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Abstract—This paper proposes a draft architecture for a
software bus that deals with the interoperability challenges
when having to interconnect, in a software platform, some
software components/tools/methods/approaches for optimis-
ing energy efficiency. This platform will be developed in the
framework of the French ANR Plate-Form(E)3 project.
After having highlighted the challenging interoperability
issues that are inherent to this type of platform, we are ana-
lysing a state-of-the-art for identifying the candidate tech-
nologies. An architecture based on one technology candidate
for solving the basic interoperability challenge is then pro-
posed.

1. INTRODUCTION

The current context of increasing scarcity of fossil fuels
and the associated price volatility strongly encourage the
society for energy saving. Although significant efforts
have been made in the industrial sector since 1973, ac-
cording to estimation from the French institute CEREN',
the potential energy power saving could be up to 12 Mtoe?
(about 23% of energy consumption in the industrial sec-
tor). These savings could be made on the following basis:

e About 2/3 of the savings can be made on plants
using local optimisation approaches, convention-
al or experimental technologies.

e  The remaining 1/3 of the savings can be achieved
by conducting cross-cutting actions, using tech-
nology for recovery and transport of residual en-
ergy.

The local optimisation approach (process/plant scale) is
already extensively studied, while the global optimisation
approach (territorial area) is not addressed in the literature.
In fact, no tool exists that is capable to achieve a cross-
scale optimisation of energy and environmental efficiency.
The aim of Plate-Form(E)3® project is to address this
problem. The ANR Plate-form(E)3 (PFE3) project: Digi-
tal Platform for computation and optimisation of Energy
and Environmental Efficiency at different scales for indus-
try (component/process/plant/territory) must contribute to
the optimisation of energy and environmental efficiency
of industry and territories. Plate-form(E)3 will be realized
by a prototype for assessing the impact of new technolo-

I CEREN, French Centre for Studies and Economic Re-
search on energy

2 Mtoe = Million Tonnes of Oil Equivalent

3 http://www.agence-nationale-recherche.fr/en/anr-
funded-project/?tx_lwmsuivibilan_pi2[ CODE]=ANR-12-
SEED-0002

gies on a large scale. This framework will propose the
integration of any energy sources and sinks across the
territory, seeking potential interconnections between in-
dustries (territory scale), to optimise process efficiency
(plant/process scale) and to facilitate the optimal design of
new technologies (component level). The platform will
interconnect some existing tools (open source or proprie-
tary) implementing different specialised methods, models
and algorithms. The issue of interoperability is thus im-
portant.

The goal of this paper is to present the analysis and syn-
thesis of the state-of-the-art, relevant for resolving the
different interoperability issues of the future Plate-
form(E)3 system — prototype.

The first part of this paper is related directly to the defi-
nition of the interoperability problems in PFE3. Hence, it
presents theoretical foundations for interoperability, the
motivation for that work, scenarios and use cases that
form the Plate-form(E)3 system architecture and its envi-
ronment. The second part analyses the state-of-the-art,
namely candidate technologies, models, tools, resources
and frameworks for the resolution of the identified in-
teroperability problems. Different types of candidate tech-
nologies are presented. Each of the technology analysis
will consist of two sections. The first section presents the
technology in detail. The second section analyses the rele-
vance of the technology for PFE3. Finally a discussion is
proposed for presenting an architecture based on the use
of a standard for process simulation software (namely
CAPE-OPEN) that is considered as one of the candidates
for dealing with our interoperability issues.

II. INTEROPERABILITY AND THE ASSOCIATED
PROBLEMS IN PFE3

A. Theoretical foundations for interoperability

IEEE defines interoperability as the ability of two or
more systems or components to exchange information and
to use the information that has been exchanged [1].
Hence, the diversity, heterogeneity, and autonomy of
software components, application solutions and business
processes, must be considered as potential sources of non-
interoperability. In contrast to system integration, which
basically deals with formats, protocols and processes of
information exchange, the objective of interoperability is
to have two systems invoking each other’s functions or
exchanging information with the consideration that they
are not aware of each other’s internal workings.

