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Abstract

This paper summarizes the round-table discussion that was held during the European Congress of
Chemical Engineering (ECCE) in Nice, France, in October 2015 on this topic. The panellists come from
different fields of Chemical Engineering and have thus brought in different perspectives. The
objective was to determine paths for developing innovative approaches in view of process
optimization.

The terminology is a first obstacle that was clarified. Energy efficiency can be envisaged either by
optimizing thermodynamic functions (entropy or exergy), more pragmatically by selecting the
adequate unit operation or in a very general vision by considering all decision variables (i.e. including
economic and political) that may have an impact on the final service provided to society.

The second issue relates to improving collaboration among various actors. These may be defined in
terms of type of responsibility (industrials, mostly market-driven, or academic), or in terms of
discipline. The role of professional societies as the European Federation for Chemical Engineers
(EFCE) is stressed as a promotor of collaboration between disciplines.

Finally, once willingness for collaboration is identified, the final question is how it can lead to true
innovation. The largest innovation potential is often found at the interface between fields. Yet, it
often requires both an effort to explain the mutual challenges in a didactic manner, and the
development of tools that make it possible to each partner to be efficient in his own field while being
aware of the global goal and of the constraints of the others.



Introduction

Chemical Engineer is a profession where a global systems approach is needed in addition to a
detailed understanding of the underlying chemistry and physics. To integrate the two scales requires
both types of expertise and a common language for communication between experts of different
fields. Yet, we too often observe that the same words are used with different meanings, depending
of the community we are in. In order to improve cross-competence communication, the European
Federation of Chemical Engineers (EFCE) Working Party on Thermodynamics and Transport
Properties and the managerial team for the topic on “Energy: resources, conservation and
management” organized a round-table discussion during the 10" European Congress of Chemical
Engineering (ECCE10) in Nice (September 26-October 1* 2015). The title of the discussion was
“Thermodynamic analysis methods for Process Energy Systems Engineering”.

12 the

content of the discussion and the main conclusions are presented here. Seven panellists were asked

As in the previous editions of the “Industrial Use of Thermodynamics” (IUT) Symposium

an opinion and to deepen the answer in the discussion. A summary with details of this is provided.
The discussion was structured around three questions:

- Elaborate on the different vocabulary leading to possible misunderstandings
- ldentify obstacles to work across disciplines
- Point to potential collaborations

A. What does “thermodynamic analysis” or “energy optimization”
mean in my context?

Thermodynamic point of view:

An energy-optimal process aims at minimizing entropy production subject to constraints (e.g.
inlet/outlet conditions). Using distillation as an example of a process unit, this optimization means
finding the exact temperature and the corresponding amount of heat that needs to be
delivered/taken away at any position along the column. Control theory provides a robust tool to find

the optimal state of operation of a unit **

. The entropy production can be expressed in terms of
rates and driving forces, as in non-equilibrium thermodynamics, or from the entropy or exergy
balance. The entropy production times the temperature of the surroundings is the destructed exergy.

For systems consisting of several units, exergy analysis is useful.

The example of distillation is of course excellent, with insight that can be transferred to other unit
operations. For example, optimization of dryers, a huge energy consumer, would require further
understanding of transient operations and thermodynamics of material. Non-equilibrium
thermodynamics could be applied, but need further development to be included in regular
engineering.

Process engineering point of view:




Energy optimization can be viewed at two levels: at the unit operation level or the level of the whole
process.

At the level of the unit operation, the task is to design the separation equipment in the right
operating window (e.g. the optimal reflux ratio or gas to liquid ratio). It also means to look for
processes which can replace traditional separation through new ones, e.g. distillation through
organic solvent nanofiltration or absorption through membrane contactors >°. We can also reduce
energy consumption through integration of several unit operations within one shell (e.g. reactive
distillation or divided wall column). The algorithmic optimization of sequences of separation units
leads also to substantial energy savings.

Looking at the global process, tools and methodologies are used to minimize energy consumption.
Pinch analysis is a well-known method for heat process integration, used for decades, and very
powerful for optimization of the whole process efficiency "°. It does not consider the inside of the
equipment. A less familiar concept to chemical engineers, with more thermodynamic insights, is the
“exergetic analysis”, which exploits the concept of energy quality to quantify the portion of energy
that can be practically recovered '°. These two methods are complementary: the exergy method
provides improvements when the Pinch method may fail, in particular for processes under pressure,
or for separation processes that require more than a single stage, i.e., a cascading separation system.

