-based design of HVAC controls is a new ap-
proach in the building industry, and generally applicable
to all types of buildings. However, due to the effort re-
quired for model development, complex and individual
HVAC systems in commercial buildings and supply sys-
tems in urban districts and neighborhoods would be typ-
ical applications. While model-based design is generally
independent of the control approach, the toolchains dis-
cussed in this paper use conventional Rule-Based Controls
(RBCs), which are still the standard in the building sector.

In the literature, two approaches can be distinguished
that are presented in the following two sections.

IEC 61131-3 code simulation in IDA ICE The first op-
tion (see bottom row in Figure 1) uses the IEC 61131-3
code simulation in the commercial equation-based BPS
software IDA ICE, the IEC 61131-10 XML standard as
digital exchange format, and IEC 61131 PLCs as tar-
get system. The idea behind this toolchain is to simu-
late the behavior of real controllers in an equation-based
simulation environment with a variable step size solver,
such as IDA ICE (Sahlin, Bring, and Eriksson 2009).
This toolchain was initially developed for Software-In-
the-Loop (SIL) testing of PLC programs during the com-
missioning phase (Sahlin, Skogqvist, and Högberg 2018),
however, it can also be used for the development of HVAC
controls during the design phase, as demonstrated in a full-

1See https://ctrl-flow.lbl.gov.

scale end-to-end application for air handling units (AHUs)
in a factory building (Walther 2025).

IEC 61131-3 (International Electrotechnical Commis-
sion 2003) is a standard for the programming of
controllers standardized in IEC 61131, called PLCs.
IEC 61131 PLCs are commonly used for building automa-
tion in Europe. PLC programs are organized in program
organization units (POUs) that can be a type or an instance
of functions, function blocks, or programs. IEC 61131-3
defines 5 languages, two of which are textual (Struc-
tured Text (ST), Instruction List (IL)) and three of which
are graphical (Function Block Diagram (FBD), ST, IL),
which can be different for each POU. In chapter 2.5.1.5.
of IEC 61131-3, standard functions for arithmetic, numer-
ical, type conversion operations etc. are defined. For a
technology overview and suggestions for future develop-
ments, e.g. to achieve deterministic behavior, we refer to
Sehr et al. (2021).

In the IDA ICE toolchain, an XML file standardized
in IEC 61131-10 is used for the digital delivery of con-
trol sequences from the design to the execution phase.
The first version of this XML format was published in
2005 under the umbrella of the PLCopen organization
(Marcos et al. 2009). IEC 61131-10 XML was originally
designed to exchange control sequences between differ-
ent PLC Integrated Development Environments (IDEs).
Some PLC IDEs support the IEC 61131-10 XML im-
port, for example Codesys, TwinCAT (Beckhoff), or
e!cockpit (Wago). However, due to the above mentioned
construction-specific workflow procedures (no code de-
velopment in the design phase, normatively prescribed
graphical and textual exchange formats), it is not used in
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the building sector today.

Modelica Control Description Language Within the
OpenBuildingControl (OBC) project, a new process and
supporting tools was developed to digitalize specifica-
tion, implementation, and verification of HVAC control
sequences (Wetter, Ehrlich, et al. 2022) (see middle row
in Figure 1). The central part of CDL2 is a library with
standardized function blocks typically used for building
applications, as a small subset of Modelica (Wetter, Gra-
hovac, and Hu 2018a). This library alongside with rules
for how to compose control logic in a hierarchical way
was first presented in (Wetter, Grahovac, and Hu 2018b)
and it is currently being standardized in ASHRAE Stan-
dard 231P.

To transfer HVAC control sequences defined in Model-
ica, multiple options are possible.3 In principle, the (al-
ready existing) Functional Mock-up Interface (FMI) stan-
dard can be used, however, today’s Building Automation
Systems mostly do not support the direct execution of
Functional Mock-up Units (FMUs) / C code, and they
do not support editing Modelica models and regenerating
FMUs if the control logic need to be changed after instal-
lation. To address this issue, the modelica-json translator4

was developed to parse CDL sequences into an interme-
diate JSON file format, called Control Exchange Format
(CXF) (Wetter, Hu, et al. 2021). With such an intermedi-
ate format, the translation of control sequences developed
in CDL into product-line specific languages in general is
performed in two steps:

1. Parsing control sequences in CDL into a JSON CXF
using the open-source modelica-json translator. This
step is fully covered by the CDL toolchain (open-
source).