Furthermore, interoperability aims at correct and com-
plete reasoning on the meaning of the information which



is exchanged between two systems. Hence, it is sometimes
called “semantic interoperability”. Main tools for the im-
plementation of the semantic interoperability are ontolo-
gies, languages for ontologies’ representation, inference
tools (engines) and semantic applications.

Semantic interoperability of systems means that the
precise meaning of the exchanged information is uniquely
interpreted by any system not initially developed for the
purpose of this interoperation. A formal definition of se-
mantic interoperability has been proposed in [2].

B. Interoperability problems in PFE3

The goal of the Plate-Form(E)3 project is to provide a
first prototype of a software platform in which some exist-
ing tools/methods/approaches have to be connected to
solve dedicated use cases. This platform may then be con-
sidered as a software bus where any used application can
connect. These use cases concern two types of scenario at
two extreme scales.

The first type considers the process scale; the objective
of the future interoperability solution at this scale is to
facilitate engineering of a new component in the single
process, to improve the general process performance, e.g.
concerning the energy costs. In this first scenario, interop-
erability concerns the efficient (optimised) interconnection
of unit operations (i.e. basic step in a process such as sepa-
ration, crystallization, evaporation, filtration...) within a
single process. Beside material flows, these interconnec-
tions may also need to consider flows of information,
needed to optimise the process execution, taking into ac-
count the cost of energy.

The second type is related to the territory scale; the ob-
jective at this scale is to facilitate integrated energy man-
agement with a final goal to optimise the energy consump-
tion in the specific territory. This will be enabled by the
collaboration of the different plants in one defined territo-
ry. Two plants could collaborate to exchange the resources
that are considered as excessive or even as a waste in one
company, but could be used as energy source in another
one (e.g. hot water, steam, heat, pressurized fluid, ..). In
this second scenario, interoperability may also concern
both material and information flows and their sustainable
reuse by different facilities, inside a territory.

Thus, the tools that must be interconnected in Plate-
Form(E)3 do not operate at the same scale, with the same
business knowledge and on the same models but they
must always be able to share information that they pro-
duce, ensuring the overall coherency of the whole. That
means that these tools must be interoperable.

The above context can thus be defined through three
generic and general scenarios that must be realised within
two classical interoperability levels (technical and concep-
tual) [3]. Some scientific problems then arise when inter-
secting those scenarios with the interoperability levels.

So, we propose here to define these scientific problems,
based on the consideration of the use cases at two levels of
abstraction. First level considers the most generic interop-
erability scenarios. The second level takes into account the
conceptual architecture of Plate-form(E)3.

1) Generic scenarios and scientific problems

In order to highlight the underlying problems in setting
interoperation between the specialised tools for modelling
physical systems and their optimisation, it is important to
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Figure 1. Plate-Form(E)3 interoperation framework[4]

identify the generic scenarios that realize this interopera-
tion.

We have identified the following generic scenarios [4]:
cross-scale interoperation, cross-domain interoperation,
cross-feature interoperation (see Figure 1). Also, some
first general assumptions on the possible approaches to
address the problems at this generic level are given.

o Cross-scale interoperation: the different scales
concern the component (optimal design of new
technologies), the process/plant (optimisation for
efficient energy management) and the territory
(optimisation of potential interconnections be-
tween industries). The tools that will potentially
be connected with the platform will be used at
these different scales, producing models that
need to be exchanged compromising the overall
performance.

e Cross-domain interoperation: for  model-
ling/simulating/optimising the physical systems
through the platform, users use knowledge and
domain-dependant tools that are specialised.
Thus experts’ knowledge covers broad areas of
physics for modelling thermal, thermodynamics,
chemistry and energetics processes. We must al-
so add the experts’ knowledge related to optimi-
sation. Hence, to some extent, cross-domain in-
teroperability is related to semantic interoperabil-
ity.

e Cross-feature interoperation: physical systems
modelled in Plate-Form(E)3 will be simulated
and optimised through these models. Tools for
modelling, simulation and optimisation need to
be interconnected. This is the problem related to
so-called syntactic interoperability. However, the
semantics is not a priori excluded as a possible
asset to achieve the interconnection of the above
tools. Namely, semantics can be used to achieve
syntactic interoperability.