Systems point of view

Thermodynamic analysis provides answers to questions of feasibility of operation-task, for example,
reaction and/or separation *'. An operation-task judged to be thermodynamically feasible, does not
mean that it necessarily operates optimally. For this, a set of criteria need be established.
Thermodynamic analysis helps to define some of these criteria. They are, however, not exclusive or
sufficient. They could be termed as necessary and useful. Energy optimization should try to optimize
(minimize) the energy consumption of the process. How this is achieved, can vary from case to case,
and how the solution is found depends on how the energy demands/needs are estimated. Note
also that there is a difference between energy optimization achieved in a process and energy
optimized process design solution. Although, thermodynamics (thermodynamic analysis) can point
towards some solution, it needs to be verified, by experiments and/or rigorous models.

As a conclusion:

The discussion clearly points to the multiscale dimension of the problem. It is an advantage to
understand the entropy production on the molecular scale, in order to fully benefit from multi-
objective systems optimization. Classical tools, as pinch analysis * remain of interest, but can

preferably be complemented with exergy analysis '

. Adequate modelling of the phenomena
requires the selection of the adequate physical model and physical insight at the right scale while

considering at the same time the level of uncertainties of the definition of the boundary conditions.

The overall analysis should first seek non-trade-off solutions. If not found, a multi-objective
optimization should be set up that requires a clear definition of the constraints and of the system
boundaries and seeks to generate Pareto sets of solutions that will be used for decision support. It
depends largely on the domain (the unit operation, plant or global society)-



=>» Among the objective functions, one must include an entropy based criteria such as exergy
but also economic considerations, and also others as environmental impact, waste
production, toxicity, ... adopting therefore a life cycle assessment (LCA) approach.

=>» Among the constraints, the technical feasibility of the solutions will limit the search space,
therefore optimization requires care in the definition, the understanding and the
modelling of constraints and bounds that could lead to further technological development
challenges.

=>» The results depend on the system boundaries: whether the analysis is performed on the
scale of the plant, the region, country or on the global scale. It is important to always
leave the door open to system limit expansion especially in highly grid integrated
countries.

Improving energy efficiency clearly requires the input of different fields of expertise. Collaborative
efforts are needed.

B. What are the obstacles inhibiting collaborative efforts for
innovation?

An issue of trust?

In the situation that we all want to foster innovation, one obstacle seems to be a sceptical attitude
that exists between physicists and engineers, scientists or industrialists in the field of
thermodynamics. The lack of innovation can be described by an “activation energy” for learning of
the vocabulary and way of thinking in a new discipline, coming from fear to fail, or from not having
enough merits in being intra-disciplinary and interdisciplinary. Altogether, the existence of well
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established “traditional” processes can be a huge barrier to make a new process SIGNIFICANTLY

better or cheaper, and benefits are sometimes “fuzzy” ™.

An issue of vocabulary?

Different disciplines use different language to identify the same actions that have the same goals.
The discussion in part A above illustrates this quite well: the concept of “exergy analysis” is often
restricted to entropy analysis for energy specialist while it may include economic concepts from the
systems point of view. Examples of communities that use similar terminology with different meaning
are the thermal engineering community, the process engineering and the life cycle analysis
communities. This may lead to re-invent concepts without true innovation.

Another important aspect is the understanding of the priorities and the key concerns of the different
disciplines that can bias the analysis : what is important for one community is “just” a mean for the
others. As an example, “new” concepts, such as exergy or advanced equations of state, can be
considered by industrial partners as only academic tools which are not well designed for their
everyday need.

To be efficient, collaborative efforts for innovation should include collaborations between industrial
and academic partners. Unfortunately, it is often hampered by confidentiality of industrial data



(industrial partners can’t broadcast in-house information and academic partners need to publish
their works).

An issue of methodology?

Implementation of a new or novel or innovative solution (design) need much more than a
thermodynamic analysis. A cost analysis and these days, also a sustainability analysis (including Life
Cycle Analysis), would make it easier to decide if the investment should be made *°.

The lack of inter-disciplinarity consciousness and methodology is therefore a key issue in the
framework of an inhibited collaboration. One obstacle is the lack of systemic understanding of the
innovation process that prevents researchers to understand their interactions with the other fields
and researchers. This is obviously surprising in the field of process and energy systems engineering.

Conclusion:

Collaborative efforts are always there when all partners can get mutual benefits from such
collaboration and have a mutual understanding of the benefit of the others. An example of such an
effort for working towards innovation is the SPIRE European initiative. It aims at ensuring the
development of enabling technologies for improving the use of resources. Innovation is then
achieved when a global vision of the system is achieved.