2. Translation of the CDL JSON into the product-line
specific language. If the target system uses propri-
etary language, this step has to be performed by the
controller manufacturer.

CDL vs. IEC 61131 The previously described options
have introduced two standards, IEC 61131 and CDL
(ASHRAE Standard 231P). Different areas of application
are briefly contrasted below to underline that the two stan-
dards are not mutually exclusive.

IEC 61131, on the one hand, is a standard for con-
trollers. It standardizes a computational model, program-
ming languages, interfaces, exchange formats, etc. The
IEC 61131 standard is only adopted by some manufac-
turers, while other manufacturers use proprietary control
implementations. The crucial step that influences the ac-
tual building performance in operation most is, however,
the early design phase when control sequences have to be

2https://obc.lbl.gov/specification/cdl.html
3https://obc.lbl.gov/specification/

codeGeneration.html
4https://github.com/lbl-srg/modelica-json

designed in the building context, and when the actual con-
trol vendor might not yet be decided.5 CDL, on the other
hand, is specifically designed to allow simulation of con-
trol sequences together with HVAC systems in the build-
ing context, and subsequent translation to a Building Au-
tomation System. CDL is product-neutral and addresses
all downstream controller types, including those that fol-
low IEC 61131.

A further crucial aspect is that CDL provides a library
of standardized function blocks. Such a library is missing
in the PLC-domain where usually each vendor provides
proprietary libraries. These vendor-specific libraries have
several drawbacks: (a) they are typically proprietary and
only documented textually, (b) they are not standardized
and vary from vendor to vendor which locks customers
into specific systems, and (c), most importantly, they only
come into play during the programming of controllers dur-
ing the execution phase and are therefore inevitably differ
from what mechanical engineers have drafted during the
design stage.

1.4 Research gap and contribution
In the context of CDL, current efforts focus on the stan-
dardization of control blocks and the exchange formats,
such as the CXF JSON-LD, in ASHRAE Standard 231P
(first step, ‘parsing’, described in ‘Modelica-based Con-
trol Description Language’ above).

This study presents the CDL-PLC translator to address
the final step of transferring CDL sequences to building
controllers following IEC 61131. The translator converts
the CXF JSON into the IEC 61131-10 XML, and as such
link CDL and the PLC-domain (see green path in Fig-
ure 1). The particular benefit maximizing the impact of
such a translator is that CDL is linked to IEC 61131 which
is followed by several automation manufacturers.

The translation of the CDL CXF into the IEC 61131-10
XML is associated with two main challenges:

1. The translation of the structure of the CXF
JSON-LD into the target structure, here the
IEC 61131-10 XML.

2. The implementation of control functions defined in
CDL blocks into the language of the target system,
here control code according to IEC 61131-3.

The remainder of this paper is organized as follows:
First, the CDL-PLC translator is presented in section 2.
In section 3, the translator is applied to a control sequence
from a real project to demonstrate the functionality in a
practical case. We conclude with a discussion on industry
transformation and future work.

2 CDL-PLC translator
In this section, first, the general approach of the CDL-PLC
translator is presented, then, source and target formats are

5This applies for the case of new buildings. In existing buildings,
the implemented BAS might or might not follow IEC 61131.
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described, and, finally, the program architecture and the
features are described.

2.1 Basics
General approach The general approach of the CDL-
PLC translator is to convert the information from the CDL
CXF JSON-LD format to the IEC 61131-10 XML for-
mat. The translator directly maps CDL blocks to IEC
blocks, and the output IEC 61131-10 XML uses the graph-
ical FBD language. This enables a direct and visual com-
parison of the graphical FBD representations in Model-
ica and IEC 61131-3. The translator is implemented in
Python. For all PLC-related tasks within this study, the
open-source PLC IDE Beremiz6 was used.

Workflow and use cases The CDL-PLC translator is
meant to be used either by design engineers or by exe-
cuting contractors depending on how the control delivery
is organized. During the execution phase, automation con-
tractors tasked with the programming of IEC 61131 PLCs
then import the IEC 61131-10 XML into the product-line
specific PLC IDE.