For making the previous scenarios effective, there exist
some barriers (conceptual, technological and organisa-
tional) [3] that define levels of interoperability to be stud-
ied. While organisational barriers are an issue mainly from



governmental and privacy perspectives, we will focus on
technical and conceptual barriers as follows:

e  Technical barriers are related to the incompatibil-
ity of information technologies (architecture &
platforms, infrastructure, exchange formats syn-
tax ...).

o Conceptual barriers are related to the semantic
mismatches of information to be exchanged.
These barriers concern the modelling at the high
level of abstraction.

For highlighting the scientific problems linked to the
Plate-Form(E)3 project, we propose to intersect the differ-
ent generic scenarios with the interoperability levels.

Technical interoperability problems appear in each sce-
nario. Solving these technical barriers is now easier and
partly achieved by standard techniques and implemented
interfaces. We can cite, for instance, XML (eXtensible
Mark-up Language) and linked applications: SOAP (Sim-
ple Object Access Protocol) and WSDL (Web Services
Description Language). We must therefore assess whether
the candidate tools for integration into Plate-Form(E)3 use
existing standards (CAPE-OPEN?, ...) or we must define
such a standard. When connecting a new tool, we must be
able to assess quickly its ability to interoperate with Plate-
Form(E)3 at the technical level.

Conceptual interoperability problems concern:

e for the cross-scale interoperation scenario, the
dynamics and the granularity of the used models
that are not the same. Indeed, the models have
not the same time scale when considering a terri-
tory or a component. Moreover, the different
models represent heterogeneous aggregates of in-
formation depending of the scale of the modelled
system (from territory to component). It is there-
fore necessary to formalize and finally assess the
correlation between models outputs at a given
scale and their use as inputs at another scale
(with the same tool or not).

e for the cross-domain or cross-feature interopera-
tion scenarios, the knowledge of several specific
domains that are managed by the different tools
to be connected through the platform. This heter-
ogeneous knowledge produce semantically het-
erogeneous models that must be exchanged,
stored, processed consistently with the purposes
for which they have been built. Moreover, this
raises the issue of the a priori evaluation of the
ability to exchange ad-hoc models (related to a
specific domain or a particular tool feature)
without knowing in advance the tools that will be
connected to the platform to process these mod-
els (and thus the business semantics of the related
models that are shared through the platform).

2)  General scenarios and scientific problems

General scenarios of interoperability are directly related
to identified correlations between the different modules of
Plate-form(E)3. When scientific problems are defined at
this level, generic scenarios are taken into account, name-
ly, definitions of corresponding scientific problems are
specialized with consideration of these correlations. It is
proposed to distinguish between two types of interopera-

4 http://www.colan.org

tions within Plate-form(E)3 architecture: custom and na-
tive.

Custom interoperations are related to a fact that diversi-
ty of tools, of both closed and open architecture (both,
commercial and custom), exists in the environment where
these interoperations need to be achieved. More important,
custom interoperations are related to a possibility to intro-
duce some new tools of unknown capability to interoper-
ate to the environment, probably even after the Plate-
form(E)3 prototype is released.

Native interoperations are the ones that occur between
known groups of software tools or modules, whether of
open or closed architecture, with natively ensured interop-
eration capability; or between the tools or modules where
there is possibility to natively develop this capability.

Obviously, native interoperability is more related to
software integration, while custom interoperability needs
approaches with increased level of flexibility.

3) A preliminary architecture for the platform

A preliminary structure of the platform is represented in
Figure 2. This structure is a conceptual solution to the
scientific problems presented before and can be function-
ally defined as follows.

Coloured symbols represent different interoperability
issues. While the dark colour (Process integration) indi-
cates the problems of higher priority, the light one (GIS
integration) represents problems that are of lower priority
and level of detail. This decision is justified by the esti-
mated level of complexity, which is greater when a pro-
cess integration framework is considered.