Innovation can be viewed, at least from two different points of view: (1) to be able to put the correct
idea in front of a well-defined need or (2) to be able to bring together people with different visions.

The well-defined need is often considered very differently by different actors. Without being
restrictive, it can be stated that academic work aims at proposing new ideas, but that the motivation
is often related to the “beauty” of the solution proposed. This is in opposition to the industrial
approach who aim at solving problems driven by economic reasons: the fear is the size of the
investment compared to limited benefits. The objectives are different and limit the level of
understanding of the other’s standpoint. A risk must be taken and shared by all parties, which
requires understanding of each other’s position.

Education is therefore key: one may not be specialist in all fields, but the adequate training is
needed to be able to understand the concepts and the vocabulary of the different disciplines.
Examples of cross-disciplinary projects for students are therefore crucial.

Finally, it the availability of adequate decision support tools (including simulation, optimization,
data bases) is crucial so that non-experts can work with the concepts.

C. How can improving knowledge in my field help improving the
other fields?

This question relates to the connections between inter-disciplinary and intra-disciplinary research.
Chemical Engineering is by essence a discipline that requires many different scientific fields to
collaborate, but it may happen that barriers are raised such that connections become difficult.



Thermodynamic analysis is to be applied in all sectors and well beyond chemical engineering
(mechanical, car manufacturing, even finance!)

Some success stories:

Software vendors propose tools that make it easier to communicate across disciplines: tools must be
such that they can be used for different types of applications (examples are simple Excel Sheets and
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Process Simulation Software) . The use of common scales and measures should be encouraged *.

A Swiss example is important *°. Here (Canton of Geneva) the concept of exergy was introduced in
legal texts: any new project must demonstrate its effectiveness from an exergy point of view (in
additional to the classical economic analysis). This was achieved by educating the authorities and
decision-makers.

Look at interfaces

It is expected20 that when a field is mature, there is a natural trend of researchers to look for
emerging areas, which usually lie at the interface between fields or disciplines. After this interface
has been identified, new applications emerge, which require improvement in one’s own field.
Because of these interactions we should look for interfaces and allow researchers to look for
synergies between fields which do not seem to have any common window.

Need for multiscale tools:

As an example, one could take better advantage of entropy production minimization procedures **.
It is useful to understand the explicit expression, the molecular origin and the various functional
dependencies of the entropy production. This is provided by the field of non-equilibrium
thermodynamics. However, there is presently no systematic teaching of this field in engineering
schools or science programs of this theory. To mend this may improve the basic description of many
applications in many fields. A few universities in US and Europe have started this endeavor.

Software vendors have to be the link between industrial and academic partners, in order to create a
virtuous triangle 2 between industrials end-users, academic researchers and software vendors. The
situation is that

=>» Process design and optimization, as well as exergy analysis, need precise and reliable
thermodynamic models. Software vendors have to integrate more physical based models.

= “New concepts/new technologies” models, such as DWC (Dividing Wall Columns) or HIDiC
(Heat Integrated Distillation Columns), should be available in process simulation software in
order to be easily considered as alternatives during the conceptual design phase of a process.
Such models should consider not only simulation but all the necessary information to analyse
their integration, like heat integration, life cycle assessment, sizing procedure and cost
estimation®.

=>» Process simulation software should provide easy-to-use tools for well-known methodology
such as pinch analysis but also more advanced concept such as exergy analysis.

Conclusion



Promoting further research in one’s own field should never come at the expense of a healthy
curiosity across disciplines. This forth and back movement may result in new visions and therefore
lead to innovations.

Conclusions
As a summary of the discussion, a number of messages seem to come up as important:

=>» Multiscale tool development

It is essential that tools be available at various levels of applications:

- At the molecular level: understand the role of energy and mechanisms of entropy
creation. This can be done for example using molecular simulation tools or from Onsager
flux-forces relations.

- At the macroscopic level, the use of the calculation of exergy or entropy creation should
be made available in all process simulators and the use of the exergy concepts has to be
part of the engineering curriculum.

- Other tools for helping Decision makers at the level of a region, a country, or at the
global level (e.g. LCA or process integration), should integrate thermodynamic based
concepts to offer a better understanding the role of the energy.

=» Communication across disciplines

We are used to educate students within our own discipline, which makes it easy to go into

the details of the concepts. Yet, it is clearly important to construct clear messages that can

be understood by non-specialists, either in the engineering community, or even beyond, by
the general public.
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