The translator addresses two building-specific use
cases:

1. The development of control sequences in new build-
ings. In this case, the option to import the
IEC 61131-10 XML must be specified in the tender.
If a BAS already supports the FMI standard, import-
ing an FMU might be a more straightforward option.

2. The revision of control sequences in existing build-
ings, where the existing BAS is kept, and where
an existing HVAC system is either kept or replaced
within a renovation. Only BAS with PLCs follow-
ing IEC 61131 and IDEs supporting the import of the
IEC 61131-10 XML are discussed below. As new
PLC product lines might directly support the FMI
standard (see section 4), such a redesign of existing
legacy PLC-based BAS is a likely application for the
CDL-PLC translator.

Development status The CDL-PLC translator is cur-
rently at a prototypical stage as a proof of concept that
CXF can be translated into IEC 61131-10 XML. The
translator supports the necessary basic features such as
mapping and connecting function blocks. The transla-
tor currently supports a small subset of CDL elementary
blocks, mainly those needed for the application example
presented in section 3. However, as the core features are
covered, extending the translator to a fully-fledged soft-
ware is straightforward.

In its current form, the translator works only in the
CDL-to-PLC direction. The PLC-to-Modelica direction
may be possible for some control logic and would be ben-
eficial, for example, in case executing contractors have

6https://beremiz.org/

(a) As CDL block

(b) As IEC standard block in Beremiz

(c) As user-defined IEC block in Beremiz

Figure 2. Control sequence with an adder as FBD

made changes to the PLC code that have to be verified
in Modelica, or when operational problems are easier to
be addressed using simulation. However, whether a trans-
lation from a Building Automation System to CDL is pos-
sible is case dependent, as Building Automation Systems
allow for formulations that are outside of the allowed for-
mulation of Modelica or its CDL subset. For example,
Wetter, Chen, et al. (2023) shows some differences be-
tween how control logic is implemented in building au-
tomation systems and in Modelica.

2.2 Source and target formats

In the following two sections, the CXF JSON-LD source
format and the IEC 61131-10 XML target format are de-
scribed in order to outline differences and the functional
prerequisites for the translator. The description is done for
a simple control sequence with inputs u1 and u2, an adder
block, and output y as shown in Figure 2.

2.2.1 CXF JSON-LD

In CXF, nodes are separated depending on whether they
represent composite or extended blocks, inputs (Real,
Integer, or Boolean), outputs (Real, Integer,
or Boolean), elementary blocks, parameter definitions,
parameter assignments, or connections. Figure 2a depicts
a simple control sequence with the instance add1 of
Buildings.Controls.OBC.CDL.Reals.Add.
The visualization in Figure 3a shows the
graph objects: the control sequence itself
(@id: "Adder.controlSequence"), inputs,
outputs, the adder block instance, and the output y of
add1.

CDL-PLC translator: From Modelica HVAC control design to IEC 61131 PLC implementation 
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(a) CXF JSON-LD

pous
pou
name=adder_program
pouType=program

body

interface

FBD
block
localId=4
typeName=ADD

outVariable
localId=3

inVariable
localId=2

inVariable
localId=1

variable
name=Adder0

variable
name=u1

variable
localId=u2

variable
localId=out

localVars

inputVars

outputVars

type

type

type

type

derived
name=Adder

REAL

REAL

REAL

inputVariables

outputVariables

...
connection
refLocalId=4
formalParameter=y

variable
formalParameter=u1

variable
formalParameter=u2

variable
formalParameter=y

...

...

connection
refLocalId=1

connection
refLocalId=2

pou
name=Adder
pouType=functionBlock

body ST xhtml:p y := u1 + u2;

interface inputVars

outputVars

variable
name=u1

variable
name=u2

variable
name=y

type

type

type

REAL

REAL

REAL

(b) IEC 61131-10 XML. Top branch (blue): IEC Program. Bottom branch (orange): IEC function block declaration.

Figure 3. Visualized graphs of the example from Figure 2 (in both visualizations, information, such as for the graphical rendering,
is removed to improve readability).
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2.2.2 IEC 61131-10 XML

Figure 2b depicts the control sequence as FBD in
Beremiz, Figure 3b depicts the structure of the
corresponding IEC 61131-10 XML. In Figure 3b,
for example, the instance adder_program is of
pouType=program and the instance Adder is of
pouType=functionBlock. While the instance
program uses the FBD language (IEC Function Block
Diagram), the instance adder is expressed in ST (IEC
Structured Text). Figure 2b and Figure 2c also illustrate
the difference between an IEC 61131-3 standard adder
(see Figure 2b) and a user-defined function blocks (see
Figure 2c, where the output in the Adder class is defined
as y := u1 + u2;). Connections between block
instances and inputs and outputs (IOs) are described in
an input-is-linked-to-output form. IDs assigned to each
block instance, each input variable, and each output
variable (see localId attribute), are used as identifiers
for connections.