For each of the illustrated connections, two different per-
spectives are considered: models (unifying models that
consider a common perspective to the interoperable mod-
ules) and technical interoperability (including technical
approaches, data formats, interfaces).

The user interface module allows one user to put some
information into the system and to define the optimisation
problem (optimisation criteria/objectives, constraints...).
Moreover through this interface, the user can access to the
different services offered by the platform and the other
modules. This user interface must also give to the user all
the information necessary for decision aiding by calling
the visualisation module that gives some relevant indica-
tors in a dashboard.

The process integration module is able to connect to
and to call some external specific tools for model-
ling/simulating processes defined by the user. Moreover,
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Figure 2. Preliminary structure of Plate-Form(E)3



this module must be able — for solving the energetic inte-
gration problem for processes — to integrate also all the
obtained models in a coherent way without loss and mis-
understanding. We can distinguish the integration when
we are in a territory scale or when we are in a pro-
cess/plant scale. Territory scale problem concerns the
integration in terms of considering multiple processes of
the different plants. In contrast, process/plant scale prob-
lem focuses on a single process, while different compo-
nents (heat exchangers...) of the different existing simula-
tion tools and libraries may be taken into consideration for
its optimisation.

The optimisation module solves the mono-objective or
multi-objective problem defined by the user through the
user interface. For defining criteria and constraints, this
module will connect with the model obtained by the inte-
gration module.

The visualisation module gives to the user, through the
user interface, an illustration of the relevant indicators for
decision aiding and decision itself, based on the results of
the optimisation and the models that are given by the pro-
cess integration module. This module can also connect to
the GIS module if geographical data are relevant consider-
ing the predefined use case.

The GIS integration module will be invoked for territo-
ry scale use cases if geographical data are relevant for
solving the optimisation problem or for helping the user
for taking its decision. Some examples of the relevant data
are plant locations, landscape features, such as declination
or natural obstacles, energy network geo-data, transport
routes, etc.

All information, regarding the functionality of Plate-
form(E)3 is stored in a database for the persistence.

III. STATE-OF-THE-ART

This section presents an overview of the list of candi-
date technologies, models, tools, resources and approaches
that are considered relevant for resolution of interoperabil-
ity problems, as defined in the previous section. The can-
didate technologies are foreseen as the possible building
blocks of the future interoperability solution. This over-
view only presents the basic features of the technologies
with arguments about possible relevance for the future
interoperability solution.

Figure 3 gives an integrated overview of the proposed
candidate technologies with regard to the different sub-
problems. Indicated relationships illustrate already exist-
ing integration between technologies (“uses” relationship).
It is important to highlight that this overview considers
only Process Integration Framework of Plate-form(E)3
and the parts of Plate-form(E)3 architecture that are con-
sidered as core tools — related to integrated simulation and
optimisation. Each analyse of technology will conclude
with a discussion about the relevance of this technology
for Plate-Form(E)3.

A. Candidate technologies for Process Integration
Framework

1) CAPE-OPEN Open industry standard for
process simulation software

CAPE-OPEN [5] is an open industry standard for in-
teroperability of CAPE (Computer Aided Process Engi-

Models and Integrated modeling
ontologies tools

Integrated
simulation/optimizat
ion tools

CAPE-OPEN

OntoCAPE

J006

Figure 3. Overview of the proposed candidate technologies

neering) software tools; it is maintained by CAPE-OPEN
Laboratories Network (CO-LaN). It was developed in a
joint EU initiative Global CAPE-Open (1997-99), later
also endorsed by IMS (which gave it a global reach). Initi-
ative combined similar efforts of BP (EU project PRIMA)
and BASF (German consortium IK-CAPE).