2.3 Program flow
The translation is executed in two steps that are explained
in the following two sections.

2.3.1 Information extraction and conversion

In a first step, the information included in the CXF
JSON-LD is extracted and converted into Python objects.
According to the structure of the IEC XML, the objects
are grouped as follows:

• Inputs

• Outputs

• Parameters (see next paragraph)

• Blocks (with/without direct CDL-IEC equivalent
separated, see next paragraph)

• Composite blocks

Handling of parameters IEC 61131-3 does not support
the concept of parameters editable per function block in-
stance as in Modelica or its CDL subset. As a workaround,
CDL parameters are converted into program inputs as-
signed to the corresponding function block instance (see
application example in subsection 3.3). The translator also
supports global parameters that can be propagated to one
or more block instances. An option to avoid additional
program inputs would be using IEC 61131-3 local vari-
ables. However, such local variables are fixed per class
declaration rather than class instance, which would require
creating different class declarations for each set of param-
eters.

Mapping of CDL elementary blocks and validation
CDL blocks are mapped to the equivalent blocks in PLC
code as follows:

0.50

0.25

0.00

0.25

0.50

y 
[-]

Controller output

CDL
IEC

0.0 0.2 0.4 0.6 0.8 1.0
Time [s]

0

1

[-]

Error

Figure 4. Validation of the Reals.PID CDL block vs. the
corresponding block translated into IEC 61131-3 code.

• If possible, CDL blocks are directly mapped to the
corresponding IEC standard blocks (see subsubsec-
tion 2.2.2). For example, Logical.And (CDL) is
mapped to AND (IEC 61131-3).

• If a direct mapping is not possible, CDL function
blocks are individually translated into IEC code and
stored as XML snippets (see for example Adder
function block class in Figure 3b).

An approach to facilitate the translation of each block
individually would be using PLC function blocks from the
open-source OSCAT library7. However, OSCAT blocks
often do not fit exactly to the CDL definitions. OSCAT
blocks are, however, used to process the PLC time (see
section ‘Different implementations of IEC 61131-3’), and
for the integration block within the PID block.

To check whether the CDL elementary blocks have
been correctly translated into the target language, the CDL
toolchain offers validation packages. Figure 4 shows the
result of such a validation for the Reals.PID block with
a simulation time of 1 s. For the validation, a pulse input
for the setpoint with a period time of 250 ms is prescribed
on the PI controller setpoint us (fixed measurement input
um = 0.5, proportional gain k = 1, time constant of the
integrator block Ti = 1. The controller output of the IEC
block matches with the CDL trajectory with a constant er-
ror of e = 0.004. The peaks occur because the IEC con-
troller (cycle time 2 ms) switches one tick later than the
CDL controller.

Translation of topology While connections are an at-
tribute of output connectors in the CXF, they are an at-
tribute of inputs in the IEC XML. The translator performs
the necessary reassignment.

7http://www.oscat.de
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Listing 1. XML template for a function block instance

<block localId="{{ values.localId }}"
typeName="{{ values.ClassName}}"
instanceName="{{ key }}"
executionOrderId="0" width="{{ values.
width }}" height="{{ values.height }}">

<position x="{{ values.x_absolute
}}" y="{{ values.y_absolute }}"
/>

<inputVariables>
{% for key, value in values

.inputs.items() %}{%
include "xml_templates/
structure/
FbdBlockInstanceInVar.
xml" %}{% endfor %}

</inputVariables>
<inOutVariables/>
<outputVariables>

{% for key, value in values
.outputs.items() %}{%
include "xml_templates/
structure/
FbdBlockInstanceOutVar.
xml" %}{% endfor %}

</outputVariables>
</block>

Different implementations of IEC 61131-3 Despite
the standardization in IEC 61131, there are differences in
the implementation of the standard between the control
manufacturers, e.g., in the way the control time is updated,
e.g. for the integrator in PID controllers. This requires that
different functions / function blocks have to be mapped
depending on the specific IEC 61131 target system. The
CDL-PLC translator is currently outputting an IEC XML
that is tested in the open-source PLC IDE Beremiz. Fur-
ther adaptations to the XML might be required depending
on the target IDE (not investigated in this study). In the
application described in Walther (2025) an XML created
with Beremiz is imported into the commercial PLC IDE
e!cockpit.