CAPE-OPEN defines rules and interfaces that allow
CAPE applications or components to interoperate. This
interoperation is achieved by combining the different so-
called Process Modelling Components (PMC) in model-
ling the process in specific Process Modelling Environ-
ment (PME). PMC is a software component which is in-
tended to carry out a narrow, well-defined function such
as the computation of physical properties, the simulation
of a particular unit operation, or the numerical solution of
certain types of mathematical problems arising in process
simulation or optimisation. Some examples of PMCs are
heat exchanger design models, pump models, distillation
models, mixer/agitator calculators, safety relief design
calculators, etc. Process Modelling Environment (PME) is
a software tool that supports the design of a process model
either from scratch or from libraries of existing models, or
both. They then allow the user to perform a variety of
different tasks, such as process simulation or optimisation,
using this single model of the process. Interoperation is
supported by CAPE middleware, implemented by using
Microsoft COM, OMG CORBA or .NET technology.

CAPE-OPEN is the ultimate solution for syntactic in-
teroperability of process modelling and simulation tools,
endorsed by the industries. It is supported by the wide
range of the different existing tools, such as Aspen,
ProSim, SimSci, Belsim and many others. It seems like a
main candidate for a resolution of interoperability problem
at process scale.

2) CLiP : Conceptual Lifecycle Process Model

CLiP is a comprehensive data model for process engi-
neering [6]. It is developed with an objective to general-
ize, extend and integrate different existing models for
chemical engineering [7].

Both interoperability problems are related to a process
paradigm. CLiP seems like a prime candidate for model-
ling chemical industry processes, since it generalize, ex-
tends and integrates different existing models. CLiP is
also used as a basis for development of OntoCAPE onto-
logical framework.



3) OntoCAPE : Large-scale ontology for the domain
of Computer-Aided Process Engineering (CAPE)

OntoCAPE? captures consensual knowledge of the pro-
cess engineering domain in a generic way such that it can
be reused and shared. Some possible applications of On-
toCAPE include the systematic management and retrieval
of simulation models and design documents, electronic
procurement of plant equipment, mathematical modelling,
as well as the integration of design data from distributed
sources. OntoCAPE can be characterized as a formal,
heavyweight ontology, which is represented in the OWL
modelling language. OntoCAPE has been subdivided in
layers, which separate general knowledge from knowledge
about particular domains and applications.

OntoCAPE is exhaustive semantic information model
for data integration across the chemical process design. It
can be a reference for integration and management of
distributed design data, namely process designs of the
different plants. Thus, it is considered as relevant for terri-
tory scale interoperability problem. Also, it is used as
reference ontology for automated decision making related
to configuration of the processes (see COGents).

B.  Candidate technologies for core Plate-form(E)3

1) Modelica: Multi-domain modeling language for
component-oriented modeling of complex systems
Modelica® is an object-oriented, declarative, multi-domain
modelling language for component-oriented modelling of
complex systems, e.g., systems containing mechanical,
electrical, electronic, hydraulic, thermal, control, electric
power or process-oriented subcomponents. Modelica is a
modelling language rather than a conventional program-
ming language. Its classes are not compiled in the usual
sense, but they are translated into objects which are then
exercised by a simulation engine. The simulation engine is
not specified by the language, although certain required
capabilities are outlined.

Modelica is used to develop platforms that could be
applied for integrated modelling and simulation. Hence
the relevance for territory scale interoperability problem.
Examples of these platforms are OpenModelica’ and
JModelica®.

2) OSMOSE : A tool for the design and analysis of
integrated energy systems
OSMOSE’ (Acronym for Multi-Objective Optimisation of
integrated Energy Systems) is a Matlab platform designed
for the study of energy conversion systems. The platform
allows linking several software, for flowsheeting (Belsim,
Vali, Aspen Plus), energy integration (Easy, GLPK), op-
timisation (MOO), and lifecycle impact assessment
(Ecoinvent). Among other features, OSMOSE offers a
complete suite of computation and results analysis tools

3 http://www.avt.rwth-
aachen.de/AVT/index.php?id=730&L=1
6 https://www.modelica.org/

7 https://www.openmodelica.org/

8 http://www.jmodelica.org/

° http://leni.epfl.ch/osmose

(optimisation, sensitivity analysis, Pareto curve analysis

OSMOSE is a solution for integrated energy manage-
ment, which is a core of the interoperability problems at
the territory level (second type).