2.3.2 Rendering

In a second step, the information collected in the Python
objects is rendered in a IEC 61131-10 XML. For this ren-
dering, the translator iterates over each level of the XML
tree, and fills the information included in the correspond-
ing Python objects in predefined XML templates. As an
example, Listing 1 shows the template for the function
block instance level of a program POU (cf. Figure 3b).
For the rendering, the Python package ‘Jinja2’8 is used.

3 Application example
In this section, an application example is presented to
highlight the currently developed features of the transla-
tor.

8https://pypi.org/project/Jinja2/

3.1 Demonstration building and HVAC system
CDL-PLC is used to translate a control sequence of a heat
pump-based supply system for the renewable and resid-
ual energy sources (R2ES)-based renovation of the ‘Stijn
Streuvelstraat’ neighborhood in Bruges, Belgium. The
project details are described in Walther et al. (2025).

3.2 Description of the control sequence
The control sequence is used to regulate a hybrid heating
supply system with an air-source heat pump (ASHP) and
a ground-source heat pump (GSHP). The FBD represen-
tation in Modelica is depicted in Figure 5. The control se-
quence has two inputs (the outdoor temperature TAmb and
the tank temperature TTan) and two outputs (the two con-
trol signals yAsHp and yGsHp for the modulation of the
two heat pumps, assuming that the compressor speed can
be directly controlled). A so-called ‘sequence controller’
with a PI controller and a signal splitter is used to initially
modulate only one heat pump, and to add the second heat
pump if required. The signalSplitter block splits
the input signal between 0 and 1 into two sequential out-
put signals such that the first output increases from 0 to 1
when the input is between 0 and 0.5, and the second out-
put increases accordingly from 0 to 1 for inputs between
0.5 and 1.

The hysteresis instance hys is used to switch the pri-
ority depending on the outdoor temperature: at lower out-
door temperatures the GSHP is the first generator in the
sequence, and at higher outdoor temperatures the ASHP.

3.3 Comparison of CXF JSON-LD and IEC
61131-10 XML

The CDL source sequence and the translated IEC 61131-3
sequence are depicted in Figure 5 and Figure 5b.

Mapping of inputs, outputs, function blocks, and con-
nections Figure 5b shows that the two inputs (TAmb and
TTan) and the two outputs (yAsHp and yGsHp) have
been transferred accordingly from the CDL representation
(Figure 5). This illustrates that the definition of identifiers
for inputs and outputs is already done during the design
phase in Modelica, and not, as is current practice in con-
struction, only during the commissioning phase.

As described in subsubsection 2.3.1, two cases can
be distinguished: (1) CDL blocks that have a di-
rect equivalent in IEC 61131-3 standard functions are
mapped to those: the CDL elementary block not1
(type Logical.Not) is mapped to the IEC 61131-3
standard block NOT. (2) CDL blocks without a direct
equivalent in IEC 61131-3 standard functions, such as
Reals.Hysteresis or Reals.PID, are mapped to
the individually translated IEC 61131-3 blocks.

Note that for Reals.PID, which is an elementary
block, we translated it as if it were a composite block be-
cause the CDL implementation is in fact done using only
constructs as allowed for composite blocks. In this ex-
ample, conPI is configured as PI controller, which can
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(a) Graphical view of CDL, as rendered by Dymola

(b) Translation in PLC code (Beremiz)

Figure 5. Comparison of function block diagrams for a heat pump control sequence

be defined via the controllerType parameter. The
two user-defined composite blocks heatingCurve and
signalSplitter are translated recursively by iterat-
ing through the hierarchical instance tree.

Figure 5b also shows that connections are correctly
translated.

Parameter propagation Figure 5b illustrates how pa-
rameters of the hys and the conPI CDL blocks are trans-
formed into IEC program inputs that are connected to the
corresponding block inputs. The parameter value with a
leading underscore is used as name for the input object.