3) CERES Platform
A CERES software platform is developed in scope of
CERES-2 project!?, funded by ANR. Its objective is to
optimise waste and heat recovery in industrial processes
and achieve energy integration. It is developed in C++ and
it is using OpenModelica, actually Modelica API as mod-
elling and simulation environment.

CERES is already considered as one of the main can-
didates for integration platform, in specific for addressing
process-scale interoperability. Interfaces with simulation
platforms will be additionally investigated. It seems that
the efficiency of these interfaces could be significantly
improved if CAPE-OPEN is considered as a wrapper.

C. Other candidate technologies, approaches and tools

1) 1S015926'" : Industrial automation systems and

integration - Integration of life-cycle data for process
plants including oil and gas production facilities
While the above models consider processes in process
industries as focal modelling paradigms, ISO15926 aims
at providing artefacts for modelling technical installations
and their components.
The objective of ISO15926 (developed as extension of
STEP principles to long-life process plants) is to facilitate
effective and efficient exchange and reuse of complex
plant and project information, or in specific to mitigate
the current high costs of rekeying and reformatting in-
formation to move it from one proprietary system to an-
other. It is mostly related to providing models for equip-
ment and their properties. ISO 15926 acts like an inter-
preter between two otherwise incompatible systems, by
translating the descriptions of plant objects from one
company’s database to that of another. In doing so, the
meaning of all the terms is being maintained, inde-
pendently of the context.

Setup for the process industries with large projects in-
volving many parties, and involving plant operations and
maintenance could take a long time. Optimising existing
processes by replacing an existing component (process-
scale interoperability problem) or by adding components
which could facilitate energy integration (territory-scale)
assumes procurement of the installation component, or at
least exchange of the information which is sufficient to
define the requirements for this component. Obviously,
establishment of the correspondences between process
and equipment models could contribute to facilitating the
collaboration between the relevant systems (e.g. for

10 http://www.agence-nationale-recherche.fr/en/research-
programmes/energie-durable/systemes-energetiques-
efficaces-et-decarbones/funded-project-

eesi/?tx lwmsuivibilan pi2[CODE]=ANR-10-EESI-0001
1 http://en.wikipedia.org/wiki/ISO 15926




process modelling and procurement). Existing formal
representations of ISO15926 [8] could reduce the efforts
in making these correspondences.

2) COGents : Semantic approach to CAPE web
service choreography
COGents project proposed the approach to dynamic
CAPE services composition [9], where a number of soft-
ware agents collaborate to configure a process model,
according to the users’ requirements, defined by using
OntoCAPE ontology. Namely, agents are used as CAPE
web services choreographers. Typical use of this ap-
proach is as following: The user defines a Modelling
Task Specification (MTS) in OntoCAPE format to de-
scribe the unit he/she requires in term of functionality and
parameters (of the underlying tool, e.g. HYSYS). Then,
library and match maker agents find the appropriate unit
operation using the generated MTS file.

COGents provide automated support for configura-
tion/generation of process model, on demand, based on
the user’s requirements.

3) Jacaranda
Jacaranda'? is a system for process synthesis, or automat-
ed process design, intended for conceptual or early stage
design [10]. It aims to provide the support necessary for
creative and exploratory design, helping the engineer to
identify the important issues and constraints for a given
design problem.

Jacaranda is a solution for automated process design.
Therefore, it may be a candidate technology for generat-
ing cross-plant processes in territory scale interoperability
problem. It is also used in COGents project as optimisa-
tion platform [9].

IV. DISCUSSION

Based on the previous State-of-the-art, this section
shows how CAPE-Open should be used in PFE3 as one of
the candidate technologies for resolution of process-scale
interoperability problem of PlateForm(E)3. In fact,
CAPE-OPEN interfaces between CAPE (Computer-Aided
Process Engineering) tools defined the primary means for
establishing the systems interoperability in this domain.
They are defined in EC sponsored effort (within two con-
secutive projects: CAPE-OPEN and Global CAPE-
OPEN), with participating major industries and labs, thus
gaining the global reach.