Graphical representation The comparison of Figure 5
and Figure 5b reveals differences in the graphical render-
ing of the FBD representation. To take into account the
variable size of function blocks in IEC FBDs and avoid
overlapping blocks, the IEC FBD layout is stretched in x

and y directions. This is, however, a particular issue of
Beremiz, where blocks can be positioned freely. Other
(commercial) IDEs, such as Codesys or TwinCAT, ignore
the x-y-coordinate information and re-position the blocks
depending on the relation on inputs and outputs.

4 Conclusion and future work
This study has presented the CDL-PLC translator for
the conversion of Rule-Based Control sequences from
the Modelica-based CDL (Control Description Language)
into the IEC 61131-10 XML for PLCs. The CDL-PLC
translator is an example for the translation of CXF to a
controller specific language, and the last step for the im-
plementation of HVAC control sequences expressed in
CDL on IEC 61131 building controllers. We presented
an example for the validation of an IEC block against its
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CDL equivalent, and an example for the translation of a
real HVAC control sequence.

Implementing model-based design poses several chal-
lenges along the building life cycle. First and foremost,
developing BPS software that enables the simulation of
HVAC systems and controls for buildings with up to sev-
eral hundreds of zones fast enough to be usable by practi-
tioners remains challenging (Sahlin, Skogqvist, Lebedev,
et al. 2019; Wetter, Benne, et al. 2023). In the mean-
time, simplifying load models such as by adding multi-
ple rooms to one representative room is a recommended
work-around.9 For mechanical / HVAC and control engi-
neers, this transformation can be done in two ways: Ei-
ther by performing detailed HVAC control sequence de-
velopment, for example using Modelica editors, during the
pre-award design phase, which is not done today. Alter-
natively, ready-to-configure control and HVAC templates
can be developed by library developers as shown in Gau-
tier et al. (2023) and distributed with Modelica libraries,
possibly integrated in configuration tools such as ctrl-
flow.10 The challenge for PLC vendors is to provide con-
trol sequence import functionality, either, if not already
available, for the IEC 61131-10 XML or directly for the
FMI standard. A noteworthy development is that a first
PLC vendor starts to support the FMI standard11.

To further develop and establish CDL-based model-
based design of HVAC systems, joint efforts of academia
and industry partners are required. Joint efforts need to fo-
cus not only on software toolchains and interfaces, but also
- and perhaps even more importantly - on business models
and best practice workflows to show various stakeholders
the path to and benefit of adopting such model-based, dig-
italized processes.

The CDL-PLC translator is currently at a prototypical
stage supporting a few CDL blocks as a proof of concept
that such a translation is feasible. For a fully-fledged soft-
ware, all CDL blocks have to be mapped and translated,
systematically validated against their CDL counterparts,
lacking features, such as the support of arrays12, have to
be added, and the import in different, particularly com-
mercial, PLC IDEs has to be tested. Another challenge
is the implementation of state machines in the translator.
In CDL, a state machine can be implemented through so-
called ‘extension blocks’ that are translated into FMUs.13

The implementation of FMUs on the target automation
system requires, however, that the target system is FMI-
compatible, while the presented translator primarily tar-
gets legacy PLC-based automation systems that do not

9The simulation time for the control sequence used for the applica-
tion example in section 3 with 61 thermal zones is around 24 h (Walther
et al. 2025)

10https://ctrl-flow.lbl.gov.
11https://github.com/Beckhoff/

TE142x---FMU-Samples/
12https://obc.lbl.gov/specification/cdl.html#

arrays
13https://obc.lbl.gov/specification/cdl.html#

sec-ext-blo

yet support the FMI standard (see ‘1’ in ‘Workflow and
use cases’). One possible workaround would be a custom
translator that converts the state machine code in the ex-
tension block to equivalent PLC code.

An important aspect for automated workflows is a com-
plementary semantic model. CDL and its CXF transla-
tion supports such a semantic model based on ASHRAE
Standard 223P, however, this information is lost when
translating from CXF to IEC 61131-10 XML. To link the
IEC 61131-10 XML with a semantic model, Ihlenburg et
al. (2024) have proposed the PLCont methodology, how-
ever, further efforts towards a full integration or an exten-
sion of the XML schema are required.

Data availability
The CDL-PLC translator is available under https://
github.com/lbl-srg/cdl-plc.
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