Today, CAPE-OPEN represents widely accepted ap-
proach, methodology and specification for making the
different CAPE tools and components interoperable. Ref-
erence [11] provided the list of CO-compliant CAPE
tools. This list is not exhaustive because of the date of the
publication. More detailed and updated list is maintained
at co-lan.org website. Majority of the candidate tools for
process modelling and simulation in Plate-form(E)3 ar-
chitecture already provide some level of support to
CAPE-OPEN integration. However, the following archi-

12 http://www.ucl.ac.uk/~ucecesf/jacaranda.html
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tecture is only a potential architecture that is not a final
choice for the project.

In this section, a description of CAPE objects, by CAPE-
OPEN standard is provided, together with the methodol-
ogy and illustrations of some interfaces. The proposed
architecture is made on basis of the high-level architec-
ture, presented in figure 2. It elaborates in more detail a
Process Integration Framework component of Plate-
form(E)3, in context of possible use of CAPE-OPEN
interfaces to exploit the external process modelling and
simulation tools. This elaborated architecture is illustrated
on Figure 4.

Process Integration Framework (PIF) is a part of the
Plate-form(E)3 architecture whose role is to connect to
and invoke some services offered by the external tools,
used for process modelling and simulation. In context of
CAPE-OPEN integration, Process Integration Framework
should implement functions which are using CAPE-
OPEN interfaces to access the above services. The func-
tions are part of so-called Process Integration Framework
Application Programme Interface (PIF API). It is as-
sumed that this approach is possible under condition that
the above tools are CAPE-OPEN compliant. This implies
that before final selection of the technology used to im-
plement Process Integration Framework, a detailed analy-
sis of the CO-compliance of the final choice of process
modelling and simulation tools (to embed to, or to use
within Plate-form(E)3) must be carried out. Despite pos-
sible non-compliance situations, CAPE-OPEN must be
carefully considered, since it is today’s de facto industrial
standard for interoperability of process applications. In
this context, the PIF acts as Process Modelling Environ-
ment (PME), namely a client or a socket, as it uses the
CAPE-OPEN interfaces in order to request services from
the external software. The process modelling and simula-
tion tools, namely their open components, act as Process
Modelling Components (PMC), or servers or plugs, since
they are applications, wrapped with the CAPE-OPEN
interfaces in order to expose their functionality. The list
of these functions, namely contents of PIF API should be
defined based on the specific interoperability cases. At



this point, it is clear that they should be grouped accord-
ing to the PMC classes they are communicating with.
Process modelling and simulation tools which are parts of
Plate-form(E)3 landscape provide PMC classes which
can be used by Process Integration Framework, namely
respective API modules: Properties API module, Unit
operations API module, Numerical solvers API module
and Flowsheet Analysis API module. These modules are
interfaces which are wrapping the native implementations
of the respective relevant functions in Optimisation mod-
ule. They are using CAPE-OPEN objects, such as Ther-
mo, Unit, Numerics and Simulator Executive objects.
Two other modules are foreseen to provide supportive
functions to PIF API. PMC registry functions module
facilitate adding, editing and deleting PMCs, available to
Plate-form(E)3 platform. Logging functions module track
and store all activities related to using the different PMCs
of the different process modelling and simulation tools,
by the platform.

V. CONCLUSIONS AND FUTURE WORKS

The work presented in this paper is a first step in deal-
ing with interoperability issues when having to inter-
connect some tools/methods/approaches in a software
bus for modelling/simulating/optimising processes for
energy efficiency at different scales: compo-
nent/plant/territory.

Based on an extensive state-of-the-art, a first architec-
ture has been proposed based on CAPE-OPEN stand-
ard. The next step is to finalise the choice of the archi-
tecture (based on CAPE-OPEN standard or not), to de-
velop this architecture and finally to extend it for deal-
ing with interoperability issues when connecting some
tools/models related to the different scales presented
above.
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